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Biotechnology and biodiversity for the sustainable development of our 
society
Julio Andres Bonilla Jaime

EDITORIAL

Biotechnology has the potential to play a significant role 
in the sustainable development of our society. This tech-
nology involves using living organisms or their products to 
develop or modify products or processes for specific use. It 
is a broad term that encompasses a range of technologies, 
including genetic engineering, tissue culture, and fermenta-
tion. While it has many potential benefits, it must be com-
patible with biodiversity. Biodiversity refers to the variety of 
life on Earth, including the different plants, animals, and mi-
croorganisms that make up our ecosystems. It is essential 
for the health and functioning of these ecosystems and the 
sustainable development of our society1,2.

Events like the VI Biotechnology and Biodiversity Inter-
national Congress ("CIBB" for its Spanish name) provide 
an appropriate space for the industry and biotechnology 
and biodiversity field scholars to showcase and exchange 
knowledge. With the participation of top scientists, the VI 
CIBB 2022 delivered their most recent discoveries and hi-
ghlighted the close relationship between biotechnology and 
biodiversity for the sustainable development of our society. 
During the event's four days, topics relevant to biotechno-
logy development and biodiversity were discussed. Re-
searchers from more than seven countries participated and 
shared their results in impressive dynamic sessions with 
more than 200 attendees of the event. These areas were 
discussed within the themes of scientific advances in bana-
na and cocoa, biotechnology and biodiversity, bioproducts, 
bioremediation and phytopathology.

Biotechnology can positively impact society by impro-
ving the efficiency and sustainability of agricultural practi-
ces. For example, genetically modified crops can be deve-
loped to be more resistant to pests and diseases, reducing 
the need for pesticides and herbicides3. This can lead to 
improved crop yields and a reduced environmental impact. 
In addition, biotechnology can be used to develop more 
nutritious crops or have longer shelf lives, which can help 
address food insecurity and waste4,5.

Advancements in biotechnology can also be used to 
improve environmental conservation efforts. For example, 
bioremediation involves using microorganisms to clean up 
contaminated soil and water. This technology can be used 
to remove pollutants from the environment, making it safer 
for plants and animals. In addition, biotechnology can be 
used to develop renewable energy sources, such as bio-
fuels, which can help to reduce our reliance on fossil fuels 
and combat climate change6. The design of high-value-ad-

ded biobased goods using clean technologies, such as food 
additives, agricultural bio inputs, crop biofortification, and 
engineered microorganisms, is currently proving to be fertile 
ground for collaboration between scientists and the corpo-
rate sector (Figure 1).

The most excellent strategy for attaining the goals of 
academics and the industrial sector is teamwork, despite 
many obstacles to overcome. This will be accomplished 
only by creating a solid coalition between the society, indus-
trial and academic sectors8. I urge the replication of events 
like the VI CIBB and encourage our society to get involved 
and participate more than ever in choosing the course that 
research should take in our regions.

Overall, biotechnology plays a significant role in the 
sustainable development of our society. Through the deve-
lopment of new medical treatments, improved agricultural 
practices, and environmental conservation efforts, biotech-
nology can help to improve the lives of individuals and com-
munities around the world. All of these, without ignoring the 
potential impacts of biotechnology on biodiversity, ensure 
that it is used in a sustainable and responsible way.
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Figure 1. The BIOrescue 
project developed and 
tested a resource-effi-
cient biorefinery concept 
for mushroom compost 
and other underutilized 
agricultural feedstocks, 
allowing their transforma-
tion into valuable bio-ba-
sed products, such as 
bio-pesticides, biodegra-
dable nano-carriers for 
drug encapsulation, as 
well as new enzymes7.
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Development of enhanced primer sets for detection of Norovirus and 
Hepatitis A in food samples from Guayaquil (Ecuador) by reverse trans-
criptase-heminested PCR
E. J. Salazar1,2*, M. J. Guerrero3, J. A. Villaquiran3, K.S. Suárez4, and J.M. Cevallos1,5

Abstract: Norovirus (NV) is an infectious biological agent that causes gastrointestinal problems of the original nonbacterial 
appearance of foodborne illnesses. The genotype of NV responsible for the most frequent NV disease outbreaks is GII, 
accounting for 60–80% of the cases. Moreover, original and new NV variants are continuously emerging, concurrent with 
the recent global increase in NV infections. Hepatitis A virus (HAV) is another foodborne pathogen frequently implicated 
in acute gastroenteritis cases around the world. The virus is transmitted among humans via the fecal-oral route, and 
infection by HAV causes the most severe form of viral illness acquired from foods. In this study, we implemented primer 
sets to detect NV genotypes I and II. We also developed primer sets for the detection of HAV. The primers were used in a 
heminested reverse transcriptase PCR (hnRT-PCR) protocol that was rapid and sensitive for detecting NVG1, NVGII and 
HAV virus in food. The hnRT-PCR was applied successfully to strawberries and spinach obtained from a local fresh-food 
market, where we could see NVGI, NVGII and HAV.

Key words: Norovirus1, Hepatitis A2, gastroenteritis3, genotypes4, NVG15, NVGII6, hnRT-PCR7.

ARTICLE / INVESTIGACIÓN

Introduction
Norovirus (NV), family Caliciviridae, is a major cause 

of acute viral gastroenteritis in humans1. Disease onset 
typically appears between 12 and 48 h after infection, and 
although symptoms are usually mild and self-limited, they 
can be severe in immunocompromised patients and the el-
derly2. NV disease is considered a foodborne illness, but 
person-to-person transmission and waterborne outbreaks 
are also important sources of infection3. The NV genome is 
composed of a single-stranded positive-sense RNA (+ssR-
NA), with approximately 7.7 kb and three open reading fra-
mes (ORFs): ORF1, ORF2, and ORF34. ORF1 encodes six 
nonstructural proteins, including the RNA-dependent RNA 
polymerase (RdRp)5. ORF2 and ORF3 encode major (VP1) 
and minor (VP2) structural capsid proteins, respectively6. 
VP1 consists of a folded domain (S) and two prominent do-
mains (P)7. The P1 domain, a central region of the flexible 
loop, is located between the S and P2 domains5. The P2 
domain is a hypervariable region that binds to the host cell8.

The stability of VP1 is increased by VP2, which pre-
vents its degradation5. NV is classified into six groups, 
genogroups I to VI (GI to GVI), based on the amino acid 
sequences of the RdRp and VP19. The genogroups GI, 
GII, and GIV, are found in humans10, and outbreaks appear 
more frequently within these genogroups11. GII continuously 
evolved in an evolutionary pattern every 2 to 3 years12. This 
genotype is equivalent to 87% of the occurrence of norovi-

ruses worldwide13. NV GII.4 Sydney type emerged in Korea 
between 2012 and 2013, where 60.4% of NV diagnoses 
showed GII13. The NV GII strain is difficult to identify the 
existing RT-PCR because of the continuous variation of the 
strain. In addition, the primer set does not always have su-
fficient specificity to detect NV and false positive detection 
frequently occurs14.

Hepatitis A virus (HAV) is a hepatotropic virus that be-
longs to the family Picornaviridae1,15. The HAV has a sin-
gle-stranded positive-sense RNA genome of 7.5-kilobase 
(kb). HAV genome is wrapped up by an icosahedral capsid, 
formed by up to 60 copies of three surface proteins, VP1, 
VP2, and VP3 (named 1D, 1B, and 1C), transcribed into 
one open reading frame (ORF)16. The single ORF of 2217 
to 2280 amino acids of HAVs is divided into P1, P2, and P3 
regions. The P1 part contains the capsid polypeptides VP1 
to VP4, whereas P2 and P3 regions include the nonstruc-
tural polypeptides1. Flanking the HAV genome, there are 
regulatory 5' and 3'UTRs areas with a small poly-A tail17. 
HAV immunogenic neutralization sites are located on the 
structural surface of proteins18.

Primates are the only natural host of HAV, and infection 
confers lifelong protection19,20. After ingestion, absorption 
from the gastrointestinal tract, and replication in the liver, 
HAV is excreted in the bile in high concentrations of viral 
particles that can be found in stool specimens. HAV trans-
mission occurs by the fecal-oral through direct contact with 
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an HAV-infected person or by consuming HAV-contamina-
ted food or water. The median latency period (i.e., time from 
exposure to onset of symptoms) is 28 days (range 15 to 50 
days)19 infectivity peaks two weeks before the onset of jaun-
dice and declines one week after the start. Elevating serum 
alanine aminotransferase [ALT] levels can lead to maximal 
infectivity in people without jaundice. Viremia can be detec-
ted before ALT levels rise, and HAV RNA levels often remain 
detectable even after ALT levels normalize and symptoms 
resolve21.

Hepatitis A begins with symptoms such as fever, loss 
of appetite, nausea, vomiting, diarrhea, muscle aches, and 
fatigue. Jaundice, dark-colored urine, or light-colored stools 
may be present initially or followed by systemic symptoms 
within a few days if the physical findings include abdomi-
nal tenderness, hepatomegaly or splenomegaly22. In most 
cases, hepatitis A lasts for several weeks. Recurrence of 
symptoms with new increases in serum aminotransferase 
levels occurs in 10% of patients, and relapses can last up to 
6 months12. All-cause mortality is 0.3%, compared to 1.8% 
among people around age 50. People with underlying chro-
nic liver disease are at increased risk of death23.

HAV contamination of food can occur at any stage of 
growing, harvesting, processing, distribution, or prepara-
tion. Foodborne infections can be challenging to detect from 
routine surveillance data because case patients may have 
difficulty recalling their dietary history 2 to 6 weeks before 
illness15,19, cases may accrue gradually or not be reported24, 
a food item may be focally contaminated21, some exposed 
persons may have unrecognized HAV infection25, some 
susceptible persons may have preexisting immunity from 
a previous infection or vaccination26, persons who acquire 
infection through contaminated food are not recognized 
amid an ongoing high incidence in the community. Cases 
are geographically scattered over several public health ju-

risdictions27.
This study aimed to develop a rapid and sensitive de-

tection method for Norovirus genotypes I and II and Hepati-
tis A in food matrices of high demand and consumption. The 
current problem in public health in Ecuador is that many 
diseases associated with gastrointestinal issues are asso-
ciated with bacteria and not with viruses; in this context, the 
identification of Norovirus, specifically genogroup II, which 
is associated with high cases of foodborne infection, allows 
to identify the type of disease in relation to the infectious 
biological agent correctly. Concerning the Hepatitis A virus, 
many farmers in our country do not carry out good agricultu-
ral practices concerning the sanitary quality of the irrigation 
water used for fruit and vegetable crops, specifically straw-
berries and spinach, being a route of infection by cross-con-
tamination. Since these foods are not heat-treated in most 
cases, the risk to public health is considerable.

Materials and methods 

Analysis of HAV genomic sequences
The genomic sequences of NV GI, GII, and HAV strains 

were collected from the National Center for Biotechnical In-
formation (NCBI) genetic sequence database and analyzed 
using Geneious Prime® 2021.0.3. The current study's se-
quences are listed in Tables 1, 2 and 3. Genetic sequences 
were aligned with Muscle to identify around 500 nucleotides 
as the target for RT-PCR diagnoses and positive controls. 
Selected sequences were cloned into a T7-driven vector for 
in vitro transcription of the favorable rules. Genetic sequen-
ces of the gene fragments and primers are shown in Tables 
4 and 5.

E. J. Salazar, M. J. Guerrero, J. A. Villaquiran, K.S. Suárez, and J.M. Cevallos
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Table 1. Description of NV GI 
sequences for genetic analy-
sis.
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Table 2. Des-
cription of NV 
GII sequen-
ces for genetic 
analysis.

Table 3. Des-
cription of HAV 
sequences for 
genetic analysis.

Figure 1. Diges-
tion of plasmid pTop 
Blunt V2 with an in-
serted sequence of 
NVGI, NVGII, and 
HAV gene.
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Table 4. Sequence of genes synthesized for positive control and primer design Norovirus (GI And GII); Hepatitis A (HAV) 
obtained by alignment from strains the genetic sequence database at the National Center for Biotechnical Information 
(NCBI).

Verification of positive controls
Gene fragments were received in a pTop Blunt V2 vec-

tor and transformed in DH5alpha Escherichia coli compe-
tent cells. Gene fragments were verified by restriction diges-
tion with the following sizes: NV GI 557bp; NV GII 558bp; 
and HAV 557 bp (Fig. 1).

Primer Design
Specific primers for NVand HAV were designed from 

conserved regions of ORF1 and ORF2. The expected size 
for NVGI in the first PCR is 288 bp, and using heminested 
PCR it is 213 bp, for NVGII the anticipated size of the initial 
amplification is 286 bp and using heminested PCR the pre-
dicted size is 215 bp while for HAV the anticipated length 
of the initial PCR is 395 bp and using the heminested PCR 
160 bp.

Collection of food Samples
This study's test sample sizes were 25 g (fruit and ve-

getables like strawberry and spinach), 330 ml (bottled wa-
ter) and 25 g of sausages. All samples were tested using 
the relevant matrix-specific test protocols28. All food sam-
ples were tested for NV GI and GII, and HAV. Samples were 
obtained at the wholesale food market of Mount Sinai, Gua-
yaquil, during October and November of 2020.

Validation of hnRT-PCR
Thoroughly washed strawberries, spinach and sausa-

ges were inoculated with in vitro transcribed NV GI, GII and 
HAV RNA-positive controls. Food samples without inocula-
tion were used as negative controls. The weight of straw-
berry, spinach and sausage was 25 grams and 300 ml for 
bottled water28.

Food sample washed with water (except bottled wa-
ter sample). It was established as a protocol to inoculate 
the food with NVGI (600 ng/ul), NVGII (500 ng/ul) and HAV 
(450 ng/ul), established as a positive control. Subsequently, 
a process was established by inoculating viral load without 
food NVGI (600 ng/ul), NVGII (500 ng/ul) and HAV (450 ng/
ul) established as the positive control. Positive control was 
established within the process based on synthetic RNA ob-
tained by reverse transcription of the PCR product of the 
plasmids.

Experimental protocol
Locally purchased strawberries, spinaches, sausages, 

and bottled water were used in this study. Food samples 
(25g) were mixed with 60 ml of elution buffer (50 mM gly-
cine, 100 mM Tris, 1% [wt/vol] beef extract [pH 9.5]) for 15 
min at room temperature with constantly shacking (Fig. 2). 
The elution buffer was then filtered through a 40-m pore 
size nylon cell strainer (BD Falcon, Basel, Switzerland). The 
recovered elution buffer was adjusted to pH 7.0 with 9.5 M 
HCl and centrifuged at 3,500 g for 15 min. The supernatant 
was transferred to a new tube, and the volume was brou-
ght up to 25 ml with phosphate buffer saline and left at 4C 
overnight. The next day the extract was centrifuged at 3,500 
g for 15 min, and the supernatant was then transferred to 
a Centricon Plus-70 centrifugal filter device (100K NMWL; 
Millipore, Molsheim, France) and centrifuged at 3,500 g to 
concentrate viral particles into a volume of ca. 400 ul. The 
filter device was subsequently rinsed with 200 ul of elution 
buffer to improve virus recovery29 (Fig. 2).

Viral RNA Extraction
Total RNA was extracted with TRI Reagent according 

to the manufacturer protocol (12). Total RNA was resuspen-
ded in 30 μL of elution buffer and stored at −80oC until use 
in the RT-hnPCR assay.

RT-PCR and Heminested PCR
Extracted RNA was reverse-transcribed and amplified 

using SuperScript III One-Step RT-PCR Kit (Thermo Fisher, 
USA) following the manufacturer's instructions. The reac-
tion mixture consisted of 10 ul of reaction buffer, 0.4 ul of 
Triton x100, 0.2 μM of each primer (NVGI-F/R, NVGII-F/R, 
HAV-F/R), 0.5 ul of enzyme mix (SuperScript III One-Step 
RT PCR with Platinum Taq DNA Polymerase), 2 ul of the 
RNA template, and 11.1 ul and RNase-free water.

The thermocycling protocol was as follows
RT at 50 C for 30 min; initial denaturation at 94 C for 2 

min; 40X cycles of 94 C for 30s, annealing at 60 C (NV GI), 
55 C (NV GII), and 45 C (HAV), for 30 s, extension at 72 C 
for 40 s, and a final extension at 72 C for 5 min.

For the heminested PCR step, 1 ul of the RT-PCR reac-
tion was mixed with 2 ul of 10X reaction buffer, 1 ul of 50mM 

E. J. Salazar, M. J. Guerrero, J. A. Villaquiran, K.S. Suárez, and J.M. Cevallos
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Table 5. The sequence of genes synthesized of NV GI (a) NV GII (b) and HAV (c) obtained by alignment from strains in 
the genetic sequence database at the National Center for Biotechnical Information (NCBI) were compared to determine 
consensus identity with sequences of designed primer sets.

Development of enhanced primer sets for detection of Norovirus and Hepatitis A in food samples from Guayaquil (Ecuador) by reverse trans-
criptase-heminested PCR
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Figure 2. Flow chart of the method.
MgCl2, 0.4 ul of 10uM dNTPs, 1 ul of 0.2uM primers, 0.08 
ul Platinum Taq DNA Polymerase (Invitrogen) and 14.52 ul 
of RNase-free water. PCR conditions were as follows: initial 
denaturation at 94oC for 2min, 40 cycles of denaturation at 
94oC for 30s, annealing at each optimal annealing tempera-
ture (Tables 6, 7 and 8) for 30 s, extension at 72oC for 40 s, 
and a final extension at 72oC for 5min.

Analysis of PCR Products
The RT-PCR and heminested PCR products were 

analyzed using 2% agarose gel electrophoresis in TAE 
buffer. Bands were visualized with Sbyr Safe (Invitrogen, 
USA).

Results
To evaluate the efficiency of new primer sets (NV-

GI-F/R, NVGII-F/R and HAV-F/R) to detect NV and HAV, 
we used RT-PCR followed by a heminested PCR to impro-
ve the sensitivity of the current diagnostic. To this end, four 
food samples were collected in the local wholesale food 
market to obtain contaminating viral RNA and diagnose for 
NV GI, GII and HAV. The presence of RT-PCR inhibitors 
was evaluated as previously described29.

The RNA extraction method was also evaluated in con-
junction with the food sample treatment process to avoid in-
hibiting viral RNA by substances present in them (phenols, 
vitamins, proteins, carbohydrates). This was evidenced sin-
ce when amplifying the genetic material, amplification of the 
bands was observed in the food samples that were inten-
tionally inoculated with the virus (NVGI / GII and HAV). The 
method of inhibiting substances inherent to the food29 does 
not influence the extraction of genetic material; therefore, 
the process is validated concerning the results obtained.

NVGI was detected in the strawberry and spinaches 

E. J. Salazar, M. J. Guerrero, J. A. Villaquiran, K.S. Suárez, and J.M. Cevallos
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Table 6. Information of NV GI primer sets.

Table 7. Information of NV GII primer sets.

Table 8. Information of HAV primer sets.

samples. NVGII was detected in spinaches, while HAV was 
detected in bottled water. Each virus showed a clear ampli-
fication product at 213pb, 215 and 160pb, respectively (Fig 
3, 4, 5, 6, 7, 8). 

To evaluate the primers (NVGI-F/R, NVGII-F/R and 
HAV-F/R), 57 samples were amplified from the 4 samples 
selected in the Mount Sinai market and duplicated to the 
schematization of the proposed design. Of the 57 samples, 
12 (21 %) were positive for the NVGI presence. In the case 
of NVGII, their presence was detected in 11 (19.3 %) of the 
analyzed samples. In 12 samples (21 %) HAV was detected 
with primers designed for HAV detection.

Except for the negative control, that is, they do not 
contain the genetic material; the rest were amplified, de-
monstrating the validation of the NV GI, NVGII, and HAV 
detection method through the design of the primers of the 
present study.

Discussion
In the USA, an estimated 570–800 people die annua-

lly from diseases associated with NV infection. Outbreaks 
of the virus occur regularly, and new variants are identified 
worldwide every 2 to 3 years30.

The widespread use of RT-PCR and Heminested PCR 

for NV and HAV detection can be attributed to its superior 
sensitivity compared to other methods31. Virus detection is 
susceptible in food because, in most cases, the viral load is 
low; the virus does not infect food and therefore does not 
replicate its genetic material. Before extracting RNA from 
the food, we recommend inhibiting any substance that is 
part of the food such as phenols, vitamins, proteins, and 
carbohydrates, using the method described as an experi-
mental protocol29.

Norovirus GI was detected in strawberries and spinach, 
Norovirus GII in spinach, and HAV in bottled water. The vi-
rus's origin or source of contamination of the food is unk-
nown. Contaminated water for plant irrigation or cross-con-
tamination by sick food handlers can be a possible source 
of viral infection.

The food handler is an essential link in NV transmis-
sion, being epidemiologically involved in 80 % of the NV 
outbreaks in Belgium32.

Contamination of food with HAV can occur anywhere 
in the food chain, from farm to fork. Contact with incorrect-
ly treated sewage or sewage-polluted water, infected food 
handlers and, to a lesser extent, contaminated surfaces re-
present the most common routes of HAV contamination in 
food. Approximately 2–7% of all HAV outbreaks worldwide 
can be attributed to contaminated food.

In the present study, we developed specific primers to 
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Figure 4. Genogroup GI NV obtained from naturally contaminated food during sampling from October to November 2020 
in Monte Sinai, Guayaquil- Ecuador. Lanes 1 and 12: DNA ladder 12000 pb; lane 2 negative control PCR; lane 3 extrac-
tion control; lane 4 bottled water sample; lane 5 bottled water sample inoculated with NVGI (Positive Control); lane 6;  
NVGI virus inoculated without bottled water (Positive Control); lane 7 NVGI identified in spinach (213pb); lane 8 washed 
spinach; lane 9 spinach inoculated with NVGI (Positive Control); lane 10 NVGI virus inoculated without spinach(Positive 
Control); lane 11 NVGI Positive Control (Synthetic RNA). Samples were analyzed in 2 % agarose gels and stained with 
cyanine dye.

Figure 3. Genogroup GI NV obtained from naturally contaminated food during sampling from October to November 2020 
in Monte Sinai, Guayaquil- Ecuador. Lanes 1 and 14: DNA ladder 12000 pb; lane 2 negative control PCR; lane 3 extrac-
tion control; lane 4 NVGI identified in strawberry (213pb); lane 5 washed strawberry sample; lane 6 strawberry inoculated 
with NVGI (Positive Control); lane 7 NVGI virus inoculated without strawberry (Positive Control); lane 8 sausage sample; 
lane 9 washed sausage sample; lane 10 sausages inoculated with NVGI (Positive Control); lane 11 NVGI virus inoculated 
without sausage (Positive Control); lane 12 bottled water sample; lane 13 NVGI Positive Control (Synthetic RNA). Sam-
ples were analyzed in 2 % agarose gels and stained with cyanine dye.

detect NV GI, GII and HAV, targeting ORF1, ORF2 and cap-
sid genes, respectively. We used a one-step RT-PCR and 
heminested PCR protocol to enhance further our ability to 
detect human enteric food viruses. The study carried out 
is unprecedented in Ecuador because the presence of the 
virus has not been evaluated in food in our country. The 
results obtained in samples such as strawberries, spinach 
and bottled water in a popular sector of the city of Guayaquil 
suggest that gastrointestinal diseases in the city may have 
been crucial viral etiology besides bacterial contamination.

Our study showed that the NVGI-F/R, NVGII-F/R and 

HAV-F/R primer sets could be necessary for the epidemio-
logical diagnosis of NVGI, NVGII and HAV considering the 
method of extraction and inhibition of food-specific substan-
ces that could inhibit or degrade viral RNA in food matrices.

The Biplot shows that only bottled water has a strong 
relationship with the presence of HA. Other relationships 
are observed, although not as strong, such as spinach with 
the presence of N.GI and N.GII. Sausages and strawberries 
show connections with the absence of pathogens.

The Biplot obtained through the multiple corresponden-
ce analysis (Fig.9) shows the significant relationship be-
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tween bottled water and the presence of Hepatitis A (Val-p = 
0.004). It also shows a relationship (not significant) between 
spinach and the presence of Norovirus GI and GII (p-value 
> 0.05). Fisher's (Table 9) test was developed to determine 
the relationship between the presence of viruses and selec-
ted food matrices.

This study is very relevant in our country in the field 
of public health and food safety because the presence of 
these pathogens in food shows that the gastrointestinal 
problems associated with the population are not exclusively 

caused by bacteria, which a later study raises in determi-
ning in which other types of foods it is likely to detect viral 
load by Nv and HAV concerning a risk matrix.

In the case of viruses such as Hepatitis A and Noro-
virus present in spinach, strawberries and water samples, 
they show that many gastrointestinal problems that occur 
in Ecuador may not necessarily be caused by bacteria but 
also by viruses.

Figure 5. Genogroup GII NV obtained from naturally contaminated food during sampling from October to November 2020 
in Monte Sinai, Guayaquil- Ecuador. Lanes 1 and 14: DNA ladder 12000 pb; lane 2 negative control PCR; lane 3 extrac-
tion control; lane 4 sausage sample;  lane 5 washed sausage sample; lane 6 sausage inoculated with NVGII (Positive 
Control); lane 7 NVGII virus inoculated without sausage (Positive Control); lane 8 NVGII identified in spinach (215pb); 
lane 9 washed spinach sample; lane 10 spinach inoculated with NVGII (Positive Control); lane 11 NVGII virus inoculated 
without spinach (Positive Control); lane 12 strawberry sample; lane 13 NVGII Positive Control (Synthetic RNA). Samples 
were analyzed in 2 % agarose gels and stained with cyanine dye.

Figure 6. Genogroup GII NV obtained from naturally contaminated food during sampling from October to November 2020 
in Monte Sinai, Guayaquil- Ecuador. Lanes 1 and 12: DNA ladder 12000 pb; lane 2 negative control PCR; lane 3 extrac-
tion control; lane 4 washed strawberry sample; lane 5 strawberry sample inoculated with NVGII (Positive Control); lane 
6 NVGII virus inoculated without strawberry  (Positive Control); lane 7 bottled water sample; lane 8 bottled water sample 
(duplicate); lane 9 bottled water inoculated with NVGII (Positive Control); lane 10 NVGII virus inoculated without bottled 
water  (Positive Control); lane 11 NVGII Positive Control (Synthetic RNA). Samples were analyzed in 2 % agarose gels 
and stained with cyanine dye.
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Conclusions
Foodborne diseases are a public health problem world-

wide. In the case of biological agents responsible for food-
borne illnesses, it is common but largely underdiagnosed.

Norovirus and Hepatitis A are two classes of viruses 
that have been diagnosed within this group as the main 
ones responsible for foodborne illnesses, even according 
to reports documented by the United States Center for Di-
sease Control and Prevention (CDC), 50% of Gastrointesti-

nal disease in the American population is due to Norovirus, 
which can infect with a relatively low dose.

The great challenge of this research work was to deve-
lop a method that allows determining the presence of No-
rovirus and Hepatitis A in food, considering how complex it 
is to detect viruses in them because the food as such does 
not provide the requirements that the obligate intracellular 
parasite required to carry out the process of replication and 
increase in viral load.

To detect the viral load in food matrices such as straw-
berries, spinach, water and sausages, it was previously ne-

Figure 7. HAV virus obtained from naturally contaminated food during sampling from October to November 2020 in Monte 
Sinai, Guayaquil- Ecuador. Lanes 1 and 14: DNA ladder 12000 pb; lane 2 negative control PCR; lane 3 extraction control; 
lane 4 sausage sample;  lane 5 washed sausage samp2le; lane 6 sausage inoculated with HAV (Positive Control); lane 
7 HAV virus inoculated without sausage (Positive Control); lane 8 spinach sample; lane 9 washed spinach sample; lane 
10 spinach inoculated with HAV (Positive Control); lane 11 HAV virus inoculated without spinach (Positive Control); lane 
12 strawberry sample; lane 13 NVGII Positive Control (Synthetic RNA). Samples were analyzed in 2 % agarose gels and 
stained with cyanine dye.

Figure 8. HAV virus obtained from naturally contaminated food during sampling from October to November 2020 in Monte 
Sinai, Guayaquil- Ecuador. Lanes 1 and 12: DNA ladder 12000 pb; lane 2 negative control PCR; lane 3 extraction control; 
lane 4 washed strawberry sample; lane 5 strawberry sample inoculated with HAV (Positive Control); lane 6 HAV virus 
inoculated without strawberry  (Positive Control); lane 7 HAV identified in a bottled water sample (160pb); lane 8 HAV 
identified in bottled water sample duplicate (160pb); lane 9 bottled water inoculated with HAV (Positive Control); lane 10 
HAV virus inoculated without bottled water (Positive Control); lane 11 HAV Positive Control (Synthetic RNA). Samples 
were analyzed in 2 % agarose gels and stained with cyanine dye.
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Figure 9. Biplot obtained through the A. Multiple Correspondence, which shows the relationships between pathogens 
and food groups.

cessary to inhibit compounds that are part of the chemical 
composition of the food, such as phenols, vitamins, proteins 
and carbohydrates, to avoid inhibition of the genetic mate-
rial of the virus present. on the surface of the food.

The importance of this work was that through a good 
approach in developing the technique used to detect Hepa-
titis A and Norovirus in food matrices sampled in the city of 
Guayaquil, it has identified the presence of these infectious 
biological agents and probably the association of diseases. 
Significant foodborne infections associated with transmis-
sion by food handlers and sewage-contaminated food for 
these viruses. According to reports from the Ministry of Pu-
blic Health in Ecuador, there are no reports related to gas-
trointestinal problems due to viral origin (Norovirus), which 
entails a greater challenge in properly identifying the origin 
of the disease and the palliative treatments applied to sick 
or dying people. recovery process. It is important to note 
that complex mixtures of human and animal viruses and 
other pathogens can be present in a single food, creating 
the potential for recombination or genetic rearrangement 
and thus further expansion of the diversity of these patho-
gens. Bringing together expertise from veterinary, food and 
clinical microbiology can help unravel these complexities 
and identify areas for intervention and prevention.
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Traditional agricultural knowledge of banana, cocoa and sugar cane 
crops as a basis for the sustainable development of the rural parish Ma-
riscal Sucre
Alberto Yitzak Lozano Sacoto1*, Ítalo Edgar Mendoza Haro2, Carlos Lazo Vento3

Abstract: The research aimed to demonstrate the impact of traditional agricultural knowledge on the sustainable 
development of banana, cocoa and sugar cane crops in the rural parish of Mariscal Sucre. For this, it was necessary to 
investigate and adopt a methodology that would estimate the degree of sustainability of the productive systems, identify 
how it is related to the applied practices and propose an agro-ecological management strategy for these crops. The 
evaluation was carried out using the MESMIS method but modified through a 30-item form applied to 61 farmers, which 
collected information to diagnose the incidence of agro-ecological practices and the degree of sustainability of crops. The 
results were processed in Excel and SPSS and presented with tables and graphs. The agricultural systems showed poor 
performance, falling into the category of agro-ecological unsustainability. At the same time, the most frequent customary 
practices consisted of the application of Mulch, and knowledge about protective and antagonistic crops.
Consequently, it was determined that there is a moderately positive correlation between agro-ecological practices and 
sustainability with a Spearman's Rho coefficient of 0.48; therefore, the management proposal was aimed at reinforcing the 
productive component with agro-ecological practices. In conclusion, the customary practices contributed to the parish's 
sustainable development. Therefore, it is advisable to give technical training on the implementation of integrated farms and 
carry out campaigns to rescue traditional agricultural knowledge.

Key words: Agroecology, customary practices, sustainability assessment, agro-ecological management.

ARTICLE / INVESTIGACIÓN

Introduction
The agroecosystems in a geographic area represent an 

indicator of great importance, which through the diversity of 
its components, allow the socioeconomic development of 
the population. Individuals, in turn, take advantage of the 
resources that nature provides them to obtain economic in-
come; in exchange for these benefits, the required inputs 
are returned to the ecosystem so as not to destroy the 
ecosystem and maintain that harmonious balance between 
man and nature1.

It is essential to incorporate various elements such as 
plants, animals and human beings to consider this ecosys-
tem an agroecosystem. In other words, the richness of its 
components determines the level of development of the 
agroecosystem and, in turn, allows the establishment of 
the level of sustainability that it presents intrinsically for its 
constant evolution2.

In contrast, conventional agriculture uses large chemi-
cal products, such as fertilizers and pesticides. Pesticides 
directly affect microfauna, endangering bees, the main in-
sect of interest to agriculture worldwide. Fertilizers contribu-
te to soil salinization and contamination of aquifers2.

It is important to note that agroecology promotes the 
biodiversity of living microorganisms. Creating a suitable 
habitat for the optimal development of crops allows local 
production to be maximized. This contributes by generating 

more excellent resistance to pests and diseases; In addi-
tion, the decrease in the use of agrochemicals will enable 
pests not to create resistance to the use of these products4.

To support this research, the following question must be 
answered: Can traditional agricultural knowledge practices 
in agroecosystems be implemented in the rural parish of 
Mariscal Sucre, and what degree of incidence will they have 
based on previous scientific research?

As can be seen, it is urgent to answer this question as 
it is the best path to take to ensure food sovereignty and 
guarantee the balance of the ecosystem. Avoiding also the 
continuous deterioration of the environment is the main pro-
blem facing humanity today. This puts at risk the food re-
sources of current and future generations and the existence 
of the human species on the face of the Earth.

The research aims to support the importance of tradi-
tional agricultural knowledge practices in the sustainable 
development of the banana, cocoa and sugar cane pro-
duction systems of the Mariscal Sucre parish. Through the 
application of quantitative and statistical evaluation models, 
to diagnose the state of sustainability of crops, identify 
the main areas of intervention, and design proposals for 
agro-ecological management of these crops.

Much of the research focuses mainly on agro-ecologi-
cal sustainability from a theoretical point of view, dealing 
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primarily with the production system, leaving a little aside 
from the social component and especially the knowledge of 
traditional agriculture. Therefore, the present investigation 
proposes to identify how these practices are related to the 
sustainable development of agricultural systems.

Ultimately, the research aims to design a proposal for 
the agro-ecological management of banana, cocoa and su-
gar cane crops in the Mariscal Sucre parish. For this, it is 
necessary to carry out a bibliographic review of sustainabi-
lity assessment methodologies to choose the most appro-
priate methods and adapt them to local needs.

Materials and methods 
This research has a mixed approach (quantitative and 

qualitative). The non-experimental - cross-sectional quanti-
tative system will allow us to quantify-measure the frequen-
cy and percentage with which traditional agricultural knowle-
dge practices are carried out. The qualitative approach will 
allow us to lay the scientific foundations through the analy-
sis of scientific documents and the writing of ideas and con-
cepts based on the subject of study. In addition, it will allow 
the use of an ethnographic design to evaluate the practices 
of traditional agricultural knowledge existing in the sector 
under study.

For the field exploration, the simple random sampling 
method was applied, which allows any member of the 
population to have the same probability of being chosen; 
however, because there is no exact record of the number of 
farmers in the sector. The study population was estimated 
based on data from the 2010 Population and Housing Cen-
sus of the INEC, found in the Territorial Development and 
Planning Plan of the Autonomous Decentralized Parochial 
Government of Mariscal Sucre, where it is indicated that 
the Economically Active Population (PEA ) employed that 
is dedicated to activities in the primary sector, corresponds 
to 67.48% of the PEA, which is equivalent to 1,359 people; 
distributed in 74.73% (1242) and 32.24% (117) male and 
female, respectively.

In addition, a mixed survey composed of 30 items was 
applied, structured in 4 sections, distributed in: classification 
data, economic dimension, the social dimension and envi-
ronmental dimension. To evaluate the sustainability of the 
agricultural production systems of the parish, the MESMIS  
methodology was applied, which was adapted with the co-
lor classification criteria of REDAGRES, and other particular 
considerations of the present study; for its adequacy, a bi-
bliographic review was carried out on the evaluation of the 
sustainability of agroecosystems in Latin American coun-
tries, obtaining a total of 20 indicators that correspond to the 
seven attributes (productivity, stability, resilience reliability, 
equity, adaptability and self-management) and the three di-
mension (economic, social and environmental) of agro-eco-
logical development proposed in the MESMIS method5.

Results
Agroecosystems are systems of production and 

self-sufficiency of agricultural and livestock products, which 
humans have designed with a biomimetic approach, which 
proposes to revolutionize conventional agriculture by com-
bining it with ancestral agricultural practices that imitate the 
behavior of natural ecosystems, maintaining a high degree 
of biodiversity and recycling of nutrients, water and other 

materials6.
The agro-ecological paradigm integrates the concepts 

of stability, resilience, adaptability and self-sufficiency of 
ecosystems to ensure farmers' livelihood and quality of life. 
According to Cevallos and his research, a holistic perspecti-
ve should be considered regarding the biota, its productivity 
and the environment; In other words, production systems 
must be implemented that integrate the human, environ-
mental and economic components with a sustainability 
approach7.

Given the need for tools to quantitatively assess the 
sustainability of agroecosystems, experts have developed 
four methodological frameworks: Temporal trend, resilien-
ce and sensitivity, simulation and sustainability indicators. 
The latter is the most used due to its ease and versatility of 
operation and consists of using indicators to estimate the 
changes and trends of the variables, which intervene in the 
"improvement or degradation of economic, social and envi-
ronmental conditions."8.

Practices of traditional agricultural knowledge 
possessed by farmers of the Mariscal Sucre rural parish

The study of the demographic characteristics and tradi-
tional agricultural practices commonly applied in the Maris-
cal Sucre parish was carried out by applying a survey to a 
sample of 61 farmers. Next, the main findings are explained 
through frequency tables, cross tables and simple and grou-
ped bar diagrams. 
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Table 1. Frequency and percentages of gender (Source: 
Own elaboration).

Of the 61 respondents, 59, which corresponded to 
96.7%, were male, while only 2, that is, 3.3%, were female. 
The findings were consistent with the assignment of tasks 
that rural families usually maintain. The coast, where the 
field activities are mainly carried out by men, while those of 
the home is assigned to women. 

It was recorded that 75.4% of the farmers were adults 
aged 30 to 45 years, 19.7% of young people aged 18 to 29 
years, and a small proportion of older people, whose per-
centage was 4.9%. In addition, most respondents recorded 
their schooling level as secondary, except for the elderly, 
where primary education was more frequent than secon-
dary, with 3.28 and 1.64%, respectively. 

Of the five ethnic groups that were raised in the form, 
the respondents only identified themselves as mestizos and 
montuvios, with 90.2 and 9.8%, respectively. Under this pre-
cedent, the categories of this variable could be reduced in 
the future. 

The land is generally provided for services, and almost 
all of the respondents selected this option, in fact, only two 
people indicated that the land was their property. 

95.1% of the respondents indicated that the farms they 
manage have an area between four to eight hectares, and 
4.9% that their farms have a size of four hectares or less. 
Of the three types of crops established in the parish, the 
most widespread was banana, followed by cocoa and sugar 
cane, with percentages of 49.2; 41 and 9.8%, respectively. 

The families of the Mariscal Sucre parish are 96.7% of 
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Table 2. Frequencies and percentages of the level of education compared to age (Source: Own elaboration)

Table 3. Frequency and percentages of the ethnic group 
(Source: Own elaboration).

Table 4. Frequency and percentages of land ownership 
(Source: Own elaboration).

Table 5. Frequency and percentages of crops established by farm size (Source: Own elaboration).

Table 6. Frequency and percentages of family size (Sour-
ce: Own elaboration).

Table 7. Frequency and percentages of the main crops 
(Source: Own elaboration)

four to six people and 3.3% of seven to nine people. 
The farms of the parish present intensive cultivation of 

bananas, cocoa and sugar cane, with percentages of 43.5; 
36.2 and 8.7%; however, when dealing with family systems, 
other types of products can be found that are cultivated in a 
smaller proportion, or sometimes immersed in commercial 
crops, they are generally products for family consumption 
and represent 11.6% of the crops. 

Of the 12 agro-ecological practices that were presen-

ted in the survey, all except one (crop rotation), had some 
degree of incidence in the agricultural production systems 
of the Mariscal Sucre parish. Therefore, this option is set 
aside for the analysis. The most frequent agro-ecological 
practices in the area consisted of the application of Mulch 
at 24.17%, then knowledge about the management of pro-
tective crops at 22.27%, followed by the administration of 
antagonistic crops at 16.11%.

Then, the practice of applying live barriers has a 10.43% 

Traditional agricultural knowledge of banana, cocoa and sugar cane crops as a basis for the sustainable development of the rural parish Mariscal 
Sucre
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incidence. Lastly, agricultural production with 9.01%, appli-
cation of Biol with 5.69% and recycling of seeds with 5.21%. 
These practices have a medium frequency. Finally, the least 
frequent were knowledge about agroforestry practices and 
cover crops, with 2.84% each and Compost and water recy-
cling, with 0.95 and 0.47%, respectively.

Determine the level of correlation that exists between 
the practices of traditional agricultural knowledge and the 
development of the agroecosystems of the Mariscal Sucre 
rural parish.

Sustainability analysis of productive systems
To know the degree of sustainable development of the 

agricultural systems of the parish, a survey was applied to 
61 farmers in the area; then the data was processed in an 
Excel matrix that can be viewed in the annexes to evaluate 
the degree of sustainability it was necessary to establish the 
average of the 61 respondents for each of the sustainability 
indicators that make up the three dimensions of agro-ecolo-
gical development. The results are presented as radial gra-
phs for each dimension. 

From the economic dimension, the best score was that 
of economic solvency, since farmers rated their farms with 
an optimal value of 5, followed by profitability with a value of 
4, then the productivity indicator with 3. The price indicators 

of market and plant diversity are around medium sustaina-
bility, with values of 2.7 and 2.3, respectively. The indicators 
of sources of economic income, livestock diversity and in-
tegrated production tend to agro-ecological unsustainability 
since their values were 1.7, 1.7 and 1, respectively.

The best-scored indicator was technical training, with a 
value of 3.1, followed by the indicator of access to education 
since the parish has at least one educational institution and 
the indicator of belonging to local groups or associations. of 
farmers, both scored with a value of 3, that is to say that the 
three indicators are around a medium degree of sustaina-
bility. The indicators of knowledge of traditional or ancestral 
agricultural practices, the type of labor used in the work of 
the farm and the degree of participation that family mem-
bers can have in decision-making, with values of 1.9, 1.8 
and 1.1, respectively, that is, they have unsustainability.

The dimension of environmental sustainability is also 
made up of six indicators, of which the best score was the 
one that refers to the presence of weeds, with a value of 4.1 
that tends to optimal sustainability, followed by the form of 
supply. of water, of the land cover practices applied, whose 
values were 3, and 2.9, that is, it is in a medium degree 
of sustainability, while the indicators referring to soil con-
servation practices, recycling of seedlings and seeds and 
fertilization practices presented values of 1.7; 1.6 and 1.5, 

Table 8. Frequency and percentages of applied agro-ecological practices (Source: Own elaboration).

Figure 1. Economic Sustainability. Figure 2. Social Sustainability.

Alberto Yitzak Lozano Sacoto, Ítalo Edgar Mendoza Haro, Carlos Lazo Vento
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that is, the latter are close to the degree of environmental 
unsustainability of agricultural production systems.

The agricultural systems of the Mariscal Sucre parish 
presented a better development in the economic dimen-
sion, followed by the environmental size and the social di-
mension, with values of 2.7, 2.5 and 2.3, respectively; that 
is, they are close to average sustainability. However, the 
degree of total sustainability of the productive systems is 
estimated by adding the individual performance of each in-
dicator, thus, the average sustainability of the agricultural 
systems of the parish was 50%, considered as agro-ecolo-
gical unsustainability; however, 3 of the 61 agroecosystems 
presented values of 60 to 62 %, which would indicate a me-
dium agro-ecological sustainability (see annexes).

Analysis of the instrument's reliability
The internal consistency statistic coefficient of Cron-

bach's Alpha was used to determine the reliability of the 
evaluation instrument (survey).

The index can take values from zero to one so that its 
assessment scale is distributed as: unreliable (<0.7), ac-
ceptable reliability (0.7 to 0.90) and redundancy or duplica-
tion (>0.90 to 1). Where a value of 0.80 would indicate the 
optimal reliability of the instrument.

The test was run in SPSS software, for which the da-
tabase was exported from an Excel file; the data was nor-
malized and refined, considering that it is a mixed form 
and the first section contains classification data. While of 
the sections corresponding to the dimensions: economic, 
social and environmental, Of the 20 evaluation items, 10 
were excluded because their variables did not correspond 
to scalar or ordinal variables, and the particular cases were 
not discriminating enough, however. In the end, they were 
helpful in determining the degree of sustainability of agricul-
tural systems.

Cronbach's alpha value of 0.72 indicated that the ins-
trument was reliable enough to collect consistent informa-
tion regarding the development of agricultural systems in 
the rural parish of Mariscal Sucre. 

Before choosing the correlation statistic, the variables 
were analyzed to verify if they met the parametric or nonpa-
rametric statistics criteria.

The two variables come from independent samples; 
they are of the ratio scale type; however, only the variable: 
degree of sustainability, presented a significance > 0.05; 
complying with the normality criterion, so it is decided to use 
the statistic, Spearman's Rho[2] of nonparametric statistics.

The variables present a moderate positive correlation 

Figure 3. Environmental sustainability. Figure 4. Performance for each dimension.

Table 9. Reliability 
by Cronbach 's al-
pha.

Table 10. Normality 
tests.

Traditional agricultural knowledge of banana, cocoa and sugar cane crops as a basis for the sustainable development of the rural parish Mariscal 
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index of 0.48 and a statistical significance of less than 0.05 
(p-value < 0.05), so the null hypothesis is rejected, and the 
alternative is accepted, which maintains that the Traditional 
agricultural knowledge practices have a favorable impact on 
the sustainable development of agroecosystems in the rural 
parish of Mariscal Sucre.

Simple dispersion of the degree of sustainability by 
applied agro-ecological practices.

In the scattergram, it can be seen that the points have 
an increasing linear relationship.

Discussion
The research started from the need to know how 

agro-ecological sustainable the agricultural systems of the 
Mariscal Sucre parish, which belongs to the Milagro Canton.

A wide range of analysis methodologies was found, 
some that were developed more than two decades ago, 
and others more current, which are the result of the mo-
dification that the previous ones have suffered. For this 
reason, the document presented those that were applied. 
More frequently in Latin American countries. These metho-
dologies were: IICA, SAFE, FESLM, MESMIS and REDA-
GRES; without a doubt, the one that presented the most 
significant number of cases was MESMIS. They promote 
these methodologies' ease of application; by sharing the 
same methodological framework, they assess the degree of 
sustainability through indicators9.

The method chosen to evaluate the degree of sustaina-
bility of the agricultural systems in this study was MESMIS; 
there were a total of 20 indicators related to the indicators 
designed by Albarracín, although these were duly adapted 
to the local context10. Similarly, Fonseca's research was 
considered by including the REDAGRES traffic light classifi-
cation in the presentation of the results11. The sustainability 
indices calculated for the 61 farmers yielded values from 40 
to 62% with an average of 50%, being classified as unsus-
tainable; on the other hand, the agroecosystems analyzed 
by Albarracín had indices of 62 to 76%, that is, they were 
classified as unsustainable. as moderately sustainable. In 
the parish, only three systems presented indexes of 60 to 
62%, barely meeting the minimum values of average sus-
tainability12.

The most frequent agro-ecological practices correspon-
ded to knowledge about the existence of protective, anta-
gonistic crops and the application of Mulch as soil cover, 
the others were applied little, and even crop rotation was 
non-existent. The correlation between these practices and 
the degree of agro-ecological development was moderate-
ly positive, with a Spearman's Rho correlation index value 
of 0.48, which leads to the rejection of the null hypothesis 
and the acceptance of the alternative hypothesis, which in-
dicates that the implementation of Traditional agricultural 
knowledge practices has a favorable impact on the sustai-
nable development of agroecosystems in the rural parish of 
Mariscal Sucre. On the other hand, the farms' development 

Table 11. Nonparametric bivariate correlations.

Figure 5. Correlation between agro-ecological practices.

Alberto Yitzak Lozano Sacoto, Ítalo Edgar Mendoza Haro, Carlos Lazo Vento
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is mostly influenced by the economic component; therefore, 
it cannot be assumed that there is direct causality between 
the variables.

Lodana experimental center of the Universidad Laica 
Eloy Alfaro de Manabí13; and the second, carried out in the 
Río Negro Sopladora National Park in Azuay, proposes the 
implementation of livestock production of minor species 
and the production of organic fertilizers from agricultural 
residues14. The authors state that these strategies can al-
most immediately affect farm productivity and therefore take 
another step toward the country's ecological transition. For 
these reasons, the agro-ecological management proposal 
was raised from the productive dimension, including some 
practices of traditional knowledge, both in the agricultural 
and livestock components.

Conclusions
It was determined that traditional agricultural knowle-

dge practices favorably influence the development of ba-
nana, cocoa and sugar cane crops established in the rural 
parish of Mariscal Sucre, finding a value of 0.48 for the Spe-
arman's Rho statistic, indicating that there is a moderate 
positive correlation between these variables.

An agro-ecological management proposal was esta-
blished to promote the development of banana, cocoa and 
sugarcane crops through implementing practices for raising 
minor species, polycultures and the production of organic 
fertilizers from farm residues. To diversify the agricultural 
production system and boost the efficiency of the farms.
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Evaluation of hydroxymethylfurfural content in commercial and artisanal 
bee honey from Los Ríos-Babahoyo
Enrique José Salazar Llorente, Hugo Javier Alvarado Álvarez, Jamileth Marianela Castro Cano, Byanka Margarita Sosa Arias, Sonia 
Alexandra Puga Lascano

Abstract: Hydroxymethylfurfural (HMF) is a compound that is produced after heat treatment of honey; that is, they are 
not present in the initial raw materials and can present a potential health hazard; they are known as chemical processing 
contaminants. This compound is an indicator parameter of the quality of honey produced spontaneously. Its concentration 
increases with time and other factors, such as improper heat treatment during processing, storage temperature and mode 
of transportation. The objective of this research is focused on evaluating the content of HMF present in 6 types of bee 
honey, 3 commercial brands and three artisanal brands; the honey was from eucalyptus and citrus flowering, and the place 
where the honey was acquired is in the Province of Los Ríos, since being a geographical area with abundant flora, the 
primary pollinators are bees (Apis Mellifera). In addition, the honey was heated at different temperatures and time intervals 
to evaluate whether Hydroxymethylfurfural increases when heat is added to the honey. The present work was carried out at 
the Technical University of Babahoyo; the commercial and artisanal bee honey were acquired between 1 and 5 days before 
the assay. For HMF analysis, a UV spectrophotometer was used, as specified in INEN 1637 standards, to determine the 
absorbance of the standard sample at 284 and 336 nm. The HMF values obtained for the three commercial brand honey 
and the artisanal brand honey are within limits allowed by INEN 1572 Technical Standard, which is 4_mg HMF/100_g of 
honey (40 mg HMF/kg of honey) as a maximum limit. The mean values ranged from 0.08 to 1.77 mg HMF-/g honey, while 
the honey subjected to heating had mean values ranging from 0.08 to 4.43 mg HMF/100_g honey. A high HMF content 
was determined, which exceeded the maximum limit, leading to the conclusion that commercial and artisanal honey does 
contain Hydroxymethylfurfural. Still, in small quantities, it is important to use good handling and preservation methods to 
prolong the product's shelf life.

Key words: spectrophotometer, Apis Mellifera, radiation.

ARTICLE / INVESTIGACIÓN

Introduction
Beekeeping is an activity responsible for breeding and 

caring for bees, with the objective of obtaining products de-
rived from the extraction of nectar that the bees make and 
that is later placed in their hives. The main products obtai-
ned from beekeeping are honey, propolis, wax and royal 
jelly; many of these products have been used for medicinal, 
nutritional and curative purposes for many years1.

Beekeeping is an activity of great value because it 
stimulates the economy by being an additional source of 
income for thousands of rural Ecuadorian families. Its im-
portance in agricultural production is also centered on the 
participation of bees in pollination, a process that guaran-
tees harvests2.

In Ecuador, one of the main activities that have been 
carried out for years is beekeeping, which has been charac-
terized as being carried out on a small scale, in rural areas, 
by small and medium beekeepers. The boom of beekeeping 
in Ecuador occurred in 1993, with 38500 hives. According 
to the last National Cadastre of Beekeeping Operations pu-
blished by the Ecuadorian Agency for Quality Assurance in 
Agriculture (Agrocalidad), Ecuador, by the end of 2014, pre-
sented a total of 12188 hives and 902 beekeepers; with a 
concentration of beekeepers in the provinces of Pichincha, 

Loja, Imbabura and Manabí, these provinces together would 
represent 60% of beekeeping production in the Country3.

The beekeeper and especially the beekeeping industry 
use thermal treatments to achieve fluidity and homogeneity 
for the honey packaging process or in the eventual blen-
ding of honey from different origins to achieve a pleasant 
honey to the consumer's sight and delay the crystallization 
process; these treatments and inadequate storage affect 
honey quality4.

The beekeeper is in charge of beekeeping practices; 
his work depends on the time of the year since, during 
spring and summer, the bees are at their peak of activity. In 
winter, conditions must be prepared for the following sea-
son. When bees are foraging (during the flower pollination 
period), beekeepers must take care of population control 
and the subsequent extraction of honey5.

Honey is considered a substance originated by bees 
from the transformation of the nectar they collect in nature 
to feed the members of the hive. However, since time im-
memorial, humans have benefited from it as part of their diet 
due to its innumerable nutritional and medicinal benefits6. 

Bee honey is the most represented product in Ecua-
dorian beekeeping with 85%; beeswax is produced in 5%, 
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pollen in 3%, propolis in 6%, royal jelly in 1%, and Apitoxin 
in 0.1%. Approximately 90% of the bee farms in Ecuador 
are located in rural areas, and the remaining 10% are in 
urban areas7.

The Codex Alimentarius defines bee honey as "a na-
turally sweet-tasting substance produced by Apis mellifera 
bees from the nectar of plants or the sweat of living parts 
of plants or from the excretions of plant-sucking insects." It 
further states that "honey sold shall not contain any additio-
nal ingredients, including food additives or additives other 
than honey"8.

In bee honey and fruits, fructose is the primary sugar 
found naturally and in small amounts in some vegetables. 
Fructose is like glucose, a monosaccharide sugar and the 
sweetest of all-natural carbohydrates; one molecule of glu-
cose and fructose together produce table sugar (sucrose) 
which is half9.

Glucose is a monosaccharide, a simple sugar molecu-
le, freely present in foods such as fruit and honey. This form 
of sugar is the primary source of energy that ensures the 
proper functioning of the organism10.

The consumption of bee honey has excellent benefits 
for people's health; it has antioxidant and anti-anemic qua-
lities. Products derived from bee honey are currently boo-
ming in the use of alternative medicine. Apitoxin (bee ve-
nom) has analgesic and anti-inflammatory properties, which 
are defined as apitherapy11.

Pure or artisanal honey is the one that goes directly 
from the honeycomb to the jar, beekeepers sometimes tem-
per it to a maximum of 30 degrees and filter it to remove tra-
ces of bees, flowers, etc., but it does not undergo any other 
process that may alter its nutrients. Processed or commer-
cial honey is subjected to high temperatures and pressures 
that spoil its beneficial properties12.

Commercial honey is processed with high-temperatu-
re heat followed by rapid cooling. Pasteurization of honey 
prolongs its shelf life in liquid form, improves its appearance 
and also kills yeast cells that could change the flavor of the 
honey. Store-bought commercial honey undergoes excessi-
ve processing, heated to about 70 degrees Celsius; due to 
this, commercial honey loses all its natural characteristics13.

The melliferous bee or honey bee is an insect of the 
aphid family; the honey bee group consists of only five spe-
cies of bees; this species is native to Europe, Africa and 
part of Asia; honey bees are vital for pollination and deve-
lopment of crops for agriculture, livestock and food. Bees 
pollinate eighty-four percent of food crops. At least five of 
every ten things we eat have had a direct relationship with 
bees by 75 to 80%14.

The Apis mellifera bee, also known as the honey bee, 
is one of the most recognized bees among the bee species 
for its productive yields and honey storage. It has wax-pro-
ducing glands located in the abdomen with which they make 
nests using poor-quality waxes or waxes that the workers of 
the hive15 secrete.

The characteristics of honey are determined by various 
laboratory analyses such as physicochemical, sensory and 
pollen content. The latter is an indicator of the geographical 
and botanical origin of the honey, and helps determine whe-
ther it is multi-floral -when the honey is composed of various 
plant species- or monofloral16.

HMF contains a hydroxyl group, an aldehyde and a fu-
ran ring, so its possible transformations include reactions 
such as oxidation, hydrogenation, hydration, decarbonyla-
tion or esterification17.

HMF can be formed spontaneously by different processes, 
for example, by Maillard reactions, also called non-enzymatic 
browning or chemical browning reactions, caramelization reac-
tions and acid-catalyzed dehydration of hexoses. In foods hi-
ghly concentrated in sugars, such as honey, the most feasible 
reaction is caramelization, although when honey is subjected to 
processing, Maillard reactions may also be Maillard18.

Hydroxymethylfurfural (HMF) is an indicator of honey 
freshness and invertase and diastase enzyme activities. 
HMF is a compound (aldehyde) formed by the dehydration 
of sugars, especially fructose. This formation of HMF occurs 
naturally over time and is accelerated if honey is subjected 
to high temperatures in the processes of extraction, homo-
genization, etc.19.

Compounds generated after a thermal process, i.e., 
which were not present in the original raw material and may 
pose a potential health risk, are called processing chemi-
cal contaminants. Recently, two new chemical processing 
contaminants, acrylamide and Hydroxymethylfurfural, have 
aroused great interest in the scientific community due to 
their toxicological effects if found in the high range20.

The spectrophotometer is an instrument used in che-
mical analysis to measure the radiation absorbed or trans-
mitted by a solution containing an amount of the analyte. In 
spectroscopy, the term light applies not only to the visible 
form of electromagnetic radiation but also to the ultraviolet 
(UV) and infrared (IR) forms, which are invisible. In absor-
bance spectrophotometry, the ultraviolet and visible regions 
are used20.

Materials and methods 
The methodology was carried out in the Phytopatholo-

gy Laboratory of the Technical University of Babahoyo in 6 
types of honey, three commercial brands and three artisa-
nal brands to determine the quality of the same, the honey 
of commercial bees and Artisanal honey acquired five days 
before. In contrast, artisanal honey was accepted the same 
day freshly harvested.

This methodology was carried out in two parts:
First: For the analysis of HMF, a UV wave spectropho-

tometer was used to measure the absorbed radiation; this 
study was based on the NTE INEN 1637 standards. To spec-
trophotometrically determine the content of Hydroxymethyl-
furfural (HMF), in which the absorbance varies depending 
on the content of Hydroxymethylfurfural (HMF). The product 
is caused by the overheating of honey from bees due to bad 
practices in its handling and inadequate storage.

Reagents
Potassium ferrocyanide solution: 15g of potassium fe-

rrocyanide K4Fe (CN)6 was dissolved. 3H2O, in 100 cm3 of 
distilled water.

Acetate solution of zinc: 30g of zinc acetate Zn (OAc)2 

was dissolved. 2H2O, in 100 cm3 of distilled water.
Sodium bisulfate solution (0.20%): 0.20 g of sodium bi-

sulfate NaHSO3 was dissolved in 100 cm3 of distilled water.

Experimental procedure
The method used to determine HMF in honey is des-

cribed below: 
5 g of honey was weighed into a beaker and transferred 

to a 50 cm3 volumetric flask with approximately 25 cm3 of 
distilled water.

Enrique José Salazar Llorente, Hugo Javier Alvarado Álvarez,  Jamileth Marianela Castro Cano, Byanka Margarita Sosa Arias, Sonia Alexandra 
Puga Lascano
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0.50 cm3 of potassium ferrocyanide solution was added 
with a pipette and mixed well; 0.50 cm3 of zinc acetate solu-
tion was added, brought to a volume of 50 cm3 with distilled 
water. The first 10 cm3 of the filtrate is discarded. Two test 
tubes (18 x 150 mm) were taken, and 5 cm3 of the filtrate 
was added to each.

In one tube, 5 cm3 of water (sample) was added, and to 
the other tube that will serve as a reference, 5 cm3 of NaH-
SO3 solution was added, mixing well.

The absorbance of the standard sample is determined 
against the absorbance of the reference sample at 284 and 
336 nm in a 1 cm cell.

If the absorbance (A) is more significant than 0.6, the 
standard sample was diluted with water and also the re-
ference sample with NaHS03 in the same proportion. The 
absorbance A was determined and, for the calculations, 
considered the dilution made.

Calculations
The content of Hydroxymethylfurfural in honey was de-

termined as follows: 
Being:
A1 = sample absorbance at 284 nm. 

Pearson correlation
Pearson's correlation coefficient is a test that measures 

the statistical relationship between two continuous varia-
bles. If the association between the items is not linear, then 
the coefficient is not adequately represented. Pearson's co-
rrelation can take values from +1 to -1. A value of 0 shows 
no correlation between the two variables. A value greater 
than 0 indicates a positive correlation. As the value of one 
variable increases, the value of the other variable also in-
creases. A value less than 0 indicates a negative correla-
tion; as one variable's weight increases, the other's value 
decreases.

The Pearson correlation coefficient formula is as fo-
llows: 
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Factor 14.97 = (126/16.830) (1000/10) (100/5)
126 = mole molecular weight of HMF.
16,830 = molar an of HMF at 284 nm
a = molar absorbability for HMF.21

One commercial honey and one artisanal honey were 
used, which were subjected to thermal processes at diffe-
rent temperatures for different time intervals to determine at 
what temperature the HMF is increasing and if it exceeds 
the INEN standard's limits 4mg. HMF/100g of honey (40 mg 
HMF/Kg of honey), would not be suitable, and its quality 
would be affected; once the heating was done, the same 
methodology mentioned above in the first part was carried 
out to evaluate the HMF.

Experimental procedure
The thermal process to which the honey was subjected 

is detailed below:
100 g of commercial bee honey 1 was weighed and 

placed in a water bath at 25 °C for 1 h, at 40 °C for 3 hours, 
at 60 °C for 3 hours and at 80 °C for 3 hours.

100 g of Artisanal bee honey 1 was weighed and placed 
in a water bath at 25 °C for 1 h, at 40 °C for 3 hours, at 60 
°C and at 80 °C for 3 hours.

Calculation of the standard deviation
The standard deviation is a numerical index of the 

spread of a data set (or population), that is, it is an avera-
ge of the individual deviations of each observation from the 
mean. The greater the standard deviation, the greater the 
dispersion of the results obtained. The standard deviation 
is a parameter that accounts for the dispersion of the data 
obtained. For a sample it is calculated with the following 
formula:

Where:
"x" is equal to variable number one, "y" belongs to va-

riable number two, "zx" is the standard deviation of variable 
one, "zy" is the standard deviation of variable two, and "N" 
is the data number. 

• If r = zero, there is no association or correlation be-
tween the two variables.

• If 0 < r < 0.25 = weak correlation.
• If 0.25 ≤ r < 0.75 = intermediate correlation.
• If 0.75 ≤ r < 1 = strong correlation.
• If r = ±1= perfect correlation.22

Results
The results obtained in the first part of the methodology 

to evaluate Hydroxymethylfurfural in commercial and artisa-
nal honey were the following: 

In this table, it is observed that the commercial honey 
brands underwent a study in triplicate to have more exact 
values, these values   for Hydroxymethylfurfural are within 
the reference value (4 mg HMF/g of honey), established in 
the INEN 1572 standard, commercial-type honey has been 
purchased in a supermarket in the City of Babahoyo at a 
conservation temperature at room temperature. 

This graph shows that commercial honey 1 has a high 
content of HMF, more than commercial honey 2 and 3, al-
though it does not exceed the reference value (4 mgHMF/g 
of honey), established in the INEN standard. 1572, it can 
be determined that commercial honey does contain HMF in 
small amounts after processing.

In this table 2, it is observed that for the brands of ar-
tisanal honey, a study was carried out in triplicate to have 
more exact values; these values   for Hydroxymethylfurfural 
are within the reference value (4 mg/g of honey), establi-
shed in the INEN 1572 standard, while artisanal honey 3 
does not register the presence of HMF, two of the artisanal 
honey were acquired in the Canton Ventanas, and the other 
in the City of Babahoyo at a temperature of environmental 
conservation.

This graph shows that artisanal honey 2 has a high con-
tent of HMF, more than artisanal honey 1. However, it does 
not exceed the reference value (4 mgHMF/g of honey), es-
tablished in the INEN 1572 standard; while artisanal honey 
three did not present any level of HMF in its content, it can 
be determined that certain artisanal honey does contain 
HMF in small amounts, perhaps due to poor handling and 
the temperature at which it is stored, artisanal honey three 
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Table 1. HMF content is present in commercial honey.

Table 2. HMF content is present in artisanal bee honey.

Figure 1. Statistical bars of HMF content in commercial honey.

was newly harvested the day the experiment was going to 
take place.

The second part of the results was where two kinds of 
honey were heated in a water bath, applying different tem-
peratures for different time intervals.

This table 3 shows that commercial honey 1 subjected 
to a temperature of 25 ºC for one hour is within the levels 
established in the standard, and no variation was obtained; 
at 40 ºC for three hours, the HMF increases; at 60ºC for 
three hours, the HMF continues to increase, and at 80ºC it 
exceeds the ranges established by the INEN standards of 

4mg HMF/100g of honey.
This table 4 shows that artisanal honey 1 subjected to 

a temperature of 25 ºC for one hour is within the levels es-
tablished in the standard, and no variation was obtained; 
at 40 ºC for three hours, the HMF increases, at 60ºC, the 
HMF continues to increase, and at 80ºC it exceeds the ran-
ges established by the INEN standards of 4mg HMF/100g 
of honey.

Xi is the value obtained from each measurement, x is 
the arithmetic means of the measurements, and n is the 
number of measures made. In our case, the sizes of each 
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of the analyzed honey have been carried out in triplicate. 
The standard deviation calculation was made in commer-
cial samples 1 and artisan 2, in which the temperatures are 
varied (40 ºC, 60 ºC and 80 ºC), keeping the exposure time 
at a constant temperature for (3h).

For the analysis of results, according to the Pearson 
correlation coefficient = 0.9557, it can be said that the varia-
bles X and Y present a strong correlation. Since the value of 
r is positive, it indicates a positive relationship between the 
variables (growth in one variable is associated with develo-
pment in the other variable).

For the analysis of results, according to the Pearson 
correlation coefficient = 0.9944, it can be said that the varia-
bles X and Y present a strong correlation. Since the value of 

r is positive, it indicates a positive relationship between the 
variables (growth in one variable is associated with develo-
pment in the other variable).

Discussion
Once the research is completed, the non-presence of 

HMF for recently harvested artisanal honey 3 agrees with 
what is mentioned in various literature23, indicating that 
HMF is not a standard component in honey. Fresh or just 
harvested.

The relatively low HMF values obtained in the three 
types of commercial honey and in the two types of artisanal 

Figure 2. Statistical bars of HMF content in artisanal honeys.

Table 3. Data of the concentration of Hydroxymethylfurfural in the different thermal treatments.

Table 4. Hydroxymethylfurfural concentration data in the different heat treatments.

Table 5. Calculation of the standard deviation (s) in the commercial 1 and artisanal 1 samples.

Evaluation of hydroxymethylfurfural content in commercial and artisanal bee honey from Los Ríos-Babahoyo



6

Table 6. Data for Pearson's correlation coefficient in commercial honey 1.

Figure 3. Dispersion diagram between variables.

Table 7. Data for Pearson's correlation coefficient in commercial honey 1.

Enrique José Salazar Llorente, Hugo Javier Alvarado Álvarez,  Jamileth Marianela Castro Cano, Byanka Margarita Sosa Arias, Sonia Alexandra 
Puga Lascano
Volume 8 / Issue 1 / 4     •     http://www.revistabionatura.com



7

Figure 4. Dispersion diagram between variables.

honey also agree with their values, considering that HMF 
increases spontaneously with storage at high temperatures 
around 20°C to 25°C. It is these conditions that have not 
accelerated the increase in HMF23.

According to (Villar et al., 2019)24, they agree with the 
results obtained when the honey was heated at different 
temperatures and time intervals when the honey samples 
were exposed to different temperatures; it was observed 
that the amount of HMF increased progressively as the tem-
perature increased. In addition, if honey is exposed to very 
high temperatures for extended periods, it exceeds the legal 
limit of (4mg HMF/100g honey)24. The amount of Hydroxy-
methylfurfural formed in honey depends on the temperature 
to which it is exposed and the time of exposure25.

Néstor Velásquez et al.26 tell us that heating, such as 
temperature change, poor handling of packaging, transport 
and storage, are factors that affect the rate of formation of 
HMF (Hydroxymethylfurfural) in honey; the content increa-
ses spontaneously with time, a notable difference was also 
observed in the increase of HMF in the honey that was sub-
jected to a prolonged heating time26.

Conclusions
The honey that is sold commercially and artisanally, if 

they comply with the Ecuadorian Standard INEN 1 572 re-
garding the content of HMF, establishes a maximum limit of 

4mg HMF / g of honey from bees.
According to the results obtained, the commercial ho-

ney presented a higher content of Hydroxymethylfurfural 
than the artisanal honey. However, they are within the limit 
of the norm. In contrast, one artisanal did not show any level 
of hydroxymethylfurfural content, for what is determined is 
that when the honey is freshly extracted from the honey-
comb does not offer these levels. It is determined that hy-
droxymethylfurfural increases due to exposure to high tem-
peratures for long periods in its processing, transportation 
and storage.

It was also determined that when honey is subjected 
to different temperatures, hydroxymethylfurfural increases, 
depending on the time and temperature to which the pro-
duct is exposed. Therefore, it is considered that honey sub-
jected to processing should not exceed 80 ºC for more than 
3 hours because HMF increases and exceeds the permitted 
limits. In the statistical analysis, it was possible to determine 
that the temperature is strongly correlated with the rise of 
Hydroxymethylfurfural in the honey.

It should be considered that honey must be stored be-
tween 20-25 ºC so that the HMF remains within the range 
and its production is very slow.
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In vitro inhibition of xanthine oxidase by hydroalcoholic extracts of Corynaea 
crassa Hook. F
Alexandra Jenny Lopez Barrera1*, Yamilet Irene Gutiérrez Gaitén2

Abstract: Corynaea crassa is a hemiparasitic plant native to America, used for the treatment of erectile dysfunction and 
has been shown to have antimicrobial properties. However, it lacks other biological studies to justify its use in traditional 
medicine. The objective was to examine the in vitro inhibitory activity of xanthine oxidase in hydroalcoholic extracts of the 
species from Ecuador and Peru. The extracts obtained by maceration and the Allopurinol used as the reference drug, 
at concentrations of 10, 30, 40, 50 and 60 µg/mL, were tested to measure the degree of in vitro inhibition of xanthine 
oxidase employing spectrophotometric determination at 295nm, which is associated with the formation of uric acid. The two 
extracts showed significant inhibitory activity on xanthine oxidase in a concentration-dependent manner, with the highest 
percentages being observed at the highest concentrations, being higher for the extract from the Ecuadorian species with 
enzyme inhibition percentages comparable to Allopurinol. Median inhibitory concentration (IC50) values   of 15.35µg/mL and 
17.42µg/mL were observed for the extracts from Ecuador and Peru, respectively, although the activity was more notable 
for the reference drug, which was shown to be an IC50 of 12.21 µg/mL. The results concluded the basis for the potential use 
of C. crassa in the treatment of hyperuricemia.

Key words: xanthine oxidase, hydroalcoholic extracts, Allopurinol.

ARTICLE / INVESTIGACIÓN

Introduction
The species Corynaea crassa Hook. F (Balanophora-

ceae) is a hemiparasitic plant native to America, found in 
various countries, including Bolivia, Colombia, Costa Rica, 
Ecuador, Mexico, Panama, Peru and Venezuela. In Ecua-
dor, it is located in the provinces of Azuay, Carchi, Chim-
borazo, Cotopaxi, Imbabura, Loja, Morona Santiago, Napo, 
Pichincha, Sucumbios, Tungurahua and Zamora Chinchi-
pe1.

In previous studies, the antioxidant activity of hydroal-
coholic extracts of the species was evaluated, with similar or 
superior results to the tested reference substances (vitamin 
C and Trolox)2. Other studies demonstrated the anti-inflam-
matory effect of the aqueous and hydroalcoholic extracts of 
the plant from Ecuador and Peru3 and the erectogenic effect 
on induced sexual dysfunction in rodents4.

Phytochemical studies revealed by liquid chromatogra-
phy-mass spectrometry the presence of catechin, querce-
tin, and a flavanone glycoside)2. Other investigations by gas 
chromatography-mass spectrometry allowed the detection 
of terpenoids and fatty acids as significant compounds3. On 
the other hand, Malca et al.5, reported sterols, triterpenoids, 
flavonoids, tannins and anthocyanins.

In Ecuador, C. crassa is little used due to the popula-
tion's ignorance. Because it develops in the Andean forests 
and lacks sufficient scientific studies to support said ances-
tral knowledge, the present investigation was carried out to 
examine the in vitro inhibitory activity of xanthine oxidase 
in hydroalcoholic extracts of the species from Ecuador and 
Peru.

Materials and methods 
The species Corynae crassa was collected in August 

2018, coming from Ecuador (Yanachoca reserve in the nor-
th of Pichincha Province (00° 05′S, 78° 33′E, 3700 m eleva-
tion)) and Peru (province of La Libertad, department of San-
tiago de Chuco, Agasmarca (08°07′53″S, 78°03′23″E, 2900 
m elevation). One specimen from each collection was iden-
tified in the herbarium of the Faculty of Natural Sciences 
of the University of Guayaquil. It was deposited under the 
coupon specimen of 13,115 and 13,116, respectively. The 
whole plant was worked with. The hydroalcoholic extracts 
were obtained by maceration from 20 g of the dry drug in 
100 mL of the hydroalcoholic mixture at 80%. Subsequently, 
they were concentrated to dryness in a rotary evaporator 
(Buchi REF 120) at a temperature of 50 °C and redissolved 
in dimethylsulfoxide (Sigma-Aldrich) for in vitro analysis.

Xanthine oxidase inhibition assay
The inhibitory activity of xanthine oxidase (XO) was as-

sayed spectrophotometrically under aerobic conditions, ac-
cording to the procedure described by Nguyen et al.6. The 
assay mixture consisted of 50 mL of test solution, 35 mL of 
70 mM phosphate buffer (Sigma, Aldrich) (pH=7.5), and 30 
mL of xanthine oxidase enzyme solution (Sigma, Aldrich) 
(0.01 units / mL in 70 mM phosphate buffer, pH=7.5), was 
prepared immediately before use. After preincubation at 25 
°C for 15 min, the reaction was started by adding 60 mL of 
substrate solution (150 mM xanthine (Sigma, Aldrich) in the 
same buffer). The assay mix was incubated at 25°C for 30 
min. The reaction was stopped by adding 25 mL of 1N HCL, 
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and the absorbance at 290 nm was measured in a spectro-
photometer (RAY LEIGH UV-1601 of Chinese origin). The 
enzyme solution was added to the assay mix after adding 
1N HCL, and a blank was prepared in the same way. One 
XO unit is defined as the enzyme needed to produce 1 mol 
of uric acid/min at 25 °C.

XO inhibitory activity was expressed as the percentage 
inhibition of XO in the above assay system, calculated as 
(1 – B/A) x 100, where A and B are the activities of the enzy-
me without and with test material, respectively. The extracts 
(from samples from Ecuador and Peru) and the Allopurinol 
(Sigma) used as a positive control were prepared at con-
centrations of 10, 30, 40, 50 and 60 µg/mL.

Statistical analysis
The results were expressed as mean/standard devia-

tion (SD), and the experiments were carried out in triplica-
tes. A one-way analysis of variance (ANOVA) was used to 
determine the differences between groups, followed by the 
Duncan test with p ≤ 0.05. The mean inhibitory concentra-
tion (IC50) of the reference drug and the extracts was calcu-
lated from the mean values   of the data of three determina-
tions. The Statgraphics statistical program Plus version 5.1 
was used to process the experimental data.

Results
The inhibitory activity of xanthine oxidase (XO) was de-

monstrated by the hydroalcoholic extracts of C. crassa, with 
enzyme inhibition percentages more significant than 50% 
from a concentration of 30 µg/mL. The results of this study 
demonstrated that the active extracts inhibited XO in a do-

se-dependent manner. The results of the in vitro XO inhibi-
tory activity of test samples and control are shown in table 1.

Discussion
Xanthine oxidase (XO) inhibitors are generally used 

for the treatment of gout and hyperuricemia since they can 
hinder the enzymatic reactions involved in the synthesis of 
uric acid, reduce the formation of uric acid and relieve the 
symptoms of said disease, a very painful medical condition 
caused by high levels of uric acid. Scientists have recent-
ly attempted to find new safe XO inhibitors from various 
plants7,8.

In the Balanophoraceae family, especially in the Ba-
lanophora genus, many phytochemicals have been found 
with a hyperuricemic effect7,9. However, in the genus Cory-
naea of  the same family, the inhibitory activity of the enzyme 
xanthine oxidase has not been studied, which allowed this 
research to be carried out on C. crassa.

Five concentrations of hydroalcoholic extracts of spe-
cies from Ecuador and Peru were tested, and Allopurinol as 
a reference drug, which prevents the formation of uric acid 
and is the mainstay of prophylactic treatment for hyperurice-
mia in patients undergoing chemotherapy10,11.

XO is an important enzyme that converts xanthine and 
hypoxanthine to uric acid; thus, an increased rate of XO ac-
tivity leads to excessive uric acid production11. In the pre-
sent investigation, the reference drug and the two tested 
extracts (Ecuador and Peru) were able to reduce the activity 
of the said enzyme with mean inhibitory concentration va-
lues   of 12.21, 15.35 and 17.42 µg/mL, respectively. The ex-
tract from the Ecuadorian sample showed enzyme inhibition 
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Figure 1. Corynaea is a monotypic genus of parasitic plants, belonging to the family Balanophoraceae. Its only species: 
Corynaea crassa Hook.f., is native to America.
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percentages comparable to Allopurinol at all concentrations 
tested (10, 30, 40, 50 and 60 µg/mL). An analysis of the 
results concerning the literature reports9 demonstrated the 
excellent capacity of the extracts to inhibit xanthine oxidase, 
compared to the species Balanophora laxiflora (Balanopho-
raceae), where at a concentration of 10 µg/mL of the crude 
extract of the plant, an inhibition of 31.7% was obtained, 
lower than the experience carried out where the evaluated 
extracts registered values   of 40.01% (Ecuador) and 38.77% 
(Peru). In addition, the IC50 values  (the concentration requi-
red to inhibit uric acid formation by 50%) of crude extract 
was 28.2 µg/mL, while for the extracts under study, the IC50 
was 15.35 and 17.42 µg/mL.

Comparison with other investigations of the species Ba-
lanophora subcupularis P.C. Tam (IC50= 48.41 μg/mL), also 
confirms the high property of C. crassa extracts as inhibitors 
of the enzyme xanthine oxidase. In contrast, Balanophora 
tobiracola Makino (Balanophoraceae) showed higher activi-
ty (IC50=11.87 μg/mL)7.

Natural products have been taken as an ideal source 
of bioactive compounds with specific pharmacological ac-
tivities. Inhibitors of xanthine oxidase have been identified 
and isolated in many plant extracts12,13. Several bioactive 
compounds, including polyphenols, saponins, terpenoids, 
phenylethane glycosides, and alkaloids, among other com-
pounds, are effective inhibitors of XO13,14.

Previous studies with hydroalcoholic extracts of C. cras-
sa demonstrated the presence of a variety of metabolites, 
including catechin flavonoids, quercetin glycoside, and a 
flavanone glycoside2, terpenoids (triterpenoids and sesqui-
terpenoids), saponins, tannins, among others compounds3 

that could contribute to the inhibition of xanthine oxidase.

Conclusions
The results of this research provide scientific eviden-

ce for the first time on the inhibitory capacity of C. crassa 
xanthine, and the species may be considered a potential 
resource in the treatment of hyperuricemia and gout.
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Introducción
La polilla dorso diamante, Plutella xylostella Linnaeus, 

es la plaga más importante en la producción mundial de los 
cultivos de consumo humano de la familia Brassicacea, llá-
mense brócoli, coliflor y repollo principalmente. Esta plaga 
es capaz de ocasionar pérdidas de hasta el 100% del culti-
vo, sea por daño directo o por afectación de la calidad del 

producto haciéndolo no comercializable1. Por tanto, como 
medida preventiva y correctiva del riesgo que esta plaga 
representa, los productores se han enfocado prácticamente 
de manera exclusiva en las aplicaciones calendarizadas de 
insecticidas sintéticos2. Desgraciadamente, la polilla dorso 
diamante dada su capacidad reproductiva (con más de 12 
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Mass trapping of Plutella xylostella: an environmentally and economically beneficial alternati-
ve for its control in Costa Rica

Francisco González-Fuentes*, Steven Niño Narváez, Carlos Rodríguez-Chinchilla, Alejandro Vargas-Martínez, Allan Gonzalez-Herrera

Resumen: Plutella xylostella es globalmente la plaga más importante en Brassicaceae. Desgraciadamente, su manejo 
sigue enfocándose en insecticidas con poco efecto sobre la plaga y con altos costos económicos y ambientales. Esta 
investigación buscó confirmar reportes sobre su control basado en trampeo masivo con feromona y comparar el costo de 
esta técnica en contraposición con la aplicación calendarizada de insecticidas. Para esto, en el año 2020, se establecieron 
seis parcelas experimentales en fincas comerciales de repollo en la provincia de Cartago, Costa Rica. Trampas con 
feromona para monitoreo se colocaron en todas las parcelas, sin embargo, solamente tres parcelas recibieron el 
equivalente de 50 trampas/hectárea para establecer el trampeo masivo para control de la plaga, mientras que las otras 
tres parcelas no tuvieron trampas adicionales a las de monitoreo y el control se basó en la aplicación calendarizada 
de insecticidas. Para determinar el efecto del trampeo masivo y sus costos se determinaron las capturas en trampas 
semanalmente durante todo el ciclo, el daño de la plaga y los costos asociados al control de la misma. Los resultados 
demostraron que las aplicaciones calendarizadas de insecticidas no mantuvieron poblaciones significativamente menores 
que el trampeo masivo. No obstante, la diferencia más evidente a favor del uso de trampeo masivo como estrategia de 
control se observó en el porcentaje de daño en planta y los costos involucrados, los cuales fueron significativamente 
menores en el trampeo masivo que en las aplicaciones de insecticidas. Los resultados obtenidos corroboran reportes 
sobre la capacidad ecológica y el beneficio económico de la adopción de trampeo masivo como estrategia para el control 
de la polilla dorso diamante.

Palabras clave: Polilla dorsal del diamante, captura masiva, feromona, insecticidas, costes, insecticidas.

Abstract: Plutella xylostella is the most crucial pest in Brassicaceae globally. Unfortunately, its management focuses on 
insecticides with little effect on the problem and high economic and environmental costs. This research sought to confirm 
reports on its control based on pheromone mass trapping and compare the price of this technique as opposed to the 
scheduled application of insecticides. In 2020, six experimental plots were established in commercial cabbage farms in 
Cartago, Costa Rica. Pheromone traps for monitoring were placed in all plots. However, only three actions received the 
equivalent of 50 traps/hectare to establish mass trapping for pest control. At the same time, the other three plots did not 
have additional traps to those for monitoring and control based on the scheduled application of insecticides. To determine 
the effect of mass trapping and its costs, the captures in traps were chosen weekly throughout the cycle, as the damage 
of the past and the costs associated with its control. Results showed that scheduled insecticide applications did not 
maintain populations significantly lower than mass trapping. However, the most evident difference in favor of the use of 
mass trapping as a control strategy was observed in the percentage of plant damage and the costs involved, which were 
significantly lower with mass trapping than with insecticide applications. The results corroborate reports on the ecological 
capacity and the economic benefit of adopting mass trapping to control the diamondback moth.

Key words: Polilla dorso diamante, trampeo masivo, feromona, insecticidas, costos
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generaciones por año) y su alta capacidad de adaptación 
ha desarrollado poblaciones con resistencia a la más diver-
sa índole de productos fitosanitarios, incluyendo insectici-
das orgánicos como Bacillus thuringiensis subs. kurstaki y 
más recientemente Spinosad2–4. Ante esto, los productores, 
recurren a aplicaciones aún más frecuentes de insectici-
das, generando un círculo vicioso en su uso. En un estudio 
realizado en Costa Rica en 1999 se determinó que, en un 
ciclo de 3 meses, el número de aplicaciones de insecticidas 
en repollo para el control de la polilla del repollo iba de 9 
a 16 veces por ciclo, lo cual representa 1 y hasta 2 apli-
caciones químicas semanales5. Dos décadas más tarde, 
el panorama productivo no es muy diferente en la Región 
Centroamericana en donde el promedio de aplicaciones de 
insecticidas es diez, lo cual, consecuentemente, conlleva 
un efecto negativo importante en salud humana, en la pre-
sencia de enemigos naturales y finalmente en la inversión 
económica necesaria para producir estos cultivos.

Dado que el problema de P. xylostella no es nada nue-
vo, las alternativas para su control se han investigado por 
más de tres décadas. El control biológico y el control a 
través del uso de feromonas (monitoreo y trampeo masi-
vo) son las alternativas con mayor potencial, incluso mos-
trándose como aliados perfectos con efectos sinergistas 
en programas de manejo integrado de plagas (MIP) que 
contemplen ambos métodos1,6–8. Una alternativa particu-
larmente práctica y fácil de implementar por parte de los 
productores de brásicas es el uso de umbrales del número 
de machos de la polilla capturados por noche en trampas 
cebadas con la feromona como indicadores para la necesi-
dad de realizar aplicaciones químicas. En un trabajo reali-
zado en India, se determinó que la aplicación de insecticida 
12 – 24 horas después de que las trampas con feromona 
capturaban 8, 12 y 16 machos por trampa por noche en re-
pollo, coliflor y col silvestre respectivamente, eran capaces 
de disminuir más eficazmente la presencia de la plaga en 
campo, el daño en los vegetales y el rendimiento en com-
paración a aplicaciones calendarizadas a los 7, 9, 12 y 15 
días después de transplante6. De manera similar, siempre 
en India, el trampeo masivo (colocación homogénea de 
múltiples trampas en alta densidad para capturar la mayor 
cantidad posible de adultos) se ha demostrado como una 
alternativa exitosa en múltiples ocasiones con aumentos 
significativos de producto comercializable, disminución de 
los gastos asociados al control de la plaga e incrementos 
en las ganancias brutas por hectárea8-10.

Aunque las estrategias bio-racionales para el control 
de P. xylostella han sido demostradas en investigaciones 
académicas por al menos 20 años, la adopción de las mis-
mas por parte de los productores ha sido pobre. Los facto-
res que explican esta tendencia son varios. La prevalencia 
de insecticidas de amplio espectro imposibilita el estable-
cimiento de enemigos naturales que mantengan a la plaga 
bajo control, mientras que productos de origen orgánico 
como Spinosad y Bacillus thuringiensis han sido víctimas 
de su propio éxito de manera tal que los productores ha-
cen uso excesivo de los mismos hasta que pierden efecto 
y poco a poco regresan a los insecticidas de amplio espec-
tro7. En el caso del uso de trampas cebadas con feromona 
la historia ha sido un poco diferente, dado que la baja adop-
ción se relaciona con desconocimiento del uso y la percep-
ción de que es una tecnología de mayor costo económico y 
que involucra mayor riesgo de pérdida del cultivo al atraer 
la plaga al cultivo, ambas razones completamente falsas 
debido al bajo costo de las feromonas y la imposibilidad de 

la feromona de atraer hembras al cultivo las cuales son las 
únicas que pueden causar brotes de la plaga5.

La presente investigación se llevó a cabo con el obje-
tivo de determinar si el trampeo masivo con feromona y el 
uso de los umbrales reportados por investigadores en India 
eran capaces de ser una alternativa a la aplicación calenda-
rizada de insecticidas ampliamente usada por productores 
comerciales de repollo en Costa Rica para el control de la 
polilla dorso diamante, P. xylostella.

Materiales y métodos 
La investigación se llevó a cabo entre los meses de 

junio y octubre del 2020, en los distritos de Capellades y 
Pacayas, del Cantón de Alvarado de la provincia de Car-
tago, Costa Rica. Se escogieron seis parcelas comerciales 
de repollo pertenecientes a cinco productores independien-
tes. La distancia entre fincas y por tanto entre parcelas fue 
variada, con un mínimo de 150 m y un máximo de 5 Km. De 
igual forma, el tamaño de la parcela en cada finca fue dife-
rente con un mínimo de 2130 m2 y un máximo de 7000 m2.

Comparación trampeo masivo versus aplicación 
calendarizada de insecticidas

Las seis parcelas seleccionadas fueron divididas en 
dos grupos: un grupo control en el cual se colocaron de 3 a 
6 trampas de galón plásticas con agua jabonosa cebadas 
con feromona (P054-lure, ChemTica, Costa Rica) para mo-
nitoreo de Plutella xylostella y en las cuales el productor si-
guió su protocolo tradicional de aplicación calendarizada de 
insecticidas al menos 1 vez por semana o cuando conside-
ró necesario (ad libitum), y un segundo grupo en el cual se 
colocaron 6 trampas de monitoreo además de las corres-
pondientes trampas de trampeo masivo cebadas también 
con la misma feromona comercial y siguiendo la proporción 
de 50 trampas/ha para trampeo masivo, y en las cuales se 
realizaron aplicaciones de insecticidas únicamente si las 
capturas superaron el umbral de 8 polillas por trampa por 
noche en las trampas de monitoreo. En todas las parcelas 
por igual se siguieron las prácticas agronómicas normales 
utilizadas en fincas comerciales (manejo de enfermedades, 
nutrición, hierbas, riego, etc).

Parámetros evaluados
Semanalmente, en cada parcela se realizaron visitas 

en las cuales se contabilizó el número total de individuos 
capturados por trampa de monitoreo, se dio renovación del 
agua jabonosa y mantenimiento en caso de que la trampa 
lo requiriese. De cada parcela se obtuvo el promedio de 
polillas capturadas por trampa por noche y se utilizó como 
parámetro para decidir si se necesitaban aplicaciones quí-
micas en el caso de las parcelas bajo trampeo masivo. Con 
cada visita además se realizó un análisis del daño caracte-
rístico en planta debido a la larva de la polilla dorso diaman-
te. Para esto en cada parcela se seleccionaron de manera 
completamente aleatoria 20 plantas semanalmente distri-
buidas lo más disperso y equidistante posible en la parcela. 
En cada planta se clasificó el tipo de daño según la escala 
reportada de Schuster, Workman y Chalfant11. A partir del 
número de plantas con algún tipo de daño se obtuvo el por-
centaje de plantas dañadas por cada parcela y se promedió 
por tratamiento.

En el caso del análisis económico, se examinó el costo 
de cada tratamiento en relación a la inversión de los méto-
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dos utilizados para el manejo de la plaga, el mantenimiento, 
instalación, mano de obra, así como el beneficio económico 
de los rendimientos productivos encontrados. Los costos 
fueron separados según tratamiento; en el tratamiento de 
trampeo masivo se contemplaron las feromonas sexuales 
sintéticas utilizadas en cada parcela, el costo de los insecti-
cidas, además de los objetos utilizados para su instalación 
y mantenimiento. En el caso del manejo convencional en 
parcelas control, se consideró el costo de los insecticidas 
aplicados y el número de aplicaciones, también se inclu-
yó las trampas con feromonas de monitoreo utilizadas. En 
todas las parcelas los costos fueron ajustados al tamaño 
de cada parcela de manera que se obtuviera el costo por 
metro cuadrado de cada una de las alternativas. Para la 
estimación del beneficio económico, se consultó los rendi-
mientos productivos de cuatro parcelas, dos de cada trata-
miento, en las otras dos parcelas se dificultó la obtención 
de la información respectiva por parte de los productores. 
Con esto se compararon datos entre tratamientos según 
producción, el cual se contempló la diferencia de kilogra-
mos cosechados por metro cuadrado entre tratamientos. 
Seguido a esto se procedió a establecer la diferencia de 
rendimientos a nivel de hectárea, dicha diferencia se tradu-
jo al beneficio económico comercializando el producto a un 
precio promedio de referencia establecido a nivel nacional.

Análisis estadístico
Para determinar el efecto de los tratamientos sobre 

las variables de respuesta estudiada (adultos capturados 
por trampa por noche y porcentaje de daño), se realizó un 
análisis de varianza (ANOVA) con medidas repetidas en el 
tiempo bajo la teoría de los modelos lineales mixtos. El mo-
delo lineal para el experimento bifactorial fue el siguiente: 

Se utilizó el programa estadístico InfoStat para com-
probar los supuestos del ANOVA con gráficos diagnósticos 
(cuantiles de los términos de error, gráficos de residuos y 
gráficos de residuos vs. predichos) y se escogió el mejor 
modelo en función de los criterios de Akaike (AIC) y de in-
formación Bayesiano (BIC). En las variables donde existie-
ron diferencias estadísticas entre los tratamientos, se reali-
zaron las comparaciones de medias por medio de la prueba 
de Prueba de Di Rienzo, Guzmán y Casanoves (DGC) (p 
≤0.05) permitiendo la formación de grupos excluyentes y no 
transición entre tratamientos.

Resultados
Las capturas promedio de machos por trampa por no-

che fueron indicadores directos del nivel poblacional de 
la plaga en los dos tratamientos evaluados. El método de 

aplicación calendarizada se mantuvo en el tratamiento con-
trol, mediante las constantes aspersiones de insecticidas 
como Spinosad, Emamectina benzoato y B. thuringiensis. 
No obstante, las poblaciones observadas en las trampas 
de monitoreo del tratamiento de trampeo masivo no fueron 
estadísticamente diferentes de las del control a pesar de 
que las aplicaciones químicas fueron casi nulas en este tra-
tamiento (Figura 1). Es importante destacar que, si bien no 
se observaron diferencias estadísticamente significativas 
entre los dos tratamientos, la diferencia numérica es clara 
particularmente al observar los resultados de capturas por 
trampa por noche en cada semana de evaluación en cada 
parcela, mostrando poblaciones menores en las parcelas 
con trampeo masivo que en las de manejo convencional 
(Figura 2).

Al comparar el porcentaje promedio de plantas da-
ñadas por la polilla dorso diamante durante la prueba, se 
constató que las parcelas control, es decir, con método de 
control químico únicamente, presentaron valores signifi-
cativamente mayores a las parcelas con trampeo masivo 
(Figura 3).

En cuanto al análisis de costos asociados, la inversión 
en plaguicidas de cada productor en cada uno de los tra-
tamientos fue adicionada al costo de mantener las trampas 
de monitoreo, así como las trampas de trampeo masivo en 
aquellas parcelas alternativas al control, y todos los costos 
fueron relativizados al tamaño de las parcelas evaluadas 
(Tabla 1). Los resultados mostraron que el costo total apro-
ximado del manejo convencional es en promedio $4200 por 
hectárea, el cual es mayor al costo del trampeo masivo el 
cual corresponde a aproximadamente $3100, siendo esta 
diferencia estadísticamente significativa (P < 0.05).

Finalmente, al analizar el beneficio económico directa-
mente reflejado en el rendimiento se observó que resulta-
ron superiores los rendimientos de las parcelas con tram-
peo masivo comparado con el tratamiento control. En las 
parcelas con trampeo masivo se obtuvo 0.05 kilogramos 
más de repollo comercializable por cada metro cuadrado, 
resultando en 500 kilogramos más de repollo por hectárea 
para este tratamiento. A nivel comercial, dicho dato de 0.05 
kilogramos más de repollo cosechado entre tratamientos, y 
a un precio de 0.28 dólares americanos/kg en el mercado 
se traduciría en 140 dólares más ganados por hectárea.

Discusión
El uso de feromonas sexuales sintéticas para la captu-

ra de adultos de la plaga Plutella xylostella en repollo en la 
provincia de Cartago, Costa Rica, resultaron ser positivos 
tanto para la captura como para la disminución del daño ob-
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servado en el cultivo, además de un mayor ahorro de dinero 
e incluso un aumento ligero en los rendimientos producti-
vos, por lo que en términos generales el tratamiento con 
trampeo masivo fue más satisfactorio para los productores. 
Las investigaciones realizadas en India a finales de los 90s 
y principios de la década del 2000 fueron claros ejemplos 
de la capacidad de conseguir un manejo adecuado de la 
polilla dorso diamante a través del uso de la feromona 
sexual de la misma en trampas diseñadas para su moni-

toreo y trampeo masivo6,8-12. No obstante, probablemente 
por poco acceso a la información y la percepción de mitos 
infundados sobre costos y riesgos del uso de feromonas, 
esta tecnología no ha sido ampliamente usada para contro-
lar esta plaga en la región Centroamericana.

El hecho de que las poblaciones monitoreadas en 
parcelas con trampeo masivo no fueran significativamente 
menores que las parcelas control no es desalentador dado 
que lo que realmente demuestra es que aún sin aplicación 

Figura 2. Promedio de captura de polillas/trampa/noche según parcela y semana de evaluación. TM: trampeo masivo; 
TC: tratamiento control.

Figura 1. Promedio de 
capturas de machos de P. 
xylostella por tratamiento en 
trampas de monitoreo ceba-
das con feromona sexual de 
esta plaga. No se encontra-
ron diferencias significativas 
entre los tratamientos (P > 
0.05).
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calendarizada de insecticidas el cultivo puede manejarse 
igual o incluso mejor (diferencias numéricas en capturas) 
que con el uso exclusivo de insecticidas. Esto se puede 
relacionar con la aparición de enemigos naturales de con-
trol biológico que se desencadena al disminuir la presión 
por el uso de insecticidas. Este aspecto es especialmente 
relevante puesto que se ha demostrado que incluso la efi-
cacia misma de los insecticidas se ve beneficiada cuando 
otras medidas de control se combinan en programas MIP13. 
De manera similar, es esperable que la disminución en la 
dependencia en aplicaciones calendarizadas de agroquí-
micos represente un beneficio directo en la salud de los 
productores y finalmente en el consumidor final14.

La disminución en el daño, la disminución en los costos 
para manejar la plaga y el aumento en rendimientos repre-
sentan promesas sumamente atractivas para los produc-
tores. En una de las investigaciones citadas anteriormente 
en India se determinó que la diferencia en ganancia bruta 
por hectárea entre parcelas con MIP y parcelas con control 
convencional de la polilla dorso diamante eran de aproxi-
madamente 330 dólares americanos por hectárea6. Nuestro 
estudio evidencia que desde el punto de vista económico y 
comparado con los resultados en la India, nuestros resul-
tados son explícitamente más exitosos: aún incluyendo los 
costos (feromona y trampas, su instalación y mantenimien-
to y el costo de mano de obra e insecticidas usados cuan-

do fue necesario) la diferencia promedio por hectárea de 
ahorro en insecticidas es de 1100 dólares americanos por 
hectárea a lo cual debe sumarse un extra estimado de 140 
dólares por incremento en rendimiento, lo cual hace un to-
tal de 1240 dólares americanos por hectárea de diferencia. 
Respecto al rendimiento, es interesante que una disminu-
ción en el uso de insecticidas tenga efectos probables en la 
producción. Algunos autores se han referido a este tema y 
como algunas interacciones planta-insecto puede terminar 
siendo beneficiosas en el rendimiento15.

Es importante considerar que si bien los resultados 
fueron en general positivos, existen una serie de factores 
que también pueden ser decisivos en el éxito del programa 
de manejo de la plaga. El tipo de suelo, la diversidad de 
las plantas asociadas, la amplitud de la dieta de los insec-
tos plaga, la composición química y física de las plantas 
huésped, la abundancia de enemigos naturales, y los mi-
cro y macro climas presentes en cada área que influyen 
en la abundancia de la polilla en cada ciclo de cultivo y que 
se deben considerar para el control biorracional de la pla-
ga16–18.

Conclusiones
La investigación realizada permitió corroborar reportes 

Figura 3. Promedio porcen-
tual de plantas con daño de P. 
xylostella en parcelas control 
(TC) y parcelas con trampeo 
masivo (TM). Asterisco entre 
barras indica diferencias esta-
dísticamente significativas en-
tre los tratamientos (P < 0.05).

Tabla 1. Promedio de captura de polillas/trampa/noche según parcela y semana de evaluación. TM: trampeo masivo; 
TC: tratamiento control.

Trampeo masivo de Plutella xylostella: una alternativa ambiental y económicamente beneficiosa para su control en Costa Rica
Mass trapping of Plutella xylostella: an environmentally and economically beneficial alternative for its control in Costa Rica
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sobre la capacidad del monitoreo y trampeo masivo de la 
polilla dorso diamante, Plutella xylostella, para controlar la 
plaga con beneficios económicos tangibles para el produc-
tor. En lo que se conoce de la literatura científica hasta el 
momento esta es la primera vez que se da a cabo esta 
demostración en Centroamérica y abre la puerta para la 
adopción de esta tecnología por parte de los productores 
de brásicas en la región.
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Biotechnological plant breeding applied to purple blackberries
Juan Marcelo Morales and Patricia Marcela Andrade

Abstract: The current project addresses the great potential of S. caripense Dunal (Tzimbalo) for intraspecific breeding and 
interspecific gene flow towards the related commercial crop S. muricatum Aiton (Pepino) to develop fruits with improved 
antioxidants, flavor, and fruit weight. This study aims to determine the interaction between genotype x altitude and identify 
significant differences between treatments according to fruit weight. Tzimbalo varieties GenPurpura, Gennbiotz, and 
GenDulce, were used. Fruit weight was analyzed using a factorial experiment under a completely randomized design 
(CRD). The interaction Var. x m.a.s.l. was significant (mean ± SE), Gennbiotz:a1 (4.88 g ± 0.44; C) and GenDulce:a2 (4.38 
g ± 0.25; BC), followed by GenPurpura:a1 (3.33 g ± 0.36; AB); also the principal effect Var. was significant, Gennbiotz 
(3.93 g ± 0.23; B) and GenDulce (3.64 g ± 0.25; B), followed by GenPurpura (2.90 g ± 0.19; A). These results demonstrate 
distinctness, uniformity, and stability (DUS) of at least one tzimbalo variety. Fruit weight and other characteristics are 
relevant to improve quality and commercial potential. They are used to develop biofortified beer, jam, ice cream, and plant 
tissue culture media with sucrose and vitamins to strengthen biotechnological production in Cotopaxi-Ecuador.

Key words: Factorial experiment, tzimbalo varieties, fruit quality, genotype, agri-biotechnology.

ARTICLE / INVESTIGACIÓN

Introduction
The tzimbalo plant is phylogenetically complex1, mostly 

wild, and native to the Andean region2,3. This species is the 
ancestor of cucumber due to chromosomal similarities and 
the generation of interspecific hybrids4-6. The fruit of tzimba-
lo contains significantly more sucrose, vitamin C7, and mi-
nerals compared to modern varieties of Pepino8. Even some 
developed materials of these fruits are suitable for diabetic 
people. The great potential of S. caripense for interspecific 
gene flow to related commercial Solanum crops includes 
genomic studies of these species9,10, applied biotechnologi-
cal tools11,12 and plant breeding methods13,14 as discussed in 
this article, which help to overcome production, marketing 
and export constraints.

In Ecuador, cucumber fruit is included as one of the 
sixteen non-traditional products (mango, pineapple, abaca, 
eddo, dragon fruit, papaya, passion flower, golden berry, 
cucumber, asparagus, soursop, tree tomato, passion fruit, 
lemons, avocado and orange), with international demand 
and added value promoted by an export model15. In addi-
tion, the National Finance Corporation (CFN) mentions that 
269.5 million dollars (USD) were export credits, and 25% 
of that amount to agribusiness16, Approximately 67375,000 
USD, or 3396.77 ha in sweet cucumber production. The 
estimated agricultural extension for permanent and tran-
sitory crops and cultivated pastures were 4872049.88 ha, 
19% of national territory17. The high nutritional value and 
exotic fruity aroma of cucumber and tzimbalo6 fruits, their 
high commercial value for local and international markets 
and the possibility of developing industrial products18 en-
courage the improvement of these natural resources. The 
information about the extension (ha) of the Pepino crop is 
limited; nevertheless, the opportunity to introduce non-tra-

ditional products to the market is feasible. Therefore, some 
projects support cucumber export to Bolivia19, Germany20 
and Japan21. Cucumber fruit traditionally produced in Carchi 
is being exported to the United States22. Plant breeding with 
tzimbalo and Pepino is carried out through backcrosses. It 
contributes to estimating sucrose and ascorbic acid con-
centrations23, antioxidants, chlorogenic acid quantification12, 
and, subsequently, heritability parameters. Additionally, fruit 
flavor, seed diameter, corolla color, fruit stripes, fruit length, 
inner placental area length, and inner placental area bread-
th contribute more to the variability; they are agronomically 
essential to increase the commercial potential12.

The yield of the selected interspecific hybrids S. mu-
ricatum x S. caripense and S. muricatum x S. tabanoense 
(30-40 t*ha-1) is comparatively higher than their correspon-
ding wild parents. Fruit weight is intermediate (40-60 g) and 
considerably higher than their connected wild progenitors. 
The S. caripense (tzimbalo) and S. tabanoense show high 
soluble solid content (SSC) (10-14 %; at least 8 % to be ac-
ceptable). Export-oriented exploitations of Pepino fruit exist 
in Ecuador, Peru, Colombia, New Zealand and Australia, 
and it is mentioned that innovative and entrepreneurial far-
mers from Brazil, Europe and USA are interested in scaling 
the production and consumption of this crop. The availability 
of new cultivars improved for fruit quality is critical for ex-
panding commercial exploitation6,23. According to analytical 
methods, from S. muricatum × S. caripense and S. murica-
tum × S. tabanoense materials, several individuals of the 
first backcross towards S. muricatum (BC1) are selected 
for high SSC (9.2–11.7 %), yield (23–121 t*ha-1), and fruit 
weight (65–262 g). These BC1 selected individuals are sel-
fed to accumulate favorable alleles from the wild species for 
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SSC in homozygosis in the segregating offspring (BC1Ø). 
Then a preliminary clonal selection is performed in BC1Ø 
populations; clones are propagated and evaluated. The 
best BC1Ø clones are selected and utilized for a second 
backcross toward S. muricatum (P1×BC1Ø). Clonal pro-
pagation and evaluation are performed, and varieties are 
chosen for high yield (38–82 t*ha-1), commercial fruit weight 
(200–300 g), and high SSC (8.4–11.2 %)7.

The expression levels of candidate genes identified and 
quantified through RT-PCR and RT-qPCR12 and the selec-
tion of genotypes that demonstrate exemplary performance 
in front of different crop conditions represent a solution for 
introducing new varieties into agro-markets, focused on the 
conservation and utilization of Andean resources (Figure 
1). In Ecuador, there is a community of traditional produ-
cers of S. muricatum (Pepino) in Chimborazo. Each bag 
of fruit is marketed between Alausí, Riobamba and Cañar; 
Cucumber production in Ibarra, Checa, Patate, Píllaro, and 
Vilcabamba. In other growing environments, the monthly 
yield of cucumber above 2000 m.a.s.l. (14-18 ºC) after five 
months of sowing is equivalent to 6000 kg24. In contrast, in 
Imbabura, the yield of Pepino (Sweet round) is 72.80 t/ha25; 
the production zone is Pimampiro and part of Chota valley, 
where the Pepino fruit has a high commercial value at local 
markets; traditional production also exists in Pichincha and 
Loja26.

In Ecuador, the tzimbalo fruit is used to quench thirst 
and eliminate skin blemishes and freckles27. It is also used 
to treat sore throats, flu and diarrhea in children28. The na-
tives make necklaces with the fruits of the tzimbalo for their 
children to use in healing ceremonies29 and as a curdling 
agent to make soft cheese30. There are poems related to 
the tzimbalo31. Finally, the Pepino fruit was significant during 
pre-Columbian times; in its region of origin exists pottery 
representations and depictions from the Mochica (approxi-
mately 500 AD)32,33, and Nazca cultures in Peru34, and many 
references by the first Spanish chroniclers35. There was a 
rediscovery of the Pepino for commercial exploitation in 
the 1970s–80s, stimulated by the attempts to introduce 
exotic fruits36-38, and several cultivars were released at that 
time36,39,40.

The biological wealth of third-world countries is 91.1% 
of germplasm of the International Plant Genetic Resources 
Bank and 23% from Latin America41; this explains the sig-
nificant input of Andean countries to food and agriculture30. 
The remarkable climatological and orographic configuration 

of Ecuador originates a wide range of resources in its four 
natural regions (Coast, Highlands, Amazon, and Galapa-
gos); the environmental conditions generate an impressive 
diversity of habitats and types of vegetation; flora comprises 
almost 25000 species of vascular plants, with an endemism 
of 32.25%42.

Native edible species are essential for the food security 
of the Andean countries and the entire world due to their nu-
tritional potential and medicinal and economic values. The 
genus Solanum L. with about 1500 species, is one of the 
largest among flowering plants43. Includes cultivated spe-
cies such as tomato (S. Lycopersicum L.), potato (S. tube-
rosum L.), and others of importance in South America, such 
as Pepino (S. muricatum Aiton) and naranjilla (S. quitoense 
Lam.)44.

Factorial experiments are treatment orderings to be 
analyzed into experimental designs such as completely ran-
domized design (CRD), randomized complete block design 
(RCBD), Latin square design (LSD), and others. Factorial 
arrangements provide simultaneous studies of two or more 
factors, with two or more levels for each; they are also used 
in agricultural, biological and sociological research. Using 
factorial arrangements makes it possible to obtain informa-
tion on the factors independently and with interaction45. The 
advantages of applying factorial structures are the more 
efficient use of the available resources, studied factors are 
under conditions closer to reality, and these are analyzed 
under many experimental designs. The number of degrees 
of freedom for the error is high and contributes to decrea-
sing the experimental error and increasing the accuracy of 
the experiment.

Materials and methods 

Plant material
Selected material of S. caripense GenPurpura (5.67-

10.33 °Brix), Gennbiotz (8.33-10.50 °Brix), and GenDulce 
(8.83-11.0 °Brix) were used, provided by the company GEN-
NBIO (Quito, Ecuador); a total of sixty-four (n=64) plants of 
the registered genotypes were biotechnological cultivated 
at different altitudes (m.a.s.l.).

Growing conditions
In vitro plantlets were acclimatized in Cotopaxi-Ecua-

dor after laboratory propagation at 15-28 °C throughout the 
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Figure 1. (a) Genetic variability of the Pepino (Solanum muricatum Aiton), and varieties of its ancestor tzimbalo (Solanum 
caripense Dunal) with high soluble solid content. (b) The cross-section of Pepino fruit. (c) Derived agri-industrial natural 
products. Source: GENNBIO
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field experiment. Plants were spaced 0.3 m within the row 
and 1.0 m between rows. Plants were trained with vertical 
strings. Mechanically irrigation was used, and nutrients 
were provided through doses of commercial fertilizer plus 
micronutrients. Due to the significant self-incompatibility of 
these species, some materials were hand-pollinated to set 
fruits.

Data analysis
The agronomic traits, fruit weight (g), and other traits 

were recorded. Analytical measurements of fruit weight 
were randomly repeated for each variety of S. caripense 
(1000 fruits). The data were disposed under CRD in a fac-
torial experiment 3 x 2 with three genotypes (Var.) and two 
altitudes (m.a.s.l.) for analysis with the mean values into 
a linear additive statistic model47,48. Thus, there are three 
effects of interest without considering decomposition and 
three null hypotheses raised with their corresponding alter-
native hypothesis. The level of corruption or detail of the 
study depends on the number of groups utilized in each fac-
tor. Statistic packages InfoStat 2018, Minitab 16, and RStu-
dio 4.1.2. were used.

Where u is the general mean; ai is the effect of the level 
i=1,2 of factor A; bj is the effect of the level j=1,2 of factor B; 
(ab)ij represents effects of double interaction on the levels 
ij, respectively; Eijk represents the random error in the com-
bination ijk, and k are replicated.

The mathematical model on the factorial experiments is 
linked to the experimental design model in which the data 
is analyzed, except that in these cases, the effect of treat-
ments (Ti) is decomposed in as many effects as factors and 
interactions are studied in factorial arrangements45,49.

Results
GenPurpura is a population of selected clones from 

a segregating progeny, cross-pollinated with Gennbiotz to 
set fruits; Gennbiotz is a population of selected clones from 
F1 progeny after mass selection on the previous genera-
tion, cross-pollinated with GenPurpura; and GenDulce is 
a self-compatible progeny from previous breeding procee-
dings, too13,46.

Interaction genotype x altitude
It was observed that fruit weight is statistically diffe-

rentiated by genotype (Var.) and altitude (m.a.s.l.); the fruit 
weight (mean ± SE) was higher in the experimental points 
corresponding to Gennbiotz:a1 (4.88 g ± 0.44) and GenDul-
ce:a2 (4.38 g ± 0.25), followed by GenPurpura:a1 (3.33 g 
± 0.36), Gennbiotz:a2 (2.98 g ± 0.11), GenDulce:a1 (2.91 
± 0.44), and GenPurpura:a2 (2.46 ± 0.13) (Figure 2). The 
null hypothesis is accepted with p-value = 0.4528 (W = 
0.98155). Therefore, the errors have a normal distribution.

The interaction effect Var. x m.a.s.l. demonstrates signi-
ficant differences in the mean fruit weight (Table 1) between 
the genotype of tzimbalo varieties and levels of altitude 
in meters above sea level, p-value < 0.0001. The princi-
pal effects of Var. are significant also, suggesting that the 
effect of genotype contributes more to the differences in fruit 
weight due to its F-value = 6.72, followed by the principal 
effects of m.a.s.l. which F-value = 2.75, and no significant 
p-value = 0.1027. The CV = 20.56 %.

The mean of fruit weight in the level i=2 (Var.=Genn-
biotz) of factor A and level j=1 of factor B (m.a.s.l. = a1) is 
significantly different from the mean in the level I =3 (Var. 
= GenPurpura) of the factor A and level j=1 of the factor B 
(m.a.s.l. = a1), with alpha = 0.05; the null hypothesis (H0: 
u21 = u31) is rejected and the alternative hypothesis (H1: u21 
≠ u31) is accepted. This means that the mean fruit weight in 
Gennbiotz at the first altitude (a1) is significantly different 
from that of GenPurpura at the first altitude (a1).

On the other hand, the mean of fruit weight in the le-
vel i=1 (Var.=GenDulce) of factor A and level j=2 of factor 
B (m.a.s.l. = a2), is significantly different from the mean in 
level i=3 (Var. = GenPurpura) of the factor A and level j=2 of 
factor B (m.a.s.l. = a2), with alpha = 0.05; the null hypothe-
sis (H0: u12 = u32) is rejected and the alternative hypothesis 
(H1: u12 ≠ u32) is accepted. This means that the mean fruit 
weight in GenDulce at the second altitude (a2) is significant-
ly different from that of GenPurpura at the second altitude 
(a2) (Figure 3).

Principal effects
The mean of principal effects on genotype, according 

to the Tukey test with alpha = 0.05 (Table 2), is statistica-
lly similar for both Gennbiotz (3.93 g) and GenDulce (3.64 
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Table 1. ANOVA of fruit wei-
ght in tzimbalo varieties 
GenPurpura, Gennbiotz, and 
GenDulce.

g), whereas, GenPurpura (2.90 g; A) is statistically different 
from Gennbiotz and GenDulce. As the mean of principal 
effects on altitude, a1 and a2 are both statistically similar, 
and no significant differences were found (Table 3).

Discussion
Gennbiotz generated the higher fruit weight:a1 (4.88 g; 

C) and GenDulce:a2 (4.38 g; BC); in previous studies, the 
fruit weight for tzimbalo EC-40 is 8.8 g7, ranging from 1.9-
9.7 g50. Nevertheless, the F1 from Gennbiotz x GenPurpura, 
and GenPurpura x Gennbiotz cultivated at altitude a1 in our 
breeding program have higher yield than EC-40 (66 g/plant) 
due to gene flow of yield and stability traits. It is mentioned 
that when a variety shows uniform, it can also be consi-
dered stable51. In contrast, these results demonstrate the 
stability of GenPurpura at different altitudes.

In the Andean region, it is mentioned that for exotic 
fruits such as uchuva (Physalis peruviana L.), the fruit wei-
ght (± SD) of a heterogeneous collection is 5.62 g ± 0.9252, 
and for the genotype Regional Nariño the fruit weight is 4.8 
g53. In other studies, the fruit weight of golden berry is 2.77 
g ± 0.6754; for the ecotype, Colombia is 6.79 g55; and for 
the American Southern variety, the fruit weight is 6.95 g ± 
1.4956. This suggests that the fruit weight (± SE) of the tzim-
balo variety Gennbiotz:a1 (4.88 g ± 0.44) is similar to that of 
Regional Nariño, with high SSC.

This current work through intraspecific gene flow be-
tween tzimbalo varieties leads to the development of hy-
brids by introducing relevant genes, which are utilized to 
improve stability, uniformity, and nutritional values, to gene-
rate simultaneously original varieties of Pepino. A differen-
ce between the two varieties is clear depending on many 
factors, considering the type of expression of the measure-
ments analysed12,13. Visual measurements refer to sensory 

Figure 2. Fruit weight (mean ± S. E.) of tzimbalo varieties GenPurpura, Gennbiotz, and GenDulce at different altitudes 
in meters above sea level. Factorial experiment 3 x 2. Other letters demonstrate significant differences according to the 
Tukey test (p-value < 0.05).
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observations of experts, including smell, taste, and touch, 
as well as statements with reference points as diagrams, 
examples of varieties, and others51. 

Conclusions
Gennbiotz generated the higher fruit weight:a1 (4.88 g 

± 0.44) and GenDulce:a2 (4.38 g ± 0.25), which increase 
over generations through compatible crosses between tzim-
balo varieties. The tzimbalo variety GenPurpura (2.90 g ± 
0.19) was stable at different altitudes; it demonstrates these 
species' stability through biotechnological plant breeding. 
Our distinct varieties of tzimbalo are the base for improving 
the Pepino crop to increase the nutritional quality and heal-
thy food in the highlands region of Cotopaxi-Ecuador.
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Indicator framework for large-scale cacao (Theobroma cacao L.) in vitro 
plant production planning and controlling
Ana María Henao Ramírez1*, David Hernando Palacio Hajduk1, Diana Maria Cano Martínez1, Aura Inés Urrea Trujillo2

Abstract: Somatic embryogenesis (SE) is considered the most suitable and integrated biotechnology for the large-scale 
production of clonal cacao plants compared to conventional methods. Hence, the scale-up of relevant technologies must 
be interfaced with effective and efficient management of productive processes at an industrial scale like biofactories. 
Production facilities like biofactories serve to transform plant resources into products like plantlets. This technology 
constitutes an essential innovative variant since it allows obtaining high multiplication coefficients in short periods. Currently, 
there is no reference to carrying out adequate planning of the entire production process; for this reason, it is not used for the 
maximum production capacity of the facilities, and there is a high level of uncertainty. With the aid of production planning 
and controlling (PPC) systems, inputs can be planned to achieve a determined output of products. Therefore, this work 
proposes a production planning and controlling (PPC) system for SE cacao plantlet multiplication through the pilot large-
scale. This paper presents input and output information considering the leading indicators of the production process, like 
materials, labor, quality, and performance. Emphasis is placed on technical details on the production process of 100.000 
plantlets in batches from the CCN51 genotype. Through the model analysis, challenges and requirements for PPC system 
have been defined as a basis for future works and will have successfully managed the production process.

Key words: Commercial-scale propagation, cost of production, indicators, somatic embryo, vegetative propagation.
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Introduction
The production program's central nervous system, pro-

duction planning and control (PPC) oversee making sure 
that all materials and components of the assembly are avai-
lable at the appropriate times, locations, and in the proper 
quantities to allow operations to proceed following the pre-
determined schedules while incurring the least amount of 
costs1. However, in the construction of the production sys-
tem is essential to understand the production system. PPC 
collaborates with procurement, manufacturing, and program 
management to create strategies to meet client needs. Pro-
duction planning is dynamic by nature and always remains 
in flux since plans may need to be modified in response to 
situation2.

Input-output models are usually used to simplify natural 
systems3. The models can be used to answer a research 
question and explore how the system behaves in particular 
circumstances4. There are no broad principles for creating 
an input-output system5. Günther and Velten (2014)4 outli-
ned the four general phases that must be followed to descri-
be and analyze the behavior of a system:

(1)   System analysis;
(2)   Modeling;
(3)   Simulation;
(4)   Validation.
System analysis's first step involves gathering all the 

data needed to explain the system's behavior under con-
sideration. In step two, a model is created, for example, 

analytically, numerically, or probabilistically based on the 
data that was gathered in step one. The model describes 
the relationship between the system's input and output in-
formation. The model is converted into a simulation in step 
three. The initial experiments are conducted to display the 
simple design based on the data gathered in step one. The 
simulation results are validated in step four to address the 
research issues in a natural system.

In step one of system analysis is essential the selec-
tion of indicators. An indicator monitors an issue or condition 
and demonstrates a desired outcome. Hands are varied and 
depend on the type of systems they watch, with different le-
vels of complexity6. A system's status 3zcan be described 
via indicators. Choosing the appropriate indicators requires 
a scientific and technical understanding of how the system 
functions and what data are needed7.

An indicator does not mean the same as an indication 
or goal; an arrow is generally quantifiable by aggregating 
different and multiple data. The resulting information is syn-
thesized and used to measure goal achievement. Indicators 
should be based on criteria and present some characteris-
tics, such as specific, measurable, understandable, rele-
vant, realistic, reliable, etc.8.

In the Input-output model for conventional PPC sys-
tems, production facilities transform raw materials into pro-
ducts, typically producing a predetermined output in quantity 
and quality at the lowest possible cost9. For this transfor-
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mation process, PPC systems serve two primary purposes. 
First, with the help of PPC systems, labor, costs, and raw 
material input are planned to produce specific items. Se-
cond, PPC systems manage orders through product deli-
very. The data bill of materials (BOM) and manufacturing 
plans are required for both functions10. A BOM is a formal 
list of raw materials that specifies the components needed 
to make a particular product. Work plans outline the proce-
dures that must be taken to generate a specific product. The 
description includes details on the requirements for works-
tations, the interval between two subsequent processes, the 
production times, which are broken down into waiting time, 
setup time, processing time, and clearing time, as well as 
the raw materials that must be used11.

In plant production through ES, we must solve the re-
search question aimed at identifying the anticipated real 
cost of production in the biofactory facilities. The first step 
is to develop a system analysis, which uses the input and 
output model and describes the behavior of the system's 
production from a PCC perspective in a biofactory. A search 
for biofactory indicators is carried out, where an overview of 
relevant indicators for choosing appropriate indicators for 
PPC processes in plant biotechnology is not presented. To 
fill this gap, this paper presents information for current PPC 
systems in plant production by SE. An input-output model 
has been created, and PPC systems have been defined as 
a platform for further research and study through the analy-
sis of plant biotechnology requirements and challenges.

Materials and methods 
In the analysis system, each part of the ES cacao plant 

production at the biofactory was detailed. The required input 
and output information to describe the behavior of the con-
sidered procedure was collected with the direction of staff 
belonging to the biofactory of Universidad de Antioquia and 
researchers with significant experience in ES cacao produc-
tion12–17. Production plans and data bill of materials (BOM) 
for 100.000 batch plant production were realized according 
to Gronau, (2014)10 (Supplemental 1 and 2). From BOM 
and production plan following Joung et al. (2013)8 concep-
tual proposals have selected the indicators based on the 
following criteria and characteristics:

(1)   Specific: An indicator should be detailed and trans-
parent as possible, precisely formulated to measure only 
the desired output;

(2)   Measurable: Clearly and concretely, the indicator 
defines the measurement type, allowing data collection to 
be consistent and comparable. It can be easily measured 
by quantitative or qualitative means;

(3)   Understandable: An indicator should be easily in-
terpreted, and one should know exactly what the output of 
an indicator demonstrates to act accordingly to the needs;

(4)   Relevant and realistic: An indicator must be appro-
priate, fitting the measuring purpose and underlying the 
pointed issue, directly related to meaningful and purpose-
ful aspects, and realistic considering that the needed data 
to calculate the indicators should be collected only through 
available resources, not being the collection too tricky or too 
expensive.

(5)   Reliable: It must give an accurate picture of what is 
measured, which does not mean the same as being precise, 
but instead that it contains trusted and accurate information.

(6)   Timely manner: The data collection, calculation, 

and evaluation must be done promptly, providing a structure 
that allows meaningful progress monitoring. In other words, 
it should be perfectly stated the desired frequency for calcu-
lating the indicator to track the outcome results better;

(7)   Long-term-oriented: It must ensure their future use 
and reflect the development and adoption of organizational, 
process or product changes.

Results and discussion
It is the result of more than ten years of research, de-

velopment of knowledge and experience in the production 
of elite plants from biotechnological techniques to improve 
the agro-industrial output similar to other biotechnologies in 
South America18. Different production stages were identified 
in the analysis system of the SE cacao plant production. 
SE as a productive approach is a complex process invol-
ving other biological mechanisms in each one of its stages: 
initiation, multiplication, maturation, and germination, as re-
ported by Egertsdotter et al. (2019)19. The initiation stage 
includes the introduction to in vitro conditions (laboratory) 
and the induction phase. In the introduction phase, the plant 
material from the donor or parental plants is taken from field 
conditions to the laboratory for a disinfection process and 
obtaining sterile material. In the induction phase, the plant 
material in controlled conditions is required a culture me-
dium that promotes cellular differentiation and the formation 
of embryogenic cells20. Once the embryogenic potential is 
induced, indirectly pro, embryonic masses (PEM) are for-
med21. At this point, the SE allows unlimited multiplication 
of the original plant material22. Cacao SE could be deve-
loped directly on previously somatic embryos in a process 
called secondary or recurrent somatic embryogenesis pro-
ducing more embryos in multiplication stage15. The chan-
ge of culture conditions in embryogenic tissues allows the 
somatic embryo development through the maturation and 
germination stages23–25. In the conversion phase, the em-
bryo transitions to a plantlet with the extension of the first 
leaves, elongating the stem and forming primary and se-
condary roots. Then, the plantlets continue developing until 
they form at least -14 leaves, a stem, and roots with a length 
greater than 3-10 cm. Subsequently, the obtained plantlets 
can be transferred to ex vitro conditions for hardening or ac-
climatization. The seedlings adapt to the new environmental 
needs in the greenhouse with a specific substrate, lighting, 
and adequate irrigation. Later, seedlings are transferred to a 
new substrate, and when they reach sufficient growth, they 
are taken to the nursery for their subsequent transfer to the 
field (Figure 3-1.). The productive approach is like another 
successful process of plant in vitro propagation like Al-Aizari 
et al. (2020)2; Dhiman et al. (2021)2;  Sriskanda et al. (2021) 
2;  Vyas et al. (2021)2.

Different informational elements on controls are con-
sidered for the productive process of cacao plantlets. 
This allows measuring the degree of objective attainment 
desired to be achieved in each stage of the process. The 
following has been taken into account when creating indi-
cators in each stage: (1) Plant production requires a close 
relationship between the stages of SE and labor operations; 
(2) Labour operations must be executed in an inviolable se-
quential manner from the initiation stage to acclimation (3) 
The type of tissue obtained at the end of a phase of the 
initial material for the subsequent phase; (4) Labour opera-
tions are entirely manual and are the basis for calculating 
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the work (amount of plant material by the vessel being pro-
cessed by workday per person).

Based on BOM (Supplemental 1) and production plan 
description (Supplemental 2) for each stage: initiation, de-
velopment, maturation, germination, and acclimation of ES 
cacao plant production and the needed requirements to 
create useful input-output model, figure 3-2 shows an over-
view of a basic model for PPC systems. The indicators for 
PPC systems for ES plant production were categorized into 
five groups: materials, costs, labor, quality, and performan-
ce (Figure 3-3), similar to Chen, (2016)30.

Materials
The total materials used to produce and package the 

plantlets are detailed in BOM (Supplemental 1). This inclu-
des raw materials and items required for manufacturing but 
is not part of the finished product. The group of indicators 
materials considers the predictable material consumption 
from production, in particular, the materials needed to pre-
pare culture media and the consumables used in the pro-
cess operation such as chemical products, gelling agents, 
culture vessels, glassware, culture tools, laboratory tools 
and other various items that are necessary for the process31.  

Labour
The group of labour indicators considers the produc-

tion facility's workers' predictable work schedules. The total 
number of workers in production determines how many peo-

ple are employed. For Colombia, a potential working time 
per month of 166 hours was obtained (Supplemental 2). 
Labour was defined in two ways, direct and indirect labor, 
indirect labour there are considered functions in the laminar 
flow chamber in all production stages like disinfection of ex-
plants, disinfection of tools and containers, bowl protection 
removal, vessels opening, cutting of the explants, culture 
medium replacement, selection of keys with embryos, cut 
to separate the embryos, selection by the size of embryos, 
material discard, closing of the reseeded container, contai-
ner labeling, fill tracking lists, etc. In indirect labor, some 
people perform operational and technical functions and 
work individually in the purchase of reagents, preparation 
of transport boxes for plant material from the field, repacka-
ging reagents, storage, weighing of reagents, preparation 
of culture medium, autoclaving of culture media and ma-
terials, dispensing of culture media, washing of glassware 
and tools, etc.

Following Cervelli and Senaratna (1995)32 supervisory 
positions must also be considered, including those in char-
ge of supervising direct work. For example, a supervisor 
must calculate the number of vessels and culture media 
required daily and weekly and manage chemical products, 
media stock, equipment, and the maintenance of the res-
pective laboratory stations for working. They ensure all ex-
plants start producing on schedule, in the correct quantities, 
and without contamination. Besides, they are responsible 
for maintaining productivity and, most importantly, mana-

Indicator framework for large-scale cacao (Theobroma cacao L.) in vitro plant production planning and controlling

Figure 1. Flow chart of 
the plantlets production 
stages via somatic em-
bryogenesis for different 
cacao genotypes.

Figure 2. Input-output model for somatic embryogenesis (SE) cacao plant production planning and controlling (PPC) 
system.
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ging the group of direct workers and deciding whether crop 
production must be continued, harvested, or discarded at 
their discretion.

The strategy implemented to monitor the work carried 
out by an operator is using productivity norms or standards 
(W), which are obtained from the average time it takes for 
the personnel to carry out a particular activity. The staff is 
expected to develop a volume of processes at each time. 
The following table presents an abstract of the action and 
the unit of measure (Supplemental 2).

Cost
The group of indicators costs reflects the actual and an-

ticipated expenses of production. The total economic value 
is the sum of material of culture medium materials, direct 
and indirect labor of employees including wages, benefits, 
indirect cost of manufacturing like transportation and labora-
tory tools and operation expenses. Operation expenses are 
cash payments for facilities, energy, services purchased, 
depreciation of construction, installations, and equipment 
(refrigerator, oven, autoclave, scale, pH meter, magne-
tic stirrer, stereomicroscope, water distillation unit, lighted 
shelves, timers, air conditioning, orbital shakers, etc.) and 
administration33. Payments for the services received include 
those to independent contractors, staffing firms, and other 
service providers (e.g., maintaining a machine). Employee 
salary, employee taxes, levies, unemployment funds, and 
total benefits, including pensions, insurance, health, and 
safety, make up the entire payroll34.

Quality
Quality indicators are tangible and quantifiable measu-

rement instruments that evaluate the quality of each pro-
cess's stages, considering both input and output factors. 
The ideal morphological characteristics of flower buds, pri-
mary embryogenic callus, globular embryos, repetitive so-

matic embryos and plantlets are specified for each stage. In 
addition, indicators such as microbial contamination, necro-
sis and abnormality are also specified (Table 3-1).

Performance
Performance indicators allow qualitatively and quanti-

tatively demonstrating progress in each stage expressed 
as percentages defined following the productive biofac-
tory-scale works35,36 and practical experience (Table 3-2). 
Three leading indicators were defined: disinfection, biologi-
cal response and multiplication coefficients.

Percentages of disinfection: The production process 
requires a high level of safety, which can be jeopardized 
by involving contaminated material, contamination of the 
culture medium, or contamination caused by poor washing 
of containers. Contamination processes are too risky since 
they can lead to the complete loss of a production batch.

Percentage of biological response: It is estimated that 
only a portion of the plant material introduced in the process 
generates a callus, which develops embryos, and these 
develop into seedlings without malformations. According to 
quality indicators (Table 3-1).

Multiplication coefficients: In the multiplication stages 
of the production process, there are three phases in which 
several embryos are obtained from one callus and previous 
sources. This process is strategic since it exponentially in-
creases the formation of embryos that become seedlings.

For each stage defined, percentages of disinfection, 
survival, microbial contamination, callogenesis, callus-for-
ming embryos, primary globular somatic embryos, primary 
cotyledonary somatic embryos, callus with recurrent em-
bryogenesis, different types and amounts of existing ab-
normalities, cotyledonary embryos with secondary roots, 
photosynthetically active cotyledonary embryos, typically 
developed in vitro plantlets, normally produced ex vitro 
plantlets, etc. (Table 3-2).

Figure 3. The indicator 
categorization structu-
re contains five main 
groups: materials, costs, 
labor, quality, and perfor-
mance for ES plant PPC 
system.

Ana María Henao Ramírez, David Hernando Palacio Hajduk, Diana Maria Cano Martínez, Aura Inés Urrea Trujillo
Volume 8 / Issue 1 / 8     •     http://www.revistabionatura.com
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Table 1. Quality indicators for producing cacao plantlets in a biofactory (initiation, multiplication, maturation, germination, 
and acclimation stages).

Indicator framework for large-scale cacao (Theobroma cacao L.) in vitro plant production planning and controlling
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Figure 3-2 also shows the information stream produc-
tion Task/Order/Time and the indications. It is feasible to 
normalize the indicators using this information. The input 
indicators for "Expenses" and "Materials" can be expres-
sed as time, production tasks, material consumption, or 
costs per production order37. The normalized indicator can 
be used to improve production efficiency by, among other 
things, benchmarking procedures, comparing equal produc-
tion orders, and monitoring production38. The set of product 
indicators also reflects the output of the production process. 
The outcome of products generated in production using 
input materials is the weight or volume of such products.

In this sense, the Task/Order/Time refers to the efficien-
cy of the production process; it is the flower ratio that enters 
the process concerning the seedlings that leave it. In the 
efficiency of the production process, it is sought to reduce 
the number of explants such as cacao flowers that enter the 
production process and that the number of plants that leave 
it is more significant.

Conclusions
PPC plays an essential role in modern production en-

terprises. Current production management systems consi-
der resources such as material, labor and production ca-
pacity and their respective costs but sometimes neglect the 
quality and performance for cost savings. The PPC system 
has been identified, and analytical modeling of the opera-
tion of the productive propagation was carried out through 
ES plant cacao production, in which the primary and support 
activities were identified, with the respective consumption, 
until the final product was obtained. With the data from the 
model, the simulation was carried out, in which the indica-
tors considered of greater relevance are monitored, which 
tells us about the production process. This work constitutes 
the first step toward approximating costs closer to reality.

Supplementary Materials
The following are available online at www.revistabiona-

tura.com/xxx/s1, Table Supplemental 1: Data bill of mate-

rials, Sheet 1 Inventory Sheet. Supplemental 2 Production 
Plan Sheet 1 Batch Plants to be obtained, Sheet 2 Stages 
of production, Sheet 3 Direct and indirect labor, Sheet 4 Cul-
ture medium and tools, Sheet 5 Assumptions.
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Protocol for histological analysis of the interaction Vanilla planifolia - 
Fusarium oxysporum f. sp. vanillae
Quirino Villarreal Alejandro1, Ramírez Vázquez Mónica2, Velázquez López Olinda Elizabeth3, Rivera-Fernández Andrés1, Luna-Rodríguez 
Mauricio1*

Abstract: Fusarium oxysporum f. sp. vanillae (Fov) is the main phytosanitary problem of Vanilla planifolia, invading the root 
and causing the rotting of up to 80% of the plants. The histological process is used to study the morphological characteristics 
of the tissues of interest and published a protocol to check Fov-V. planifolia interaction that was not reproducible under our 
conditions, so the study aimed to adapt a procedure that allows differential analysis of the mechanism of Fov invasion in 
V. planifolia by confocal microscopy. The bioassays consisted of analyzing Fov-infected roots. The experimental design 
consisted of three replicates evaluated at 12, 24, 36, 48, 60 and 72 hours post-inoculation. Roots without inoculum were 
used as controls. The samples were fixed in paraformaldehyde and 4% sucrose (PBS). Subsequently, the tissues were 
dehydrated by a combination of alcohols at different concentrations. The cuts were made with a microtome. The sections 
were observed under a Leica confocal microscope with a 63X objective with ap. No. 1.4, plus immersion oil; excitation 
lines: 405, 488, 532. The FAA + kerosene method was the procedure that allowed complete tissue sections.

Key words: Fusariosis, Vanilla, interaction.

ARTICLE / INVESTIGACIÓN

Introduction
Vanilla planifolia Jacks. is one of the few orchids in 

widespread commercial use. Its pods are essential for the 
manufacture of vanilla flavoring. Because of its clonal pro-
pagation, V. planifolia has been reported to have low gene-
tic diversity, which makes it susceptible to diseases. In par-
ticular, root and stem rot caused by Fusarium oxysporum f. 
sp. vanillae, is the result of the penetration of hyphae into 
the root tissues, which in severe cases causes tissue death 
and, consequently, the death of the plant1. Fusarium has 
caused the loss of entire crops and represents a critical 
point for current production systems.

Studies of the V. planifolia - F. oxysporum interaction are 
still limited. Most of them focus on the evaluation of physiolo-
gical aspects of the stem, leaves and fruits, giving less impor-
tance to the interaction with the roots1-4. Vascular symptoms, 
such as colonization and dissemination of the causal agent in 
root tissues, have been ambiguously described5.

Improving methods that help to understand the basis of 
this interaction is of utmost relevance for developing disea-
se control strategies. The histological process is a series of 
methods and techniques used to study the morphological 
and molecular characteristics of the tissues of interest, de-
pending on what is to be observed and the type of micros-
copy to be used. Since the technical requirements of the 
proposed methods for the study of this interaction were not 
available, it was proposed to establish an alternative his-
tological procedure that allows differential analysis of the 
mechanism of invasion of F. oxysporum f. sp. vanillae in 
the cellular structures of the root tissue of V. planifolia using 
confocal microscopy.

Materials and methods 

Bioassays
The V. planifolia material was collected in an orchard 

established in the town of Aparicio in the municipality of 
Vega de Alatorre, Veracruz. According to Solano-de la Cruz 
et al. (2019)5, root generation was induced in vanilla cut-
tings. To promote the invasion of Fusarium oxysporum f. sp. 
vanillae (Fov) in V. planifolia tissues, aqueous suspensions 
of spores of strain HG3C1 inoculated in the zone of absor-
bent root hairs were used. Previously, the fungus was acti-
vated on potato dextrose agar (PDA) medium for ten days. 
After inoculation, the roots were incubated at 28 2 ºC in a 
humid chamber for 72 hours, with observations every 12 
hours, until the appearance of the initial symptoms of the 
disease was detected.

Prefixation of the samples
After detecting the initial symptoms of the disease, the 

roots were cut and prefixed in paraformaldehyde and 4% 
sucrose solution (PBS) in a 1:10 ratio (weight/volume)6. 
Subsequently, three washes were performed by immersion 
in sterile distilled water at one-hour intervals, changing the 
water at each immersion. To ensure PBS removal, the sam-
ples were observed under a light microscope. Once the PBS 
was removed, the samples were immersed in FAA fixative 
solution (90 mL of 70% ethyl alcohol, 5 mL of formaldehyde 
and 5 mL of acetic acid) for 24 h. The samples were then 
immersed in the FAA fixative solution (90 mL of 70% ethyl 
alcohol, 5 mL of formaldehyde and 5 mL of acetic acid) for 
24 h. The fixative solution was then removed by immersing 
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the samples in sterile distilled water, with changes every 30 
min7,8. The examples were dehydrated by immersion in al-
coholic solutions (ABT) (Table 1). In the first instance, solu-
tions ABT1 to ABT5 were used, with immersion times of 30 
min. Subsequently, they were immersed in the ABT6 solu-
tion for at least 2 hours if the sample was used immediately 
for mounting and cutting; otherwise, it was left engaged in 
ABT6 until it was used for climbing, not exceeding 24 hours.

Mounting of the samples
The following methods were tested for the mounting 

stage: a) Mounting in kerosene. The samples were dried in 
a heating oven at 60 °C. Histological kerosene was heated 
to the liquid phase and poured into 1.5 cm3 cubic cardboard 
molds. While filling the molds, the root was placed in a hori-
zontal orientation and kerosene was added until the tissue 
was covered entirely. It was left to solidify at room tempe-
rature for one hour; b) Mounting in freezing with paraplast. 
The roots were placed horizontally in a plastic mold, and 
liquid paraplast was added. The mold was placed in a cr-
yostat for freezing; c) Mounting with paraplast. The sample 
was placed horizontally in a plastic mold, and liquid para-
plast was added. It was left to solidify at room temperature 
for one hour; d) Mounting with polyethylene glycol. Cubic 
cardboard molds were filled with liquid polyethylene glycol. 
Root samples were placed horizontally and allowed to stand 
at room temperature for one hour; e) Mounting with FAA + 
kerosene. The samples were placed horizontally in plastic 
molds and dried in an oven at 60 °C until complete eva-
poration of the FAA; then, liquid kerosene was added and 
allowed to stand at room temperature for 30 minutes until 
solidification.

Cutting
Two techniques, microtome and cryostat, were used to 

obtain root tissue sections. For this, a Leica slide microto-
me (Mod. SM2010 R) with thickness settings at 10, 20, 40 
and 60 µm1 was used; for cryostat cuts, a Leica Biosystems 
(Mod. CM 1860 UV) with thickness settings at 10, 20, 40 
and 60 µm, and temperature settings at -13, -15 and -21 °C 
was used.

Sample recovery and staining
Tissue sections obtained with cryostat were placed di-

rectly on the slides for staining. For the separation of kero-
sene, PEG and paraplast from tissue sections obtained with 
a microtome, these were immersed in an aqueous solution 
of 1 g/L porcine skin gelatin type A at 60 °C. A Barnant flota-

tion bath (Mod. MH8517) was used to maintain a constant 
temperature. After separation, the sections were placed on 
slides. Tissue integrity was checked under a compound mi-
croscope at 40X.

In all cases, staining was carried out with fluoride tra-
cing white (5 min) and then propidium iodide (5 min)9. After 
adding the dyes, the slides were placed at 60 °C, two to 
three drops of ethanolic solutions from 96, 70, 50 and 30 % 
were gradually administered, and finally, sterilized distilled 
water for tissue rehydration1.  

Microscopic observation
A Leica confocal microscope (SP8 STED) with 63X ob-

jective. ap. no. 1.4 + immersion oil and 405, 488, and 532 
nm excitation lines were used.

Results

Cryostat slices
Samples 40 and 60 µm thick from all mounting methods 

(kerosene, paraplast, paraplast freezing, PEG and FAA+pa-
raffin) were inadequate to differentiate Vanilla root and fun-
gal structures (Figure 1 A, a). Samples 10 and 20 µm thick 
did not show tissue integrity (Figure 1 B, b and C, c).

Microtome slices
Only the 10 and 20 µm thick samples from the FAA + 

kerosene mounting method were intact and of good qua-
lity for microscopic observation (Figure 2a). The internal 
tissues of vanilla root were differentially recognized by the 
blue coloration, produced by the reaction of the white re-
agent fluorine chalcogenate with the plant cell walls, and 
the red coloration produced by the interaction of propidium 
iodide with the fungal hyphae (Figure 2b).

Discussion
The use of histological techniques makes it possible 

to observe structures, in a general or detailed manner, of 
the different components of a sample; therefore, they have 
been useful for studying the behavior of pathogens at the 
tissue and cellular level, which has made it possible to make 
timely diagnoses10-12. A complementary tool to histological 
techniques is confocal scanning optical microscopy, where 
the operation of such a microscope is similar to that of an 
epifluorescence microscope since both are based on the 
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phenomenon of fluorescence; however, the latter provides 
images of poorer quality. This is because epifluorescence 
microscopes show information from all planes of the sam-
ple, focused or not, because they lack the confocal detec-
tion diaphragm and use a mercury lamp as an illumination 
source, which has a very irregular power, with different in-
tensity peaks13.

Although, for the study of the pathosystem V. planifolia 

- F. oxysporum, they reported an investigation where they 
used epifluorescence microscopy and multiphoton micros-
copy with different techniques of mounting and staining of 
the samples; however, some images are far from being 
quick decipherable1. In addition, not all laboratories have 
the technical and instrumental elements necessary to repro-
duce the method, hence the importance of adapting alterna-
tive ways that do not limit the research.

Protocol for histological analysis of the interaction Vanilla planifolia - Fusarium oxysporum f. sp. vanillae

Figure 1. Appearance of images from histological sections of F. oxysporum f. sp. vanillae-infected V. planifolia roots pro-
cessed by the different mounting and cutting techniques tested. A, thick aspect slice; B and C, fragmented slices obtained 
with cryostat; D and E, fragmented slices obtained with a microtome. a, b, c, d and e, confocal microscopy images of the 
pieces referred to in A, B, C, D and F, obtained with 63X objective. ap. no. 1.4, immersion oil and excitation lines 405, 488 
and 532. Photos: Quirino, V. A., 2021.  

Figure 2. Appearance of V. planifolia root sections with FAA+ paraffin mounting made with microtome at 10 µm thickness. 
a) verification of tissue integrity with compound microscopy; b) root stained and visualized in confocal microscopy with 
63X objective. ap. no. 1.4, immersion oil and excitation lines 405, 488 and 532. Plant cells are shown in blue, and F. oxys-
porum f. sp. vanillae colonization is in red. Photos: Quirino V.A., 2021
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In the case in question, the confocal microscopy and 
the histological techniques used allowed for obtaining clear 
images, which facilitated the differentiation of the cellular 
structures corresponding to each organism; by staining the 
cells of the vanilla root in blue color due to the affinity of the 
white fluoride tracing reagent with the lignin and the fungus 
cells in red color due to the affinity of the propidium iodide 
reagent with the chitin9. Additionally, it was observed that 
only mounting with FAA + kerosene maintained the integrity 
of vanilla root tissue upon sectioning. FAA is a widely used 
fixative for soft plant tissues, such as vanilla root, whose ad-
vantages include rapid and complete penetration of formal-
dehyde into the tissue, prolonged storage possibilities, and 
a balance of alcohol and acid shrinkage/expansion. In addi-
tion, formaldehyde is a non-coagulation fixative that chemi-
cally binds cellular components to preserve the structure14. 
For its part, polyethylene glycol acts as a barrier by blocking 
the entry of other substances into the tissue15, which could 
have caused the lack of rigidity of the vanilla root to remain 
intact at the time of cutting.

Conclusions
A histological method based on FAA + kerosene for 

sample mounting and confocal microscopy was adapted to 
differentiate the cellular structures of Vanilla planifolia root 
and those of Fusarium oxysporum f. sp. vanillae during their 
interaction in the development of the disease known as Va-
nilla root and stem rot.
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Regeneration of cocoa (Theobroma cacao L.) via somatic embryogenesis: 
Key aspects in the in vitro conversion stage and in the ex vitro adaptation 
of plantlets
Ana María Henao Ramírez1*, Julián David Morales Muñoz1, Diana Marcela Vanegas Villa1, Ruth Tatiana Hernández Hernández2, Aura 
Inés Urrea-Trujillo3

Abstract: Adapting plantlets to ex vitro conditions is a decisive step in the micropropagation process via organogenesis or 
somatic embryogenesis (ES). The percentage of success in this stage determines the quality of the product, an example 
of which is found in cocoa plantlets regenerated by ES, which require specific conditions to overcome the stress of the 
new environment. Considering the quality of the in vitro plantlets largely determines the survival and growth in ex vitro 
conditions, the effect of two culture media between the embryo maturation stage and the initial stage of conversion to 
plantlet was evaluated (EM2 - MM6 and EM2 – MF medium), achieving with the latter greater stem height, root length 
and the number of true leaves. In the final stage of the conversion and growth of the plantlet, the effect of five culture 
media was evaluated (ENR6, MF, ENR8, EDL, PR), achieving better results in stem height, root length, and the number 
of true leaves on MF medium. In addition, it was found that the transition of the EM2-MF had a significant development 
in the presence of the desired pivoting root and fibrous roots. Under nursery conditions, the growth and development of 
the plantlets was tested through the inoculation of beneficial microorganisms to promote survival. The plantlets that met 
the minimum morphological parameters for acclimation were planted in a substrate of coconut palm and sand (3:1 v/v) 
previously selected in the laboratory (BS). The effect of Pseudomonas ACC deaminase (PAACd), Trichoderma asperellum 
(Ta) and arbuscular mycorrhiza forming fungus (AMF) and different concentrations of phosphorus (PC) (0%, 50% and 
100%) in the Hoagland nutrient solution (1:10) was evaluated. First, for CCN5, 62.5% of survival was obtained with PAACd 
+ AMF. Second, the largest leaf size and survival were obtained with PAACd + Ta for CNCh12 and CCN51; likewise, for 
CNCh13, the best result was obtained with PAACd.

Key words: Cacao, Clonal propagation, Mycorrhiza, Pseudomonas, Trichoderma.

ARTICLE / INVESTIGACIÓN

Introduction
Cocoa (Theobroma cacao L.) is an economically impor-

tant crop and the most valuable agricultural product world-
wide1. It has been grown in the lowlands of tropical regions, 
South and Central America, West Africa, and Southeast 
Asia, with social and economic importance. Cocoa powder 
and cocoa butter are the major cocoa seed products with 
several common usages, especially in high-demand food 
industries2. Cocoa seeds are rich in phenolic compounds 
and flavonoids and contain several bioactive compounds, 
such as procyanidins, anthocyanins, flavone and flavonol 
glycosides, epicatechin, gallocatechin, epigallocatechin, 
etc.3,4. Cocoa polyphenols have anti-inflammatory, anticar-
cinogenic, antimicrobial, antiulcer, and immune-modulating 
properties, and antioxidants with a protective effect against 
cardiovascular diseases5–8. Thus, producing high-quality 
and uniform cocoa planting materials is crucial to supply 
industrial demands. This could be achieved through plant 
tissue culture techniques such as somatic embryogenesis 
(SE) since conventional methods do not complete the quan-
tities required by the market. In SE a single somatic cell ob-

tained from leaf, flower, or stem explants undergoes several 
differentiation processes before developing into the whole 
plant after culture9. For cocoa, the protocols for somatic 
embryogenesis culture have been developed by several 
researchers10–12. However, low acclimation percentages of 
around 8.3% to 54.57% with different genotypes were re-
ported13–15.

The acclimation is a transitory phase between the labo-
ratory and the field, whose objective is to take the plantlet 
from an in vitro culture to ex vitro conditions16. The ex vitro 
adaptation of Vitro plantlets requires time and conditions for 
the plantlets to acquire the necessary vigor to survive. They 
usually need several weeks under shade and gradually de-
creasing air humidity to acclimate to the new requirements 
and correct some changes in their anatomy and physiology 
induced by in vitro culture conditions. For plant survival, the 
most important changes include the development of cuti-
cles, epicuticular waxes, and effective stomatal regulation 
of transpiration leading to stabilization of water status17. 
From Aguilar et al. (1992) and Figueira & Janick, (1995)1, to 
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Jones et al. (2022)20 and Manlé et al. (2021)1, the acclima-
tion of cocoa vitro-plants is a difficult and crucial stage as it 
happens in most plantlets produced by in vitro tissue cultu-
res21. Therefore, knowing the factors that affect the survival 
of vitroplantlets is essential when implementing the produc-
tion of plant material on a large scale, whose main contribu-
tion is the development of an optimal propagation protocol.

On the other hand, it is necessary to have plantlets pro-
duced in laboratory commercials that ensure plant material 
is in good physiological condition to survive the definitive 
transplant without affecting their establishment and optimal 
development in the field. In this sense, crucial developmen-
tal phases such as the maturation of the somatic embryo, 
the conversion of the embryos to plantlet, and the acclima-
tion of plants to nursery conditions are essential to ensu-
re physiological vigor characteristics. This last step can be 
favored using microorganisms as nursery substrate impro-
vers, which are recognized as promoters of root develop-
ment in cocoa seedlings and their effect on the increase and 
nutrient absorption capacity22–26.

Many plants' growth-promoting microorganisms 
(PGPM) can help in rooting and shoot elongation and can 
be useful in the acclimation phase. They can protect against 
the biotic and abiotic stress that occurs in vitro propaga-
tion, mainly in the acclimation phase, a crucial step for the 
success of micropropagation27. Within these microorganis-
ms, the Trichoderma fungus is considered a soil organism 
associated with plant roots and is commonly viewed for its 
potential to control plant diseases in what may be a close 
association with many typical aspects of endophytic asso-
ciations with cocoa28, in addition to being able to behave as 
a plant growth stimulator29,30. Other beneficial microorganis-
ms are mycorrhizal fungi, which are the mutualistic symbio-
sis between the fungi of the Glomeromycota phylum and the 
roots of most vascular plants, which are supposed to play 
a key role in the nutrient cycle of agroforestry systems31. In 
the case of crops with thick roots and few root hairs, such 
as cocoa, coffee, timber trees, and citrus, they tend to be 
highly dependent on mycorrhizae32. Specifically in cocoa, 
due to its mycorrhizal dependency, the fertilization practice, 
mainly nitrogenous and phosphate, must be fully evaluated, 
considering not only the yield of the crop and the availa-
bility of nutrients in the soil but also the composition and 
behavior of the biota, in order not to inhibit these biological 
processes or stimulate dependence on external inputs in 
these systems33.

Other microorganisms are the bacterias that produce 
the enzyme ACC (1-aminocyclopropane-1-carboxylate) 
deaminase, being a critical bacterial trait to facilitate plant 
growth. This enzyme is responsible for the cleavage the 
plant ethylene precursor, ACC, into ammonia and ketobu-
tyrate. Ethylene is an essential plant hormone, also known 
as a stress hormone because the induction of a variety of 
biotic and abiotic stress accelerates its synthesis by lowe-
ring ACC levels in plants, ACC deaminase-producing orga-
nisms lower ethylene levels, which, when present in high 
concentrations, can lead to plant growth inhibition or even 
death33. These bacteria are relatively common in soil, ha-
ving been found in a wide range of environments around 
the world33.

According to the above, the objective of this work was 
to evaluate from the stage of maturation and conversion 
to plantlet in vitro the effect of culture media composition 
and, in the acclimation phase, the effect of beneficial mi-
croorganisms such as Pseudomonas ACC deaminase, the 

fungus Trichoderma asperellum and mycorrhizal fungi on 
characteristics physiological vigour in plantlets to establish 
a complete process in the production of plant material on an 
industrial scale.

Materials and methods 

Plant materials and culture conditions
For this research, the experiments included CCN51, 

CNCh12, and CNCh13 genotypes, the primary genotype 
used in the experiments was CCN51, a universal genoty-
pe from Ecuador34. CNCh12 and CNCh13 are Colombian 
genotypes from the certified clonal garden of the Colom-
bian National Chocolate Company (CNCH). The immature 
closed flower buds were collected from La Nacional Farm 
field-grown plants (Támesis, Antioquia-Colombia) and Ya-
riguíes farm (Barrancabermeja, Santander-Colombia). The 
flower bud's collection and disinfection process were per-
formed following the methodology described by Henao et 
al. (2018)3. The explants consisted of staminodes (sterile 
stamens) for CCN51, CNCh13, and CNCh12. Staminodes 
were extracted from the basal portion of the flower bud 
using sterile scalpels and placed on the culture media on 
the Petri dish. For CNCh12 was used, the following cultu-
re media was according to the stages of the embryogenic 
process: PCG-SCG-ED-CM2-EM2-MM6, for CNCh13, was 
INDI-INDexp-CM2-EM2-MM6 and for CCN51 was INDI-IN-
Dexp-CM2-EM2-MM6 (Table 1). 

All the cultures were randomly placed in a growth 
chamber in continuous darkness for callogenesis, induction 
of primary embryo, and induction of secondary embryo sta-
ges, at an average temperature of 26˚C ± 2˚C and 70% re-
lative humidity. The mature embryos were cultured in a Petri 
dish, and later plantlets were cultured in 500 ml vessels. 
The cultures were placed in a growth chamber under light 
with a 16-hour photoperiod and a photosynthetic photon flux 
density (PPFD) of 50 μmol per second, at an average tem-
perature of 26˚C ± 2˚C and 70% relative humidity.

In vitro growth

Embryo maturation
Once the secondary somatic embryos of CCN51 had 

been developed, they were transferred for maturating and 
growth. In this stage, the effect of two different culture me-
dia transitions between embryo maturation - plantlet deve-
lopment stage (EM2 – MF and EM2 – MM6) (Table 2) and 
culture time (30, 60, and 90 days) were evaluated on stem 
height (cm), root length (cm) and the number of true leaves 
per plantlet (n). The experiment was laid out in a Completely 
Randomized Design (CRD) with two factors: culture media 
(2 levels) and culture time (3 levels). Each treatment with at 
least 30 experimental units, for a total of n = 524.

Plantlet development
For CCN51, the effect of five different plantlet develop-

ment culture media (ENR6, MF, ENR8, EDL, PR) (Table 2) 
was evaluated on stem length (cm), root length (cm), num-
ber of true leaves (n) after 30 days from the plant out. The 
experiment was laid out in a CRD with one factor, culture 
media, with five levels. Each treatment with at least 10 ex-
perimental units, for a total of n = 43.

Ana María Henao Ramírez, Julián David Morales Muñoz, Diana Marcela Vanegas Villa, Ruth Tatiana Hernández Hernández, Aura Inés 
Urrea-Trujillo 
Volume 8 / Issue 1 / 10     •     http://www.revistabionatura.com



3

Ex vitro adaptation
Plantlets of different genotypes with 60 days in MF cul-

ture medium were used for the different experiments; the-
se plantlets had stem and root development. The plantlets 
were removed from culture vessels and washed with run-
ning water to eliminate excess gelled culture medium. The 
plantlets were subsequently transferred to 50 germination 
trays with 10 cm deep cavities, with a capacity between 67 
- 70 g of basal substrate. The tray was covered with a trans-
parent dome for one day, and holes are subsequently made 
to allow exchanges until 15 days were completed, keeping 
the substrate hydrated with water as required and a nutrient 
solution of Hoagland (1:10) every 15 days. After 50 days, 
the plants were transplanted into 45cm deep bags. Plantlets 
were kept in growth conditions at the mesh house, relative 
moisture major to 40%, temperature between 24 - 30°C at 
day and 16-18 °C at night, 16:8 natural sun photoperiod, 
and shade of 50%.

Basal substrate (BS)
The basal substrate consisted of a 1:3 (w/w) proportion 

of washed river sand and ground coconut fiber without enri-
chment. Once the substrate is prepared, the electrical con-
ductivity of the soil (EC) must be verified since; for cocoa, it 
must be kept at an optimal level of <1 mS/cm. Likewise, the 
pH must be verified, which must be within the optimal range 
of 5.8 to 7.042,43.

Minimum quality characteristics for in vitro plantlets
Plantlets from in vitro conditions were classified accor-

ding to quality characteristics. The minimum quality charac-
teristics of plantlets were evaluated in terms of stem height 

(cm), root length (cm), number of true leaves (n), length leaf 
(cm), and width of the leaf (cm) on the survival of the plant-
lets in the BS.

Beneficial microorganisms' preparation

Pseudomonas ACC desaminasa (PAACd) inoculum
To prepare the inoculum of PAACd, the strains of 5 

bacteria preserved in the deep freezer were placed in the 
TSA (trypticase soy agar) culture medium. They were then 
grown under stirring for 72 hours in a 50% TSB (trypticase 
soy broth) liquid medium. After this time, the bacteria were 
mixed and centrifuged at 3,500 rpm for 50 minutes to elimi-
nate the culture medium. The pellet was resuspended in a 
0.03M magnesium sulfate solution with the help of a vortex. 
Subsequently, this solution was brought to an OD of 0.1-
0.15 at 600 nm, which indicates an approximate concentra-
tion of 1x108 CFU/mL. 10mL of the bacterial inoculum near 
the plantlet was added to each well with 69 - 70g.

Mycorrhizal fungi (AMF) inoculum
For the preparation of the inoculum of AMF, the com-

mercial product Mycorfos® (contained a minimum concen-
tration of 230 spores/gram with Glomus sp., Acaulospora 
sp., Scutellospora sp. and Entrophospora sp.) was taken. 
The product was sieved to 1mm to remove large particles. 
Between 7-8 g of this product was added to each well and 
mixed with the substrate.

Trichoderma asperellum (Ta) inoculum
The fungus was grown in PDA medium (potato dex-

Regeneration of cocoa (Theobroma cacao L.) via somatic embryogenesis: Key aspects in the in vitro conversion stage and in the ex vitro 
adaptation of plantlets

Table 1. Culture media for primary and secondary somatic embryogenesis with CCN51, CNCh13, and CNCh12 geno-
types of cacao (T. cacao L.). 1,2,3,5
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trose agar) for five days. Then a spore solution was made 
in sterile distilled water and inoculated into a bag with rice 
as substrate. It was incubated at in room temperature with 
photoperiod 12:12 for 14 days. After this, sterile distilled 
water was added, it was mixed very well with the rice to 
obtain the spore suspension, and the solution was filtered in 
a clean beaker passing through gauze. Then serial dilutions 
were made, and a spore count was performed in a Neu-
bauer chamber to find the concentration. With this data, the 
fungus solution to be used was prepared at a concentration 
of 1x108 spores/mL. 5 mL of the spore suspension of the 
fungus T. asperellum was inoculated per well.

The Agricultural and Environmental Bacteriology Re-
search Group of the Universidad de Antioquia donated all 
the microorganisms used.

Beneficial microorganisms' experiments

Effects of PAACd and AMF
The genotype used in this experiment was CCN51 for 

two months. The effect of PAACd, AMF, and the mixture of 
both microorganisms and control were evaluated on survi-
val percentage. The experiment was laid out in CRD, the 
factor type of substrate, with four treatments. Each treat-
ment had 10 experimental units for a total of 40 plantlets.

Effects of PAACd and Ta
The genotypes used in the experiment were CCN51, 

CNCh12, and CNCh13. The effect of PAACd and Ta, the 
mixture of microorganisms and control, was evaluated on 

survival percentage and leaf area (cm2). The experiment 
was laid out in a CRD with the factor type of substrate with 
four treatments. Each treatment had 10 experimental units 
for a total of 40 plantlets.  

Effects of AMF and phosphor (P) concentrations
Since a negative effect on mycorrhizal fungi coloniza-

tion has been described when phosphorus concentrations 
are greater than 0.02 mg/L., the amount of phosphorus pre-
sent in BS was quantified. For this, the methodology des-
cribed by Osorio (2017) was followed, which consists of ta-
king 3 g of an essential dry substrate and transferring them 
to centrifuge tubes, subsequently adding 30 mL of CaCl2 
0.01 M and two drops of toluene for inhibition of microbial 
activity. The tubes were shaken horizontally for 1 hour, cen-
trifuged at 5000 rpm for 15 minutes, and the supernatant 
passed through Whatman No. 1 filter paper. The concentra-
tion of P was determined by the molybdate blue method by 
making measurements in a spectrophotometer at a wave-
length of 890 nm.

Different concentrations of P in the irrigation solution 
and AMF quantity (g) were evaluated. In the fertilization 
process, the Hoagland solution was prepared at 1:10 by 
modifying the amount of phosphorus as K2HPO4 salt at 0%, 
50% and 100%. The fertilization was carried out biweekly, 
adding 5mL per plant for up to 60 days. The plantlets recei-
ved irrigation with water as needed. The AMF inoculation 
consisted of applying the commercial formula in different 
quantities of 0g, 2g, and 3g, which were sieved and mixed 
with the BS. The effect of AMF quantity (0g, 2g, 3g) and 

Table 2. Culture media for primary 
and secondary somatic embryo-
genesis with CCN51 genotype of 
cacao (T. cacao L.) in embryo ma-
turation and plantlet development 
experiments.
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phosphor concentrations (P) (0%, 50% and 100%) were 
evaluated on the percentage of mycorrhizal infection and 
survival percentage. The experiment was laid out in a CRD 
with nine treatments. Each treatment had 10 experimental 
units for a total of 90 plantlets.    

Statistical analysis
Results were subjected to an analysis of variance 

(ANOVA), and a comparison test was performed based on 
residuals to test normality (Shapiro-Wilk test). Additionally, 
the variance homogeneity test (Levene's test) was perfor-
med. Likewise, the comparison of means was carried out 
through Tukey or Dunnet's test. If they were not normal, 
the Kruskal-Wallis and Mann-Whitney tests were used. On 
the other hand, for comparisons between 2 treatments, the 
t-test was used for parametric data and the Wilcoxon test 
for non-parametric data. For unequal numbers, an analysis 
of variance across the generalized linear model (GLM) was 
performed for some stages with a Poisson variable respon-
se distribution. The Pearson Chi-square (χ2) test was ca-
rried out regarding the qualitative data. Dispersion, box, and 
whisker diagrams were used. A significance of 95% was 
determined for all comparisons using the R project v3.6.1 
software.

Results

In vitro growth

Effects of culture media on embryo maturation
In this experiment, there was a higher average in the 

number of true leaves per plantlet in the EM2-MF transition. 
An average of 3.12, 3.12, and 4.10 was obtained at 30, 60, 
and 90 days, respectively, with significant differences con-
cerning EM2-MM6 (Figure 1 A). For the stem height in the 
EM2-MF medium, an average of 3.64 cm was obtained at 
60 days of cultivation with differences with respect to 2.91 
with EM2-MM6 (Figure 1 B). For root length, 4.07 cm was 
obtained for EM2-MF and 4.4 cm for EM2-MM6, without a 
difference (Figure 1 C). Consequently, the appropriate me-
dium for somatic embryo maturation was the transition be-
tween EM2 and MF medium for the CCN51 genotype with 
sufficient fibrous and tap root development (Figure 1 S1).

Effects of culture media on the development of plantlet
At this stage, the average number of leaves per plantlet 

was 4.77 obtained in the ENR8 medium, 4.55 in the MF 
medium, and 4,26 in the ENR6 medium without a difference 
(Figure 2 A). Likewise, the highest values of height stem 
were 4.42 cm in the MF medium and 4.03 cm in the ENR8 
medium (Figure 2 B), and finally, the most excellent root 
length of 5.67 cm was obtained in the MF medium, followed 
by 4.31 cm in ENR8 (Figure 2 C). Therefore, the adequate 
development of the plantlets was achieved in general in the 
MF medium, with results consistent with the experiment de-
tailed in the maturation assay.

Ex vitro adaptation

BS on survival plantlets
During the evaluation of the BS substrate's effect on 

the ex vitro adaptation process, it was possible to verify that 

the conductivity of the substrate is critical in the process 
since only the addition of organic matter (MO) can signifi-
cantly alter this parameter. In previous experiments, using 
irrigation solutions such as full and half concentration MS 
and DKW salts or including MO in the essential substrate, 
it was found that the electrical conductivity increased more 
than twice the ideal for cocoa (Table 3). Due to this condi-
tion, the plants stopped their growth and development; on 
the contrary, the mortality was 100%. Likewise, in previous 
trials, it was found that the corrections in the conductivity of 
the BS substrate supplemented with different plant grow-
th-promoting components like AMF and OM had a positive 
effect on survival. In addition, the formation of the white root 
is observed, like a characteristic of healthy roots for cacao 
(Table 1 S1, Figure 2 S1).

Minimum morphological quality characteristics
Identifying the plantlet's minimum morphological quali-

ty characteristics for survival during the adaptation process 
was possible. CCN51 plantlets must have at least: 3.98 cm 
of height stem, five true leaves with 3.58 cm of length and 
1.76 of width, and prominent radical development of 6.71 
cm root length with both primary pivotal roots and secon-
dary roots (Table 4).

Effect of PAACd and AMF mix on plantlet's survival
In the effects of PAACd and AMF on the survival of 

plantlets, no association was found between the different 
treatments evaluated and the survival. The highest survival 
percentage of 62.5% was obtained with the substrate su-
pplemented with PAACd + AMF, the same result was obtai-
ned with only PAACd (Figure 3B).

Effects of PAACd and Ta on plant survival and leaf 
area

For the leaf area, an average of 20.41 cm2 was obtai-
ned in the substrate supplement with PAACd + Ta for the 
CNCh12 genotype, with a significative difference from the 
control. The same result was for CCN51, with an average 
of 37.65 with PAACd + Ta but without significant differences 
between PAACd and control. For the CNCh13 genotype, an 
average of 14.64 was obtained with PAACd, with a significa-
tive difference from the control (Table 5). In the survival per-
centage, 83% was obtained with PAACd + Ta for CNCh12, 
67% was obtained with PAACd for CNCh13, and 67% was 
obtained with PAACd and Ta for CCN51 but without signifi-
cative differences (Figure 3 S1).

Effects of AMF and P concentrations on survival and 
mycorrhizal infection

The phosphorus absorbance measurements recorded 
from known concentrations allowed the drawing of a stan-
dard calibration curve (Figure 4 S1), on which the phos-
phorus concentration in the substrate was determined. For 
the BS sample, an absorbance of 0.1139 was obtained, 
which corresponds to a concentration of 0.2651 mg/L of P.

The percentage of mycorrhizal infection in the treat-
ments with 2g and 3g was significantly different from to con-
trol, with an average of 74% of condition for three phosphor 
concentrations (Figure 5). Survival of 100% of the plantlets 
was observed in the treatments of 2g AMF + 50% P and 3g 
AMF + 50% P, results that reveal the importance of phos-
phorus for the process of adaptation of cocoa plantlets to 
the CCN51 genotype (Figure 5 S1).
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Discussion
Cacao somatic embryogenesis process is divided into 

six well-defined steps induction, expression, multiplication, 
maturation, germination, and plant conversion44. All these 
steps are mediated by a complex regulatory network where 
genetic and epigenetic mechanisms regulate different ge-
nes at the transcriptional level45. In this work, the acclimation 
process is addressed from the stage of embryo maturation. 
Conceptually, the developmental stages of the somatic and 
zygotic embryo are divided into two main metabolic stages; 
the first is a morphogenetic stage that is characterized by 
cell division and the onset of cell differentiation; the second 
is a metabolic stage or maturation phase that is characteri-
zed by biochemical activities, which involves the accumula-
tion of significant storage products and the preparation for 
desiccation, dormancy, and germination/conversion46,47. In 

this last phase, somatic embryos achieve both morpholo-
gical and physiological maturity, guaranteeing satisfactory 
post-embryonic performance. Therefore, the conversion po-
tential is programmed during embryo maturation48.

Embryo maturation  
Better characteristics were obtained in the plants from 

embryo maturation in the transition between EM2-MF me-
dium. The EM2 medium first reported by Fontanel et al. 
(2002)36 has been effective for the maturation different re-
searchers have often modified it according to the genotype 
of interest. On the other hand, the MF medium is a modifica-
tion of the MM6 medium that was first reported by Fontanel 
et al. (2002)36 and later modified by Henao et al. (2018)35. 
However, the MF medium has not been as widely used as 
the ED medium initially reported by (37), a medium without 
growth regulators for the maturation process. Both MF and 
MM6 medium have NAA and GA3, a combination of growth 

Figure 1. In the maturation stage of somatic embryogenesis development for the CCN51 genotype. Effects of culture 
media transition EM2-AMF and EM2-MM6 on (A) number of leaves (n) per plantlet at 30, 60, and 90 days of time cultiva-
tion, (B) height of stem (cm) at 30, 60 and 90 days of time cultivation and (C) root length (cm) at 60, and 90 days of time 
cultivation.

Figure 2. In the germination stage of somatic embryogenesis development for CCN51 genotype. Effects of culture media 
(ENR6, AMF, ENR8, EDL, PR) on (A) number of true leaves (n), (B) height stem (cm), (C) root length (cm).

Table 3. Conductivity and pH results in basal substrate supplemented with organic matter and irrigation with ½ de MS and 
DKW macronutrients and micronutrients.
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Table 4. Central tendency measures for minimum morphological quality characteristics of CCN51 in vitro-plantlets to 
continue ex vitro adaptation.  

Figure 3. Effects of Pseudomonas ACC desaminase (PAACd), mycorrhizal fungi (AMF), and mix of Pseudomonas ACC 
desaminase (PAACd), mycorrhizal fungi (AMF) and control.

regulators suitable for different cocoa genotypes, such as 
CCN51.

Plantlet development
In the maturation of the embryo and the conversion to 

plantlet, the MF medium had the best results in the number 
of leaves and length of stem and root. The results obtained 
with the MF medium were like the results with the ENR8 
medium. The ENR8 medium does not have the growth re-

gulators NAA-GA3; instead amino acids. The continuation 
of embryo development and conversion in the MF medium 
result from the effect of the NAA and GA3, activated car-
bon and other culture medium components, such as high 
concentrations of macroelements, especially nitrogen as 
NH4NO3 and high carbon concentrations like glucose. NAA 
and GA3 have also been used by Iracheta et al. (2019)50 

to facilitate cotyledonary embryo development plus 3.7 µM 
of abscisic acid. Various authors have developed somatic 
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Table 5. Effects of Pseudomonas ACC deaminase (PAACd) and Trichoderma asperellum (Ta) on leaf area of regenerated 
plantlets for CNCh12, CNCh13, and CCN51 genotype.

Figure 4. In vitro plantlets of CCN51 in (A) EM2-AMF transition media during maturation stage; (B) Conversion to plantlet 
in MF culture media; (C) Transparent dome used for the first day of ex vitro adaptation process and holes for 15 days; (D) 
Experiment of beneficial microorganism Pseudomonas ACC desaminase (PAACd), mycorrhizal fungi (AMF) and Tricho-
derma asperellum (Ta) on survival and leaf area; Plantlets with pivotal and fibrous roots of (E) CNCh12 and (F) CNCh13; 
Cocoa seedling with adequate state of development and vigor with at least one month of ex vitro adaptation process ready 
to be transplanted from the bag (40cm h x 15 cm d).
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embryos in the culture medium with MS salts supplemented 
with NAA and GA3

51. In addition, GA3 has also been used to 
elongate and produce embryos and plantlets in other spe-
cies52. Furthermore, activated carbon can significantly affect 
embryo development because it can absorb substances, 
such as toxic metabolites and phenolic exudates, which in-
hibit the process, preventing correct maturation53.

The biggest bottleneck in the embryogenic process is 
presented in the maturation and germination stage. Ge-
notype plays a dominant role in somatic embryogenesis 
response and in the conversion rate of embryos 54. The 
embryo-to-plant conversion rate reached 20 to 40% with a 
very strong genotype dependency and high batch-to-batch 
variability10,44,55.

Beneficial microorganisms
The inoculation with beneficial microorganisms impro-

ves the characteristics of the SE cocoa plants in the evalua-
ted genotypes. With mycorrhizal fungi, better physiological 
characteristics were observed in the roots of the plantlets 
of the CCN51, CNCh12 and CNCh13 genotypes. Respect 
mycorrhizal fungi; they are known as a biostimulant and 
are anchored on their potential to increase plant nutrient 
uptake, improve plant resilience to drought, and reduce 
pesticides and inorganic fertilizers33. For abiotic stresses, 
the mechanisms of adaptation of mycorrhizal fungi to the-
se stresses are generally linked to increased hydromineral 
nutrition, ion selectivity, gene regulation, production of os-
molytes, an extension of the root absorbing area, and the 
synthesis of phytohormones and antioxidants. These bene-
fits are influenced by its ability to colonize its host plant, a 
phenomenon that depends on the fungal genotype, the soil 
characteristics and the plant genotype30.

For the CCN51 genotype, using mycorrhizal fungi 

allows a better characteristic in root development was ob-
served. This has been evidenced in other plants but directly 
in seeds with four selected microorganisms (Pseudomonas 
chlororaphis MA342, P. fluorescens CHA0, Clonostachys 
pityriasis IK726d11 and Trichoderma harzianum T22), ge-
nerating a decrease in seedling mortality and stimulation of 
establishment56. Directly in cocoa plants at the greenhouse 
level, it was shown that inoculation with a mixture of mi-
croorganisms such as Trichoderma sp., Candida utilis and 
Pseudomonas putida had better behavior in these plants 
compared to the control57. Also, in cocoa with Trichoderma 
spp. was possible to obtain a beneficial association, and 
the association could be a first step in developing of bio-
control strategies against diseases58. In another study, co-
lonization of cocoa seedlings by the Trichoderma hamatum 
isolate DIS 219b was shown to enhance seedling growth, 
alter gene expression, and delay the onset of cocoa drou-
ght response in leaves at the molecular physiological and 
phenotypic level58. With the Pseudomonas ACC deamina-
se promoting plant growth from seed has been observed, 
specifically in the production of tomato roots59. Likewise, in 
cocoa, Pseudomonas ACC deaminase significantly affected 
on plant height, number of leaves, stem diameter, wet wei-
ght and dry weight of roots, number of roots, and root vo-
lume60. In the present study, different responses with each 
genotype were obtained; however, an improvement in sur-
vival was observed in the acclimation process for CNCh12 
y CNCh13, as well as in the CCN51 genotype.

Furthermore, an improvement in plant height, number 
of leaves, and root length were observed. The results ob-
tained for CCN51 agree with other reports61–63. Chavez-Jalk 
et al. (2022)62 used T. harzianum with a 100% colonization 
of the root hairs and trichomes on stems, and (65) used 
strains of Trichoderma and arbuscular mycorrhizal fungi ob-

Figure 5. Effects of AMF (0g, 2g y 3g) and different concentrations of phosphorus (0%, 50% and 100%) in the Hoagland 
nutrient solution (1:10) on the percentage of infection. B. Above: the root of control plant without structures of mycorrhizal 
fungi. Under: plant root treated with 2g of AMF and Hoagland's solution with 50% P with hyphae traversing the root.
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taining a higher yield of cocoa beans. This could be becau-
se Trichoderma has different auxin production mechanisms 
that, when entering into symbiosis with the root, improve 
the agronomic characteristics of the cocoa plant in such a 
way that when developing a greater amount of root, this has 
greater ease of absorption of the nutrients available in the 
soil; in addition, Trichoderma together with the microorga-
nisms creates associations that help increase the rhizos-
phere of the soil, degrading the organic matter in less time 
and allowing the plants to extract the nutrients with a greater 
degree of assimilation66,67. On the other hand, the positive 
effects on plantlet development occur through the reduction 
of ethylene, a hormone that negatively affects root growth 
under biotic and abiotic stress68,69.

Phosphate is the second essential nutrient required by 
plants, and its bioavailability is associated with increased 
plant growth70. Only a low percentage of this amount of P 
(15–30%) can be taken by plants, while the remaining part 
is converted into insoluble complexes71. Therefore, increa-
sing P-use efficiency is a major challenge in intensive agri-
cultural production systems. In this regard, using rock phos-
phate as substrates in P solubilization by microorganisms 
is a promising strategy72. This strategy aims to reduce P 
adsorption and precipitation by promoting P sources with 
a low solubility instead of soluble P sources73. The result 
showed that the survival of plantlets was more significant 
in the treatments with 2g and 3g of mycorrhiza and 50% 
phosphorus. Therefore, for the CCN51 genotype, AMF can 
make an alternative to reduce phosphorus loss by impro-
ving P-use efficiency, plant health, and growth74.

The concentration of P in the basal substrate was 
0.2651 mg/L, and the concentration of P in the Hoagland 
solution negatively affected the plantlets' survival (Data 
not shown). However, when the concentration of P in the 
Hoagland solution was modified to half of KH2PO4 and the 
substrate was supplemented with mycorrhizae, the effect 
on plant growth and survival was positive. As described by 
Osorio (2012)75, for correct AMF colonization in plant roots, 
the substrate must have a phosphorus (P) concentration of 
0.02 mg/L, and low concentrations of 0.001-0.005 mg/L do 
not allow a response to the inoculation of AMF, while very 
high concentrations above 0.2 mg/L inhibit the effectiveness 
of the fungus. According to Quiñones et al. (2012)76 , the 
mechanism of the dose-effect on mycorrhizae is not preci-
se. Still, it seems to depend on the interaction of the fungus 
and the plant species since different species of mycorrhizae 
are tolerant to high concentrations. The results of this study 
show that cocoa seedlings obtained by somatic embryoge-
nesis inoculated with mycorrhizae were favored in terms 
of survival by phosphorus concentrations higher than 0.02 
mg/L in the substrate, even requiring an additional supply of 
phosphorus in irrigation.

Based on the results obtained, it is proposed one possi-
bility for the future is to carry out tests where plant defenses 
are reinforced by inoculating competent plant growth-pro-
moting microorganisms from the in vitro phase to the ex 
vitro phase through a process called digitization77. These 
could act as biostimulants or biocontrol agents and help 
deal with biotic and abiotic stressors78–80. Finally, work on 
rhizosphere bacteria and fungi has already shown potential 
in managing various agricultural problems. Their use in the 
form of biofertilizers and biopesticides has resulted in a les-
ser reliance on synthetic agrochemicals81.

Conclusions
In ex vitro adaptation processes of cocoa plantlets ob-

tained by SE, the adequate physiological development of 
plantlets is essential in embryo maturation and conversion 
to plantlet. In the present work, it was possible to address 
critical factors affecting the growth of cocoa plantlets from 
ES in vitro to ex vitro transition. It was possible to establish 
efficient culture media for embryo maturation, plantlet con-
version and development, as well as some parameters that 
affect development in ex vitro conditions. The culture of the 
embryos in the cotyledonary state in the EM2 and MF media, 
and with subsequent subculture in the MF medium, allows 
plants with prominent root development, stem elongation 
and leaf formation to continue to the greenhouse adaptation 
phase. The use of mycorrhizae in the ex vitro adaptation 
stage significantly improved the survival percentages, thus 
advancing the production process. It was found that, althou-
gh the concentrations in the substrate were greater than 0.2 
mg/L, a concentration reported as high and that can affect 
mycorrhizal infection, in the case of cocoa plantlets and the 
mycorrhizae used, there was no affectation in the infection 
for the mycorrhizae.

For this reason, it is recommended that for each ge-
notype, it should be established how much phosphorus in 
the substrate and the irrigation solution affect mycorrhizal 
infection and plant growth. These results will help optimize 
beneficial microorganisms' use in SE plantlets production 
and the subsequent physiological performance of plants 
under nursery and open field conditions. Also, it is a signi-
ficant starting point to carry out in other cacao genotypes, 
achieving increasing survival and contributing to the establi-
shment of complete production protocols via ES.
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Condiciones óptimas de extracción de compuestos antioxidante del alga 
roja Acanthophora spicifera
Optimal conditions for the extraction of antioxidant compounds from the red alga Acanthophora 
spicifera

Arianna Valdez N1*, Iván Choez2, Sofie Van Der Hende3, Omar Ruìz4, Patricia Manzano2

Resumen: La Acanthophora spicifera un alga roja de fácil adaptación a diferentes condiciones ambientales, por su 
capacidad de regenerarse por fragmentación, convirtiéndola en una especie invasora en áreas tropicales y subtropicales. 
Además, es conocida por sus componentes bioactivos (antioxidantes, fitohormonas, fitopigmentos). En este estudio se 
plantea determinar las condiciones óptimas de extracción de compuestos antioxidantes de la macroalga que crece en la 
zona intermareal de la playa de San Pedro de la provincia de Santa Elena, en dos procesos de secado (horno y liofilización) 
y extracción etanólica (digestión y ultrasonido) a diferentes concentraciones de etanol (50% y 70%) en rangos de tiempo y 
temperatura para su posterior determinación de actividad antioxidante por los métodos DPPH, ABTS, fenoles, flavonoides 
y auxinas totales en microplacas. Los datos se analizaron mediante análisis de varianza (ANOVA) usando el software 
estadístico R.4.2.0 e InfoStat, observan que los mejores resultados se dieron por digestión con una concentración de 
etanol al 50% y se obtuvieron valores para: la actividad captadora de radicales DPPH 3.65±0.011 µmol ET/g ps, mayor 
actividad inhibidora del radical catiónico ABTS 14.06±0.03 µmol ET/g ps, para flavonoides 1278.58±2.94 µg EQ/g ps, para 
fenoles 900±0.129 µg GEA/g ps. Las condiciones óptimas para la extracción etanolica de la macroalga A. spicifera., fueron 
47 °C y 47 minutos para la actividad captadora de radicales DPPH y 47 °C y 39 minutos para la actividad inhibidora del 
radical catiónico ABTS, 45 °C y 37 minutos para Fenoles totales y 43 °C y 38 minutos para Flavonoides totales.

Palabras clave: Actividad antioxidante, Acanthophora spicifera, optimización.

Abstract: Acanthophora spicifera is a red seaweed that is easily adapted to different environmental conditions due to 
its ability to regenerate by fragmentation, making it an invasive species in tropical and subtropical areas. In addition, 
it is known for its bioactive components (antioxidants, phytohormones, and phytopigments). This study proposes to 
determine the optimal conditions for extracting antioxidant compounds from the macroalgae that grow in the intertidal 
zone of San Pedro beach in the province of Santa Elena, in two drying processes (oven and freeze-drying) and ethanolic 
extraction (digestion and ultrasound) at different ethanol concentrations (50% and 70%) in time and temperature ranges 
for subsequent determination of antioxidant activity by the DPPH, ABTS, phenols, flavonoids, and total auxin methods in 
microplates. . The data were analyzed by analysis of variance (ANOVA) using the statistical software R.4.2.0 and InfoStat, 
they observe that the best results were given by digestion with a 50% ethanol concentration and values   were obtained for: 
activity radical scavenger DPPH 3.65±0.011 µmol ET/g d.w., higher cationic radical inhibitory activity ABTS 14.06±0.03 
µmol ET/g d.w., for flavonoids 1278.58±2.94 µg EQ/g d.w., for phenols 900±0.129 µg GEA/g d.w. The optimal conditions for 
the ethanolic extraction of the macroalga A. spicifera were 47 °C and 47 minutes for the DPPH radical scavenging activity 
and 47 °C and 39 minutes for the ABTS cationic radical inhibitor activity, 45 °C and 37 minutes for total phenols and 43 °C 
and 38 minutes for total flavonoids.

Key words: Antioxidant activity, Acanthophora spicifera, optimization.

Introducción
La Acanthophora spicifera es un alga roja ampliamen-

te distribuida en mares subtropicales y tropicales y se en-
cuentra en muchos hábitats intermareales y submareales. 
Está distribuida desde los arrecifes poco profundos hasta 
profundidades de hasta 17m reportado en Puerto Rico y 
22m en las Islas Vírgenes1, esta macroalga se la considera 
como una especie invasora en las islas del Pacífico central 

y en lugares como Hawaii es la principal invasora2, esto 
se debe a su estrategia reproductiva sexual como asexual, 
la capacidad de regenerarse por fragmentación y que se 
adapta fácilmente a diversas condiciones ambientales por 
lo que representa una amenaza para su nuevo ecosiste-
ma3,4. A lo largo de diversos estudios se ha encontrados 
que posee diversas propiedades en como bioindicador de 
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las dividieron en grupos para probar el efecto de diferen-
tes métodos de secado sobre la actividad antioxidante, los 
compuestos fenolicos y polifenoles.

Las algas se secaron de la suiguiente manera: se se-
caron al horno de estufa ventilada por 36 h a 45°C y se-
cado por liofilización por durante 60 h, despues todas las 
muestras se molieron durante 1 minuto en un molino de 
alta velocidad.

Extracciones
Las muestras de algas se extrajeron con etanol al 50% 

y etanol al 70% utilizando dos métodos de extracción, colo-
cando la muestra de alga seca y el solvente en una relación 
1:15, se aplico los siguientes metodos de extracción: diges-
tión a 40, 45 y 50 °C durante 30, 40 y 50 minutos; y extrac-
ción asistida por ultrasonido (UEA) a 40kHz de frecuencia 
a temperatura ambiente durante 10,20 y 30 minutos. Des-
pues de las extracciones, la muestras se centrifugaron a 
12000 rpm durante 10 min a 4 °C. Todos los extractos se 
mantuvieron en congelación a -4°C antes de los análisis. 
Cada extracción se lo realizó por duplicado.

Actividad antiódiante
La actividad antioxidante de los extractos de A. spi-

cifera se evaluo mediante dos métodos diferentes: DPPH 
(1,1-difenil-2-picrilhidrazilo) y ABTS (Ácido 2, 2’-azino-
bis(3-etilbenzotiazolín)-6-sulfónico).

Se midió la capacidad de captación de radicales libres 
DPPH de los extractos descrita por Viteri et al.,202120 en 
una placa de 96 posillos, después de 30 minutos de incuba-
ción en oscuridad se midió la absorbancia a 517 ηm usando 
un Lector multi-modal Synergy HTX con detector UV-VIS 
(Biotek).

Se midio la actividad inhibidora del radical catiónico 
ABTS de los extractos descrita por Viteri et al.,202120 en 
una placa de 96 posillos, se incubo durante 30 min y se mi-
dió la absorbancia en una longitud de onda de 732 ηm. Los 
resultados de la actividad antioxidante fueron expresados 
como µmol equivalentes de Trolox por gramo de peso seco 
(µmol TE). Se utilizaron concentraciones de Trolox entre 
(10 - 200 µmol/L) para DPPH y ABTS.

Composición fenólica
Los extractos obtenidos se analizaron para contenido 

fenólico total (TPC) y contenido total de flavonoides (TFC)
Para el TPC de los extractos de A. spicifera se rea-

lizó el método colorimétrico Folin-Ciocalteu empleado por 
Zhong et al.,202021. Se agregó 25 µL de muestra, 25 µL 
de solución folin al 25% (v/v) y 200 µL de agua destilada 
en los pocillos de una placa de 96 pocillos y se incubaron 
durante 5 min a 25°C. Posteriormente se agregó 25 µL de 
carbonato de sodio al 10% (p/p) y dejando incubar durante 
1 hora a 25°C. La absorbancia se midió a 765 ɳm en un 
espectrofotómetro UV-160A (Shimadzu). En la curva de ca-
libración estándar (10 - 250 µmol/L) se utilizó ácido gálico (y 
= 0,0041x + 0,029,R² = 0,9952) y los resultados se presen-
taron en mg equivalentes de ácido gálico (GAE) por gramo 
de extracto seco (mg GAE/g).

Los TFC de los extractos de A. spicifera se realizó el 
método colorimétrico del cloruro de aluminio como lo des-
cribe Avramova et al.,201722. En una placa de 96 pocillos 
se reaccionó 20 µL de muestra y 200 µL de una mezcla 
de reactivos en donde se utilizó 60 µL de etanol, 10 µL de 
cloruro de aluminio al 10% (w/v), 10 µL de acetato de po-
tasio al 1M y 120 µL de agua destilada, dejando incubar 
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enriquecimiento de nutrientes, también se ha documentado 
que es un buen productor de oxígenos y como materia pri-
ma para la producción de biocombustible por su alto conte-
nido en lignina2.

Los principales antioxidantes encontrados en las al-
gas marinas son compuestos fenólicos y pigmentos foto-
sintéticos (clorofilas, carotenoides y ficobiliproteínas), que 
también son conocidos por sus actividades biológicas 
(anticancerígenas, antiinflamatorias, antiobesidad y an-
tiangiogénicas)5. Sin embargo, tanto los compuestos fenó-
licos como los pigmentos son susceptibles a la oxidación, 
especialmente a altas temperaturas6. Además, las algas 
marinas se consideran una fuente alternativa de proteínas, 
carbohidratos, ácidos grasos y minerales, que pueden sufrir 
degradación a temperaturas elevadas y pérdida de agua, 
el uso de algas marinas como ingrediente en la industria 
alimentaria a menudo requiere que se deshidrate antes de 
su uso7, ya que el secado inhibe la actividad microbiológica 
y ralentiza o detiene las reacciones químicas que causan el 
deterioro de los alimentos (es decir, oxidación o reducción), 
prolongando así la vida útil7,8 y ayuda a la extracción de 
ciertos componentes químicos9.

Los procesos de secado más comunes utilizados para 
las algas marinas son: el secado al sol, el secado al horno 
y la liofilización10, el procesamiento de cada método pue-
de cambiar la composición química y las propiedades an-
tioxidantes de las algas destinadas a ser utilizadas como 
bioproductos funcionales para alimentos y piensos (alimen-
to para el ganado), aplicaciones cosméticas, farmacéuticas 
e industriales11,12. Si bien existen diferentes técnicas de 
secado disponibles, varios factores como el costo, el con-
sumo de energía, la efectividad y el impacto en la calidad 
de los alimentos deben tenerse en cuenta al seleccionar el 
método más apropiado13,14.

Sin embargo, cuando se seca al sol, las algas marinas 
se exponen al aire libre a la luz solar directa, donde hay una 
gran oportunidad de contaminación en el aire (es decir, con 
partículas, microbios, etc.) que luego pueden afectar la ca-
lidad e higiene del producto final15. Diferentes estudios han 
demostrado el valor de selección de tratamientos de seca-
do apropiados para preservar compuestos bioactivos im-
portantes de las algas destinadas a diferentes procesos16, 
aunque existen pocos estudios que describan los efectos 
de los procesos de secado en los extractos de algas mari-
nas17, el interés en este tema ha aumentado en los últimos 
años18,19.

El objetivo de este estudio fue determinar las condicio-
nes óptimas de extracción de compuestos antioxidantes del 
alga roja A. spicifera empleando diferentes métodos de se-
cado para preservar la calidad de los biocomponentes del 
producto final, Las muestras secas se extrajeron mediante 
dos métodos diferentes (digestión y extracción asistida por 
ultrasonido) utilizando etanol a diferentes concentraciones.

Materiales y métodos 
Los productos químios que se utilizaron eran de grado 

analítico y se obtuvieron de Sigma-Aldrich.

Material de alga y metodos de secado
La macroalga A. spicifera, se cosecho en la playa de 

San Pecdro de Manglralto de la provincia de Santa Elena 
en el mes de enero del 2021. Las algas cosechadas se la-
varon con agua potable para eliminar las epifitas y luego se 
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a temperatura ambiente durante 30 min para su posterior 
lectura a una absorbancia de 415 ɳm usando un Lector 
multi-modal Synergy HTX con detector UV-VIS (Biotek). La 
medición se comparó con una curva de calibración (10 - 
100 µmol/L) preparada con soluciones de catequina (y = 
0,006x - 0,0249, R² = 0,9979) y el resultado se expresó en 
µg equivalentes de catequina (CE) por gramo de extracto 
seco23.

Análisis estadistico
Las diferencias significativas entre los tratamientos fue-

ron determinados estadísticamente utilizado, un análisis de 
desviación estándar y un análisis de matriz de dispersión 
para tipo de secado (X1), concentración de Etanol (X2), tipo 
de extracción (X3), con estas nuevas condiciones se realizó 
el análisis de superficie de respuesta analizando el efecto 
de las variables de temperatura (X4) y tiempo (X5) de extrac-
ción sobre las variables de la actividad captadora de radica-
les DPPH (Y1), la actividad inhibidora del radical catiónico 
ABTS (Y2), de los y el contenido de fenoles totales (Y3), el 
contenido de flavonoides totales (Y4) respectivamente para 
todo el proceso estadístico se emplearon los softwares es-
tadísticos Rstudio e InfoStat obteniendo el los modelos ma-
temáticos, gráficas y la verificación de los valores óptimos.

Resultados

Actividad Antioxidante
La actividad antioxidante se determinó utilizando los 

ensayos DPPH y ABTS y los resultados se muestra en las 
figuras 1 y 2 Los valores de DPPH en los extractos de A. 
spicifera oscilaron entre 0,171±0,06 y 3,651±0,61 µmol TE. 
Las muestras secadas al horno con etanol al 50% tubieron 
valores mas altos para todos los métodos de extracción. Al 
utilizar etanol al 70% en muestras liofilizadas se tubieron un 
DPPH mas bajo que en las muestras secadas al horno. El 
secado al horno muestra ser un mejor metodo de secado 
para obtener extractos con alta actividad captadora de ra-
dicales libres.

Al comparar los metodos de extracción una mayor ac-
tividad captadora de radicales libres se obtuvo en el méto-
do de digestión teniendo valores altos entre 3,240±0.01 y 
3,651±0,61 µmol TE, en cuanto al metodo UEA se obtuvo 
dos valores altos; 3,151±0.12 y 3,478±0,01 µmol TE con un 
tiempo de 20 y 30 min respectivamente.

Los extractos de A. spicifera mostraron una actividad 
inhibidora de radical cationico, ABTS, entre 4,645±0,08 y 
14,033±0,04 µmol TE. Al igual que en el ensayo de DPPH 
las muestras secadas al horno tratadas con etanol al 50% 
se evidenció valores altos en todos los métodos de extra-
ción, los valores mas altos se obtuvieron con el metodo de 
digestión a 45°C y 30 min. Con el método UEA tambien se 
obtivieron valores altos en la muestra liofilizada durante 10 
min (11,445±0,05 µmol TE) y secada al horno durante 30 
min (13,845±0,11 µmol TE).

Composición fenólica
Los resultados de TPC y TFC para estractos de A. spi-

cifera se muestran en la tabla 2. El TPC de A. specifera 
osciló entre 0,109±0.01 y 0,941±0.01 mg GAE /g p.s., los 
extractos liofilizados tuvieron un TPC mas altos en compa-
ración con secado al horno, en algunos casos las muestra 
liofilizadas eran dos veces mas TPC que las muestras se-
cadas al horno. Los resultados mostrano que el metodo de 
secado por liofilización fue el mejor metodo para conservar 
TPC en materia de algas.

Comparando los solventes en extracción en muestras 
liofilizadas, las que se extrajeron con etanol al 50% se ob-
tuvo TPC mas altos que las extraidas con etanol al 70%. 
El TPC mas alto se encontró en la muestra extraida por di-
gestión con temperatura de 40°C y 40 minutos en etanol al 
50% (0,941±0,01 mg GAE /g p.s). Las muestras liofilizadas 
extraidas con etanol al 70% tubieron los resultados mas ba-
jos para todos los métodos de extracción. El TPC mas alto 
entre las muestras secadas al horno fueron los extractos 
preparados con etanol al 50% utilizando EAU durante 30 
minutos (0,834±0,05 mg GAE /g p.s).

El TFC de A. specifera osciló entre 73,778±5,67 y 
1281,083±3,53 ug QE/g p.s., los extractos liofilizados tu-
vieron un TFC mas altos en comparación con secado al 

Condiciones óptimas de extracción de compuestos antioxidante del alga roja Acanthophora spicifera
Optimal conditions for the extraction of antioxidant compounds from the red alga Acanthophora spicifera

Figura 1. Actividad captadora de radicales libres - DPPH de los extractos de A. spicifera: tipo de secado: secado al horno 
(H), lifilizado (L); extracción: digestión (D), extracción asistida por ultrasonido (S); solvente: etanol 70% (70-azul), etanol 
50% (50-rojo); temperatura: 40, 45 y 50; tiempo: 10, 20, 30, 40, 50.
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horno, en algunos casos las muestra liofilizadas era entre 
tres y seis veces mas que las muestras secadas al horno. 
Los resultados obtenidos en el secado por liofilización fue 
el mejor metodo para conservar TFC en materia de algas.

Se pudo observar una diferencia significativa en la ex-
tracción en muestras liofilizadas, las que se extrajeron con 
etanol al 50% se obtuvo TFC mas altos que las extraidas 
con etanol al 70%. El valor mas alto de TFC se obtivo en 
la muestra extraida por digestión con temperatura de 50°C 
y 30 minutos en etanol al 50% (1281,083±3,53 ug QE /g 
p.s). Las muestras liofilizadas extraidas con etanol al 70% 
tubieron los resultados mas bajos para todos los métodos 
de extracción. El TFC mas alto entre las muestras secadas 
al horno fue el extracto preparados con etanol al 70% uti-
lizando digestión a una temperatura de 40°C y 40 minutos 
(504,577±5,75 mg GAE /g p.s).

Encuanto al metodo EAU los valores mas altos fueron 
con secado por liofilización durante 30 minutos con etanol 
al 70% (307,994±1,57 ug QE /g p.s.), mientras que el mas 
bajo se obtuvo  con etanol al 70%  durante 20 minutos.

Optimización
El análisis de superficie de respuesta se ha obtenido de 

los datos experimentales donde el análisis con la matriz de 
dispersión indica que el tiempo y temperatura de extracción 
tuvieron un efecto cuadrático sobre la actividad captadora 
de radicales DPPH y su influencia la vemos reflejada en la 
ecuación (1). 

El análisis de superficie de respuesta de los contenido 
de fenoles totales (TPC) y contenido de flavonoides totales 
(TFC) de los extractos de A. spicifera obtenido de los datos 
experimentales que se muestran en la Tabla 1, demostró 
que los parámetros de extracción ejercieron un efecto cua-
drático sobre el contenido de fenoles totales. El efecto de 
la temperatura y el tiempo de extracción sobre el contenido 

de fenoles totales se muestra en la ecuación (3) a conti-
nuación:

Para el contenido flavonoides totales se demostró que 
los parámetros de extracción ejercieron un efecto cuadrá-
tico,  el efecto de la temperatura y el tiempo de extracción 
sobre el contenido de fenoles totales se muestra en la 
ecuación (4).

Discusión
Los resultados obtenidos al compáralo con otros es-

tudios con diferentes métodos de extracción con la misma 
alga A. spicifera podemos observar que existe una diferen-
cia entre el alga que crece en Ecuador con la que crece en 
la India en el caso del % DPPH se obtuvo un 19.29±0.011 
en comparación con 6.91±0.42 que tiene un proceso de ex-
tracción por maceración por 24 h con metanol al 98%25. En 
cuanto a fenoles totales se extrajo 60.24±0.129 µg GAE /mL 
mientras que en estudio de Murugan et al. 2014 nos indica 
que obtuvo 0.87±0.10 µg GAE /mL con una extracción con 
metanol al 98% y 0.24±0,08 µg/mL GAE con una extracción 
con agua, así mismo se reporta que obtuvieron 25.7±0.6 
µg QE /mL en extracción con metanol al 98% mientras que 
en la extracción con agua reportaron 8,5±0,4 µg QE /mL 
en la extracción de flavonoides totales24, comparado con 
la extracción que se realizó con etanol al 50% que fue de 
85.41±3.53 µg QE /mL.

Conclusiones
Los resultados de este estudio contribuyen a la carac-

terización del alga roja A. spicifera como una matriz que 
puede producir componentes con potencial antioxidantes.

Figura 2. Actividad inhibidora del radical cationico - ABTS de los extractos de A. spicifera: tipo de secado: secado al 
horno (H), lifilizado (L); extracción: digestión (D), extracción asistida por ultrasonido (S); solvente: etanol 70% (70-azul), 
etanol 50% (50-rojo); temperatura: 40, 45 y 50; tiempo: 10, 20, 30, 40, 50.
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Figura 3. Efecto de la temperatura y el tiempo de extracción sobre la actividad captadora de radicales DPPH.

Figura 4. Efecto de la temperatura y 
el tiempo de extracción sobre la acti-
vidad inhibidora del radical catiónico 
ABTS.

Con el análisis de superficie de respuesta se obtuvo las 
condiciones temperatura y tiempo óptimo de extracción a 
47 °C y 47 minutos para la actividad captadora de radicales 
libres DPPH, para la actividad inhibidora del radical catióni-
co ABTS 47 °C y 39 minutos, para fenoles totales 45 °C y 
37 minutos y en flavonoides totales 43 °C y 38 minutos en 
los extractos etanolicos al 50%.

La Acanthophora spicifera que crece en Ecuador 
se extrajo una mayor cantidad de fenoles y flavonoides 
(60.24±0.129 µg GAE /mL y 85.41±3.53 µg QE /mL) en 
comparación con la que crece en India (0.87±0.10 µg GAE 
/mL y 25.7±0.6 µg QE /mL).

Los resultados obtenidos de este estudio muestran que 
A. spicifera debería tener una buena actividad antioxidante 
a pesar de un TPC relativamente bajo, pero se deben reali-
zar más análisis para identificar el perfil fenólico de los ex-
tractos, el efecto estacional sobre el contenido fitoquímico, 
así como su potencial biológico.
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Figura 5. Efecto de la 
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contenido de fenoles.

Figura 6. Efecto de la tempe-
ratura y el tiempo de extrac-
ción sobre el contenido de fla-
vonoides totales.
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Characterization of the microbial community associated with the roots of 
joyapa (Macleania rupestris) and the effect of fungal isolates on seedling 
development
Diana Curillo1*, Juan Manuel Cevallos-Cevallos2, Eduardo Chica1 and Denisse Peña1

Abstract: Macleania rupestris is a native Ericaceae with high potential benefits for health and the environment. 
Characterizing the interactions between M. rupestris and associated fungi is vital to supporting the plant's conservation 
and future domestication. However, little is known about the relationship between plant growth-promoting endophytes 
and M. rupestris. To learn more about the soil-associated microbiota of M. rupestris, we analyzed endophyte communities 
associated with the plant's rhizosphere and surrounding soil using nanopore sequencing. Additionally, fungal endophyte 
cultivable strains were isolated from the roots of M. rupestris to evaluate their growth-promoting activity on seedlings by 
applying a strain inoculation bioassay. Over 1000 genera were identified using nanopore sequencing, Bradyrhizobium 
and Mesorhizobium the most abundant in all samples analyzed. Similarly, six cultivable fungi were characterized by the 
molecular markers ITS (internal transcribed spacer) and LSU (large subunit). Amongst all isolates, Clonostachys rosea and 
Trichoderma paravidescens positively impacted seedlings' development. This study shows the potential of fungal strains 
as inoculants for the potential domestication of Macleania rupestris.

Key words: Endophyte, growth promoter, Macleania rupestris, microbial communities.
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Introduction
Ericaceae is considered one of the most prominent 

families of angiosperm, plants that include herbs, dwarf 
shrubs, shrubs, and trees commonly found in acidic and in-
fertile growing conditions1. In the Andean region of Ecuador, 
there is an excellent variety of Ericaceae used by rural and 
indigenous communities. Among them, Macleania rupestris, 
known locally as "joyapa" is a species of Ericaceae that pro-
vides fruits for human consumption in communities of the 
Andean region2,3. The Ericaceae family is one of the most 
representatives of the Ecuadorian Andean forests, mainly 
in the montane cloud forests, as well as in the paramo and 
sub-paramo regions4, where these plants play critical eco-
logical roles such as a water regulator, a food source for 
several birds species and other animals such as the Andean 
bear; and, in some cases, a source of income for the inha-
bitants of the region2. Additionally, M. rupestris have the po-
tential to be used in recovery projects for degraded areas5. 
Even though the importance of M. rupestris to its habitat, 
very little is known about the conservation and propagation 
of this species.

Mycorrhizal endophytic associations are complex fun-
gal-derived traits that help develop plant physiology6,7. In 
other Ericaceae species, various endophytes have been 
examined for their ability to produce growth-promoting me-
tabolites like those made by their hosts, but in more sig-
nificant quantities8,9. However, the information regarding 
these symbiotic associations in M. rupestris is minimal10, so 

a complete characterization of these fungal communities is 
required to know more about the conservation of M. rupes-
tris.

This study contributes to the knowledge of the com-
plex associations established by M. rupestris in the Andes 
of southern Ecuador. We set out to characterize the en-
dophytic communities of rhizospheric soil and soil surroun-
ding M. rupestris seedlings in specimens collected in three 
locations in the southern highlands of Ecuador province 
Azuay. To better understand the effect of endophyte fun-
gi, we isolated and identified cultivable fungal strains from 
M. rupestris roots to later evaluate their effect on the initial 
development of M. rupestris seedlings germinated under la-
boratory conditions.

Materials and methods 

Location and sampling
Three sampling points were established within the 

province of Azuay, Ecuador, in the parishes of Baños 
(2°57'25.1"S 79°05'46.8"W), Sayausí (2°51'12.5"S 79°06' 
10.4"W) and Sigsig (3°00'51.7"S 78°46'48.0"W), located at 
altitudes between 2900 and 3100 masl. The collected sam-
ples were processed in March 2021 at the Faculty of Agri-
cultural Sciences of the University of Cuenca as described 
below.
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Soil sample collection
The soil samples were collected from the roots of M. ru-

pestris, in the seedling stage, using the protocol described 
by Barrilot et al.11, which consists of digging an approximate 
depth of 30 cm to obtain the samples; approximately 200 
g of soil was collected. To get surrounding soil samples, 
part of the roots of the joyapa seedlings selected in the field 
were extracted and shaken vigorously for 10 min to collect 
the soil. Additionally, the rhizospheric soil samples were ob-
tained manually by removing the soil that remained atta-
ched to the roots of the seedlings. Separately collected soil 
samples from the surrounding soil were sieved and stored 
in plastic bags in the dark at approximately 4°C, using ice. 
All samples were transported to the laboratory and stored at 
-20 °C until analysis. 

DNA extraction from soils and metagenomic sequencing
To characterize the microbial community associated 

with the surrounding soil and rhizosphere of M. rupestris, 
Nanopore MinION Oxford sequencing was carried out12. 
DNA extraction was performed using 250 mg of soil, pre-
viously stored at -20 °C. The extraction was performed using 
the DNeasy PowerSoil Pro Kit (Qiagen, Hilden, Germany), 
according to the manufacturer's instructions. The quality 
and concentration of the DNA were evaluated using the Qu-
bitTM 4.0 fluorometer (Thermo Fisher Scientific, 2018).

Libraries for MinION sequencing were prepared using 
the 1D Ligation Sequencing Kit (SQK-LSK109), and the 
DNA from each sample was barcoded using the Native 
Barcode Expansion Kit (EXP-NBD103) (Oxford Nanopore 
Technologies, Oxford, UK)13,14. All kits were used following 
the manufacturer's instructions. The libraries were then se-
quenced in a MinION Mk1B for 6 hours using an R9 flow 
cell. Data was processed using the Oxford Nanopore Te-
chnology (ONT) cloud-based pipeline EPI2ME (WIMP rev. 
3.2.3) workflow for WIMP (what is in my pot) analysis to ob-
tain the microbial community information down to the genus 
level as well as some species.

Statistical analysis
The α diversity of the community was estimated using 

the indices of Shannon, Simpson and Chao1. Beta diversi-
ty was estimated using Bray-Curtis dissimilarity, employing 
the verdict function of the vegan package in R. Then, per-
mutational multivariate analysis of variance (PERMANOVA) 
was used to compare the microbial community structure be-
tween surrounding and rhizospheric soil; this was done with 
999 permutations using the adonis function from the vegan 
package in R. 

Isolation of endophytic fungi
M. rupestris roots previously collected and stored at 4 

°C were disinfected by washing with running water, then im-
mersed in a 70 % (v/v) ethanol solution for 1 min, followed 
by a 1.5% sodium hypochlorite solution for 5 minutes. Fi-
nally, the roots were rinsed three times with sterile distilled 
water10. Then, a fragment of approximately 3 cm of the dis-
infected root was placed in a sterile Petri dish and cut into 
small pieces with the help of tweezers and a scalpel. Sterile 
FIM culture medium (Fungi Isolation Medium) was added to 
the fragments obtained. The Petri dishes were then closed 
and kept at room temperature (around 20 °C) for 96 hours, 
observing the emergence of hyphae daily and transferring 
them to PDA medium (potato dextrose agar) for further de-

velopment; PDA petri dishes were incubated at room tem-
perature for 5 days. Fully grown fungi were classified accor-
ding to color and appearance10,15.

DNA extraction from isolated fungal strains
Genomic DNA extraction was performed by adding 500 

µl of TE buffer pH 8.0 to 50 mg of mycelium collected from 
the PDA culture dishes, then centrifuging at 15,000 rpm for 
5 min and removing the TE buffer, adding 300 µl of extrac-
tion solution (200 mM Tris HCl pH 8.5, 250 mM NaCl, 25 
mM EDTA 0.5% SDS). The mycelium was then ground in a 
TissueLyser II (Qiagen) with metal beads for 3 minutes, and 
150 µl of 3 M sodium acetate, pH 5.2, was added. The sus-
pension was then incubated at -80°C for 10 minutes, thawed 
and centrifuged (Eppendorf Centrifuge 5430 R) at 15,900 x 
g for 5 min. The supernatant was transferred to another test 
tube, and an equal amount of isopropanol was added. After 
5 min of incubation at room temperature, the supernatant 
was combined with 300 µl of 70% ethanol and centrifuged 
at 15,900 x g for 15 min to perform a wash16. Electrophore-
sis was performed on a 1.5% agarose gel using ethidium 
bromide to visualize the extracted DNA. To analyze DNA, 
2µl of the sample was read through a spectrophotometer 
(Epoch Biotek Instruments) to determine DNA quantity and 
quality.

Identification of isolated fungal strains
From the extracted DNA, a fragment of the ITS region 

was amplified using the primers ITS1 (5'-TCCGTAGGT-
GAACCTGCGG-3') and ITS4 (5'-TCCTCCGCTTA TT-
GATATGC-3')17 as well as the large subunit (LSU) region 
using the primers LR0R (5'-ACCCGCTGAACTTAAGC-3') 
and LR3 (5'-CCGTGTTTCAAGACGGG-3')18. The amplified 
fragments were sequenced by an external service provider 
(Macrogen Inc., South Korea) and then compared to the 
NCBI (National Center for Biotechnology Information) Gen-
Bank database using BLAST19. The identity of each isolate 
was assigned based on the percentage of similarity with the 
sequences found in the GenBank database. 

Germination of seeds and obtaining seedlings
Ripe fruits of M. rupestris were collected between the 

months of January - March. Fruit disinfection was carried 
out in a laminar flow hood, for which the fruits were immer-
sed in a 70% (v/v) ethanol solution for 1 min and then in a 
sodium hypochlorite solution (3.5%) for 10 min. Finally, the 
fruits were rinsed three times with sterilized distilled water20. 
The seeds were then extracted with the help of a syringe 
needle and placed in a 2000 ppm AG3 (gibberellic acid) so-
lution for 24 h at 20 ºC.

Subsequently, the seeds were placed in a 9-cm diame-
ter Petri dish with filter paper and sterile distilled water for 
8 weeks to germinate and obtain seedlings. The seedlings 
were placed in sterile peat for the inoculation tests using the 
fungi previously isolated from the roots of M.rupestris. 

Inoculation of fungal strains in M. rupestris seedlings
A total of six isolated fungi were selected to evaluate 

their effect on the initial development of M. rupestris seed-
lings. After two weeks of adaptation of the seedlings in the 
sterile peat, the inoculation of the different strains of isolated 
fungi was carried out, for which a solution prepared with 
half a Petri dish of mycelium diluted in 250 ml of sterile dis-
tilled water was applied21.The seedling growth assay was 
carried out under controlled conditions in a growth room for 
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90 days under a photoperiod of 16 hours of light and 8 hours 
of darkness at 25 ± 2ºC with 10 individual seedlings for each 
isolated endophytic fungus and the non-inoculated control 
group. All seedlings were treated with conventional organic 
fertilizer with nutrient solution and then inoculated with fungi 
isolates except for the control group. The number of roots 
and the height of the seedlings were recorded 90 days after 
inoculations. Plant height was measured from the soil surfa-
ce to the tip of the stem. Plant growth data were subjected 
to one-way ANOVA (α = 0.05)22.

Results

Microbial communities present in the surrounding and 
rhizospheric soil of M. rupestris

From the two samples collected (1 surrounding and one 
rhizospheric), for each of the 3 sampling points, communi-
ty compositions indicated the presence of 4 kingdoms, 40 
phyla, 83 classes, 175 orders, 366 families, 1090 genera 
and 3151 species in the rhizospheric soil samples and for 
the surrounding soil, 4 kingdoms, 36 phyla, 72 classes, 156 
orders, 330 families, 894 genera and 2432 species were 
found. It was observed that a total of 15 phyla belonging to 
the bacteria kingdom presented a relatively high abundan-
ce, greater than 1%, in the rhizospheric and surrounding 
soil samples. According to the data obtained, the Bacteria 
kingdom was the most abundant, constituting 96% of the to-
tal readings. The Fungi kingdom only included 4%, of which 
none was categorized as an endophyte.

When analyzing the diversity index (Shannon), domi-
nance index (Simpson) and richness index (Chao1) for the 
bacterial communities in the surrounding and rhizospheric 
soil, it's evident that there is greater diversity in the rhizos-
pheric soil of M. rupestris compared to the surrounding soil 
samples (Figure 1). It was also found that the structure of 
the microbial community differed from the type of soil sam-
pled (rhizospheric/surrounding), observing an increase in 
the distance (Bray – Curtis, p = 0.03) between the rhizos-
pheric and surrounding soil samples. (PERMANOVA Shan-
non, p = 0.05, PERMANOVA Simpson, p = 0.02, PERMA-
NOVA Chao1, p = 0.01).

Comparing the rhizospheric soil samples with the su-
rrounding soil samples, the dominant genera (average rela-
tive abundance > 1%) in all samples were Bradyrhizobium 
(16%), Pseudomonas (4.7%), Sphingomonas (3.3%), Me-
sorhizobium (3 %), Burkholderia (2.8%), Variovorax (2.5%), 
Paraburkholderia (2.7%),) and Rhodopseudomonas (1.4%). 
The relative abundance of Bradyrhizobium and Burkholde-
ria in the rhizosphere soil was like the composition of the 
surrounding soil (Figure 2).

Isolation of cultivable fungi
A total of 12 fungal strains were isolated from the roots 

of M. rupestris. Fungal strains with similar morphotypes 
were present in most of the cultivated roots, which is why 
they were grouped according to their morphology (color, 
shape, and growth time) in a total of six morphotypes, which 
were used in the subsequent identification and molecular 
analysis (Figure 3). 

Characterization of the microbial community associated with the roots of joyapa (Macleania rupestris) and the effect of fungal isolates on seed-
ling development

Figure 1. Alpha diversity indices (Chao1, Shannon and Simpson). R = rhizospheric soil C = surrounding soil.
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Of the six strains of isolated fungi, 3 belonged to the 
genus Trichoderma, and included T. paraviridescens, T. vi-
ridescens, and T. atroviridae. Additionally, two strains were 
within the Fusarium genus, and included F. asiaticum and F. 
graminearum, and finally, a Clonostachys rosea isolate was 
obtained. All species shared a 99% similarity to those from 
Genebank  (Table 1).

Inoculation of cultivable endophytic fungi in M. rupestris 
seedlings

After 90 days, plants inoculated with Clonostachys ro-
sea presented the best results in their development, eva-
luated by the number of leaves and the height of the seed-
lings. The seedlings exhibited better development than the 
control group seedlings (Figure 4a). As for the number of 
leaves, the average was of 8 per seedling and 6.5 cm in 
height, unlike the control group, which presented standards 
of 5 leaves per seedling and 2 cm in height (Figure 4b,c). 
The results were similar to the seedlings inoculated with T. 
paraviridescens, which registered 7 leaves and an average 
size of 5 cm (Figure 4b,c). Except for T. viridescens, all the 
fungal strains influenced the development of the seedlings, 
surpassing the control treatment in height, however concer-
ning the number of leaves, in addition to C. Rosea and T. 
paraviridescens, only T. viridescens, slightly outperformed 
the control group.

Discussion

Microbial diversity present in rhizospheric and surrounding 
soils of M. rupestris

Soil microorganisms play a critical role in regulating soil 
fertility and plant health30. We are beginning to understand 
how soil microbial diversity varies worldwide and how this 
diversity is related to the physical, chemical, and biological 
characteristics of ecosystems31. The study carried out in the 
surrounding and rhizospheric soil of M. rupestris showed 
that the diversity of microbial communities could vary sig-
nificantly concerning the proximity to the root. The meta-
genomic analysis of the surrounding and rhizosphere soil 
samples obtained a higher abundance of bacterial com-
munities than fungal communities. This can happen due to 
several factors, such as changes in the types and amounts 
of organic carbon in the soil32,33. Although fungi and other 
eukaryotes may represent a large part of the soil microbial 
biomass, their representation in the metagenomic data ob-
tained was low. A similar pattern has been observed in com-
parable shotgun metagenomic datasets obtained from other 
soils34,35 and is most likely a product of many eukaryotic taxa 
(including fungi), which have a much lower ratio of rRNA 
gene copies per unit biomass than bacterial cells35.

Analyzing the bacterial communities obtained, we find 
that bacteria belonging to the genera Bradyrhizobium, Pseu-

Figure 2. Relative abundance of identified genera for each soil sample. The EPI2ME WIMP workflow analyzed reads. 
Bacterial genera contributing more than 0.5% of the classified reads are shown. R = rhizospheric soil C = surrounding soil.
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domonas, Sphingomonas, have been previously shown to 
be the most abundant taxa in the rhizosphere and endos-
phere of plants24,36. Therefore, the same taxa are expected 
to be the most productive in the analyzed samples.

Actinobacteria are a species and class of Gram-positi-
ve bacteria and are the group with the highest representa-
tion in surrounding soils and the second most represented 
in rhizospheric soils. This taxon is particularly interesting for 
its wide biotechnological potential37. Actinobacteria in soils 
have capacities for mutualism, symbiosis and pathogene-
sis38.

The most abundant genera within the samples are Br-
adyrhizobium, Pseudomonas, and Sphingomonas. Brad-
yrhizobium spp. is an agronomically crucial gram-negative 
bacterium capable of forming root nodules and fixing atmos-
pheric nitrogen39. Bradyrhizobium species produce auxins, 
cytokinins, abscisic acid, vitamins and riboflavin, which sti-
mulate plant growth40. Pseudomonas are important bacteria 
in agriculture and have been shown to promote growth and 
protect plants from pathogens41 and are part of the core mi-
crobiome of many plants42. These genera present in the soil 
samples are essential because they are involved in plant 
growth, which is of utmost importance for the propagation 
of M. rupestris.

Inoculation of plants with isolated fungi
Endophytic interactions are a complex matrix of sym-

biotic functions between the host plant and its microbiome. 

For several years, many endophytic communities and their 
vital role in the development and growth of Ericaceae have 
been studied23,24. In the inoculation test of endophytic fungi 
in M. rupestris plants, C. rosea presented favorable results 
in terms of seedling development. C. rosea is reported as an 
endophytic fungus for various plants such as corn25, wheat26 
and blueberry27. It has been reported as a promoter of seed 
germination and helps plants such as blueberry plants to 
resist extreme environmental factors like major droughts27. 
C. rosea has also been reported as a biological controller of 
Botrytis cinerea in tomato plants28.

Among the isolated fungi, 3 species of Trichoderma 
were also found, which also presented favorable results in 
terms of the number of leaves per plant and plant height; 
this can be attributed to the fact that fungi of the genus Tri-
choderma produce glucanases, chitinases and proteases, 
enzymes that break down the components of the cell wall 
chitin, polysaccharides and β-glucans, facilitating the obtai-
ning of nutrients for plants28. Trichoderma paraviridescens 
is also used in crops as growth promoters or for seed ger-
mination29.

The results obtained show that the fungi isolated from 
the roots of M. rupestris did help the leaf development and 
height of seedlings. C. rosea was one of the fungi with the 
greatest potential to be used in future studies, with M. ru-
pestris as a growth promoter.

Further research is needed to assess the role of bacte-
ria isolates in seedlings and plants of M. rupestris.  

Figure 3. Fungal strains isolated from M. rupestris roots. a.) Fusarium asiaticum b.) Trichoderma paraviridescens c.) 
Clonostachys rosea.

Table 1. Search closest matches 
of fungal isolates against NCBI 
Genbank databases.

Characterization of the microbial community associated with the roots of joyapa (Macleania rupestris) and the effect of fungal isolates on seed-
ling development
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Conclusions
This study is the first to analyze the diversity of micro-

bial communities present in the surrounding and rhizosphe-
ric soil of M. rupestris using metagenomic analysis. The 
data obtained provide information on the microbial distribu-
tion in M. rupestris plants and the dominant genera present 
in the development of the plants, the most prominent groups 
being Bradyrhizobium, Proteobacteria and Actinobacteria. 
In conclusion, the rhizospheric soil of M. rupestris has grea-
ter microbial diversity than the surrounding soil and a large 
part of the microbial community is recurrent for these plants, 
even though they come from different sites, which could in-
dicate a close interrelationship and/or dependence between 
these plants and some of the microorganisms with which it 
is associated.

The treatments that were inoculated with fungal stra-
ins isolated from the roots of plants of the same species 
showed more significant growth than the control treatment, 
and even though the effect regarding the number of leaves 
was not higher in all cases than the control treatment, it can 
be evidenced the importance of microbial associations in 
the development of M. Rupestris seedlings, highlighting the 
effect of C. rosea and T. paraviridescens.
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Antibacterial effect of Cannabidiol oil against Propionibacterium acnes, 
Staphylococcus aureus, Staphylococcus epidermidis and level of toxicity 
against Artemia salina
Grace Pila*, Danny Segarra and Marco Cerna

Abstract: Acne is one of the most common skin pathologies; one of the causes is Propionibacterium acnes, an anaerobic 
and gram-positive microorganism that lives in the hair follicles of the skin and currently presents resistance to antibiotic-
based treatments; this research topic has the purpose of evaluating the antibiotic activity of Cannabidiol oil against 
Propionibacterium acnes, Staphylococcus aureus and Staphylococcus epidermidis and the level of toxicity against Artemia 
salina. For the methodology, antibiograms were used by the Kirby-Bauer method, where the concentrations were evaluated: 
0,8 %; 0,6 %; 0,4 %; 0,3 % and 0,1 %; Amoxicillin for positive control and Dimethyl sulfoxide (DMSO) for negative control; 
the percentage of inhibition against Propionibacterium acnes and two control bacteria were calculated: Staphylococcus 
aureus and Staphylococcus epidermidis. Once the percentage of inhibition was tested, a toxicity study was carried out 
against Artemia salina to determine its LD50. The Cannabidiol oil obtained from the Ecuadorian company was used as the 
antibiotic agent to be evaluated, and it was found that at a concentration of 0,8%, it presented a percentage of inhibition 
of 91,2 %; 98,7 % and 93,6 % against Propionibacterium acnes, Staphylococcus aureus and Staphylococcus epidermidis, 
respectively, data that do not present a significant difference against Amoxicillin; for the Artemia salina test, an LD50 of 
4,8 % was obtained; taking into account that the commercial oil has a presentation of 1,6 % (500 mg/30 mL), it results 
in a relatively innocuous product. Thus concluding that Cannabidiol oil is a very promising antibiotic due to the inhibition 
percentages presented and low toxicity.

Key words: CBD, antibiograms, bioassay, LD50.
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Introduction
The use and abuse of antibiotics, not only in Ecuador 

but worldwide, is a fashionable and controversial topic; due 
to the efforts made by professionals, this is a practice that 
continues to leave in its wake several severe and irreversi-
ble consequences. one of them is the bacterial resistance 
acquired by microorganisms to antibiotics. Several resistan-
ces of Propionibacterium acnes have been reported over 
the years, as is the case of Clindamycin and Erythromycin, 
which were reported in 1979, and later in 1983 the first re-
sistance to tetracycline was reported10.

It has been reported in patients with severe acne that 
70% of them present high biofilm formation and multi-re-
sistance of Propionibacterium acnes to various antibiotics. 
For this reason, it is interesting to use new alternatives. It 
has been reported in patients with severe acne that 70% 
of them present high biofilm formation and multi-resistance 
of Propionibacterium acnes to various antibiotics. For this 
reason, it is interesting to use new alternatives against Pro-
pionibacterium acnes; it has been reported in studies5,11 that 
Cannabidiol works excellent with biofilms of gram-positive 
microorganisms; therefore, studying the effect of Cannabi-
diol against Propionibacterium acnes is promising.

Materials and methods 
Cannabidiol oil was obtained from an Ecuadorian com-

pany in a 500 mg/30mL presentation. The bacterial strain of 
Propionibacterium acnes ATCC 11827, Staphylococcus au-
reus ATCC 29213, and Staphylococcus epidermidis ATCC 
14990 were obtained from the Cryobank of the Life Scien-
ces Laboratories of the Salesian Polytechnic University. 
The manual described by (20) was used as a reference, 
and the tubes containing the bacterial beads were thawed 
with a punch to perform the striation in triplicate throughout 
the petri dish.

The recommendations of (7) were followed to prepare 
dilutions with oils and dimethyl sulfoxide. Five oil-based di-
lutions were prepared at concentrations of 0.1 %; 0.3 %; 0.4 
%; 0.6 %, and 0,8 %, whose solvent was DMSO; the final 
volume for each dilution was 5 mL in every amber bottle.

A commercial antibiotic (Amoxicillin) was taken as 
a positive control, a beta-lactam antibiotic used for both 
gram-positive and gram-negative bacteria, due to its broad 
spectrum of bacterial activity1. This antibiotic is used for an-
tibiotic testing in the Staphylococcus and Propionibacterium 
families because of their sensitivity to its compounds8,10.
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P. acnes was incubated in TSB medium under anae-
robic conditions at 35 °C for 16 hours, for S. aureus and S. 
epidermidis were incubated in TSB medium at 37 °C in an 
incubator.

After the established time passed, it was centrifuged at 
350 rpm for 20 minutes, the supernatant was discarded in 
a beaker with alcohol, the bottom of the bacterial biomass 
was conserved, sterile saline was added to each tube, and 
vortexed for 2 minutes until reaching the 0,5 McFarland sca-
le and read in the JASCO V-730 spectrophotometer with the 
spectra manager TM software until reaching an absorbance 
of 0,200 at 655 nm, obtaining an inoculum of 106 CFU/mL.

500 µL of bacterial inoculum was taken and dropped 
in the center of the Petri dish with Muller Hinton15. One disc 
of antibiotic Amoxicillin was placed as the positive control, 
one blank disk with DMSO as the negative control and 5 
blank discs with the respective dilutions from Cannabidiol 
oil, which would be at concentrations of 0,1 %; 0,3 %, 0,4 
% 0,6 % and 0,8 % in a volume of 20 µL. Petro dishes with 
S. aureus and S. epidermidis were placed in an incubator at 
37°C for 24 hours; P. Acnes was incubated in anaerobiosis 
at 35 °C.

When the time of 24 hours in the incubator for S. au-
reus, S. epidermidis and P. acnes had passed, each Petri 
dish was checked with a caliper ruler.

The percentage of inhibition of each bacterium concer-
ning each concentration was calculated using the following 
reference formula (1) from9.

7 grams of A. salina eggs were obtained from a com-
mercial house, 2 g of egg were weighed, hydrated for 30 
min with distilled water, then 25 mL of sodium hypochlorite 
were added (4 replicates); the eggs were recovered and rin-
sed with distilled water. For the incubation, a 3-liter bottle 
was used, 1500 mL of 2 % saline water was added, pH 8, 
temperature 24 °C and constant aeration for 48 hours22.

To make the emulsions with Cannabidiol (CBD) oil, a 
1:1 ratio of oil and tween 80 was used as a co-emulsifier 
used in the cosmetic and food area due to its low toxicity 
level and according to work carried out by (15) it is consi-
dered innocuous with Artemia. Cannabidiol oil was used to 
obtain emulsion at 3.2 %; 1.6 %; 0.8 %; 0.4 %, and 0.2 %, 
with which we worked in test tubes with A. salina to deter-
mine the LD50.

After 24 hours of incubation, dead nauplii were counted 
using a NIKON SMZ745 stereoscope, where those that did 
not show any seconds were considered dead

Results
The percentage of inhibition for P. acnes is 91.2% at 

a concentration of 0.8% of Cannabidiol oil, which gives a 
high percentage of inhibition compared to a commercial an-
tibiotic, Amoxicillin, supporting inhibition compared with a 
commercial antibiotic, Amoxicillin, supporting the alternative 
hypothesis showing that Cannabidiol oil inhibits P. acnes.

A Tukey study showed an essential group of data, 
in which their averages are not significantly different; the 
group is formed by the positive control (commercial antibio-
tic), CBD5 (0.8% Cannabidiol oil).

The concentration of Cannabidiol oil at 0.8 % has an in-
hibition percentage of 98.7 %, a value very close to the posi-
tive control, which was the commercial antibiotic Amoxicillin.

A Tukey test proved that there is a group of interest 
where their averages are not significantly different; the 
group is formed by the control + (antibiotic Amoxicillin) and 
CBD5 (0.8% Cannabidiol oil).

The results show that the percentage of inhibition for S. 
epidermidis with 0.8 % oil was 93.6 %, affirming the alter-
native hypothesis on the inhibition of Cannabidiol oil against 
S. epidermidis.

The Tukey test shows a critical group where the posi-
tive control (Amoxicillin) and CBD5 (0.8 % Cannabidiol oil) 
are grouped. As a result, we would obtain that the 0.8 % 
Cannabidiol oil is similar in inhibition to the positive control 
(Amoxicillin), supporting the alternative hypothesis that the-
re is at least one concentration that inhibits S. epidermidis.

Toxicity test
Dilutions of cannabidiol oil were made at intervals of: 

3.2 %; 2.8 %; 2.4 % 2.0 %. In order to determine the lethal 
dose, a linear regression was performed, and an LD50 of 
4.86 % (48 mg/mL) was obtained.

Formatting of Mathematical Components
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Table 1. Determination of the 
antibiotic activity of Cannabi-
diol oil against P. acnes.

Table 2. Determination of the 
antibiotic activity of cannabi-
diol oil against S. aureus.

Table 3. Determination of the 
antibiotic activity of cannabi-
diol oil against S. epidermi-
dis.
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Discussion
Following the studies of (18) where he mentions that Can-

nabidiol has a potential antimicrobial activity against gram-po-
sitive bacteria, such as P. acnes, with which using it could be 
beneficial for the treatment of acne vulgaris. Cannabidiol has a 
potential role as an antimicrobial agent22; it was demonstrated 
through clinical studies that Cannabidiol oil acts on sebocytes, 
thus having an anti-acne function, controlling sebum produc-
tion, mitigating the inflammatory process and functioning as a 
bactericidal agent by reducing bacterial proliferation4,21.

Cannabidiol oil inhibits S. aureus; the results obtained 
by (2) can be compared with those of this work since Can-
nabidiol, one of the main cannabinoids of the plant, showed 
potent activity against the strain S. aureus.

The results obtained from the test with S. epidermidis 
can be compared with the study conducted by (19), where 
the mechanism of action of Cannabidiol in causing the dea-
th of gram-positive bacteria was evaluated due to the ability 
of this compound to inhibit the release of vesicles from the 
bacterial membrane; these vesicles are extremely important 
for cell communication and pathogen-host interaction.

In the negative control of the toxicity test with Artemia 
salina, saline water was used, and there was no dead indi-
vidual, so the test is validated as there are no natural factors 
that can kill the study individuals, as indicated by (13,24); 
the percentage of mortality in the negative controls did not 
exceed 10 %. In the positive control, where 96% alcohol 
was used, it was confirmed as an adequate positive control 
since the death of the individuals in the study was approved, 
as indicated by the study of (23).

The use of Cannabidiol oil at concentrations from 2 % 
onwards gradually increases the number of dead A. sa-
lina14. A plant oil, when exceeding an LC50 of 1000 ppm 
in bioassays with A. salina does not have a high degree 
of toxicity due to the ability of the nauplii to present a very 
thin cuticle, which makes them sensitive to toxicants in the 
medium, which penetrate through the physiological barriers 
and are rapidly absorbed6,25.

Conclusions
The valued Cannabidiol oil was obtained from an Ecua-

dorian company, which presents a concentration of 500 
mg/30mL. Evaluation by means of the HPLC technique.

Cannabidiol oil showed antibacterial activity with halo 
averages of 1.8 cm, 1.7 cm and 1.8 cm for Propionibac-
terium acnes, Staphylococcus aureus and Staphylococcus 
epidermidis, respectively, at a concentration of 0.8 %, com-
pared to the control antibiotic (Amoxicillin) with 2 cm of halo, 
using the statistical analysis it was possible to reject the null 
hypothesis and accept the alternative since Cannabidiol oil 
inhibits Propionibacterium acnes, Staphylococcus aureus 
and Staphylococcus epidermidis with the proposed concen-
trations. Likewise, the alternative ideas for the analysis of 
variance and Tukey are accepted; at least one degree of 
concentration of Cannabidiol oil inhibits the 3 bacteria with 
a similar effect to Amoxicillin. At the end of the experimental 
work, it was concluded that the results obtained under the 
laboratory test show that the use of Cannabidiol oil is effec-
tive for the control of the mentioned bacteria, and it is a pro-
mising field for the possible elaboration of phytoproducts for 
human use in order to improve and provide all the benefits 
offered by Cannabidiol oil.

For the toxicity bioassay where Artemia salina was 
used, an LD50 value of 4.8 % was obtained, which showed 
that the commercial Cannabidiol oil in a 500 mg/30mL pre-
sentation, equivalent to 1.6 %, is a relatively innocuous pro-
duct at the highest concentration and non-toxic at deficient 
concentrations. Although at higher concentrations, survival 
may be negatively affected by swimming problems, the 
results confirmed the alternative hypothesis that the con-
centration of Cannabidiol oil is directly proportional to the 
percentage of mortality of Artemia salina.
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Abstract: Fermentation of agave sap, also known as exudate, has become an ancestral practice throughout Ecuadorian 
Andean. In Cayambe, located in this region, grows Agave americana L., which is recollected, and its sap is fermented. The 
agave-based fermented beverage, locally named "tzawar mishki", exhibits variable features, mainly ethanol concentration. 
In this work, fermentation conditions of agave sap were studied to enhance ethanol yield. Two thermal treatments for 
raw exudate were evaluated, pasteurization at boiling point for 30 minutes and sterilization at 121°C for 15 minutes; 
fermentation temperature, 30°C and room (around 18°C); and two yeast strains. Thermal pretreatments have a positive 
impact on reducing sugars and sucrose concentration. In the first case, an increase of 76 % and 30 % has been reported, 
while sucrose concentration quadrupled and doubled in pasteurized and sterilized samples, respectively. The highest 
ethanol concentration (63,31 g/L) and the best yield (66,21 %) were accomplished through agave sap pasteurized and 
fermented for 96 hours at 30°C. Negligible differences have been evidenced in ethanol and other volatile compounds 
content between the two yeast strains evaluated.

Key words: Agave sap, ethanol, fermentation, fermentable sugars, yeast.
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Introduction
Agave (Agave americana L.), also known as Penco, 

Cabuya or Tzawar, is an endemic multipurpose vegetable 
specie that likely grows in arid lands of low fertility1,2. One 
of its primary uses relies on the agave sap called "tzawar 
mishki", here in after also called exudate, produced at the 
plant's optimum ripening point. Cutting the flower buds and 
drilling a bore in the central stem of the agave promotes 
exudate generation3,4. The composition of agave sap inclu-
des water, sucrose, fructose, glucose, proteins, and mine-
ral salts. Sugars represent 75% of dry matter, within which 
10% are fructooligosaccharides (FOS)5. Therefore, this sap 
becomes a suitable raw material for fermented beverages 
such as Guarango in Ecuador, Pulque in Mexico, and other 
distilled spirits6,7. Fermentation of agave sap from Mexico 
has been widely investigated even for optimizing operating 
conditions8,9.

Although fermentation practices have spread across 
the Ecuadorian Andean region, few studies approach the 
technical aspects of Guarango production6. Agave sap fer-
mentation carried out under non-controlled and non-asep-
tic conditions leads to the rise of the microbial population 
throughout the collection, transport, and treatment stages. 
Frequently, as the original microbiota of gathered exudate 
turns into the inoculum, it results in 24 to 96 hours of spon-
taneous fermentation10. Low replicability due to significant 
variations is reflected in ethanol concentration, volatile com-
pounds occurrence, and ultimately different sensory attribu-
tes for the beverage. Hence, a standardized product requi-
res controlled operating conditions highlighting temperature 
and yeast strain11,12.

Temperature directly influences yeast growth and, thus, 

the satisfactory performance of the fermentation process. 
Below 18°C lag phase extends, and the specific growth 
rate decreases. The election of a commercial yeast averts 
fermented product alterations and reduces the antagonistic 
interaction between endemic microorganisms in raw agave 
sap11,12. Likewise, thermal pretreatment promotes modifica-
tions in the chemical composition of agave sap, referring to 
sugar composition, where higher sucrose concentration is 
evidenced after the sterilization process13. This study aims 
to determine operating conditions for agave sap fermenta-
tion related to thermal pretreatment, yeast strains and tem-
perature to achieve a standardized beverage at an optimum 
ethanol yield.

Materials and methods 

Sample collection and treatment
The exudate from Agave americana L. was collected 

in Cayambe city, located northeast of Pichincha province, 
Ecuador. Samples were filtered through a strainer, stored at 
4°C and transported in sterile containers before a comple-
mentary filtration with a baghouse filter. Then, two thermal 
treatments were conducted, sterilization at 121°C for 15 
minutes and pasteurization at boiling point for 30 minutes. 
Raw agave sap and treated samples were frozen at -14°C 
for physicochemical characterization..

Physicochemical analysis
For untreated and thermally treated agave sap and fer-

mented samples drawn every 24 hours, the concentration of 
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total sugars, reducing sugars, soluble solids, glucose, fruc-
tose, sucrose, ethanol, and optical density (600 nm) was 
determined. In the fermentation case, the concentration of 
glucose, fructose, sucrose, and pH was measured only in 
the final product.

For total sugars, 10 μL of 80% wt. The phenolic solution 
was blended with 200 μL of the sample, then 1000 μL of 
sulphuric acid 96% was added with agitation and left for 10 
minutes at room temperature. Later, the temperature rise to 
25 °C for 10 minutes and absorbance was measured at 490 
nm14. For reducing sugars, 250 μL of 3,5-dinitrosalicylic acid 
(DNS) was blended with 500 μL of sample and placed in a 
water bath at boiling point for 15 minutes. Then, 900 μL of 
distilled water was added to 100 μL of the solution to cool 
down, and absorbance was measured at 540 nm15.

Soluble solids content and pH were determined by 
AOAC 932.14 (C) and AOAC 981.12, respectively. Glucose, 
fructose, and sucrose concentration were quantified throu-
gh a commercial enzymatic kit (Sucrose/D-Fructose/D-Glu-
cose Assay Kit–Megazyme). Likely, ethanol concentration 
by means of a commercial enzymatic kit (Ethanol Assay Kit 
– Megazyme, AOAC Method 2017.07).

Yeast strains
Two Saccharomyces cerevisiae strains were used. A 

commercial fructophilic yeast for agave fermentation (Dis-
tillaMax® TQ – LALLEMAND), and a commercial baker's 
yeast (LEVAPAN).

Fermentation
Laboratory fermentations were performed in tubes 

holding 40 mL of agave exudate thermally treated, which 
were inoculated with pre-activated yeast, as specified by 
providers, at an initial OD600nm of 0,5. Fermentation tubes 
were covered with a cork stopper coupled with an air trap. 
Experiments were performed at 30 °C and room tempera-
ture (approximately 18 °C) without agitation. A total of eight 
treatments were conducted and identified, as shown in Ta-
ble 1.

Results and discussion

Thermal pretreatment effect
The physicochemical evaluation of raw and thermally 

treated agave sap is shown in Table 2. Measured and theo-
retical ethanol concentration and the final to initial volume 
ratio after thermal treatment are also displayed.

After thermal treatments, results reveal a modification 
in sugar concentration, particularly in reducing sugars and 
sucrose. Figure 1 and Table 2 exhibited a slight variation 
in glucose concentration and a non-significant difference 
in fructose concentration when applied thermal treatments 
were. On the other hand, pasteurization increases sucrose 
concentration four times, while sterilization doubles it. This 
trend is primarily due to a high concentration of inulin and 
another fructooligosaccharide (FOS), usually part of raw 
agave sap. As thermal treatments are implemented, these 
carbohydrates could hydrolyze to monosaccharide or ano-
ther oligosaccharide of lesser polymerization degree4,16,17.

A noted increase in sucrose concentration from 1,66 
g/L to 41,39 g/L was demonstrated when Agave salmiana 
exudate was heated up at 121°C for 15 minutes. The hy-
drolysis of fructans such as inulin with β- (2-1) bonds and 
levan with β- (2-6) is a likely cause13. Nevertheless, since 
the wide variety of oligosaccharides form different agave 
species, it is not feasible to grant inulin as the main hydroly-
zable polysaccharide in agave18. Likewise, an increment of 
reducing sugars up to 46% has been reported after thermal 
treatments13, which exceeds the increase of 30% reached 
in this work by means of sterilization. This variation could 
respond to the polymerization degree in sugars forming the 
samples. Moreover, fructans' structure and concentration 
are shifting since they mainly depend on environmental 
conditions and the plant's age4,17.

A higher increase in total sugar concentration is evi-
denced after pasteurization due to the thermal hydrolysis 
of fructans and FOS forming agave sap. Also, water evapo-
ration produced over 30 minutes of thermal treatment rai-
ses soluble solids in the sample. An increment of reducing 
sugars up to 63% has been stated when Agave americana 
L. sap is pasteurized at 80 °C for 30 minutes19. Primary out-
comes are considerably lower than the 76% achieved in the 
present work.

The physicochemical composition of agave sap is also 
influenced by environmental factors as well as earlier fer-
mentation processes in plant hollows as a result of multi-
ple recollections throughout the day as common practice13. 
This statement has been validated since sugar composition 
strongly changes throughout the day; thus, fructan content 
at first recollection is significantly higher than 7 hours la-
ter20. Such variability in the initial composition of agave sap 
encourages standardization and industrialization employing 
dilution or concentration after thermal pretreatment.

The relevance of thermal pretreatments relies on fruc-
tans hydrolysis to get free sugars and initial microbiota 
reduction. Therefore, inoculation with commercial yeast 
strains is feasible after pasteurization or sterilization of aga-
ve sap. Native microbiota of Agave americana sap mainly 
comprises yeast (particularly Saccharomyces and Kluyve-
romyces species), lactic acid bacteria (LAB), and exopoly-
saccharides (EPS) producer bacteria14,21. This microbiota 
combination advocates much more complex fermented pro-
ducts with significant variability within batches referred to 
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Table 1. Experimental design for laboratory fermentations.

Volatile compounds determination
Methanol, n-propanol, ethyl acetate, and furfural were 

determined by GC using Agilent 7890A equipment fit in with 
a flame ionization detector (FID), Elite-volatiles column of 
30 m length, 0,32 mm inner diameter, and 1,8 μm film thick-
ness. Automatic injections of 0,5 μL were conducted with a 
75:1 split at 220 °C. The column temperature was kept at 45 
°C for 14 minutes. Helium was managed as the carrier gas 
at 6,5 mL/min. The FID detector was operated at 260 °C.

Statistical analysis
Analysis of variance (ANOVA) was managed by the sof-

tware Statgraphics Centurion 19. Multiple range Fisher test 
was conducted for comparisons within individual assays. 
Mean differences were considered significant at p ≤ 0,05.
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Table 2. Physicochemi-
cal composition of raw 
and thermally treated 
agave sap.

Figure 1. Glucose, fructose, and sucrose concentration for raw, pasteurized (P), sterilized (S) agave sap and for final 
fermented products (T1 – T8).
as ethanol concentration and organoleptic features. In this 
context, thermal treatments likely reduce heterogeneity in 
the final outcome of fermentation.

Fermentation
For each set of fermentation conditions, pH decreases 

to approximately 5 despite temperature and yeast strain. 
Concerning fermentation kinetics, Figure 2A reveals that at 
30 °C stationary phase was achieved after about 48 hours, 
while maximum OD was evidenced after 96 hours at room 
temperature. At 18 °C fermentation process slows down re-
gardless of yeast strain whenever it is a commercial one22.

Despite the fact that more than 90% of total sugars 
were consumed in all treatments (except T1 and T5), the 
consumption rate was significantly different. Figure 2B de-
notes a maximum reduction of soluble solids at 30 °C after 
48 hours and 96 hours for sterilized and pasteurized agave 
sap, respectively. Contrastingly, at room temperature, the 

maximum reduction was accomplished after 96 hours for 
sterilized agave sap; instead, uncompleted sugars con-
sumption was registered after 144 hours for pasteurized 
agave sap.

According to Figure 2C, similar profiles can be distin-
guished for all treatments, excluding T5. In the early sta-
ges reducing sugars were accumulated until a maximum 
concentration due to invertase (β – D -fructosidase) action, 
which is released by yeast in peri plasmatic space and ulti-
mately hydrolyses sucrose into glucose and fructose23. This 
is consistent with results in Figure 1, where pasteurized and 
sterilized agave sap exhibit higher sucrose concentrations 
than glucose and fructose before fermentation. At high su-
crose concentrations, a significant increase of invertase ac-
tivity is registered along with a temporary rise of reducing 
sugar concentration until yeast24,25 metabolizes monosac-
charides. Such behavior is also depicted in Figure 2C, whe-
re a maximum peak is evidenced. Then, decreasing sugars 
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are metabolized in the cell interior through glycolysis and 
pyruvate converts to ethanol under anaerobic conditions26.

The highest ethanol concentration reached was 63,31 
g/L at 30°C with pasteurized agave sap through treatments 
T3 and T7 with yeast strain BY and AY, respectively. ANOVA 
analysis reveals that thermal pretreatment, fermentation tem-
perature and interaction among them significantly influence 
(p ≤ 0,05) ethanol concentration, similar to yeast strain (p > 
0,05). In turn, ethanol concentration achieved in fermenta-
tions from sterilized agave sap is not significantly different.

Figure 2D shows that fermentations conducted at 30 °C 
(T4 and T8) reached maximum ethanol concentration after 
48 hours, while a similar concentration is attained at room 
temperature (T2 and T6) in twice as long. Furthermore, in 
treatments T1 and T5, sugars are partially metabolized as 
depicted in Figure 1, which advocates longer fermentations 
to achieve comparable ethanol concentration. Likewise, 
outcomes at present work overcome the final ethanol con-
centration of 28,67 g/L achieved after 72 hours by Kluve-
romyces marxianus strain fermentation of a 22 °Brix (60 % 
Agave americana sap and 40 % panela) must27. Similarly, 
ethanol concentration by fermentation of sterilized agave 
sap corresponds to that achieved afterward in the optimiza-
tion of the fermentation process of Agave salmiana sap. At 
28 °C and 105 g/L initial sugar concentration, a maximum 
ethanol concentration of 36,63 g/L was attained8.

Ethanol yield and volatile compounds
Final ethanol concentration and yield for each set of 

conditions throughout fermentation are indicated in Table 3.
Ethanol yields in different treatments are equivalent 

to 65 % and 66% achieved through the evaluation of two 
Saccharomyces cerevisiae strains for agave sap fermenta-
tion with an initial sugar concentration of 220 g/L. Superior 
ethanol yields, up to 81%, are reported by Kluveromyces 
marxianus; thus, this yeast seems more suitable than Sac-
charomyces cerevisiae for agave sap fermentation28.

ANOVA analysis denotes that yeast strain, thermal pre-
treatment, fermentation temperature, and the interaction 
among two last significantly affect (p ≤ 0,05) ethanol yield. 
Even though no significant differences are identified between 
treatments (except T1 and T5), fermentations conducted at 
30 °C fulfilled the maximum concentration in half of the time 
of analogous fermentations carried out at room temperature.

According to ethanol concentration in the final fermented 
product, treatments T3 and T7 have been selected as the op-
timum ones. In this sense, to accomplish superior productivi-
ty, it is proposed to pasteurize agave sap at boiling point for 
30 minutes to implement a fermentation process at 30 °C em-
ploying any commercial yeast strain evaluated in this work.  
Table 4 depicts the concentration of volatile compounds iden-
tified in fermented products from optimum treatments.

Slight differences are evidenced in the volatile com-
pounds profile when commercial Saccharomyces cerevi-
siae strains are employed. One of the major volatile com-
pounds appearing in agave beverages is ethyl acetate, 
which builds up throughout fermentation by the esterifica-
tion of acetyl CoA29. The concentration reached goes with 
5 mg/L achieved in tequila must fermentation at 35 °C with 
Saccharomyces cerevisiae isolated strains29 but differs sig-
nificantly from 270 mg/L reported for commercial pulque30. 
Such divergence responds to the fermentation process, 

Figure 2. Fermentation kinetics of thermally treated agave sap at 30°C and room temperature related to optical density 
(A), soluble sugars (B), reducing sugars (C) and ethanol (D).
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which is mainly spontaneous for non-thermal treated agave 
sap12. The generation of ethyl acetate strongly depends on 
microbiota variety and density, where non-Saccharomyces 
strains exhibit an excessive production that negatively im-
pacts the aroma profile of the beverage12,31.

1-Propanol, as higher alcohol, promotes floral and frui-
ty aromas as well as flavor release in the beverage31. The 
concentration of this alcohol in commercial pulque has been 
detected to be lower than 10 mg/L30 while could be up to 
15 mg/L for agave must fermentation29. 1-Propanol can be 
generated through the α-ketobutyrate and subsequent de-
carboxylation or amino acid synthesis from sugars enzy-
matically managed29,32. The first is likely the pathway since 
significant reducing sugar consumption has been reported 
during fermentation, even though the path conducted by 
Saccharomyces strains is unspecified.

Methanol is the product of pectin demethylation at high 
temperatures and low pH during agave pineapple cooking33. 
As thermally treated agave sap has been fermented, like in 
commercial pulque, very low methanol concentration has 
been detected. Referring to furfural, it is part of all aga-
ve-based beverages since agave heads and sap are rich 
in inulin and FOS, which thermally hydrolyzed produce this 
aromatic aldehyde34. Agave sap recollected from 8 to 10 
years old species heating up to boiling point under mode-
rate monitoring of pH, and soluble solids content exhibits 
0,051 mg/L furfural concentration35. In contrast, sap from 4 
to 5 old Agave salmiana boiled and stored for two weeks at 
25°C and 85 % of relative humidity evinces 0,004 mg/L34. In 
this sense, undetected concentration has been found in the 
fermented product, most probably because of Agave ameri-
cana L. age during harvest.

Conclusions
Thermal pretreatments in agave sap positively impact 

reducing sugar concentration involving glucose, fructose, 
and sucrose.

The fermentation of thermally treated agave sap con-
ducted at 30°C speeds up sugars to ethanol conversion 
compared to the fermentation process at room temperature.

Fermentation of pasteurized agave sap at 30°C (T3 
and T7) achieved an ethanol concentration of 63,31 g/L, 
which significantly differs from the maximum concentration 
reported for sterilized agave sap at the same fermentation 
conditions.

Similar ethanol concentration was measured in steri-
lized agave sap samples. However, fermentation of these 
samples at 30°C reached the maximum ethanol concentra-
tion in half the time (48 hours) of those fermented at room 
temperature (96 hours).
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Propagation of the Colombian genotype of cacao (Theobroma cacao L.) 
CNCh-12 by somatic embryogenesis
Sandra Marcela Macias Naranjo1*, Ana María Henao Ramírez1, Aura Inés Urrea Trujillo2

Abstract: Cocoa production (Theobroma cacao L.) is essential globally and constitutes one of the leading export products 
for Colombia. Understanding the limitations faced by this crop in Latin American countries, it is required, among other 
aspects, to contribute to strengthening the first link in the production chain through efficient propagation methods and 
genetic improvement. Knowing that somatic embryogenesis is an alternative to conventional propagation and constitutes 
an obligatory step in a breeding platform, the objective of this work was to establish a somatic embryogenesis protocol 
until the plantlet acclimatization in the nursery for the regional genotype CNCh-12, a promising material with productivities 
higher than 2,000 kg/ha. Different protocols were evaluated, from callogenesis induction, through the expression of primary 
somatic embryos (PSE) followed by maturation and subsequent conversion to plantlet two types of explants (petal and 
staminode) and culture time (according to the stage). Additionally, the induction of secondary somatic embryos (SSE) was 
evaluated in two culture media (L and F). For CNCh-12, the petal was found as an appropriate explant, with a minimum 
time of 15 days in induction for PSE formation, without difference between the culture media F and L (22 average embryos). 
Embryo maturation was achieved in medium F after 30 days, followed by an additional 30 days for conversion to plantlet 
(52.83%). The concentration of salts to increase the conversion and development of the embryos was 1/5 of that used in 
F. The highest number of SSE was in the L medium. Finally, the ex-vitro adaptation was achieved when the plants were 
planted in 50:50 sand-coconut fiber and moistened weekly with Hoagland's solution (1:10).

Key words: Cacao, petals, in vitro propagation, plant growth regulators, somatic embryogenesis.

ARTICLE / INVESTIGACIÓN

Introduction
The Theobroma cacao L. is a diploid tree species (2N), 

native to South America and domesticated approximately 
3000 years ago in Central America1; it belongs to the class 
Magnoliopsida, order Malvales and family Malvaceae2. The 
genus Theobroma has 22 species; the only ones that repre-
sent high commercial value are T. Grandiflorum and mainly 
T. cacao3.

Cocoa cultivation is essential as it is a fundamental part 
of the economy of many underdeveloped countries4. Accor-
ding to The International Cocoa Organization (ICCO), most 
of the production is concentrated on the African continent 
in countries such as Côte d'Ivoire and Ghana5. Although 
traditional cocoa production figure at worldwide, in avera-
ge the yield is low, per example, world production of fine 
cocoa is less than 5%. In general, low productivity is due to 
the incidence of diseases, poor technological infrastructure, 
lack of training of farmers, etc. that affect the production 
of the crop and obtain fine flavor cocoa1. In Colombia, co-
coa is grown in 29 of the 32 departments of the country; 
for the year 2020, 188 thousand hectares of planted areas 
were registered, distributed in the departments of Santan-
der (41%), Antioquia (9%), Arauca and Huila (8%), Tolima 
(7%) and Nariño (5%)6. The national average production in 
the last ten years was 46 thousand tons. However, for the 
year 2020, it was close to 63 thousand, distributed mainly in 
the departments of Santander (26 thousand tons), Antioquia 
(5 thousand tons), and Arauca (5 thousand tons), which on 

average register annual productivity of 500 kg/ha/year6.
Currently, the Colombian market is seeking to increa-

se the areas of cocoa crops and the efficient production of 
cocoa since there are many unproductive trees, mainly due 
to inadequate crop management, deterioration, old age and 
sexual incompatibility7. Some of the methods used for the 
propagation of T. cacao, such as planting from seeds, have 
as a disadvantage the germination times, the rapid loss 
of viability of the seed after being extracted and the high 
genetic variability characteristic of the crop, so it has been 
necessary to implement asexual propagation methods such 
as grafting (conventional procedure) and somatic embryo-
genesis (biotechnological method). The induction of embr-
yogenic structures in somatic tissue permits us to keep the 
same genetic information as the parental plant from which 
the explant was taken8. To this end, effective propagation 
protocols have been developed following the guidelines of 
somatic embryogenesis in different cocoa genotypes9–13.

Traditionally, new cocoa genotypes have been develo-
ped that can improve crop yields or add value due to their 
chemical, organoleptic and aroma characteristics, among 
others. Currently, despite having these new genotypes, 
they are not having a sufficient impact on the country's 
production chain due, among other causes to the lack of 
sufficient production of plant material7. An example of the-
se genotypes is the regional elite genotype CNCh-12. This 
genotype has high polyphenol content, with approximately 
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76.23 mg GAE g-114 and high productivity of 2.000kg/ha; 
these characteristics make it a candidate for mass propaga-
tion by somatic embryogenesis. There is only one research 
work about somatic embryogenesis with CNCh-12, in which 
it was possible to induce the formation of embryos until the 
globular stage. Still, the somatic embryos did not continue 
their development until the complete plant15. Considering 
the importance of CNCh-12 and intending to contribute to 
strengthening the cocoa production chain, the objective of 
this research was to establish a protocol for propagation by 
somatic embryogenesis of this regional genotype.

For this purpose, we studied the embryogenic response 
of CNCh-12 to different culture protocols that vary in grow-
th regulators and nutrient concentrations in the different 
stages of the embryogenic process: induction, expression, 
multiplication, maturation, and germination to plantlet.

Materials and methods 

Plant material
For the explant type, the response of petals and stami-

nodes to the embryogenic process was studied. Unopened 
flower buds of the cocoa genotype CNCh-12 were provided 
by the Compañía Nacional de Chocolates (CNCh) at the 
Yariguies farm, located in the department of Santander, Co-
lombia; the flower buds were collected and duly stored in 
FalconTM tubes containing a solution of DKW salts16,17 at half 
concentration. Shipment was carried out in thermal coolers 
with cold gel packs.

For the disinfection of plant material, the protocol pro-
posed by Henao et al. (2018)15 was followed with some mo-
difications. Initially, flower buds are immersed in a solution 
of Belico® fungicide; the active ingredient is carbendazim at 
a concentration of 2 g/l for 40 minutes, followed by washing 
with sterile distilled water. Subsequently, they are immersed 
in a 0.5% hypochlorite solution for 5 minutes. They were 
washed with sterile distilled water, and finally, they were 
engaged in a streptomycin solution at 250 ppm for 20 mi-
nutes, renewing the solution after 10 minutes. Finish then 
with rinses in sterile water. All steps are performed in sterile 
FalconTM tubes and constant agitation in a rotator. After the 
disinfection process, the flower buds were transferred to 
sterile Petri dishes, where they were dissected to extract the 
petals and staminodes to be sown in the respective culture 
media. The disinfection process and all stages of culture 
and subculture were carried out in a laminar flow chamber 
to maintain the required sterile conditions.

Protocols
To address the embryogenic process, the developmen-

tal stages of somatic embryogenesis were taken as a re-
ference: induction, expression, multiplication, maturation, 
germination, and plant development. The induction stage 
comprises the induction of callogenesis and embryogenic 
callus formation; in the expression stage, the formation of 
primary somatic embryos occurs; in multiplication, the for-
mation of secondary embryos or repetitive embryogenesis 
is induced; in maturation, the embryo continues with the de-
velopment of its apical and root poles with the extension of 
the hypocotyl; in germination, the conversion to a plantlet 
with photosynthetically active tissues is achieved.

To induce the embryogenic process and evaluate the 
development of the different stages, the protocols selected 

were those proposed by Li, Traore, Maximova, & Guiltinan 
(1998)18 (Protocol L), Maximova et al. (2002)19 (Protocol 
M), Fontanel et al. (2002)20 (Protocol F) and Henao et al. 
(2018)15 (Protocol H).

Induction stage
In the induction stage, the effect of the culture media 

(protocols) was evaluated during a culture time of 15 days 
in each medium for protocols L and M and 15, 30, 45 and 60 
days for protocols F and H, on callogenesis like the number 
of explants with granular, filamentous, friable, and nodular 
callus. The culture media used were as follows: PCG [mi-
cronutrients, macronutrients and vitamins DKW, 2,4-D (1.98 
mg/L), TDZ (0.005 mg/L), L-glutamine (250 mg/L), glucose 
(20000 mg/L) and Gellex (2700 mg/L)], SCG-1 [Gamborg 
Vitamins, 2,4-D (1.98 mg/L), kinetin (0.3 mg/L), coconut wa-
ter (5%), Mc Cowns salts, glucose (20000 mg/L) and Gellex 
(2700 mg/L)], SCG-2 [Gamborg vitamins, 2,4-D (1.98 mg/L), 
BA (0, 3 mg/L), Mc Cowns salts, glucose (20000 mg/L) and 
Gellex (2700 mg/L)], INDI [micronutrients, macronutrients 
and vitamins DKW, 2,4-D (1 mg/L), kinetin (0.25 mg/L), glu-
cose (30000 mg/L) and Gellex (3000 mg/L)] and INDILab 
[same as INDI with the addition of arginine (0.4355 g/L), 
glycine (0.1876 g/L), leucine (0.328g/L), lysine (0.4565 g/L), 
tryptophan (0.5105 g/L)].

Expression stage
In the expression stage, the culture medium, explant 

type and time in the induction medium were evaluated on 
(1) the total number of somatic embryos; (2) the number 
of embryos between globular and torpedo and the number 
of cotyledonary embryos; (3) the number of roots and (4) 
the number of necrotic explants at 15, 30, 45 and 60 days 
of culture. The following culture media were used: ED [mi-
cronutrients, macronutrients and vitamins DKW, sucrose 
(30000 mg/L), glucose (20000 mg/L), Gellex (2700 mg/L)] 
and INDIExp [micronutrients, macronutrients and vitamins 
DKW, glucose (30000 mg/L), Gellex (3000 mg/L)]. For the 
evaluation of repetitive embryogenesis at the expression 
stage, EM2 medium [MS macronutrients, DKW micro-
nutrients and vitamins, sucrose (40000 mg/L) and Gellex 
(3000 mg/L)] was used.

Multiplication stage
The repetitive embryogenic response of the CNCh-12 

genotype was evaluated based on the protocols of Fontanel 
et al. (2002)20 and Li et al. (1998)18, which presented the 
best significant results after statistical analysis in primary 
embryogenesis in terms of embryos formed number. Re-
garding repetitive embryogenesis, a stage where a greater 
number of embryos per explant is obtained, primary embr-
yos in the early cotyledonary stage were taken from culture 
media at the expression stage, ED and INDIexp media for 
the L and F protocols, respectively. The embryos were cut 
transversely into fragments and placed in CM2 repetitive 
embryogenesis induction medium in the case of protocol F. 
They were subsequently transferred to EM2 maturation me-
dium and MM6 germination medium. In the case of proto-
col L, the embryo fragments are placed in a PCG induction 
medium for the induction of repetitive embryogenesis. They 
subsequently follow the process and media used in primary 
embryogenesis to finish MM6 maturation and germination 
medium.

For the induction of repetitive embryogenesis, CM2 
medium [MS macronutrients, micronutrients and DKW vi-
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tamins, 2,4,5-T (1 mg/L), adenine (0.25 mg/L), glucose 
(30000 mg/L) and Gellex (3000 mg/L)] was used.

Maturation and germination stage
In the embryo maturation and germination stage, the 

culture media PR and MM6 of protocols L and F were first 
evaluated on embryos with the renewal of the culture media 
every 30 days. In the second step, the response of embryos 
as stem height and root length to different concentrations of 
macronutrients was studied. Three different concentrations 
of macro MS salts were evaluated, ½ of concentration (½ 
C) = 2.115 g/l (Fontanel et al., 2002), ¼ of concentration (¼ 
C) = 1.0575 g/l and 1/5 of concentration (1/5 C) = 0.846 g/l. 
To continue with the conversion of embryos to plantlets, the 
effect of macronutrient concentration on stem and root len-
gth and the number of leaves formed on plantlets at 45 days 
was evaluated in embryos from EM2-MM6 (after remaining 
15 days in MM6 medium).

The culture media used were: MM6Lab [equal to MM6 
with different concentrations of NAA (0.1 mg/L)], MM6-1 (1) 
[MS macronutrients at 1/5 concentration, micronutrients 
and DKW vitamins, NAA (0.01 mg/L), GA3 (0.02 mg/L), 
activated carbon (1000 mg/L), glucose (40000 mg/L) and 
Gellex (3000 mg/L)], MM6-2 (2) [DM macronutrients at 1/4 
concentration, DKW micronutrients and vitamins, NAA (0.01 
mg/L), GA3 (0.02 mg/L), GA3 (0.02 mg/L), activated car-
bon (1000 mg/L), glucose (40000 mg/L) and Gellex (3000 
mg/L)], MM6-3 (3) [DM macronutrients at 1/2 concentra-
tion, DKW micronutrients and vitamins, NAA (0.01 mg/L), 
GA3 (0.02 mg/L), GA3 (0.02 mg/L), activated carbon (1000 
mg/L), glucose (40000 mg/L) and Gellex (3000 mg/L)] and 
PR [micronutrients, macronutrients and vitamins DKW, 
KNO3 (200 mg/L), sucrose (5000 mg/L), glucose (10000 
mg/L), Gellex (2700 mg/L)].

For all experiments performed, the culture media were 
pH adjusted to 5.8 and autoclaved for 20 minutes at 121ºC.

Culture conditions
All the cultures were randomly placed in a growth 

chamber at an average temperature of 28°C ± 2°C and 70% 
relative humidity and continuous darkness in induction, ex-
pression, and multiplication stages. In the maturation stage 
and germination, the early cotyledonary embryos and plant-
lets were cultured in 500 ml vessels and placed in a growth 

chamber under light with a 12-hour photoperiod and a pho-
tosynthetic photon flux density (PPFD) of 50 μmol m − 2 per 
second, at an average temperature of 28°C ± 2°C and 70% 
relative humidity.

Statistical analysis
For each of the protocols (treatments) evaluated, 5 re-

plicates per explant (petal and staminode) were considered; 
the experimental unit is a Petri dish, in each of which 25 
explants were sown. There were 10 Petri dishes per treat-
ment, 1000 explants were planted per replicate, 8 replicates 
were performed for induction and expression, and 3 repli-
cates to evaluate multiplication. In maturation, there were 
3 replicates to assess the incidence of macronutrient con-
centration conversion with 5 replicates, each with 5 plants.

The data obtained from the experiments carried out to 
determine the effect of culture medium, explant type and 
culture time on the formation of embryogenic structures 
(factors) were analyzed using the R project statistical sof-
tware. Compliance with the assumptions of normality and 
homoscedasticity of variance was verified; in cases where 
this was not achieved, nonparametric tests, Friedman's test, 
Wilcoxon's test and Welch's test were applied as appropria-
te. All tests were tested with 95% confidence intervals and a 
significance value of 0.05.

Results

Induction stage
In this initial phase of the culture, it was found that the 

explants began to increase in size after one week, mainly 
the staminodes. From day 15 of the culture, callus growth 
was observed on the surface of the explants in all the proto-
cols evaluated. The 4 most common callus types of the em-
bryogenic process in cocoa were recorded: granular (GC), 
nodular (NC), filamentous (FC) and friable (FR), described 
by Henao et al. (2018) (Fig. 1A-1D).

Between INDI (Protocol F) and INDILab (Protocol H) 
culture media, there were no significant differences in callus 
formation. However, for the type of explants, callus forma-
tion was achieved in the staminodes at 15 days (p=0.030, 
p=0.006 and p=0.831) (Fig.S1). On the other hand, for 
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SCG-1 (Protocol L) and SCG-2 (Protocol M) culture media, 
the result was similar; there were no significant differences 
between media, but important differences between explants 
(p<0.001), being higher callus formation in staminodes (Fig.
S2).

Regarding the type of callus developed, in all protocols 
and in both explants, the formation of granular callus was 
similar between culture media and days of evaluation. Sta-
minodes in INDI (Protocol F) and INDILab (Protocol H) me-
dia showed higher granular callus development concerning 
petals at days 30 and 45 (p=0.002 and p=0.001) (Fig.S3).

In the induction media of protocols L and M, the amount 
of nodular callus was not higher than 10%, no significant 
differences were found between them, but between ex-

plants, favoring the production of this type of callus in petals 
(p<0.001) (Fig.S4). The percentage obtained of filamen-
tous and friable callus in protocols F and H did not exceed 
0.5% and 5.3%, respectively; for protocols L and M it was 
no more than 0.07% and 0.22%, respectively. With these 
values, in some cases, it was not possible to perform an 
analysis of variance.

Expression stage
In the culture media used in the expression stage, nor-

mal and abnormal embryos were obtained. The external 
appearance of normal embryos agrees with that described 
by Li et al. (1998)18 and Henao et al. (2018)15 for other ge-
notypes, with characteristics such as yellowish, matte white 

Figure 1. Different callus types and embryonic stages were observed in the process of somatic embryogenesis for the 
CHCh-12 genotype. Granular callus (A), filamentous callus (B), friable callus (C), and nodular callus (D). Clusters of em-
bryos in different callus types, granular from staminode, mixed and friable from petals (E-G). Different stages of embryo 
development globular and heart (H), torpedo (I), and early cotyledonary (J-K). Growth of somatic embryos on embryos 
with mature cotyledons (L). Abnormalities are presented by some somatic embryos, tricotyledonary (M), monocotyledo-
nary (N), and multicotyledonary (O). Abnormal cotyledons with overgrowth and abundant trichomes in their structure (P).
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and translucent white color, with pink or white cotyledons 
and with defined embryonic axis, sometimes, the growth 
of embryos occurred in groupings or clusters (Fig. 1E-1G). 
Among the abnormalities found, trichotyledonary embryos 
were the most abundant, followed by multi-cotyledonary, 
mono-cotyledonary embryos (Fig. 1M-1O), without hypo-
cotyl and without a defined embryonic axis. Trichome-like 
structures were also present on the cotyledons, as des-
cribed by Maximova et al. (2002)19 (Fig. 1P). It should be 
emphasized that all embryos, normal and abnormal, were 
transferred to maturation media. In addition, the number of 
embryos obtained in the expression media of protocols F 
and H was analyzed considering the time the explants re-
mained in the induction media. 

For explants with 15 days in the induction medium and 
subculture in expression media, the medium of protocol F 
(p=0.016) has the highest production, an average of 22 em-
bryos per explant compared to an average of 2 embryos 
obtained with protocol H. The difference between petals 
and staminodes was significant (p=0.005), obtaining with 
petals a higher formation of embryos (22 on average per ex-
plant), 11 times more than in staminodes (Fig. 2A). For the 
explants maintained for 30 days in the induction medium, 
the difference in total embryos formation was not significant. 
However, in the explant type, staminodes have a higher 
average number of embryos. 35 embryos (p=0.009) (Fig.
S5A-B). This indicates that both petal and staminode are 
suitable explants for embryo expression in this genotype.

In explants maintained for 45 days in the induction 
medium, total embryo production did not show significant 
differences between culture media or explants (Fig.S5C). 
The explants maintained for 60 days in induction did not 
show substantial differences in the total number of embr-
yos formed in the expression media. Regarding the type of 
explant, callus from petals formed an average of 22 soma-
tic embryos, with significant differences compared to those 

obtained from staminodes, with an average of one embryo 
(p=0.0024) (Fig. 2B).

Multiplication stage
The embryogenic response of the CNCh-12 genotype 

to repetitive embryogenesis was positive for both the F and 
L protocols, being statistically significant in embryo produc-
tion (p-value = 0.011 and 0.002, respectively). A higher em-
bryo production was obtained in repetitive embryogenesis 
concerning primary embryogenesis. In the case of repetitive 
embryogenesis, 4.7 embryos were obtained using protocol 
L, compared to 6.4 obtained with protocol F. Also, with pro-
tocol L the embryo formation was uniform per explant, while 
with protocol F embryo production was discontinuous over 
time (Fig. 3).

Maturation and germination stage
Initially, after one month of being transferred to the ma-

turation media, MM6 (Protocol F) and MM6Lab (Protocol 
H), the embryos continued with the development of the co-
tyledons and elongated, some reaching 1 cm in height. By 
the second month, the formation of the main root, the con-
solidation of the cotyledons and the growth in the height of 
the embryos were evident. In the third month, for both pro-
tocols, the development of leaf primordia and cotyledon fell, 
defined apices, and developed root systems were observed 
in some embryos (Fig. 4B), with secondary roots and root 
hairs. By the fourth month, true leaves were present, with 
plantlets up to 6 cm in protocol F (Fig. 4A) and 2 cm in pro-
tocol H. In both protocols, the persistence of cotyledons was 
present in some plantlets.

Complete plants were obtained in vitro in protocols F 
(Fig. 4A-C) and H with a germination percentage in the fifth 
month of 52.83% and 40.42%, respectively. Regarding ex-
plant type, both petal and staminode complete plants were 
obtained with a conversion percentage of up to 54% and 

Figure 2. Effect of culture medium expression stage, explant type and time in induction medium on the total number of 
somatic embryos obtained in the Fontanel et al. (2002) (F) and Henao et al. (2018) (H) protocols. (A) 15 days of culture, 
(B) 60 days of culture.
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21%, respectively. Between protocols and between explant 
types, no significant differences were found in the number of 
embryos advancing in their development. Some of the em-
bryos with abnormalities continued to develop to full plant, 
and abnormal germinated embryos were also obtained with 
characteristics such as overgrowth of the cotyledons, atro-
phied apices, or absence of roots (data not shown).

Embryos at the maturation stage on PR medium (Pro-
tocols L and M), did not show root development or true lea-
ves and cotyledon growth was slow. By the fourth month on 
maturing medium, embryos had not exceeded 1 - 3 cm in 
height (Fig. 4E) and some with true leaves (Fig. 4D). Embr-
yos from both protocols were completely necrotic (Fig. 4F).

On the other hand, for the growth and development of 
the plantlets, two types of embryos were considered, em-
bryos coming from the EM2 medium and embryos coming 
from the transition of the EM2-MM6 medium. In embryos 
from EM2 medium, the effect of the salt concentration of 
the MS medium on embryo development was found to be 
significant after 45 days of culture (p<0.0001) (Fig.S6). The 
highest growth 2.33 cm in length, was obtained in the cultu-
re medium 1/5 C salts. When the culture medium contained 
¼ C the length was 1.64 cm and with ½ C was 1.43 cm. 
Regarding root length, significant differences were found in 
growth after 45 days (p<0.0001) (Fig.S7), 3.64 cm of root 
length was the highest root growth with ¼ C, with 1/5 C was 
2.87 cm and 1.40 cm with ½ C was.

In treatment 2, embryos from the transition between 
EM2-MM6 media, there was no significant difference in 
elongation between the 3 concentrations evaluated after 
45 days of culture (p=0.75) (Fig.S8). The average measu-

rements for 1/5 C, ¼ C and ½ C were 1.86 cm, 2.27 cm 
and 1.91 cm, respectively. Root growth was evident in the 
three treatments at this stage, having significant differences 
among them (p<0.0001) (Fig.S9), with ½ C having the hi-
ghest growth with an average of 3.77 cm, followed by 3.71 
cm for ¼ C and 3.49 cm for the ½ C. For the number of true 
leaves, there were significant differences between treat-
ments after 45 days (p=0.00058) (Fig.S10)., having plants 
with an average of 2.34 leaves in 1/5 C, 1.69 in ¼ C and 
1.57 in ½ C. Therefore, embryo growth is favored in the 
mentioned parameters in the MS medium at 1/5 C.

Plantlets with ≥2 cm of height with the root system (pri-
mary and secondary roots) and more than one true leaf 
were adapted to ex vitro conditions (Fig. 5A). They were ini-
tially sown in magentas containing a 1:3 sand: coconut fiber 
mixture, moistened with Hoagland solution 1:10 and with 
the addition of 1 g of mycorrhiza per planting well (Fig. 5B). 
Subsequently, they were covered and placed in a climatic 
chamber (conditions previously mentioned) for 40 days, 
with irrigation every 2 days and fertilization once a week 
(Fig. 5C) and were uncovered after 20 days. The plants 
were then transferred to the Yariguies farm in Barrancaber-
meja, Santander, where the adaptation process continued 
(Fig. 5D-E). After 1 month of adaptation, the survival rate 
was 89.4%, and after 2 months, it was 71.2%.

Discussion
Staminodes excelled in their response to callus forma-

tion, mainly because of the short time they took to form. 
This behavior was observed in all the protocols studied and 

Figure 3. Effect of culture pro-
tocol F (Fontanel et al. (2002)) 
and protocol L (Li et al. (1998) 
on the induction of primary 
and repeat or secondary em-
bryogenesis measured as a 
total number of somatic em-
bryos.
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was repetitive for the culture times. This result agrees with 
that described by Díaz, Sánchez, Valera-Leal, & García 
(2015)21, where more excellent callus formation is reported 
in staminodes in Venezuelan cocoa genotypes. It is pos-
sible that the structure of the petals, being concave, does 
not allow total contact with the culture medium, and this 
undoubtedly influences the response to the callusing pro-
cess, initiating the development on the surfaces in direct in-
teraction with the culture medium, taking longer to develop 
completely, the opposite happens in the staminodes, where 
most of it is in contact with the medium. This result in the 
callogenesis stage could lead to suggest the exclusive use 
of cocoa staminodes as described by Guillou et al. (2018)10, 
Li et al. (1998)18 and Maximova et al. (2002)19; however, the 
embryogenic response of explants with slow callus growth, 
such as petals, should not be ruled out, as some genotypes 
have developed a greater number of embryos in petals with 
respect to staminodes22.

In protocols, F and H, contrary to what was described 
by Henao et al. (2018)15, complete regeneration of embryos 
of the CNCh-12 genotype was achieved, and the average 
number of embryos at 15 days exceeded those reported 
at 30 days of evaluation. The embryogenic tissues in the 
present study were not dedifferentiated like the previously 
reported ones. This response is because cocoa crops are 
subject to changing climatic conditions, and some variables, 
such as the stages of development of flower buds, tree age, 
and environmental factors, among others, were not evalua-
ted in this study. It is not excluded that these variables had 
a different incidence on the results of both studies, even if 
they were of the same genotype.

The protocol developed by Li et al. (1998)18 and the 
modifications made by Maximova et al. (2002)19 have been 
widely used in the primary and secondary somatic embryo-
genesis of different cocoa genotypes. With these protocols, 
it has been possible to evaluate parameters such as in vi-

Figure 4. Maturation stage. Plants on MM6 maturation medium (A-C) from protocol F (Fontanel et al. (2002)). Single em-
bryo with true leaf growth on PR maturation medium belonging to protocol M (Maximova et al. (2002)) (D). Growing em-
bryos in PR medium from protocol L (Li et al. (1998) (E). Necrosis of explants from protocols M (Maximova et al. (2002)) 
and L (Li et al. (1998)) in PR medium after four months (F).

Table 2. Effect of salt concentration of MS medium (1/5 C, ¼ C, ½ C) on plantlet development after 45 days of culture.
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tro culture efficiency, response to other exogenous agents 
such as antioxidants, optimal concentrations of growth re-
gulators and their effects, among others. CNCh-12 genoty-
pe with the L and M protocols formed somatic embryos on 
the second week in the expression medium, a result that 
does not coincide with that described by Li et al. (1998)18 
and Maximova et al. (2002)19. Most embryos originated from 
white granular callus, against the results described by Bout-
chouang et al. (2016)23 and Kone et al. (2019)24, who found 
that most embryogenic structures came from friable callus. 
The difference obtained in embryo formation between these 
two protocols has as a possible explanation for the use of ki-
netin in the SCG-1 medium; this is supported by the results 
of Kouassi, Kahia, Kouame, Tahi, and Koffi (2017)25, who 
evaluated four elite genotypes of Ivory Coast and found that 
in culture media enriched with kinetin, more embryogenic 
callus formation was presented than in those supplemented 
with 6-Benzylaminopurine (BAP). In this same sense, Gar-
cía et al. (2016)26 suggest that depending on the genotype 
evaluated, kinetin or BAP can be used in this stage of the 
embryogenic process.

The abnormalities presented by some of the embryos 
can be attributed to the presence in the induction media of 
the auxin 2,4-dichloro phenoxy acetic acid (2,4D) and the 
thidiazuron (TDZ). These have been considered to cause 
increased proportions of abnormal embryos in different spe-

cies27,28, particularly in cocoa, Garcia et al. (2016) describe 
that depending on the genotype evaluated and the concen-
tration of 9.05 uM of 2,4D it is possible to induce the forma-
tion of abnormal embryos.

Endogenous signals, such as phytohormones present 
in the tissue, and exogenous signals, such as added growth 
regulators, stress (temperature, light, mechanical damage), 
explant type-dependent tissue sensitivity or combinations of 
several of these factors, can result in tissue dedifferentia-
tion and callus formation, root formation or somatic embryo 
development. In this study, the root was obtained on the 
explant, and a similar result was described by Botero et al. 
(2015)29, who obtained root formation in embryogenic callus 
induced under dark conditions for the species Psychotria 
ipecacuana. These responses may obey the same principle 
explained by Fehér (2014)30, who, in his compilation of se-
veral studies using Arabidopsis tissues, demonstrated that 
auxin and cytokinin-enriched media induce the formation of 
a particular callus characterized by a gene expression pat-
tern similar to root meristems and also that the early stages 
of callus development are similar to those of lateral root de-
velopment even when the process are induced in explants 
from aerial organs.

A problem in vitro cocoa culture is the browning of ca-
llus and embryos by exudation of phenolic compounds, and 
autocatalytic and light-driven processes31. Activated char-

Figure 5. Ex vitro adaptation process. Plants in MM6 medium with desirable characteristics initiate the adaptation pro-
cess (A). Newly planted plants of the CNCh-12 genotype after remaining in ideal conditions in the climatic chamber and 
maturation medium (B-C). Plants recently transferred to the Yariguies farm and were fully exposed to the environment (D) 
and two months after the transfer (E).
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coal has been widely used in somatic embryo production 
and germination processes by various researchers for its 
ability to adsorb growth inhibitory substances in culture me-
dia, it has been shown that in liquid or semi-solid media, 
it decreases the concentration of phenolic compounds and 
oxidants32. Phenolic compounds are abundant in the geno-
type studied, CNCh-12; taking this into account, the results 
obtained lead us to think that at this stage of development, 
phenolic substances accumulate in greater proportion, in-
hibiting or weakening the normal development of the em-
bryos.

Furthermore, sucrose is used as a carbon source in 
the PR medium; Thomas (2008)32 also states that the au-
toclaving of this carbohydrate results in a growth inhibitor 
compound called 5-hydroxymethyl-furfural, which is elimi-
nated by absorption thanks to the activated carbon. Due to 
the above, apart from the concentrations of phenolic com-
pounds in the PR medium, there could be the formation of 
other inhibitory compounds in the medium that do not allow 
the development of somatic embryos. On the other hand, 
the MM6 and MM6Lab media have GA3 (gibberellic acid) 
in their composition, which in species such as Sesamum 
indicum and Panax ginseng, favors the conversion of so-
matic embryos to plantlets (Gaj 2004)33. The slow growth 
observed in the cotyledons in the PR medium could be the 
effect of the lack of growth regulators in the culture medium.

Embryos with high presence of trichomes on mature 
cotyledons (Fig. 1P) did not develop complete plants, si-
milar to that reported by Iracheta-Donjuan et al. (2019)34, 
who describes that globular embryos with the presence of 
trichomes did not continue development to the cotyledonary 
stage. In the present study, the formation of embryos from 
other embryos (Fig. 1L and 1N) in the maturation medium 
reflects repetitive embryogenesis, as described by Maximo-
va et al. (2002)19.

The most plausible causes of the difference between 
our results with those of other researchers may lie first in 
the contrast of the genotypes evaluated, reiterating that the 
genetic information of each one of them is decisive in the 
embryogenic response26,35. Second, not all explants nor all 
culture media are suitable to induce embryo formation; for 
this to happen, each genotype has different requirements 
of carbon sources, growth regulators, vitamins, and mine-
rals, among others and differential sensitivity of their tis-
sues25,36–38.

Conclusions
This study describes for the first time the induction of 

primary and repetitive embryogenesis up to the production 
of nursery-adapted plantlets of the Colombian regional eli-
te genotype CNCh-12. To produce CNCh-12 plantlets, the 
protocol of Li et al. (1998)18 is effective up to the germination 
stage, where the culture media of the protocol of Fontanel et 
al. (2002)20 allows obtaining plantlets with better characte-
ristics for the subsequent process of growth in nursery and 
planting in the field. It was validated that the optimal explant 
for the embryogenic process is the staminodium for shorter 
response time and the complete culture cycle until obtaining 
plantlets is at least 4 months, and it was found that, for this 
genotype, as in other cases, the total number of somatic 
embryos obtained in the process of secondary or repetitive 
embryogenesis is greater than that obtained in primary em-
bryogenesis. In addition, the ex vitro adaptation process is 

successfully carried out with high survival percentages for 
plants with desirable characteristics.

Supplementary Materials
The following are available online, Figure S1: Effect on 

induction stage of culture medium, explant type and time in 
induction medium on the total number of callus obtained in 
Fontanel et al. (2002) (F) and Henao et al. (2018) (H) pro-
tocols at 15, 30 and 45 days of culture, Figure S2: Effect on 
induction stage of culture medium, explant type and time in 
induction medium on the total number of callus obtained in 
Maximova et al. (2002) (M) and Li et al. (1998) (L) protocols 
at 15, 20, 25 and 30 days of culture, Figure S3: Effect on 
induction stage of culture medium, explant type and time in 
induction medium on the total number of granular callus ob-
tained in Fontanel et al. (2002) (F) and Henao et al. (2018) 
(H) protocols at 15, 30, 25 and 45 days of culture, Figure 
S4: Effect on induction stage of culture medium and explant 
type on the total number of nodular callus obtained in Maxi-
mova et al. (2002) (M) and Li et al. (1998) (L) protocols, 
Figure S5: Effect on the stage of expression of the culture 
medium, type of explant and time spent in the induction me-
dium on the total number of somatic embryos obtained in 
treatments F and H. Where S4-S8 corresponds to 15 days 
(A), S6-S7 corresponds to 30 days (B), S2-S5 corresponds 
to 45 days (C) and S1-S3 to 60 days (D), Figure S6: Stage 
I for genotype CNCh-12. Embryo length from EM2 medium 
in the different treatments. T1: 1/5 MS salts, T2: ¼ MS salts, 
T3: ½ MS salts, after 45 days of culture on MM6 medium, 
Figure S7: Stage I for genotype CNCh-12. Root length of 
embryo from EM2 medium in the different treatments. T1: 
1/5 MS salts, T2: ¼ MS salts, T3: ½ MS salts, after 45 days 
of culture on MM6 medium, Figure S8: Stage II for genoty-
pe CNCh-12. Embryo length from EM2-MM6 medium in the 
different treatments. T1: 1/5 MS salts, T2: ¼ MS salts, T3: ½ 
MS salts, after 45 days of culture on MM6 medium., Figure 
S9: Stage II for genotype CNCh-12. Root length of embryo 
from EM2-MM6 medium in the different treatments. T1: 1/5 
MS salts, T2: ¼ MS salts, T3: ½ MS salts, after 45 days of 
culture on MM6 medium, Figure S10: Stage II for genotype 
CNCh-12. Number of true leaves of the embryo from EM2-
MM6 medium in the different treatments. T1: 1/5 MS salts, 
T2: ¼ MS salts, T3: ½ MS salts, after 45 days of culture on 
MM6 medium.
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Effect of different drying airflows and harvest periods on the quality of 
specialty coffee (Coffea arabica L.)
Valeria Arévalo1, William Mejía1, Juan Manuel Cevallos-Cevallos2, Johana Ortiz-Ulloa1*

Abstract: Coffee is one of the most consumed commercial beverages worldwide, and coffee growers are constantly 
seeking innovative processing techniques to improve the quality of the final product. This study evaluated the influence of 
four drying airflows and three harvest periods on the chemical composition of green and roasted specialty coffee beans. 
The samples were obtained from the Hacienda La Papaya in Loja, Ecuador. Liquid and gas chromatographic techniques 
characterized the chemical profile of coffee beans, and sensory analysis was performed using the Specialty Coffee 
Association of America methodology. In total, 49 compounds were described, 29 in green beans and 20 in roasted beans. 
A significant (p<0.05) effect of the harvest period was observed in all phenolic compounds except for chlorogenic acid. 
The drying type significantly affected the levels of rutin and trigonelline. In addition, samples from different harvest periods 
observed significant differences in the levels of the amino acids serine, arginine, phenylalanine and leucine. Similarly, the 
drying type significantly influenced glycine, alanine, valine and isoleucine levels. For all drying-harvest combinations, the 
final cupping score was higher than 85/100, as the different drying processes slightly influenced the cupping attributes. 
Drying with minimal airflow was characterized by a low balance and intense flavor while drying with medium airflow 
presented a high ratio and soft body. The harvest period and drying type cannot be used as cupping predictors since 
no clear trends were observed to classify specialty coffee organoleptic attributes. Therefore, other variables involved in 
specialty coffee processing should be explored to evaluate higher sensitivity toward flavor prediction and innovation.

Key words: Chromatographic analysis, Coffea arabica L., sensory analysis, specialty coffee.
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Introduction
Worldwide, coffee is the second most traded commodi-

ty after oil1, and drinkable coffee is one of the most signifi-
cantly consumed foods2,3. Coffee aroma is the determining 
attribute factor that defines the quality and coffee accep-
tance by the consumer2-4, and it is crucial for the specialty 
coffee market (Arabic variety), which is very elitist5,6.

The chemical composition of green beans is very com-
plex and plays a significant role in aroma formation7. Or-
ganic acids and certain bioactive compounds have been 
identified as possible coffee sensory quality descriptors8,9. 
Trigonelline and chlorogenic acids are precursors to other 
volatile compounds produced during coffee roasting and 
contribute directly to the coffee aroma10. Trigonelline is an 
alkaloid in green coffee beans that is degraded considerably 
into pyridines and pyrroles11. Caffeine is associated with an 
undesirable bitterness that, depending on its concentration, 
can make the drink worthless8. Other aroma precursors in 
green coffee beans are sugars, proteins and free amino 
acids12. The protein content of dry green coffee beans is 
about 8-12%, and it is mainly degraded to amino acids du-
ring maturation, which is accelerated by chlorogenic acids 
and their derivatives13. Coffee beans contain several free 
amino acids such as alanine, arginine, asparagine, cys-
teine, glutamic acid, histidine, glycine, isoleucine, leucine, 
lysine, methionine, phenylalanine, proline, serine, tyrosine, 
threonine, and valine14. Those compounds could contribute 

to the character and even the acceptability of the beverage 
since it has been suggested that the amino acid profile in-
fluences the yield of specific volatiles during roasting15.

Coffee bean processing is essential to obtain a hi-
gh-quality product16. Roasting, washing and drying proces-
ses are the major stages that may influence coffee's che-
mical composition and, consequently, its aroma17,18. Drying 
is one of the post-harvest steps with the most significant 
influence on coffee quality19,20. The coffee drying process 
reduces the bean's moisture content and prevents the mi-
crobial action responsible for spoilage during storage21. The 
drying process of green coffee beans may be accompanied 
by changes in the physical, chemical, and organoleptic pro-
perties of heat-sensitive components20. Thus, the quality of 
the beverage could be defined while controlling the drying 
process22. The need for lower production costs and mitiga-
ting environmental damage has led to the development and 
research new drying techniques21.

Coffee aroma generation occurs predominantly during 
roasting through a complex series of Maillard reactions, 
in which nitrogenous heterocyclic compounds (pyridines, 
pyrazines and pyrroles) are formed. In addition, carame-
lization products generated by the thermal degradation of 
polysaccharides and simple sugars present in green coffee 
beans contribute to the development of roasting characte-
ristics4,23,24.
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Besides pre and post-harvest practices, the sensory at-
tributes can be influenced by the coffee variety and environ-
mental/climatic factors (soil, altitude, sun exposure, rainfall, 
temperature)25-27. According to the Specialty Coffee Asso-
ciation of America (SCAA), the sensorial attributes evalua-
ted in coffee cupping are fragrance/aroma, flavor, aftertas-
te, acidity, body, balance, sweetness, uniformity, clean cup 
and overall cupping28. Limited literature relates the compo-
sition of green coffee beans to the coffee cup quality22,29. 
Thus, more studies are required to support coffee to identify 
quality parameters at the green coffee bean stage, which 
is the most widely used maturity stage for purchasing and 
trading30.

The objective of this study was to evaluate the influence 
of the combination of different drying processes and harvest 
periods in aroma related-compounds and its relation with 
the sensory quality of the final product in green beans of an 
Ecuadorian specialty coffee.

Materials and methods 

Coffee samples
Green coffee beans samples of Coffea arabica L. typica 

variety were obtained from the Hacienda La Papaya, loca-
ted in Saraguro, Loja province, Ecuador, at 1700 m.a.s.l. 
This farm produces specialty coffee, and all process para-
meters are controlled until parchment coffee is obtained. 
Coffee beans were manually collected as mature fruits (17 
- 22 °Brix). Ripe coffee beans were subjected to wet fer-
mentation for 15 hours, followed by drying for 7 - 10 days in 
greenhouse-type experimental rooms, where temperature, 
relative humidity and aeration were controlled. Grains were 
homogenized four times a day using a wooden paddle. 
Grains were dried until reaching a humidity level between 
10 - 12% to prevent fungal contamination. After drying, the 
samples were stored in a controlled temperature chamber 
at 10°C and 60% relative humidity for 30 days. Experimen-
tal models of 250 g of dried green grains were collected and 
processed in July-August 2019. Samples were packed in 
hermetic metalized bags until analysis.

Experimental design
The study was based on an unbalanced 3x4 factorial 

design. Experimental variables were the harvest period 
(mid-July, early August and mid-August) and drying airflow: 
i) minimum (internal air movement produced by forced air 
from fans); ii) medium (high and low windows closed 50%, 
doors closed during the day and night); iii) zero airflow (high 
and low windows closed at 100%, doors closed during the 
day and night) and iv) maximum airflow (high and low win-
dows open 100%, doors open during the day and closed at 
night). The experimental drying rooms were of the green-
house type, built with wood and plastic. The drying rooms 
were rectangular, approximately 7 x 3.5 m2; the front and 
back parts correspond to the windows, and these were di-
vided in half so that when the upper windows were opened, 
the lower ones could remain closed and vice versa. The 
lateral sides correspond to the doors of the greenhouses. In 
total, 36 samples were collected (12 conditions in triplicate). 
The response variables were the contents of some polyphe-
nols, amino acids and volatile compounds involved in coffee 
aroma development.

Chemical analysis

Materials and reagents
Methanol and acetonitrile HPLC grade, fluorenyl-me-

thoxycarbonyl chloride (FMOC; > 99%), and ortho-phthalal-
dehyde (OPA; > 99%) were supplied by Sigma Aldrich (St. 
Louis, MO, USA). Dibasic sodium phosphate is anhydrous 
by Mallincroudt AR (Phillipsburg, USA), glacial acetic acid 
and fuming hydrochloric acid by Merck KGaA (Darmstadt, 
Germany). Borate buffer and 3-mercaptopropionic acid, and 
ultrapure water were obtained from a NANOpure Diamond 
system (Barnstead, USA). Standards 3-O-caffeoylquinic 
acid, 4-O-caffeoylquinic acid, 5-O-caffeoylquinic acid, ca-
ffeine, trigonelline, caffeic acid, gallic acid, ferulic acid, api-
genin, epicatechin, luteolin, rutin, DL-norvaline supplied by 
Sigma Aldrich (St. Louis, MO, USA) and quercetin by ROTH 
Carl (Karlsruhe, Germany). A stock solution of the amino 
acid standards (L-alanine, ammonium chloride, L-arginine, 
L-aspartic acid, L-cysteine, L-glutamic acid, L-leucine, L-ly-
sine, L-serine, L-threonine, L-tyrosine, L-valine, L-histidine, 
L-isoleucine, L-methionine, L-phenylalanine, L-proline and 
glycine) were provided as a mixed solution at a concen-
tration of 2500 pmol/µl was supplied by Sigma Aldrich (St. 
Louis, MO, USA).

Instrumentation
For the analysis of phenolic compounds and deriva-

tives, as well as amino acids, a high-performance liquid 
chromatography (HPLC) equipment (Agilent 1200 series) 
equipped with a quaternary pump, diode array (DAD) and 
fluorescence (FLD) detectors (Agilent Technologies, USA) 
was used. For volatile compounds, a gas chromatograph 
(GC) (7890A series) coupled to a mass spectrometer (MS) 
(5975C series) (Agilent Technologies, Santa Clara, CA) was 
used.

Analysis of phenolic compounds and alkaloids
The extraction was carried out from 250 mg of dry and 

ground green coffee beans with 10 mL of an aqueous solu-
tion of 70% methanol. The solution was stirred for 1 minute 
with a vortex homogenizer, followed by sonication (BRAN-
SONIC 3510, Mexico) for 1 hour with vigorous shaking 
every 10 minutes. Then, it was centrifuged at 6000 rpm for 
10 minutes (Hettich MIRKO 220R, Germany). One mL of 
the supernatant was diluted with 9 mL of ultrapure water. 
The extract was filtered through 0.45 µm PVDF membrane 
filters before analysis.

Chromatographic separation of chlorogenic acids (5-
CQA, 3-CQA and 4-CQA), caffeine, caffeic acid, gallic acid, 
ferulic acid, apigenin, epicatechin, luteolin, quercetin, rutin 
and trigonelline was performed by HPLC-DAD based on the 
method described in Saquicela (2018)31 with some adap-
tations to include alkaloids. Separation was achieved with 
a Zorbax Eclipse C18 column (250 x 4.6 mm; 5 µm) (Agi-
lent Technologies, USA), set at 30 °C and using a gradient 
elution at 1 mL/min of flow rate. The mobile phases were 
A: water acidified at 0.3% with acetic acid, B: acetonitrile: 
water/mobile phase A, 50:50 v/v, and C: acetonitrile 100%. 
Elution started with 10% B for 2 min, then increased to 55% 
B until 27 min and remained until 37 min. At 39 min, 100% 
C was reached and kept until 42 min (to wash the column). 
Finally, the column was re-equilibrated until 43.5 min. The 
injection volume was 10 µl. Detection was performed at 
254 nm (trigonelline, rutin, luteolin and quercetin), 280 nm 
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(gallic acid, caffeine and epicatechin), and 320 nm (5-CQA, 
3-CQA, 4-CQA, caffeic acid, ferulic acid and apigenin). The 
analytical parameters of the HPLC method are shown in Su-
pplementary material (S1).  

Analysis of amino acid
The extraction was performed according to the method 

described in Murkovic & Derler (2006)32. Briefly, 200 mg of 
dry and ground green coffee beans were mixed with 10 mL 
of 0.1 N HCl solution. The solution was shaken for 1 min 
with a vortex homogenizer and sonicated for 15 min. Finally, 
the extract was filtered with a 0.45 µm PVDF membrane 
filter prior to analysis.

The extracts were subjected to programmed pre-co-
lumn derivatization in the HPLC autoinjector. Primary amino 
acids were derivatized with OPA (5.12 mg in 1 mL methanol, 
adding 4 mL 0.4 M borate buffer) and 10 µl 3-MPA. Secon-
dary amino acids (particularly proline) derivatization was 
performed with FMOC (2.5 mg/mL in acetonitrile)33.

Derivatized amino acids were separated with a Zorbax 
Eclipse AAA column (4.6 x 150 mm; 5 µm) (Agilent Tech-
nologies, USA), set at 40 °C. A flow rate of 2 mL/min was 
applied. Mobiles phases were A) 40 mM Na2HPO4, pH 7.8, 
and B) methanol/acetonitrile/water 45:45:10 v/v/v. Elution 
started with 100% A from 0 to 1.9 min, followed by an in-
crease in B from 0-57% until 18.1 min and then increased 
to 100% at 18.6 min, maintained until 22.3 min, to finally 
re-equilibrate until 26 min. Compounds eluted up to 10 min 
were detected at 340 nm excitation and 450 nm emission, 
while eluates up to 15 min were detected at 266 nm exci-
tation and 305 nm emission34. The analytical parameters of 
the HPLC method are shown in S1. 

Analysis of volatile compounds
Volatile compounds were evaluated in the experimen-

tal coffee samples after a standardized roasting process 
carried out in 50 g-roaster (Ikawa V2 model, London). The 
roasting process begins with a preheating phase of the 
Ikawa toaster until it reaches a temperature of 159.8 °C. In 
the meantime, 50 grams of green coffee beans were wei-
ghed and introduced into a doser of the roasting equipment. 
When the Ikawa equipment was preheated, the doser was 
opened, and the coffee beans fell through the hole into the 
roasting chamber. Then the roasting process begins at mi-
nute zero at 158.2 °C; this process lasts approximately 5 
minutes and reaches a temperature of 205 °C. After roas-
ting, Ikawa entered a cooling phase. Coffee was cool down 
inside of Ikawa, this took about 2 minutes more, and the 
roasted coffee was obtained ready for analysis in GC-MS.

Roasted grains were ground and kept in liquid nitrogen. 
Volatile compounds were extracted by solid phase heads-
pace microextraction (SPME). Approximately 1 g of ground 
material was transferred to 50 mL vials of SPME. The sam-
ples were equilibrated at 50 °C for 30 minutes in a water 
bath. Finally, they were placed on a 50/30 𝜇m SPME fiber
of Divinylbenzene / Carboxen / Polydimethylsiloxane (DVB/
CAR/PDMS) (Supelco, Bellefonte, PA, USA) in the heads-
pace of each sample vial for 30 min at 50°C. SPME fiber 
received initial conditioning at 270°C for 1 hour and daily 
maintenance conditioning at 240°C for 10 min.

The SPME fiber was removed from the vial and injected 
in Split mode at 240°C into the GC-MS. Chromatographic 
separation was performed with a DB5-MS column (30m x 
250𝜇m x 0.25𝜇m). The oven temperature ramp started at
70°C and rose to 310°C at a rate of increase of 7°C/min. 

Helium was used as carrier gas at a flow rate of 0.8 mL/min. 
The MS was set to maximum sensitivity in electron impact 
mode, positive polarity, and the total ion current was recor-
ded for a mass range of 50 to 550 amu.

For the identification of metabolites, the MZmine 2 sof-
tware was used. First, the data from the analysis of aromatic 
compounds obtained from the chromatography equipment 
were imported. The presence of peaks (metabolites) in 
each sample was then checked, and low-quality samples 
(chromatograms with few peaks) were discarded. The aro-
matic compounds that are present in coffee were searched 
in the literature according to the peaks found in each sam-
ple obtained after discarding the low-quality samples. The 
baseline height and the height of the smallest peak in each 
sample were defined. The following parameters were deter-
mined: the average baseline, the average value of the sma-
ll peaks and the minimum value of the peaks. Parameters 
that were later used for mass detection and construction 
of chromatograms. Then deconvolution, normalization and 
alignment of the peaks were performed. Subsequently, the 
process known as gap filling was carried out, making it pos-
sible to search for peaks that could have been erroneously 
eliminated in the previous steps. The data obtained in the 
MZmine 2 software was exported to an Excel file to identify 
the metabolites. The metabolites were defined by compa-
ring the retention times obtained in the MZmine 2 software 
and the retention times of the data obtained from the chro-
matography equipment, as well as with the metabolites 
described in the literature and the probability percentage for 
each compound that was obtained from the chromatograph 
data.

Sensory analysis
The coffee sample cupping process was performed per 

the SCAA standards with the support of trained tasters. Ini-
tially, the samples were roasted (Ikawa V2, London) with a 
roasting profile adapted to 2500 m.a.s.l. and then ground 
(Coffee mill Mahlkonig Guatemalan, Germany). A sample of 
12.5 g of ground coffee was weighed and placed in a 200 
ml glass beaker. To reduce the subjectivity, coffee samples 
were coded. Aroma and fragrance were the first evaluated 
parameters. For this, the glass cup with the coffee was sha-
ken and sucked by the tasters as many times as necessary 
to score it. Then, hot purified water was added to the coffee 
in the glass until it was almost complete. After 4 minutes, 
the foam was removed from the upper part of the glass, and 
the odor emanating from it was inhaled (a process known as 
"break cup"). The tasting was done 12 min after the contact 
of the coffee with the water. Coffee was absorbed with a 
spoon, and after a few seconds, the coffee was expectora-
ted. With this, flavor, acidity, body, aftertaste and balance 
were determined. The absorption process was repeated as 
many times as necessary to evaluate each parameter. At 
the end of the tasting, a discussion and exchange of opi-
nions on the scores were held to know each taster's points 
of view and observations regarding the samples evaluated 
without this influencing the already established scores. The 
samples were classified according to the scores within the 
following scale: 65-74.99, 75-79, 99, 80-84.99, 85-94.99 
and 95-100, which corresponds to a cup quality of good, 
very good, specialty, excellent and exceptional, respecti-
vely.

Statistical analysis
Chromatographic data obtained on HPLC were pro-
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cessed using Chemstation software (Agilent Technologies, 
USA). Compounds were identified by comparison with the 
retention times of analytical standards. Each compound's 
concentration was calculated by interpolating the area va-
lues in the corresponding calibration curves.

To evaluate possible differences in the chemical coffee 
composition with respect to drying methods and harvest ti-
mes, data was pre-processed. For the coffee samples sub-
jected to the minimum airflow drying method, no experimen-
tal results were obtained for any of the analyzed samples. 
In the case of medium, zero and maximum airflow, results 
were obtained in some of the replicates. Considering the ex-
perimental design, data imputation before principal compo-
nent analysis was performed specifically for those missing 
GC-MS results.

Then a normalization of the data was performed using 
two scaling methods: 1) the Min-max scaling method, used 
to scale the data in a 0-1 range, and 2) the Standard scaler 
method, in which the mean of the values becomes zero, and 
the standard deviation became one. Subsequent analyzes 
were performed with the values of all repetitions. Ordinary 
Least Squares performed linear regression to identify the 
compounds influenced by drying and harvest time and/or 
the interaction between them. Then, a principal component 
analysis (PCA) and heat map was constructed with the 
compounds that were sensitive to the study variables. The 
individual influence of the drying type and harvest time on 
the chemical composition of experimental coffee samples 

was evaluated by two-way ANOVA. To determine the diffe-
rent experimental conditions, the posthoc Tukey's test was 
applied. For the evaluation of cupping data and its relation 
with the type of drying, the Random Forest method and 
Shap plots were used. In addition, a heat map was built 
with the significant variables. Statistical analyzes were per-
formed with a 95% confidence level using Python software 
version 3.9.0 and R version 4.1.2.  

Results and discussion

Chemical composition of specialty coffee beans 
(Coffea arabica L.)

In this study, several compounds related directly or indi-
rectly to the organoleptic characteristics of specialty coffee 
were evaluated.

The quantified alkaloids and phenolic compounds in 
green beans of specialty coffee are presented in Table 1. 
Caffeine concentration ranged between 7580.04 - 9482.43 
µg/g, and trigonelline ranged between 8653.24 – 10322.03 
µg/g. The composition of trigonelline was comparable with 
other studies where concentrations ranged between 7100 - 
13200 µg/g; meanwhile, caffeine composition was within a 
broad range of 500 - 44420 for Arabica varieties from diffe-
rent geographical origins, µg/g previously reported4,25,35–39. 
For most bio compounds, the highest concentrations were 

Table 1. Alkaloids and phenolic compounds composition in green coffee beans (µg/g).
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obtained at zero and maximum airflow and in samples of the 
last harvest (mid-August). 

Chlorogenic acids are the most abundant phenolic 
compounds in coffee samples40–42. In general, the contents 
of 3-CQA (26250.39 - 31912.57 µg/g), 4-CQA (3861.64 - 
5044.66 µg/g) and 5-CQA (2744.60 - 4054.43 µg/g) did 
not differ considerably among experimental samples. The 
results for 3-CQA and 4-CQA were within the broad ran-
ges reported in another stud (4930 - 149200 µg/g and 
7020 - 101900 µg/g, respectively), while our results for 
5-CQA were markedly lower than previous reports (57330 
- 263600 µg/g)4,39,43–45. The significant variations among the 
concentrations of chlorogenic acids in coffee beans have 
been attributed to the application of different post-harvest 
processing46, environmental factors and genetic variability 
between coffee species45. Consequently, it has been sug-
gested that more studies are required to elucidate the corre-
lation between these factors and grain chemistry46.

The highest concentrations for alkaloids and phenolic 
compounds quantified corresponded to the last harvest time 
(mid-Aug), except for rutin and acid 3-CQA whose highest 
concentrations were for the first harvest time (mid-July). 
Concerning the drying method, the highest concentrations 
of compounds were obtained in samples dried at zero and 
maximum airflow.

The concentration of amino acids in green coffee sam-
ples is shown in Table 2. In total, 14 amino acids were quan-
tified, from which proline was the most abundant (4931.48 - 
8704.18 µg/g), followed by glutamic acid (852.10 - 2377.78 
µg/g) and aspartic acid (274.22 - 1279.43 µg/g). The highest 
concentrations quantified for the amino acids corresponded 
to the samples harvested during mid-July and early August; 
meanwhile, the highest concentrations were obtained when 
samples were dried at zero airflows, except for glycine, 
phenylalanine, lysine and proline, whose highest concen-
trations corresponded to the drying at maximum airflow.

Different amino acid profiles have been previously re-
ported. Wei & Tanokura, (2015)47 reported 29 types of free 
amino acids in green coffee bean extracts, where aspartic 
acid, glutamic acid, serine, glycine, valine, phenylalanine 
and lysine were similar to our results. In contrast, the con-
centrations of histidine, threonine and alanine were higher, 
while arginine, isoleucine, leucine and proline were lower 
to those determined in the present study. In Casal et al., 
(2003)48, the concentrations of glycine and proline were 
lower, whereas leucine concentrations were higher than our 
results. In Lee et al. (2017)49, lower concentrations of glu-
tamic acid, glycine and proline, and high amounts of serine 
and valine were reported. Other studies reported similar 
proline, aspartic acid and glutamic acid concentrations but 
higher concentrations for the other amino acids19,50. Dong 
et al. (2017)20 suggest that composition variations in coffee 
can be attributed to factors such as coffee variety50,51, geo-
graphical origin51 or analytical methods52 used. Regarding 
drying methods, Kulapichitr et al., (2019)19 evaluated diffe-
rent drying methods in Thai coffee beans. Samples subjec-
ted to heat pump drying presented slightly higher levels of 
most amino acids and no differences at higher temperatu-
res. Tray drying showed a moderate effect on amino acids 
compared to sun drying, possibly due to shorter drying ti-
mes. 

The volatile compounds identified in the coffee beans 
after standardized roasting are presented in Table 3. A total 
of 20 volatile compounds, including pyridines, pyrazines, al-
cohols, pyrroles, cyclohexanes, aldehydes, furans, and ke-

tones, were identified, similarly as reported elsewhere24,53. 
The highest concentrations of volatile compounds were 
obtained for samples harvested during mid-August and 
dried under zero airflow. No significant differences among 
experimental treatments were determined for the aromatic 
compounds. 

Volatile compounds profile depends on a series of fac-
tors such as the species and variety grain, geographical ori-
gin, soil conditions and grains storage, as well as the time 
and temperature of the roasting process, among others20,54. 
Cheong et al. (2013)53 determined volatile sulfur compounds 
in roasted coffee, which impacted the sensory evaluation. 
Additionally, furans, pyrazines, pyridines, pyrroles and fu-
ranone were the main contributors to the roasted coffee 
aroma. Amanpour & Selli (2016)54, mainly furans and lac-
tones, followed by pyrazines, pyridines, acids, cyclopenta-
ne, pyrroles, furanone, ketones, thiols, alcohols, aldehydes, 
among others, were identified. Lee et al. (2017)49 evaluated 
the effect of the reverse process of grinding and roasting 
coffee on volatile compounds profiles, identifying 50 com-
pounds in coffee roasted with the conventional method and 
39 using the reverse method of grinding and roasting. To 
Laukaleja et al. (2019)55, main volatile compounds were fu-
rans, pyrazines, aldehydes and ketones, attributing to the 
last three an association with a pleasant aroma and flavor 
in specialty coffees. Heo et al. (2020)56 identified 36 volati-
le compounds, highlighting that the extraction method and 
temperature could influence the volatile compound profiles.

Influence of drying processes and harvest time on 
coffee beans chemical composition

In this study, the content of several aroma-related com-
pounds from specialty coffee samples harvested in different 
periods and subjected to other drying processes was asses-
sed (Table 4). The harvest time significantly influenced all 
phenolic compounds' composition (p<0.05), except chloro-
genic acid (3 CQA). Harvest time also influenced on the con-
tent of the amino acids serine (p=0.003), arginine (p=0.009), 
phenylalanine (p=0.0004) and leucine (p=0.00006) and the 
only one aromatic compound cyclohexane (p=0.04). Drying 
type significantly influenced on the concentration of rutin 
(p=0.03), trigonelline (p=0.04) and the amino acids glycine 
(p=0.04), alanine (p=0.01), valine (p=0.02) and isoleucine 
(p=0.01). 

Experimental treatments that significantly differed were 
identified (Tables 1 & 2). For polyphenols, the quantified 
concentrations of rutin, 4-CQA and 5-CQA of the coffee 
beans collected in early August were statistically lower 
than the other harvest periods. For apigenin and caffeine, 
concentrations in the coffee beans collected in mid-August 
were significantly higher than in the other harvest periods. 
For amino acids, concentrations of aspartic acid were quite 
different among all harvest periods, obtaining the highest 
concentration in samples collected mid-July. Serine and ar-
ginine concentrations in samples collected in early August 
were significantly lower than those obtained from other har-
vest periods. For phenylalanine, statistically lower concen-
trations were observed in samples collected in mid-August. 
For histidine and threonine, significantly lower concentra-
tions were obtained in coffee samples subjected to minimal 
aeration.

The combined influence of the experimental variables 
was explored by constructing a PCA based on the biocom-
pounds whose simple linear regressions were statistically 
significant. Those compounds were one polyphenol (apige-
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Table 2. Amino acid composition in green coffee beans (µg/g).
nin), five amino acids (arginine, alanine, valine, isoleucine, 
and leucine), and 10 aromatics (2,3-pentanedione, car-
bon monoxide, butane, dihydro-2-methyl 3(2H)-furanone, 
2-methylpyrazine, 2-furancarboxaldehyde, 2,6-dimethyl-
pyrazine, 2-ethylpyrazine, 2-ethyl-6-methylpyrazine, and 
2-ethyl-3-methylpyrazine). Three main components were 
defined and explained 73% of the variation of the data ba-
sed on the harvest time (PCA1 39% and PCA2 24%).

Figure 1 shows a heat map of the variation of coffee 
bean composition according to the drying type and harvest 
time. Two groups were distinguished, one for amino acids 
and another for aromatic compounds, except for butane and 

carbon monoxide. This suggested assembling early formed 
precursors and roasting products, discarding intermediate 
processes, such as ripening and drying, that were not sig-
nificant when constructing the PCA model. These results 
may support the observed more considerable influence of 
the harvest period compared to the evaluated drying pro-
cesses. 

Several studies refer to the interaction of the chemi-
cal composition of coffee with genotype10, environment10, 
geographical origin57, climatic factors58, and processing10, 
among others. Kulapichitr et al. (2019)19 evaluated the in-
fluence of heat pump drying, tray drying and sun drying on 
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Table 3. Volatile 
compounds identi-
fied in roasted coffee 
beans (%).

Effect of different drying airflows and harvest periods on the quality of specialty coffee (Coffea arabica L.)



8

Table 4. Individual influence of the drying type and harvest time on the chemical composition of green coffee beans, 
evaluated by analysis of variance.
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coffee's chemical composition. The drying process did not 
affect the caffeine content, but it influenced the concentra-
tion of histidine, as in the present study. In addition,  signifi-
cant differences were observed for aspartic acid and phen-
ylalanine. Significant differences among drying methods in 
several compounds were described for the aromatic com-
pounds. Green coffee beans subjected to heat pump drying 
presented slightly higher levels of most amino acids19. Heat 
pump and tray drying shared the same profile and com-
pound content, while both differed from the composition of 
sun-dried coffee samples19. Tolessa et al., (2017)59 evalua-
ted the influence of growing altitude, shade and harvest pe-
riod on Ethiopian specialty coffee's quality and biochemical 
design.

It was determined that beans harvested at early and 
middle harvest periods were generally higher in cup quality 
compared to late-harvested beans. Interactions among alti-
tude, shade and harvest periods were significant for caffei-
ne content. The highest caffeine content (17.9 g Kg-1) was 
obtained in early harvested beans at middle altitude with 
dense shade. In comparison, the lowest range (14.5 g Kg-1) 
was observed in middle-harvested beans from high altitu-
des with the medium shade. No interactions were found for 

the total chlorogenic acids content of coffee beans. Lade-
rach et al. (2011)60 evaluated two harvest times and their 
correlation with the sensory properties of coffee harves-
ted in two Colombian states and two Mexican farms. They 
found significant differences in the sensory attributes of the 
coffee and determined that for an early harvest, most cha-
racteristics score higher except for aroma/fragrance, body 
and sweetness. Final cupping scores for early and late har-
vest coffees were 77.8 points and 72.6 pints, respectively. 
Jeszka-Skowron et al., (2016)43, evaluated the concentra-
tion of chlorogenic acids and caffeine in coffee beans from 
different geographical origins of the Arabica and Robusta 
varieties. They determined that there were no significant di-
fferences between the contents of caffeine and chlorogenic 
acids (3-CQA, 4-CQA and 5-CQA) of the coffee collected 
from different geographical origins for the Arabica variety. 
However, for the Robusta variety, there were significant di-
fferences in the contents of these compounds. Scarce in-
formation about associations between green coffee beans' 
chemical compositions and the harvest period has been 
published.

Other studies have evaluated the relationship between 
coffee chemical composition and drying conditions. In Dong 

Figure 1. Heat map for coffee samples subjected to different drying airflow types and different harvest times.
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et al. (2017)20, five drying conditions were assessed, and, 
by PCA, it was determined that both hot air-dried and cold-
dried samples were located in the positive direction of PC1. 
In contrast, the models treated with the heat pump drying, 
solar drying, and room temperature drying methods were 
close to each other and in the negative PC1 direction, in-
dicating that the different drying methods influence coffee 
chemical compounds' content. In addition, solar drying 
significantly influenced caffeine and trigonelline content; 
meanwhile, freeze-drying and heat-pump drying significant-
ly influenced the concentration of amino acids and volatile 
compounds, respectively20.

Other factors before harvest, such as the species, cul-
tural practices, fertilization, temperature and altitude, can 
influence the quality of the coffee cup. According to Bastian 
et al., (2021)61, the quality of coffee beverages is affected by 
the ripening time of the fruit, which is also related to geogra-
phic and climate conditions62. Velásquez & Banchón, (2022) 
63 mentioned that climatic changes where there are heat 
waves and droughts directly affect the production of Arabi-
ca coffee due to its greater sensitivity to climatic changes. 
Overall, the association of different variables throughout the 
pre-and post-harvest coffee processing should continue be-
ing explored towards defining predictor variables for coffee 
classification, particularly for high-quality coffee due to its 
sensitiveness. 

Sensory analysis results
The drink quality, given by its sensory attributes, is the 

main characteristic that differentiates specialty coffee from 
regular coffee46,64. In this study, drink quality was subjected 
to sensorial panels only considering the drying type since it 
was the less sensitive variable related to the coffee chemi-
cal composition. The sensory scores given by professional 
tasters are shown in Table 5. According to the SCAA, spe-
cialty coffee must present a final sensory score greater than 
or equal to 80 out of 10065. This narrow scoring is scale-ba-
sed, which reduces the possibility of quantitative analysis. 
A proposal to match sensory attributes with the drying type 
was modeled by Random Forest analysis, through which 
the drying type could be predictable only within a cupping 
range between 8 and 9.5. 

The primary tasting descriptors were the balance and 
the general tasting value—figure 2. A shows the results ob-
tained for samples dried under minimum airflow, in which 
the most representative descriptors were balance, flavor 

and final score. A low balance and high flavor values cha-
racterized drying at minimum airflow. Figure 2.B presents 
the model for drying at medium airflow. This drying type was 
defined as a tasting result with low body values, high ba-
lance and high general tasting values. For drying at zero 
airflows, balance, available tasting value and body were the 
most relevant descriptors without defining any trend since 
the medium and low values were mixed (Figure 2.C). This 
drying type could only be defined with high aroma values. 
Similarly, for drying at maximum airflow, no clear trend of 
cupping descriptors was observed (Figure 2.D). 

These results suggested an association between the 
drying at a minimum and medium airflow with the final tas-
ting. In contrast, extreme drying conditions, i.e., zero and 
maximum airflow, could trigger diverse metabolic processes 
that result in a mixture of tasting characteristics.

Previous studies evaluate the sensory analysis rela-
tionship of coffee with the processing type. Wet processing 
requires large amounts of water66 and involves the mechani-
cal depulping of coffee cherries, which removes most of the 
bean flesh61. What is obtained is parchment coffee surroun-
ded by mucilaginous residues, which are degraded throu-
gh fermentation in water pools that cover the coffee beans 
entirely for a certain period; the final product is a "washed" 
or "parchment" coffee67. This method is widely used in Ara-
bica coffee61. Pinto et al., (2013)68 established that for the 
sensory attributes evaluated in their study (drink clarity, aci-
dity, body, flavor, aftertaste, balance, general value and final 
score) there was a significant difference between the treat-
ments, being the wet superior to dry processing coffees with 
final scores between 82.93-82.95 and 78.12-75.65, respec-
tively. Rodriguez et al. (2020)69 determined that post-har-
vest coffee processing did not affect the total cup score, ob-
taining a mean value for the semi-dry processing method of 
85.94 ± 0.57, while for wet processing, it was 84.13 ± 0.42. 
In addition, none of the attributes analyzed individually for 
final tasting was significantly different between both proces-
ses; however, they noted slightly better values for fragran-
ce/aroma, aftertaste, acidity, and body attributes for the wet 
processing. They also observed that uniformity, balance, 
clean cup, and sweetness parameters increased the overall 
rating. Ribeiro et al. (2016)10 obtained results contrary to the 
studies mentioned above, where the significantly highest 
average values final score were observed in dry-processed 
coffee, with a value of 85.57 vs. 84.61 obtained with the wet 
method. 

Table 5. Sensory analysis scores of coffee samples by type of drying.
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Conclusions
In this study, the influence of the different drying pro-

cesses and harvest periods on the quality of specialty green 
bean coffee was evaluated through the characterization of 
aroma-responsible compounds and their relationship with 
the tasting attributes of coffee drinks. Four drying types 
and three harvest times were considered for 36 coffee 
bean samples. The techniques for extracting and analyzing 
chemical compounds from coffee were optimized. The 
concentrations of polyphenols, amino acids and aromatic 
compounds were quantified and some differed from those 
reported in the literature, attributing to a series of factors 
such as geographical origin, environmental factors, agricul-
tural practices, grain species and variety, post-harvest treat-
ments, type of roasting, among others. Slight differences 
were established in chemical compound content concerning 
harvest periods, but these differences were not significant. 
The drying type did not significantly influence the bio com-
pounds concentration determined in specialty coffee. The-
refore, both the harvest period and the drying type alone 
cannot be considered predictive scale variables that explain 
the sensory differences of specialty coffee. It is suggested 
to analyze the entire production process of specialty coffee 
to define other variables that adequately explain these di-
fferences in composition for the chemical compounds of co-
ffee. Tasting according to drying type allowed to establish a 
predictive model, particularly for drying types with minimum 
and medium airflow, as long as the tasting values are wi-
thin a range of 8-9.5. Considering that cupping scores for 
specialty coffee should be high, it is suggested to create an 
internal cupping scale to obtain a broader cupping range, 
allowing a more sensitive evaluation of processing variables 
and even chemical coffee composition. 

Acknowledgments
To the farm "La Papaya" located in the Saraguro can-

ton, Loja-Ecuador. The research was carried out within the 
framework of a joint VLIR NETWORK Ecuador postgradua-
te program.

Conflicts of Interest
The author(s) declare that they have no competing in-

terests. 

Bibliographic references
1. Rodrigues N, Bragagnolo N. Identification and quantification 

of bioactive compounds in coffee brews by HPLC-DAD-MS. J 
Food Compos Anal 2013; 32: 105–115.

2. Borrella I, Mataix C, Carrasco-Gallego R. Smallholder Farm-
ers in the Speciality Coffee Industry: Opportunities, Con-
straints and the Businesses that are Making it Possible. IDS 
Bull 2015; 46: 29–44.

3. González Sánchez H, Gonzales Palomares S, Rosales Reyes 
T. Café (Coffea arabica L.): Compuestos volátiles relacionados 
con el aroma y el sabor. Unacar Tecnociencia 2011; 5: 35–45.

4. Lee LW, Cheong MW, Curran P, Yu B, Liu SQ. Coffee fermen-
tation and flavor--An intricate and delicate relationship. Food 
Chem 2015; 185: 182–191.

5. Anthony J. Top 10 Most Expensive Coffee In The World: Luwak 
Coffee Is Not The No. 1. Financesonline.com. 2014.https://
financesonline.com/top-10-most-expensive-coffee-in-the-
world-luwak-coffee-is-not-the-no-1/ (accessed 25 Jul2021).

6. Transparent Trade Coffee. SCRPI. Transparent Trade Coffee. 2020.
https://www.transparenttradecoffee.org/scrpi (accessed 25 Jul2021).

7. Fisk ID, Kettle A, Hofmeister S, Virdie A, Kenny JS. Discrimi-
nation of roast and ground coffee aroma. Flavour 2012; 1: 14.

8. Borém FM, Figueiredo LP, Ribeiro FC, Taveira JHS, Giomo 
GS, Salva TJG. The relationship between organic acids, su-
crose and the quality of specialty coffees. Afr J Agric Res 
2016; 11: 709–717.

Figure 2. (A) Tasting parameters with the greatest influence on samples subjected at minimum airflow drying, (B) Tasting 
parameters with the greatest influence on samples subjected at medium airflow drying, (C) Tasting parameters with the 
greatest influence on samples dried without airflow, and (D) Tasting parameters with the greatest influence on samples 
subjected at maximum airflow drying.

Effect of different drying airflows and harvest periods on the quality of specialty coffee (Coffea arabica L.)



12

9. Farah A, Marino Donangelo C. Phenolic compounds in coffee. 
Braz J Plant Physiol 2006; 18: 23–36.

10. Ribeiro DE, Meira Borém F, Cirillo M, Bernardes MV, Ferraz 
V, Ramos Alves H et al. Interaction of genotype, environment 
and processing in the chemical composition expression and 
sensorial quality of Arabica coffee. Afr J Agric Res 2016; 11: 
2412–2422.

11. Arruda NP, Hovell AMC, Rezende CM, Freitas SP, Couri S, 
Bizzo HR. Correlação entre precursores e voláteis em café 
arábica brasileiro processado pelas vias seca, semiúmida e 
úmida e discriminação através da análise por componentes 
principais. Quím Nova 2012; 35: 2044–2051.

12. Poisson L, Blank I, Dunkel A, Hofmann T. Chapter 12 - The 
Chemistry of Roasting—Decoding Flavor Formation. In: Fol-
mer B (ed). The Craft and Science of Coffee. Academic Press, 
2017, pp 273–309.

13. Chu Y-F. Coffee: Emerging Health Effects and Disease Pre-
vention. John Wiley & Sons, 2012.

14. Grembecka M, Malinowska E, Szefer P. Differentiation of mar-
ket coffee and its infusions in view of their mineral composi-
tion. Sci Total Environ 2007; 383: 59–69.

15. Arya M, Rao LJM. An impression of coffee carbohydrates. Crit 
Rev Food Sci Nutr 2007; 47: 51–67.

16. Bressanello D, Liberto E, Cordero C, Rubiolo P, Pellegrino G, 
Ruosi MR et al. Coffee aroma: Chemometric comparison of 
the chemical information provided by three different samplings 
combined with GC-MS to describe the sensory properties in 
cup. Food Chem 2017; 214: 218–226.

17. Gonzalez-Rios O, Suarez- Quiroz M, Renaud B, Barel M, Guy-
ot B, Guiraud J-P et al. Impact of "ecological" post-harvest pro-
cessing on coffee aroma: II. Roasted coffee. J Food Compos 
Anal - J FOOD COMPOS ANAL 2007; 20: 297–307.

18. Puerta G, Echeverry J. Fermentación controlada del café: Tec-
nología para agregar valor a la calidad. 2015.https://biblioteca.
cenicafe.org/bitstream/10778/558/1/avt0454.pdf.

19. Kulapichitr F, Borompichaichartkul C, Suppavorasatit I, Cad-
wallader KR. Impact of drying process on chemical composi-
tion and key aroma components of Arabica coffee. Food Chem 
2019; 291: 49–58.

20. Dong W, Hu R, Chu Z, Zhao J, Tan L. Effect of different drying 
techniques on bioactive components, fatty acid composition, 
and volatile profile of robusta coffee beans. Food Chem 2017; 
234: 121–130.

21. Firdissa E, Mohammed A, Berecha G, Garedew W. Coffee 
Drying and Processing Method Influence Quality of Arabica 
Coffee Varieties (Coffee arabica L.) at Gomma I and Lim-
mu Kossa, Southwest Ethiopia. J Food Qual 2022; 2022: 
e9184374.

22. Coradi PC, Borém FM, Saath R, Marques ER. Effect of drying 
and storage conditions on the quality of natural and washed 
coffee. Coffee Sci 2007; 2: 10.

23. Lee LW, Cheong MW, Curran P, Yu B, Liu SQ. Modulation of 
coffee aroma via the fermentation of green coffee beans with 
Rhizopus oligosporus: I. Green coffee. Food Chem 2016; 211: 
916–924.

24. Petisca C, Pérez-Palacios T, Farah A, Pinho O, Ferreira IM-
PLVO. Furans and other volatile compounds in ground roasted 
and espresso coffee using headspace solid-phase microex-
traction: Effect of roasting speed. Food Bioprod Process 2013; 
91: 233–241.

25. Yisak H, Redi-Abshiro M, Chandravanshi BS. Selective de-
termination of caffeine and trigonelline in aqueous extract of 
green coffee beans by FT-MIR-ATR spectroscopy. Vib Spec-
trosc 2018; 97: 33–38.

26. Kitzberger CSG, Scholz MB dos S, Benassi M de T. Bioac-
tive compounds content in roasted coffee from traditional 
and modern Coffea arabica cultivars grown under the same 
edapho-climatic conditions. Food Res Int 2014; 61: 61–66.

27. Cheng B, Furtado A, Smyth HE, Henry RJ. Influence of geno-
type and environment on coffee quality. Trends Food Sci Tech-
nol 2016; 57: 20–30.

28. Specialty Coffee Association of America. SCAA. Coffee 
Standards. 2018.https://static1.squarespace.com/stat-
ic/584f6bbef5e23149e5522201/t/5d936fa1e29d4d534204
9d74/1569943487417/Coffee+Standards-compressed.pdf 
(accessed 27 Jul2021).

29. Farah A, Monteiro MC, Calado V, Franca AS, Trugo LC. Cor-
relation between cup quality and chemical attributes of Brazil-
ian coffee. Food Chem 2006; 98: 373–380.

30. Barbosa M de SG, Scholz MB dos S, Kitzberger CSG, Benassi 
M de T. Correlation between the composition of green Arabica 
coffee beans and the sensory quality of coffee brews. Food 
Chem 2019; 292: 275–280.

31. Saquicela JE. “Optimización experimental de un mét-
odo cromatográfico HPLC-DAD para el análisis de po-
lifenoles en frutas.” 2018.http://dspace.ucuenca.edu.ec/
bitstream/123456789/30853/1/TRABAJO%20DE%20TITU-
LACI%c3%93N.pdf.

32. Murkovic M, Derler K. Analysis of amino acids and carbohy-
drates in green coffee. J Biochem Biophys Methods 2006; : 8.

33. Kerkaert B, Mestdagh F, Cucu T, Aedo PR, Ling SY, De Meule-
naer B. Hypochlorous and peracetic acid induced oxidation of 
dairy proteins. J Agric Food Chem 2011; 59: 907–914.

34. Henderson JW, Ricker RD, Bidlingmeyer BA, Woodward C. 
Rapid, accurate, sensitive, and reproducible HPLC analysis of 
amino acids. Amino acid analysis using Zorbax Eclipse-AAA 
columns and the Agilent, 1100. Agil Technol 2000; : 1–10.

35. Mehari B, Redi-Abshiro M, Chandravanshi BS, Atlabachew 
M, Combrinck S, McCrindle R. Simultaneous Determination of 
Alkaloids in Green Coffee Beans from Ethiopia: Chemometric 
Evaluation of Geographical Origin. Food Anal Methods 2016; 
9: 1627–1637.

36. Atlabachew M, Abebe A, Alemneh Wubieneh T, Tefera Habte-
mariam Y. Rapid and simultaneous determination of trigonel-
line, caffeine, and chlorogenic acid in green coffee bean ex-
tract. Food Sci Nutr 2021; 9: 5028–5035.

37. Macheiner L, Schmidt A, Schreiner M, Mayer HK. Green cof-
fee infusion as a source of caffeine and chlorogenic acid. J 
Food Compos Anal 2019; 84: 103307.

38. Demissie EG, Woyessa GW, Abebe A. Uv/Vis spectrometer 
determination of caffeine in green coffee beans from Harar-
ghe, Ethiopia, using beer-lambert's law and integrated absorp-
tion coefficient techniques. 2016; : 16.

39. De Luca S, Ciotoli E, Biancolillo A, Bucci R, Magrì AD, Marini 
F. Simultaneous quantification of caffeine and chlorogenic acid 
in coffee green beans and varietal classification of the samples 
by HPLC-DAD coupled with chemometrics. Environ Sci Pollut 
Res 2018; 25: 28748–28759.

40. Perrone D, Farah A, Donangelo C, Paulis T, Martin P. Com-
prehensive analysis of major and minor chlorogenic acids and 
lactones in economically relevant Brazilian coffee cultivars. 
Food Chem 2008; 106: 859–867.

41. Król K, Gantner M, Tatarak A, Hallmann E. The content of poly-
phenols in coffee beans as roasting, origin and storage effect. 
Eur Food Res Technol 2020; 246: 33–39.

42. Rostagno MA, Celeghini RMS, Debien ICN, Nogueira GC, 
Meireles MAA. Chapter 15 - Phenolic Compounds in Coffee 
Compared to Other Beverages. In: Preedy VR (ed). Coffee in 
Health and Disease Prevention. Academic Press: San Diego, 
2015, pp 137–142.

43. Jeszka-Skowron M, Sentkowska A, Pyrzyńska K, De Peña 
MP. Chlorogenic acids, caffeine content and antioxidant prop-
erties of green coffee extracts: influence of green coffee bean 
preparation. Eur Food Res Technol 2016; 242: 1403–1409.

44. Craig AP, Fields C, Liang N, Kitts D, Erickson A. Performance 
review of a fast HPLC-UV method for the quantification of 
chlorogenic acids in green coffee bean extracts. Talanta 2016; 
154: 481–485.

45. Ribeiro DE, Borém FM, Nunes CA, Alves AP de C, Santos CM 
dos, Taveira JH da S et al. Profile of organic acids and bioac-
tive compounds in the sensory quality discrimination of arabi-
ca coffee. Coffee Sci - ISSN 1984-3909 2018; 13: 187–197.

Valeria Arévalo, William Mejía, Juan Manuel Cevallos-Cevallos, Johana Ortiz-Ulloa
Volume 8 / Issue 1 / 17     •     http://www.revistabionatura.com



13

46. Ribeiro DE, Borém FM, Nunes CA. Sensory quality discrimina-
tion of Coffea arabica. Coffee Sci 2018; 13: 11.

47. Wei F, Tanokura M. Organic Compounds in Green Coffee 
Beans. In: Coffee in Health and Disease Prevention. Elsevier, 
2015, pp 149–162.

48. Casal S, Alves MR, Mendes E, Oliveira MBPP, Ferreira MA. 
Discrimination between Arabica and Robusta Coffee Species 
on the Basis of Their Amino Acid Enantiomers. J Agric Food 
Chem 2003; 51: 6495–6501.

49. Lee LW, Tay GY, Cheong MW, Curran P, Yu B, Liu SQ. Mod-
ulation of the volatile and non-volatile profiles of coffee fer-
mented with Yarrowia lipolytica: I. Green coffee. LWT 2017; 
77: 225–232.

50. Dong W, Tan L, Zhao J, Hu R, Lu M. Characterization of Fatty 
Acid, Amino Acid and Volatile Compound Compositions and 
Bioactive Components of Seven Coffee (Coffea robusta) Cul-
tivars Grown in Hainan Province, China. Molecules 2015; 20: 
16687–16708.

51. Wei F, Furihata K, Koda M, Hu F, Kato R, Miyakawa T et al. 
13C NMR-Based Metabolomics for the Classification of Green 
Coffee Beans According to Variety and Origin. J Agric Food 
Chem 2012; 60: 10118–10125.

52. Ramón-Gonçalves M, Gómez-Mejía E, Rosales-Conrado N, 
León-González ME, Madrid Y. Extraction, identification and 
quantification of polyphenols from spent coffee grounds by 
chromatographic methods and chemometric analyses. Waste 
Manag 2019; 96: 15–24.

53. Cheong MW, Tong KH, Ong JJM, Liu SQ, Curran P, Yu B. Vol-
atile composition and antioxidant capacity of Arabica coffee. 
Food Res Int 2013; 51: 388–396.

54. Amanpour A, Selli S. Differentiation of Volatile Profiles and 
Odor Activity Values of Turkish Coffee and French Press Cof-
fee: Turkish Coffee and French Press Coffee Volatiles. J Food 
Process Preserv 2016; 40: 1116–1124.

55. Laukaleja I, Kruma Z. Phenolic and volatile compound compo-
sition influence to specialty coffee cup quality. 2019; : 441.8Kb.

56. Heo J, Adhikari K, Choi KS, Lee J. Analysis of Caffeine, Chlo-
rogenic Acid, Trigonelline, and Volatile Compounds in Cold 
Brew Coffee Using High-Performance Liquid Chromatogra-
phy and Solid-Phase Microextraction—Gas Chromatogra-
phy-Mass Spectrometry. Foods 2020; 9: 1746.

57. Mehari B, Redi M, Chandravanshi B, Combrinck S, Atla-
bachew M, Mccrindle R. Profiling of Phenolic Compounds 
Using UPLC-MS for Determining the Geographical Origin 
of Green Coffee Beans from Ethiopia. J Food Compos Anal 
2016; 45: 16–25.

58. Bertrand B, Renaud B, Dussert S, Laffargue A, Ribeyre F, 
Berthiot L et al. Climatic factors directly impact the biochemi-
cal composition and the volatile organic compounds fingerprint 
in green Arabica coffee bean as well coffee beverage quality. 
2012.

59. Tolessa K, D'heer J, Duchateau L, Boeckx P. Influence of 
growing altitude, shade and harvest period on quality and bio-
chemical composition of Ethiopian specialty coffee. J Sci Food 
Agric 2017; 97: 2849–2857.

60. Läderach P, Oberthür T, Cook S, Estrada Iza M, Pohlan JA, 
Fisher M et al. Systematic agronomic farm management for 
improved coffee quality. Field Crops Res 2011; 120: 321–329.

61. Bastian F, Hutabarat OS, Dirpan A, Nainu F, Harapan H, Em-
ran TB et al. From Plantation to Cup: Changes in Bioactive 
Compounds during Coffee Processing. Foods 2021; 10: 2827.

62. Wintgens JN. Factors Influencing the Quality of Green Cof-
fee. In: Coffee: Growing, Processing, Sustainable Production. 
John Wiley & Sons, Ltd, 2004, pp 789–809.

63. Velásquez S, Banchón C. Influence of pre-and post-harvest 
factors on the organoleptic and physicochemical quality of 
coffee: a short review. J Food Sci Technol 2022. doi:10.1007/
s13197-022-05569-z.

64. Silveira A de S, Pinheiro ACT, Ferreira WPM, Silva LJ da, Ru-
fino JL dos S, Sakiyama NS. ' Sensory analysis of specialty 
coffee from different environmental conditions in the region of 
Matas de Minas, Minas Gerais, Brazil. Rev Ceres 2016; 63: 
436–443.

65. Santos DF, Franco Junior KS, da Silva CH, Da Silva Neto 
JF, Paiva LC, Brigante GP. Efect of lnf (cna - cnb) enzyme 
complex in the drying process and the coffee quality. 2020. 
doi:10.25186/.v15i.1677.

66. Haile M, Hee Kang W. The Harvest and Post-Harvest Manage-
ment Practices' Impact on Coffee Quality. In: Toledo Castan-
heira D (ed). Coffee - Production and Research. IntechOpen, 
2020 doi:10.5772/intechopen.89224.

67. Duarte GS, Pereira AA, Farah A. Chlorogenic acids and other 
relevant compounds in Brazilian coffees processed by semi-
dry and wet post-harvesting methods. Food Chem 2010; 118: 
851–855.

68. Pinto G, Silva Q, Ribeiro M, De Souza S. Quality of coffee 
produced in the Southwest region of Bahia, Brazil subjected to 
different forms of processing and drying. Afr J Agric Res 2013; 
8: 2334–2339.

69. Rodriguez YFB, Guzman NG, Hernandez JG. Effect of the 
post-harvest processing method on the biochemical compo-
sition and sensory analysis of Arabica coffee. Eng Agríc 2020; 
40: 177–183.

Effect of different drying airflows and harvest periods on the quality of specialty coffee (Coffea arabica L.)



1

Volume 8 / Issue 1 / 18 / http://dx.doi.org/10.21931/RB/2023.08.01.18

Citation: Checa-Artos M, Barcos-Arias M, Sosa-Del Castillo D, Vanegas M E, Ruiz-Barzola O.Fitorremediación de cinco productos 
farmaceúticos registrados como contaminantes emergentes en medio acuoso empleando la especie Jacinto de Agua (Eichhornia 
crassipes) Revis Bionatura 2023;8 (1)18. http://dx.doi.org/10.21931/RB/2023.08.01.18
Received: 26 September 2022 / Accepted: 15 October 2022 / Published: 15 March 2023

http://www.revistabionatura.com

Publisher’s Note: Bionatura stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Copyright: © 2022 by the authors. Submitted for possible open access publication under the terms and conditions of the 
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

ARTICLE / INVESTIGACIÓN

1 Escuela Superior Politécnica del Litoral, Facultad de Ciencias de la Vida, Centro de Investigaciones Biotecnológicas del Ecuador, Guayaquil, Ecuador.
2 Universidad de las Fuerzas Armadas ESPE, Sangolquí, Ecuador.
3 Facultad de Ingenierías. Universidad Espíritu Santo. Samborondón, Ecuador.
4 Departamento de Estadística, Universidad de Salamanca, USal, Salamanca, España.
5 Centro de Estudios Ambientales, Departamento de Química Aplicada y Sistemas de Producción, Facultad de Ciencias Químicas, Universidad de Cuenca, Cuenca, Ecuador.
Corresponding author: mcheca@espol.edu.ec

DOI. 10.21931/RB/2023.08.01.18

Fitorremediación de cinco productos farmaceúticos registrados como 
contaminantes emergentes en medio acuoso empleando la especie Jacinto 
de Agua (Eichhornia crassipes)
Phytoremediation of five pharmaceutical products registered as emerging contaminants in 
an aqueous medium using the species Water Hyacinth (Eichhornia crassipes)

Checa-Artos Miriam1,2*, Barcos-Arias Milton1,3, Sosa-Del Castillo Daynet1, Vanegas María Eulalia5, Ruiz-Barzola Omar1,4

Resumen: La contaminación de los sistemas acuáticos de agua dulce constituye un problema ambiental recurrente en 
el ámbito mundial, que se agudiza cada vez más con la presencia frecuente de nuevos compuestos químicos, tal es el 
caso de los contaminantes emergentes, dentro de los cuales se incluyen los productos farmacéuticos.  El objetivo de 
esta investigación fue estimar la capacidad de la especie jacinto de agua (Eichhornia crassipes) para remover del medio 
acuoso cinco fármacos altamente recetados y de venta libre como ciprofloxacina, ibuprofeno, sulfametaxazol, diclofenaco 
y acetaminofén.  El trabajo se llevó a cabo en condiciones de invernadero a una temperatura de 25 0C y a un pH de 6,5; 
con una toma de muestras cada 24 h a diferentes concentraciones (3, 6, 9,12) mg/L. Para el análisis de las muestras se 
utilizó Espectrofotometría UV-VIS con lectura directa de las absorbancias de cada uno de los fármacos. Se empleó la 
metodología de superficies de respuesta para el análisis estadístico de los datos, lo que permitió determinar los modelos 
para establecer tiempos y concentraciones óptimas maximizando la absorción de cada producto farmacéutico, así como 
obtener las pendientes de crecimiento para definir hacia donde se puede proyectar el óptimo. Los principales resultados 
en este estudio indican que E. crassipes removió 95% de diclofenaco en soluciones acuosas con una concentración de 3 
mg/L en un tiempo de 24 h, seguido de ciprofloxacina y acetaminofén con una remoción máxima de 91,18%  y 71% a las 
96 h, respectivamente. Mientras que los más bajos porcentajes de remoción se obtuvo para ibuprofeno y sulfametaxazol 
con 57,56% y 36%, respectivamente. En el presente estudio, se comprobó la alta capacidad de remoción E. crassipes 
de los cinco productos farmacéuticos en condiciones controladas, evidenciando una gran posibilidad de aplicación en el 
campo de la fitorremediación de contaminantes emergentes en medio acuoso, lo cual constituye un importante aporte en 
este ámbito de la investigación.

Palabras clave: Fitorremediación, contaminantes emergentes, jacinto de agua (Eichhornia crassipes), superficie de respuesta.

Abstract: Contamination of freshwater aquatic systems is a recurring environmental problem worldwide, which is 
becoming increasingly acute with the frequent presence of new chemical compounds, such as emerging pollutants, 
including pharmaceutical products. The objective of this research was to estimate the ability of the water hyacinth species 
(Eichhornia crassipes) to remove from the aqueous environment five highly prescribed and over-the-counter drugs such as 
ciprofloxacin, ibuprofen, sulfamethoxazole, diclofenac, and acetaminophen. The work was carried out under greenhouse 
conditions at a temperature of 25 0C and a pH of 6.5; with a sampling every 24 h at different concentrations (3, 6, 9.12) 
mg/L. For the analysis of the samples, UV-VIS Spectrophotometry was used with direct reading of the absorbances of 
each one of the drugs. The response surface methodology was used for the statistical analysis of the data, which allowed 
determining the models to establish optimal times and concentrations maximizing the absorption of each pharmaceutical 
product, as well as obtaining the growth slopes to define where it can be projected the optimum. The main results in this 
work indicate that E. crassipes removed 95% of diclofenac in aqueous solutions with a concentration of 3 mg/L in 24 
h, followed by ciprofloxacin and acetaminophen with a maximum removal of 91.18% and 71% at 96 h, respectively. At 
the same time, the lowest removal percentages were obtained for ibuprofen and sulfamethoxazole at 57.56% and 36%, 
respectively. In the present study, the high Eichchornia crassipes removal capacity of the five pharmaceutical products 
under controlled conditions was verified, evidencing a great possibility of application in the phytoremediation of emerging 
contaminants in an aqueous medium.

Key words: Phytoremediation, emerging contaminants, water hyacinth (Eichhornia crassipes), response surface.
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Introducción
Los contaminantes emergentes (CE) tales como los 

productos farmacéuticos (PFs) y sus metabolitos, produc-
tos de cuidado personal (PCP), compuestos disruptores 
endocrinos (CDE) entre otros, son motivo de preocupación 
debido a su incidencia en la salud humana y en los ecosis-
temas acuáticos, cuya presencia se ha detectado en nive-
les traza en aguas residuales, aguas superficiales y subte-
rráneas e inclusive en agua potable1-4.

Las principales fuentes de CE del agua dulce general-
mente se originan en las descargas de aguas residuales 
municipales, de la industria, de las prácticas domésticas, de 
la agricultura y la ganadería5-7.

Es importante señalar que, a pesar de los avances tec-
nológicos, los sistemas actuales de tratamiento de aguas 
residuales no son eficientes para eliminar estos CE8. Asi-
mismo, aun no existen suficientes regulaciones que brin-
den pautas en el tratamiento de CE en el ámbito local y 
mundial9,10.

En los últimos 20 años, se han llevado a cabo diferen-
tes investigaciones en la mayoría de países del mundo, en 
las cuales se establece la presencia frecuente de PFs y de 
demás CE4,11,12. En este contexto, un estudio realizado en 
Ecuador en el año 2013 por (13), determinó la presencia de 
algunos PFs como venlafaxina, carbamazepina, sulfame-
toxazol y benzoilcgonina, en los ríos San Pedro-Guaylla-
bamba-Esmeraldas.

Cabe destacar que, los productos farmacéuticos inclui-
dos en la presente investigación, figuran como los más alta-
mente recetados y de venta libre en todos los continentes, 
excepto Oceanía12,14-17. Lo que encuentra relación con su 
aparición frecuente en aguas superficiales, subterráneas, 
aguas residuales y agua potable1,18-26.

La presencia de fármacos en los ambientes acuáticos 
y sus riesgos consecuentes, son cada vez más evidentes 
porque las tecnologías de identificación de estos contami-
nantes han mejorado sustancialmente19,27-30. Asimismo, el 
riesgo ambiental como es la resistencia a antibióticos, al-
teración endócrina y carcinogenicidad, se ha incrementa-
do debido a que las industrias relacionadas con la salud 
humana y veterinarias han incrementado la producción de 
PFs, lo que implica un mayor consumo y por tanto mayores 
descargas a los ecosistemas acuáticos2,22,23,27,31-36.

El derecho de los seres humanos al acceso y consu-
mo de agua segura es un precepto  sine qua non para la 
convivencia en nuestro planeta, esto significa que el sumi-
nistro de agua potable debe estar garantizado, así como 
también, la eliminación de aguas residuales a través de la 
implementación de sistemas eficientes de tratamiento de 
CE previo a su descarga a las fuentes hídricas, o al uso 
posterior que se destine como para el riego de cultivos o de 
áreas verdes20,22,37.

En este sentido, los ecosistemas acuáticos se enfren-
tan a un alto nivel de estrés y agotamiento, debido a la 
frecuente y creciente entrada de diversos tipos de conta-
minantes incluidos los CE38,, por lo que se vuelve impres-
cindible la investigación de sistemas alternativos para pre-
venir y mitigar la contaminación de las fuentes hídricas.

Los métodos actuales más adoptados para la elimi-
nación de PFs del agua como los antibióticos, incluyen la 
adsorción avanzada de carbono, la oxidación avanzada, 
la tecnología de membranas y la degradación fotocatalí-
tica39-42. Sin embargo, la fitorremediación está siendo em-

pleada como método alternativo principal para reducir los 
antibióticos de las fuentes de agua debido a su bajo costo, 
amplio espectro, manejo simple y libre de subproductos 
contaminantes36,40.

La especie Eichhornia crassipes  es una planta acuáti-
ca flotante cuyas raíces intervienen en la absorción de todo 
tipo de contaminantes del agua como metales pesados, 
compuestos orgánicos, pesticidas, PFs, entre otros43-45. 
Estas características de la especie han permitido que se 
instalen sistemas de  tratamiento de aguas residuales en 
varios países como en la India y otros países asiáticos38. 
Asimismo, la combinación adecuada de Eichhornia crassi-
pes  con otras plantas acuáticas como la alga de pato y las 
algas verde azules produce una reducción de contaminan-
tes superior a la E. crassipes  por sí sola46.

Con estos antecedentes, se seleccionó la especie ja-
cinto de agua (Eichhornia crassipes), debido a sus caracte-
rísticas morfológicas y fisiológicas, así como también por la 
versatilidad de la especie para remover del medio acuoso 
diferentes tipos de contaminantes orgánicos, inorgánicos e 
inclusive algunos CE como los PFs43,44,47-50.

En este contexto, la presente investigación tuvo como 
objetivo principal contribuir con una técnica probada bajo 
condiciones controladas para la fitorremediación de aceta-
minofén, ciprofloxacina, diclofenaco, sulfametoxazol  e ibu-
profeno, utilizando jacinto de agua (Eichhornia crassipes).

Materiales y métodos 

Recolección y acondicionamiento de la especie jacinto 
de agua (Eichhornia crassipes)

El experimento se realizó en el Centro de Investiga-
ciones Biotecnológicas del Ecuador (CIBE) de la Escuela 
Superior Politécnica del Litoral (ESPOL), las plántulas de E. 
crassipes se recolectó de un estero ubicado en la vía Durán 
– Tambo a 14 msnm, luego de lo cual se lavó a fondo sus 
raíces con agua de grifo y se acondicionó su permanencia 
en un pozo artificial durante 30 días. Posteriormente, las 
plántulas fueron trasladadas al invernadero para la experi-
mentación bajo condiciones controladas. Este es un proce-
dimiento basado en lo desarrollado por (43).

Diseño del experimento
Para el estudio se obtuvo cinco PFs (sulfametoxazol, 

ciprofloxacina, acetaminofén, ibuprofeno y diclofenaco) de 
la marca SIGMA-ALDRICH al 99,9% de pureza. De cada 
PFs se preparó soluciones acuosas por triplicado, utilizando 
metanol ultrapuro de la marca Merck a cuatro concentracio-
nes diferentes (3, 6, 9 y 12) mg/L, manteniendo la tempera-
tura de 25oC y un pH de 6,5 durante todo el experimento. 
Se estableció cuatro tiempos de muestreo (24, 48, 72 y 96) 
h. Se trabajó con un volumen de 2 litros de solución de cada 
concentración del fármaco, luego se introdujo las plántulas 
de E. crassipes de un peso aproximado de 60 g. Concluido 
el tiempo de exposición, se tomó alícuotas de cada unidad 
experimental para su posterior análisis, para lo cual se uti-
lizó la técnica de espectrofotometría de luz UV visible para 
medir la absorbancia de cada uno de los fármacos.

Se utilizó el diseño factorial, con , con dos puntos inter-
nos donde los factores fueron concentración ( ) y tiempo ( ); 
los niveles considerados se indican en la figura 1.

En la determinación del porcentaje de remoción (%) de 
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los PFs de estudio, que constituye la variable de respuesta 
se aplicó la fórmula 1: 

ocasiones no hayan resultado significativos. 
En el modelo obtenido para sulfametaxazol (Figura 

2A), los coeficientes de las variables C, T, T2 no fueron sig-
nificativos, ver la ecuación (4).

Si se examina el modelo considerando al tiempo como 
un factor cuadrático que le da curvatura al modelo, se pre-
senta que el coeficiente de la interacción entre los factores 
de tiempo y concentración no es significativo, en compara-
ción a los otros coeficientes.

Eichhornia crassipes fue menos eficiente removiendo 
sulfametaxazol en comparación con el resto de fármacos 
en estudio, dado que se evidencia porcentajes bajos de re-
moción de este fármaco a medida que se aumenta la con-
centración y el tiempo (48  y 72 h). Asimismo, se observa 
que el mayor porcentaje de remoción de 36,05%  se da 
con la concentración más baja  de 3 mg/L a las 24 h, este 
porcentaje de remoción es el más bajo en comparación con 
los restantes cuatro fármacos de estudio.

En el caso de la ciprofloxacina (Figura 2B), se visualiza 
que el modelo no presenta concavidad, dado que el coefi-
ciente del término cuadrático es pequeño, de acuerdo con 
la ecuación (5).

El valor óptimo de remoción al 91,18% se da con una 
concentración de 3 mg/L y un tiempo de 96 h, lo que de-
muestra la eficiencia de Eichhornia crassipes en la remo-
ción de este fármaco en medio acuoso. Se puede observar 
que el porcentaje de remoción disminuye en relación con el 
aumento de la concentración.

En el modelo estudiado para el ibuprofeno (Figura 2C), 
se presenta un modelo que obtiene la mayor información, 
acorde a la ecuación (6).

En este caso, se evidencia que el valor óptimo de 
porcentaje de remoción 65,04%  se ha obtenido con una 
concentración de 12 mg/L en un tiempo de 60 h, estos re-
sultados indican una eficiencia aceptable de Eichhornia 
crassipes en la remoción de este PF. A su vez, se observa 
que a mayor tiempo y a menor concentración se obtienen 
porcentajes de remoción bajos. Es decir, en el nivel de con-
centración más bajo se obtiene el porcentaje de remoción 
mínimo.

Fitorremediación de cinco productos farmaceúticos registrados como contaminantes emergentes en medio acuoso empleando la especie Jacinto de Agua (Eichhornia crassipes)
Phytoremediation of five pharmaceutical products registered as emerging contaminants in an aqueous medium using the species Water Hyacinth (Eichhornia crassipes)

Figura 1. Esquema del diseño experi-
mental con Eichhornia crassipes.

Análisis de datos
Para el análisis estadístico de los datos se utilizó el sof-

tware estadístico R versión 3.6.0 y RStudio versión 1.1.453 
y se empleó la técnica de superficies de respuesta para 
encontrar los modelos que ayuden a determinar tiempos y 
concentraciones óptimas donde se maximizó la absorción 
de cada fármaco, así como la obtención de las pendientes 
de crecimiento para determinar hacia donde se deberá bus-
car el óptimo, en los casos donde no se los encontró.

Resultados

Modelo General
El modelo general de la superficie de respuesta está 

representado en la ecuación (1).

La matriz resultante no permitió obtener un modelo po-
linómico de grado 2 para ambos factores en forma simultá-
nea, por lo que se desarrolló un modelo con forma cuadrá-
tica para un factor, mientras se mantuvo la linealidad en el 
otro factor, conforme a las ecuaciones (2), (3). El modelo 
general de la superficie de respuesta está representado por 
la ecuación: 

Donde,
= porcentaje de remoción
= intercepto     
= coeficientes del modelo  
= Concentración
= Tiempo 
Con la finalidad de describir gráficamente de mejor 

forma el fenómeno, en todas las ecuaciones se mantuvo 
los coeficientes de los efectos simples o de orden uno, los 
efectos cuadráticos y la interacción, aun cuando en algunas 
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En el modelo estudiado para el diclofenaco (Figura 
2D), los valores de la variable T, T2  y C T son significativos, 
ver la ecuación (7).

En este rango de estudio, se observa que el diclofe-
naco inicia con un porcentaje de remoción de 95,01%, con 
una concentración de 3 mg/L en un tiempo de 24 h, lo que 
señala una alta eficiencia de Eichhornia crassipes en la re-
moción de diclofenaco. Como se visualiza en la figura 2D, 
dicho porcentaje presenta un descenso pronunciado, es 
decir, a medida que aumenta el tiempo se produce el pro-
ceso inverso y el porcentaje de remoción comienza a redu-
cirse. Mientras que, por el contrario, con una concentración 
de 12 mg/L, el porcentaje de remoción inicia de 23,32% y a 
medida que se aumenta el tiempo, el porcentaje de remo-
ción va aumentando.  

En las condiciones estudiadas para el acetaminofén 
(Figura 2E), los valores de las variables de la concentración 
y la interacción de esta con el tiempo no son significativos 
para el estudio, ver la ecuación (8).

En el rango estudiado para el acetaminofén, se ob-
serva que existen dos casos, el primero muestra que con 
una concentración de 3 mg/L y a medida que aumenta el 
tiempo, se alcanza un porcentaje máximo de remoción de 
71,09%. Para el segundo caso con una concentración de 
12 mg/L y  a medida que aumenta el tiempo se alcanza un 
máximo de remoción de 70,57%. Estos resultados indican 
una buena capacidad removedora de este fármaco por par-
te de Eichhornia crassipes a diferentes concentraciones. 
Adicionalmente, se observa que para alcanzar el valor óp-

timo es necesario usar una concentración baja (3 mg/L) y 
aumentar el tiempo.

Discusión
Los resultados obtenidos demostraron la capacidad 

de Eichhornia crassipes para remover los cinco fármacos 
estudiados en medio acuoso, en un periodo experimental 
de 96 h a diferentes concentraciones consideradas en esta 
investigación (3, 6, 9 y 12 mg/L).

La especie E. crassipes presentó un porcentaje de remo-
ción relativamente bajo de sulfametaxazol de 36,05% en solu-
ciones del fármaco con una concentración de 3 mg/L a las 24 h 
(Figura 2A). En el estudio realizado por (51), se obtuvo del 70% 
al 90% de remoción de sulfametoxazol, a las 96 h de exposición 
con Typha latifolia, lo que indica que dicha especie es más efi-
ciente en la remoción de este fármaco que E. crassipes.

En la Figura 2B, se observa que el valor óptimo de re-
moción de ciprofloxacina de 91,18%, se obtuvo con una 
concentración de 3 mg/L a las 96 h de exposición. En el es-
tudio llevado a cabo por (40), se encontró que la absorción 
de ciprofloxacina de E. crassipes fue de hasta 84,38% y la 
raíz fue el principal tejido de absorción.

Asimismo, en el caso del ibuprofeno, E. crassipes pre-
sentó un valor óptimo en el porcentaje de remoción 65,04% 
con una concentración de 12 mg/L en un tiempo de 60 h 
(Figura 2C). Estos resultados son comparables con la in-
vestigación de (49),  que reportó que Typha eliminó casi el 
60% de ibuprofeno en las primeras 24 h, logrando una re-

Tabla 1. Modelo de superficie de respuesta, obtenidos para cada uno de los fármacos de estudio con Eichhornia crassi-
pes. Este es un modelo con forma cuadrática para un factor, mientras se mantuvo la linealidad en el otro factor.
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moción superior al 99%, en una solución de ibuprofeno con 
una concentración inicial de 20 mg/L, en un periodo de 21 
días. Asimismo, un estudio realizado por (52), reportó que 
Phragmites australis eliminó completamente el ibuprofeno 
del medio líquido después de 21 días.

Por un lado, se observa que se alcanzó un porcentaje 
de remoción de 95.01% de diclofenaco, a una concentra-
ción de 3mg/L en un tiempo de 24 h (Figura 2D), mientras 

que, con una concentración alta de 12mg/L, el porcentaje 
de remoción inicia con 23,32% y a medida que aumenta el 
tiempo, el porcentaje de remoción se incrementa. Según 
(52), Phragmites autralis removió 18% de diclofenaco en 
soluciones con concentraciones de 30 mg/L, en un periodo 
de 14 días, lo que demuestra que E.crassipes se compor-
ta de forma más eficiente en la remoción del fármaco en 
mención.

Figura 2. Resultados obtenidos con la técnica superficie de respuesta para la remoción con Eichhornia crassipes de los 
fármacos A) sulfametoxazol (SMX), B) ciprofloxacina (CX), C) ibuprofeno (IBU), D) diclofenaco (DF) y E) acetaminofén 
(AC) en medio acuoso.

Fitorremediación de cinco productos farmaceúticos registrados como contaminantes emergentes en medio acuoso empleando la especie Jacinto de Agua (Eichhornia crassipes)
Phytoremediation of five pharmaceutical products registered as emerging contaminants in an aqueous medium using the species Water Hyacinth (Eichhornia crassipes)
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Se presentan dos casos en cuanto al acetaminofén 
(Figura 2E), el primero muestra que E.crassipes con una 
concentración de 3 mg/L y a medida que aumenta el tiempo 
se obtuvo un porcentaje máximo de remoción de 71,09%. 
Para el segundo caso, con una concentración de 12 mg/L y  
a medida que aumenta el tiempo se estableció un máximo 
de remoción de 70,57%.

En este escenario, es importante señalar que Eichhor-
nia crassipes, tiene un comportamiento similar a algunas 
especies de plantas acuáticas, Ipomoea aquatica, Azo-
lla caroliniana, Lemna minor, Phragmites australis, Typha 
latifolia, Salix atrocinerea y Scirpus validushan, que han 
demostrado capacidad para remover ciprofloxacina, ibu-
profeno, diclofenaco, sulfametaxazol y acetaminofén de las 
aguas residuales, que han logrado una alta eficacia de re-
moción de entre el 70%  y 90%44,53-55.

Los resultados obtenidos en esta investigación permi-
ten establecer que E. crassipes presentó un comportamien-
to eficiente en la remoción de los cinco fármacos de estu-
dio, lo que demuestra que esta técnica de fitorremediación 
probada a nivel laboratorio puede ser prometedora a mayor 
escala, lo cual guarda coherencia con lo reportado por la 
literatura científica.

Conclusiones
En esta investigación, se comprobó la eficiencia de la 

especie Eichhornia crassipes con un importante porcentaje 
de remoción de los cinco PFs estudiados bajo condiciones 
controladas en medio acuoso.

Los mejores resultados se registraron cuando Eichhor-
nia crassipes removió DF en un 95% de una solución con 
una concentración de 3 mg/L en un tiempo de 24 h. De 
la misma manera, el porcentaje de remoción máxima de 
91,18%  y 71% respectivamente de CX y AC, se obtuvo en 
soluciones con una concentración de 3 mg/L y a las 96 h 
de exposición, así como el IB, que alcanzó una remoción 
máxima del 57.56%  en soluciones con una concentración 
de 7.5 mg/L en el tiempo de 24 h.

Por otro lado, el SMX reportó un porcentaje menor de 
remoción alcanzando un 36 % que se estableció en solu-
ciones con una concentración de 3 mg/L, a las 24 h de ex-
posición. Este resultado tiene relevancia al comparar con 
otras especies reportadas en la literatura, que en similares 
condiciones de experimentación alcanzaron menores por-
centajes de remoción de este fármaco.

Como se puede evidenciar en esta investigación, a 
través de la metodología superficie de respuesta se esta-
bleció los máximos porcentajes de remoción de los cinco 
PFs en condiciones controladas. Asimismo, con esta base, 
se puede proyectar futuras investigaciones para buscar los 
tiempos y concentraciones óptimos.

Esto, a su vez, dará un impulso para la transferencia 
de tecnología, de tal forma que las plantas de tratamiento 
de aguas residuales existentes pueden volverse más efi-
cientes desde el punto de vista tecnológico y económico, al 
contar con una alternativa sostenible como es la fitorreme-
diación de PFs en medio acuoso, potenciando las instala-
ciones con un enfoque de economía circular.
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Microorganisms isolated from seabirds feathers for mercury bioremediation
Lorena Monserrate-Maggi1, Lizette Serrano-Mena1, Louise Delahaye2, Paola Calle3, Omar Alvarado-Cadena3, Omar Ruiz-Barzola3,4, 
Juan Manuel Cevallos-Cevallos1,3*

Abstract: Environmental pollution caused by mercury has received increasing attention in recent years. Several studies 
have warned of the high rates of biomagnification in superior levels of marine food networks affecting seabirds. Although 
seabird feathers are reported as bioindicators of mercury, the possibility of using the microbiota associated with them 
for the bioremediation of this metal has not been considered. Despite the potential of the seabird feather microbiota, the 
cultivable microorganisms from this sample matrix have not been identified. In this study, we isolated and identified the 
organisms in the feathers from three types of seabirds, two species of penguins (Pygoscelis antartica and Pygoscelis 
papua) and the brown skua bird (Catharacta lonnbergi) through poisoned media a final concentration of 10 mg / L Hg2+ 
in the culture medium for the microbial consortia. Yeast isolates belonged to the genus Debaryomyces, Meyerozyma, 
Papiliotrema, and Rhodotorula, and fungi genera Leiotrametes, Penicillium, Pseudogymnoascus, and Cladosporium were 
identified. Adult bird feathers with high mercury concentrations can serve as a matrix to isolate microorganisms capable of 
removing mercury.

Key words: Antarctica, bioremediation, feathers, mercury, microorganisms.

ARTICLE / INVESTIGACIÓN

Introduction
Mercury (Hg) is among the most severe pollutants due 

to its accumulation in food chains, resulting in risks to hu-
man, animal, and environmental health1–4. The atmospheric 
transport of this metal affects the most remote and cleanest 
areas of the planet, such as the polar zones, reaching even 
higher levels of deposition than in other parts of the world5–8, 
thus affecting the aquatic ecosystems of Antarctica9,10.

The elemental mercury (Hg0) and ionic mercury (Hg2+) 
that reach Antarctica fall on sediment and water bodies, 
while some elemental mercury remains dissolved in the 
water column. Another part of mercury is transformed by 
microorganisms, through the biomethylation process, to a 
more toxic organometallic compound, the methylmercury 
(CH3Hg+), which will be bioaccumulated and biomagnified 
along the marine trophic chain11. With a trophic magnifica-
tion factor (TMF) of 4 to 8 for each step of the trophic le-
vel12,13, the amount of CH3Hg+ in predatory species can be 
up to 100 times higher than their primary food source so 
that birds, among other species, are the most exposed in 
the marine ecosystems of Antarctica9. In addition to its high 
position in the food chain, the bioaccumulation of Hg in birds 
is favored by factors such as its wide distribution, population 
variety, long life cycles, and its type of diet14,15.

Although in Antarctica there is no industrial develop-
ment that contributes to mercury emissions4,6,16, its proximity 
to the southern hemispheres, the tourism, the pollution from 
logistics activities of scientific stations17–20 as well as conta-
mination of natural origin from volcanic activity10,21 contribu-
te to the increase of Hg in predatory seabirds from different 

locations in this continent14,22.
Complex communities of microorganisms are found in 

birds' feathers whose composition can be influenced by ex-
posure to heavy metals23. It is well known that organisms 
living in contaminated or toxic conditions have developed 
different mechanisms to adapt to high levels of various for-
ms of mercury present in the environment and can be used 
for bioremediation or mitigation of the contaminant24–26. 
Bioremediation is an option that uses those strategies that 
microorganisms have developed to deal with Hg, with ex-
ceptional advantages that include high efficiency, low cost 
and environmentally friendly27. Therefore, it is essential to 
identify the microorganisms living in high-mercury environ-
ments28–30.

Current research primarily focuses on the ability of An-
tarctic seabird feathers to act as bioindicators of Hg31–33 or 
in the isolation of microorganisms from soils and water con-
taminated with Hg24,25,27–30. However, the microbiota asso-
ciated with bird feathers having high mercury levels has not 
been fully described.

Therefore, the objective of this study was to identify the 
culturable microorganisms from the feathers of three An-
tarctic seabirds known to biomagnify mercury, including the 
geentoo penguins Pygoscelis papua and chinstrap Pygos-
celis antarctica and the skuas brown Catharacta lonnbergi, 
which inhabit the surroundings of the Pedro Vicente Maldo-
nado Scientific Station in Antarctica, as a first step that can 
aid further mercury bioremediation studies.
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Materials and methods 

Sample collection
The present investigation corresponds to an exploratory 

study using a purposive (judgmental) sampling method. The 
seabird feather samples were collected during the scientific 
expeditions to Antarctica carried out by the Instituto Antártico 
Ecuatoriano (INAE) during the summer of 2013 and 2014. 
The sampling was carried out in the surrounding areas of 
the Ecuadorian Scientific Station Pedro Vicente Maldonado 
(PEVIMA), located in the South Shetland archipelago of the 
Antarctic Peninsula. The islands evaluated were Barrientos 
(n = 2 sites), Dee (n = 1 site) and Greenwich (n = 2 sites). 
Figure 1 shows the sampling sites.

The molting feathers were collected using a non-inva-
sive method and following the guidelines of the Antarctic 
Treaty (1959), in which animal welfare is preserved and the 
capture of living individuals is avoided (34). Therefore, fa-
llen feathers were randomly collected in nests and colonies 
of three bird species: P. antarctica and P. papua, correspon-
ding to chicks and adults with feathers lengths measured 
between 3-6 cm, while C. lonnbergi, compared to juveniles 
and adults with feathers lengths measured between 15-30 
cm. The description of the samples is shown in table 1.

The samples were collected in Ziploc bags and deli-
vered to the PEVIMA station laboratory, where they were 
rinsed with deionized water, dried at room temperature, 
wrapped in aluminum foil, and kept in the freezer (-20oC) 
until they were analyzed at the Centro de Investigaciones 
Biotecnológicas del Ecuador (CIBE-ESPOL) in Guayaquil, 
Ecuador.

Isolation of microorganisms from feathers
The feathers were subjected to an individual cleaning 

process in which the barbs exposed to external conditions 
and/or feather age, which could influence the interpretation 
of the results, were removed35,36. The rachis was cleaned 
with hypochlorite solution (30%) for 30 seconds and immer-
sed in 99% and 70% ethanol for 30 seconds each. Finally, 
they were rinsed with plenty of ultrapure water. The rachis 
of the feathers was then ground under liquid nitrogen (LN2) 
in a porcelain mortar and collected in 15-ml falcon tubes to 
enrich microorganisms in the feathers.

For the enrichment process of the samples, 1 gr of the 
crushed sample was weighed and placed in a 15ml falcon 
tube with 9ml of liquid culture medium. The culture media 
used were Peptone water (AP, Oxoid, Thermo Scientific, 
USA), Luria Bertani (LB, Oxoid, Thermo Scientific, USA), 
and Potato Dextrose Broth (PDB, Oxoid, Thermo Scientific, 
USA) that were previously autoclaved at 121 °C for 25 mi-
nutes. Then, the samples were incubated at 10 °C for seven 
days with constant shaking at 110 rpm (Innova 44R, New 
Brunswick, USA).

Then, to determine the tolerance of microorganisms 
to Hg, the reference standard of inorganic mercury, Hg2 + 
(HACH, Germany), was added, using aseptic techniques, at 
a concentration 10 times higher than that reported in certain 
feathers of Antarctic birds31 and taking into account the toxi-
city threshold for adverse effects in seabird feathers of be-
tween 5-30 mg / L as reported by some authors14,37. For this 
reason, a final concentration of 10 mg / L Hg2+ in the culture 
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Figure 1. The geographical loca-
tion of the sampling sites.

Table 2. Origin of the collection of feathers by years.
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medium was used for the microbial consortia and 5mg / L 
Hg2+ for the isolates cultured from the microbial consortia. 
The three poisoned media without samples were used as a 
blank, and each treatment was performed in duplicate.

Isolation and molecular identification of microorganisms 
present in the consortia feathers

Seven days after adding Hg to the microbial cultures 
of bird feather consortia, 100ul of the culture were taken 
and dispersed in Petri dishes previously prepared with 57.5 
g / L of Potato Dextrose Agar medium (PDA, Oxoid, Ther-
mo Scientific, USA) plus 10 mg / L Hg2+, and incubated at 
10°C for isolation of cultivable microorganisms. After this, 
the obtained strains were separated into yeasts and fungi 
according to their macro and micromorphology.

The DNA extraction from isolates was carried out using 
a rapid fungal DNA extraction protocol according to Cenis 
(1992)38. Molecular identification was performed by PCR 
amplification and sequencing of the internal transcribed 
spacer regions (ITS1, 5.8S, and ITS2) using ITS1 (TCCG-
TAGGTGAACCTGCGG) and ITS4 (TCCTCCGCTTATTGA-
TATGC) primers, the samples that did not amplify, a PCR of 
nesting using primers ITS3 (GCTTCGATGAAGAACGCA-
GC) and ITS4. The master mix for both PCRs was: 1X PCR 
buffer, 0.2 mM dNTP, 1.5 mM MgCl2, 5 U / µL Taq polyme-
rase (ThermoFisher, USA), 0.4 µM of each primer, and the 
DNA concentration comprised 15-20ng / ul. The program in 
the thermal cycler (Eppendorf, Mastercycler Nexus GSX1-
6345, Germany) for the first set of primers consisted of ini-
tial heating of 1 minute at 94 °C, followed by 30 cycles of 1 
minute at 94 °C, 1 min at 55 °C, 1 min at 68 °C, and a final 
extension for 3 min at 68 °C. For the second set of primers, 
the PCR conditions were: 6 min at 95 ° C, 30 cycles from 
0:30 min to 95 ° C, 0:30 min to 55 ° C, 0:30 min to 70 ° C, fo-
llowed by a final extension of 0:30 min at 72 ° C. Amplifica-
tion was verified by electrophoresis of a 1.5% agarose gel in 
1X TAE solution (Tris base, boric acid, and 0.5M EDTA, pH 
8.0), loading 5 µL of PCR product with 1 µL of loading dye 
(Loading dye, Promega, USA) at 100 volts for 30 minutes. 
The size of each DNA fragment was estimated using a 100 
bp DNA marker (cat. 15628050, Invitrogen ™). Gel images 
were analyzed using the Gel Doc XR Imager program (Bio-
Rad, Philadelphia, PA).

The obtained PCR products were sequenced by San-
ger at Macrogen, Inc., an external laboratory in South Ko-
rea, according to Genetic Resource Access Contract No 
MAE-DNB-CM-2017-0059, material transfer agreement 
MAE-DNB-CM-2017-0059-000-ATM-0001, and sample ex-
port authorization No 074-17-EXP-IC-FAU-DNB/MA gran-
ted by the Ministry of the Environment of Ecuador.

The chromatograms of the DNA sequences of the di-
fferent isolates were visualized and edited manually using 
the program Finch TV version 1.4.0 (Geospiza Inc.) and 
then compared with the database of the National Center 
for Biotechnological Information (NCBI) using BLAST. The 
sequences were deposited in the GenBank public databa-
se (http://www.ncbi.nlm.nih.gov/GenBank), and the isolates 
collection resides in the Microorganism Culture Collection 
of CIBE at Escuela Superior Politécnica del Litoral (http://
www.wfcc.info/ccinfo/index.php/collection/by_id/1151/).

Results and discussion
Seabirds' bioaccumulation mercury has been repor-

ted from different locations in the Antarctic and including in 
petrel feathers Pagodroma nivea 0.54 ± 0.18 μg g−1 dry 
wt18, antarctic petrel Thalassoica antarctica 2.71 ± 0.25 mg 
g-1 dw39; Gentoo penguins Pygoscelis papua 1.83 ± 0.80 
ug g−1 dw31,40–42, Chinstrap penguins Pygoscelis antarctica 
1.53 ± 0.08 ug g−1 dw31,40,41, Pygoscelis adeliae 0.82 to 1.40 
± 0.13 μg g−1 dw18,40,41, Aptenodytes forsten 0.98 ± 0.2 μg 
g−1 dw; skuas Catharacta maccormicki 2.91 ± 1.93 µg g -1 
dw18, Catharacta lonnbergi 2.86 ± 2.60 ug g−1  dw31 and gull 
Larus dominicanus 426.6 ng g−19.

In this study, isolated species of seabirds used in this 
study corresponding to the following yeast genera were 
identified: Debaryomyces, Meyerozyma, Papiliotrema, and 
Rhodotorula also fungi genera: Leiotrametes, Penicillium, 
Pseudogymnoascus, and Cladosporium. The most abun-
dant species in the bird consortiums correspond to yeasts of 
the genus Debaromyces followed by the fungi genus Pseu-
dogymnoascus and Penicillum. Table 2 and table S1. Some 
of the yeasts belonging to the Rhodotorula and family Sa-
ccharomycetaceae and fungi between these Cladosporium 
and Penicillium have been reported with efficient accumula-
tion strategies and biovolatilization of mercury regardless of 
their origin. They are considered suitable for application in 
remedial technology43–45. 

Regarding the efficiency of the culture media for me-
tal removal, they were AP and PDB, and the fact that only 
yeasts and fungi have been isolated may be due to these 
culture media being a broad spectrum range favoring the 
growth of these groups46.

On the other hand, the differences in the level of resis-
tance to metals among genera and strains depend on di-
fferent growth requirements (such as temperature, pH, and 
nutrients), biological function47, or pressure origin43.

One of the mechanisms responsible for removing mer-
cury in the medium from cultivable isolated may be due to 
the biosorption capacity of the fungal cell wall, which con-
tains polysaccharides with reactive functional groups, ami-
no, carboxyl, and phosphate. Of these, it is known that the 
carboxyl and phosphate groups carry negative charges that 
allow fungal cell wall components to be highly metal ion-re-
taining48. The peptide links of nitrogen and oxygen could be 
accompanied by the displacement of protons, depending on 
the pH, which also favors the removal of the metal49,50. The 
number of available binding sites determines metal biosorp-
tion51. On the other hand, fungal mycelium secretes many 
extracellular enzymes and acids that decompose metals 
and has a huge potential for degrading contaminants45,52,53.

Urík et al. (2014)43 indicated fungal mercury uptake in-
creases linearly with increased initial media mercury con-
centration until a threshold concentration near 8.2 mg L−1. 
When the amount of mercury remaining in media with higher 
than threshold concentration decreased by 75 % or more, 
sorption via mercury immobilization on the fungal cell wall 
and bioaccumulation in the intracellular compartments play 
insignificant roles in mercury resistance strategy; hence the 
fungal necessity to trigger other detoxification mechanisms 
confirm that biovolatilization is the main mechanism of de-
toxification of mercury by fungal strains. Also, some authors 
confirm that biovolatilization is the primary mechanism of 
the detoxification of mercury by fungal strains43.

Other fungi strains isolated from soil samples like As-
pergillus niger removed more than 90% and proved an 
excellent mercury absorber. Aspergillus flavus strain and 
Cladosporium can eliminate more than 90% of 10 mg L−1 
of initial mercury concentration in static culture for 7 days 
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Table 2. Formulas and variables for calculating the components of the productive process’ cost.

and have been reported with biovolatilization efficiency ren-
dering them the most suitable for application in remedial 
technology43,54,55.

The precise fungal mercury volatilization mechanism is 
not currently elucidated, but it most likely involves some in-
tra or extracellular reducing factor and/or methylation agent 
when considering mercury volatilization in dimethyl form56,57. 
However, it should not be ruled out that another mechanism 
of action of the cultivable isolates proposed by Kelly et al. 
(2006) where mercury deposition as HgS in microfungi do-
minates at low mercury concentrations58.

Findings focused on bioremediation, comparing the use 
of consortia (multiple or heterogeneous systems) with pure 
isolates (homogeneous systems), describe the advanta-
ges of living in the community. Many factors can influence 
passive and active mechanisms in the removal of metals, 
as well as considering the relationship with the use of car-

bon sources and biodegradation processes59, and they can 
withstand higher concentrations of heavy metals. The use 
of these represents a closer approximation to what occurs 
in nature. This also allows the development of experimen-
tal model systems, which can explain the lag between the 
boiadsorption of pure cultures in situ60. While pure isolates 
can resist lower concentrations of mercury compared to 
consortia, and few mechanisms of action on metal could be 
focused on, like bioaccumulation, biosorption, biopreciping, 
and/ or biovolitizion45,52,59.

Conclusions
Microorganisms isolated from bird feathers that bio-

magnify Hg in Antarctica are yeast genera identified: De-
baryomyces, Meyerozyma, Papiliotrema, and Rhodotorula 
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also, fungi genus: Leiotrametes, Penicillium, Pseudogym-
noascus, and Cladosporium. Of these, yeasts belonging to 
the genus Rhodotorula and family Saccharomycetaceae 
and fungi between these Cladosporium and Penicillium 
have been reported with efficient strategies of accumulation 
and biovolatilization of mercury and are considered suitable 
for application in remedial technology according to the re-
ported bibliography.

This study opens the opportunity for bioprospecting 
microorganisms isolated from other matrices, not mer-
cury-contaminated water and soil, but bird feathers that bio-
magnified this metal. However, is a need to evaluate in time 
and elucidate the mechanisms used for these microorga-
nisms in mercury removal and include other factors such as 
growth requirements between these pH and temperature, 
tolerance indices to major concentrations, and evaluation 
of their potential as adsorbents a low-cost and environmen-
tally friendly. Therefore, the bioremediation of mercury from 
microorganisms isolated from bird feathers is still a develo-
ping technology.

Supplementary Materials
Table S1. Cultivable isolates with source and Genbank 

accession number.
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Genetic improvement in Musa through modern biotechnological methods
Villao, L.1, Chávez, T.1, Pacheco, R.1, Sánchez, E.1,2, Bonilla J.1,2, Santos, E.1,2

Abstract: Bananas, one of the most valued fruits worldwide, are produced in more than 135 countries in the tropics and 
subtropics for local consumption and export due to their tremendous nutritional value and ease of access. The genetic 
improvement of commercial crops is a crucial strategy for managing pests or other diseases and abiotic stress factors. 
Although conventional breeding has developed new hybrids with highly productive or agronomic performance characteristics, 
in some banana cultivars, due to the high level of sterility, the traditional breeding strategy is hampered. Therefore, modern 
biotechniques have been developed in a banana for genetic improvement. In vitro, culture techniques have been a basis 
for crop micropropagation for elite banana varieties and the generation of methods for genetic modification. This review 
includes topics of great interest for improving bananas and their products worldwide, from their origins to the different 
improvement alternatives.

Key words: Banana, genetic improvement, pest management, diseases, abiotic stress factors.

REVIEW / ARTÍCULO DE REVISIÓN

Introduction

Origin of bananas and plantains
Bananas and plantains belong to the genus Musa and 

are native to Southeast Asia, including the Indo-Malaysia 
region and the Australian tropics1. Therefore, Southeast 
Asia is the first center of diversity for diploid bananas and 
plantains2. Following the introduction of triploid bananas in 
West Africa and cooking and beer bananas in East Africa, 
the second center of diversification occurred on this conti-
nent, based primarily on mutations3,4. Thus, the most sig-
nificant variability of banana cultivars is found in India and 
Southeast Asia, followed by plantains in Central and West 
Africa1.

Botany of bananas and plantains
Bananas and plantains are perennial herbs consisting 

of an underground stem called a rhizome (commonly ca-
lled a corm), with roots and vegetative shoots, from which 
a pseudostem composed of clustered leaf bases protrudes 
from the ground5. From the apical meristem, the primordia 
of the different leaves are distinguished, which grow vertica-
lly and differentiate into a leaf base, a petiole, and a blade.

The cultivation cycle varies between 8-12 months, whi-
le propagation occurs vegetatively due to the generation of 
shoots from the corm of the plants. Bananas and plantains 
are grown in Ecuador, of which many producing countries 
are parthenocarpy and do not have seeds in the fruit. Howe-
ver, wild species have roots and are essential components 
in germplasm banks as sources of genes of agricultural 
importance in conventional and biotechnological breeding 
programs.

An example is the 'species Calcutta 4' (genotype AA, 

Musa acuminata ssp. burmaniccoides), recommended for 
field trials as a highly resistant reference to black sigatoka5-7, 
used as a parent in conventional breeding programs8,9, used 
in molecular studies on plant-pathogen interaction and the 
discovery of resistance genes to fungal diseases such as 
black Sigatoka (caused by Pseudocercospora fijiensis10-14 
and Panama disease (Fusarium oxysporum f sp. cuben-
se15,16).

Inflorescence
At a physiological stage of plant development, after 25 

to 50 leaves have been produced, the apical growing point 
stops producing leaves and becomes an inflorescence. The 
peduncle grows through the pseudo stem and out the top 
of the plant. The bracts cover double rows of female nodes 
with grouped fruits called hands. Each fruit that stands out 
from each flower is called a finger; later, the bracts will dry 
up and fall.

The hermaphroditic flowers, usually drooping, are found 
next to the developing fruit. At the end of the peduncle, the 
male flowers stand out, full of bracts. This terminal part is 
called the acorn or male inflorescence5. Each plant flowers 
only once, at the end of its life cycle and pollen production. 
The fertility of cultivated bananas and plantains depends 
mainly on genetic factors, although environmental factors 
may also play a role.

Lowering and fruit production, the mother plant dies, 
which will be replaced by the offspring that develops from 
the corm, which emerges during the vegetative develop-
ment of the mother plant.
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Origin of edible bananas and plantains
Wild Musa species produce seeds and generally grow 

wild in forest clearings and along streams. In the past, far-
mers selected plants with a high level of parthenocarpy (fruit 
formation without fertilization) because the fruits had fewer 
seeds due to selection for female sterility, which also helped 
increase the edibility of this fruit.

These selected plants probably propagated vegetati-
vely by removing suckers from the mother plant. Population 
movement allowed the dispersal of bananas and plantains 
to other parts of the world5. Wild banana species are diploid 
M. acuminata (AAw) or M. balbisiana (BBw); hybridization 
between the two wild species occurred in peripheral dry 
areas of Southeast Asia, where M. balbisiana was ende-
mic when cultivation from M. acuminata started. In addition, 
triploidy, an essential feature in the evolution of bananas 
and plantains, was due to the fertilization of a viable diploid 
ovule formed in interrupted meiosis in the second division 
with haploid pollen17.

Most cultivable bananas are triploid (2n= 3X = 33 chro-
mosomes) and are responsible for the world's largest pro-
ducer of bananas. For example, banana varieties of the Ca-
vendish subgroup (AAA genotypes) are grown in Ecuador, 
including 'Williams,' 'Gran Enano,' and 'Valery.' On the other 
hand, there are also diploids (2n = 2X = 22 chromosomes) 
and tetraploid bananas (2n = 4X = 44 chromosomes), while 
all wild species of the genus Musa are diploid. Jones (2000) 
describes a compendium of cultivars divided into genomic 
groups and ploidy levels5.

Pollen dispersal and viability
Pollen viability is high in diploid species (88%) and hi-

gher in tetraploid species (29%), being nine times lower in 
cultivable triploids (6%-10%). On the other hand, the triploid 
cultivar' Gros Michel' (AAA) has 13% viable pollen18.

Different studies of the cultivar' Valery'19 reported appa-
rent sterility of cultivars of the Cavendish subgroup. Howe-
ver, despite the various difficulties, it has been possible to 
generate crosses between Cavendish cultivars, obtaining 
40 viable embryos from 200 seeds. Then 20,000 pollinated 
seeds, revealing that the Cavendish cultivars ('Grand Naine' 
and 'Williams') have low fertility19.

Sexual and asexual reproduction
Most cultivable bananas and plantains are partially 

or wholly sterile. Some edible diploids may have female 
and male sterility due to structural heterozygosity (trans-
locations, inversions), lack of homology between A and B 
chromosomes, or genetic effects1. Triploid cultivars have 
reproductive cells with one or three sets of chromosomes. 
The plants produce little or no pollen and are partially steri-
le. They develop fruits without pollination (parthenocarpic); 
they are seedless and propagate vegetatively. Crossing a 
triploid (as a female parent) with a diploid (as a male parent) 
can produce offspring with two, three, or four sets of chro-
mosomes. In those offspring that maintain a uniform set of 
chromosomes, fertility is re-established; they can produce 
fruits with seeds when the flowers are pollinated1. The com-
mercialization of the triploids was possible due to their re-
duced seed production capacity due to: i) the sterility of the 
gametes caused by the combination problems generated by 
the triploid germinative tissue, ii) the irregular or late growth 
of the pollen tubes in the styles of the female flowers, iii) 
absence of fertilization even with the development of the 

tube due to unknown causes; and iv) nectary necrosis at 
flowering20.

Conventional breeding programs use the fertility of wild 
diploid species, but the seeds produced have a low germi-
nation rate. At the same time, male infertility and partheno-
carpy are closely related, with few exceptions.

Propagation of banana and plantain cultivars is by ba-
sal shoots or corms, which develop underground. Each bud 
is genetically identical to the mother (a clone). Furthermore, 
although wild banana species are fertile, they propagate ve-
getatively through shoot production

Seed dispersal, dormancy, volunteers, invasion, and 
potential as weeds

Bats perform seed dispersal, as do rodents, squirrels, 
and monkeys1,21. In addition, the dormant seeds of some 
wild bananas are believed to remain viable in the soil for 
years and can germinate when light passes through the 
plant bark.

Established populations can be very persistent due to 
their ability to propagate vegetatively. However, the proba-
bility of spontaneously established volunteers is relatively 
low due to the lack of seeds in cultivars. Edible bananas 
are not considered invasive and do not compete well with 
forest species under natural conditions1. Despite the vege-
tative reproduction of bananas, suckers may emerge from 
the remaining corms; however, if insufficient watering and 
fertilization, the offspring can become stressed and die.

Bananas and plantains are one of the most important 
crops in the world and are among the top 10 crops for food 
production. Musaceae are widely distributed in tropical 
areas and form an essential component in the diet of millions 
of consumers worldwide. In several countries, bananas and 
plantains are a staple and leading food; thus, in countries 
such as Uganda, the average consumption level is 0.5 kg 
per person per day, rising in some regions to around 1 kg 
per person per day22,23.

Bananas and plantain crops represent a sizeable eco-
nomic export item for Ecuador that reached USD 3,682 mi-
llion in 2021 (CFN 2022) and, in turn, is a product of high 
nutritional interest.

These crops grow in humid tropical and subtropical re-
gions, favoring Musaceae to be strongly threatened by pests 
and diseases. Given rise to the growth of pathogens such 
as the causal agent of black sigatoka (Pseudocercospora 
fijiensis), Fusarium (Fusarium oxysporum f. sp. cubense, 
Foc.), banana bacterial wilt (Xanthomonas campestris pv. 
musacearum), virus (Banana Bungee Top, Banana Streak 
Virus), nematodes (Radopholus similis and Pratylenchus 
coffeae) and insects (Cosmopolites sordidus) which cause 
significant economic losses worldwide.

All these problems have created a growing demand for 
new and improved varieties of these crops that respond to 
the high demand worldwide. This increased consumption 
highlights the scientific interest in developing and improving 
this fruit and the constant search for improvements in pro-
grams based on yield, quality, and the ability to resist such 
devastating diseases caused by fungi or other vectors.

There are extensive works published on bananas and 
plantains, where they deal with issues on the application 
of genetic engineering to improve characters that confer 
tolerance to biotic and abiotic stresses and for their biofor-
tification.

The improvement of bananas through conventional 
crossing techniques continues today to be a process with 
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great difficulties due to the time of the crop cycle between 
generations, the ploidy levels, the sterility of the edible cul-
tivars, the requirement of physical space, and the limited 
genetic variation of the species. It is estimated that more 
than 1000 manual pollinations from 200 plants are needed 
to obtain around 1000 seeds/year of a selected tetraploid 
plantain-banana hybrid24. This estimate makes evident the 
high degree of labor involved in continuing to depend on tra-
ditional techniques for crops such as bananas and plantains 
without even considering the economic and human cost that 
is required. It is essential to highlight that, despite these di-
fficulties, it has been possible to obtain hybrids that present 
genetic resistance to diseases such as black sigatoka and, 
at the same time, agronomic characteristics of interest.

In 1992, the widespread involvement of important ba-
nana plantations by diseases, particularly the fungus Fusa-
rium oxysporum f. sp. cubense called Mal de Panama, and 
the little research in the search for improved plant material 
led to the beginning of breeding programs for this crop to 
obtain resistance to the said pathogen25. Due to the lack of 
controls and the threat created by this disease, added to the 
outbreak of black sigatoka in the early 1970s, genetic tech-
niques began in plant breeding programs to search for va-
rieties with resistance to these diseases. One of the oldest 
Musa genetic improvement programs still in force is that of 
the Honduran Foundation for Agricultural Research (FHIA). 
The United Fruit Company initially established this program 
for sweet bananas but later included plantains and bana-
nas. Other institutions working actively since the late 1980s 
and early 1990s on breeding programs are the Center de 
Coopération Internationale en Recherche Agronomique 
pour le Développement (CIRAD, France), Center Africain 
de Recherches Sur Les Bananiers et Plantains (CARBAP, 
Cameroon), the Internationale Institute of Tropical Agricul-
ture (IITA, Africa), Empresa Brasileira de Pesquisa Agrope-
cuaria (EMBRAPA, Brazil), Center National de Recherches 
Agronomiques (CNRA, Ivory Coast), the National Center for 
Research on Banana (NCRB, India), among others3.

The challenges described above allowed directing the 
research on Musa spp. towards the field of cell and molecu-
lar biology for the improvement of bananas. Plant tissue cul-
ture techniques have facilitated germplasm exchange, ra-
pid multiplication, and conservation. Molecular techniques 
began to be useful for banana breeding due to the use of 
molecular markers to help in the germplasm management 
process, select genes and characteristics of interest from a 
wild population for genetic introgression, and even detect 
and determine pathogens in banana plants26.

Traditional banana cultivation and improvement tech-
niques require years of study to evaluate everything from 
pollination to the generation of the first bunches. These 
analyses are preliminary tests to determine resistance to 
pathogens, which may require several crop cycles. Current-
ly, the decreasing costs of molecular assays make these 
techniques cheaper than the formal study by phenotypes, 
not to mention the precision and speed when handling 
many individuals. The development of bioinformatic tools 
and nucleic acid sequencing technologies for the analysis 
of genomes of species of agronomic interest is on the rise, 
facilitating access and understanding of their genetic infor-
mation, not only to understand and predict the functions of 
the genes but also to detect regions in the genome that pre-
sent associations with agronomic characteristics of interest.

Alternative to conventional improvement in Musa
Due to the rapid adaptation of pathogenic organisms 

to control methods in the field (fungicides, antibiotics, etc.) 
and the environmental conditions that affect different crops, 
genetic engineering has become an indispensable tool in 
various genetic improvements. The ability to modify crops to 
improve their production, tolerance to environmental chan-
ges, and ecological adaptations, among others, are reasons 
why targeted genetic modification of crops proves to be an 
essential tool.

Genetic engineering has made it possible to generate 
genetically modified plants resistant to the burrowing nema-
tode27 to the bacterial wilt of bananas caused by the patho-
gen Xanthomonas campestris pv. musacearum28, fusariosis 
caused by Foc race 429, among others. Resistance to pa-
thogens and adverse environmental conditions that affect 
crop development has not been the only approach in which 
genetic engineering has participated. The biofortification or 
growth of plants with improved nutritional content has also 
attracted the attention of researchers. In this area, using a 
genetic modification of plants has served to obtain a higher 
provitamin A, known as golden bananas30 Researchers 
in India and Australia are working on developing banana 
plants with enriched iron content to alleviate iron deficiency 
anemia31. In Ecuador and Belgium, a team of researchers 
from CIBE-ESPOL and the University of Ghent is develo-
ping a biofortified banana plant to increase folate in the fruit 
(Efrén Santos, personal communication).

Biosafety and the improvement of human health is 
scientists' primary interest, for which molecular tools have 
significantly impacted the development of banana plants 
with resistance to diseases or adaptation to environmental 
conditions such as drought, high salinity, and high tempe-
ratures. In addition, genetic engineering allows us to de-
velop edible vaccines. For this, the banana is an excellent 
candidate due to the size of its fruit, edible pulp, adequate 
postharvest handling, great demand worldwide, low produc-
tion cost, not require cooking for consumption, and proteins 
maintain their integrity even when cooked at high tempera-
tures, widely planted and harvested in different countries, 
especially in developing countries. In this sense, in 1992, 
Charles Arntzen and his colleague Hugh Mason and Colo-
nel Lam of the United States Armed Forces published the 
first work that began what is now known as edible vaccines. 
This group of scientists recovered an antigenic molecule 
(HBsAg, hepatitis B surface antigen) similar to a viral par-
ticle from a transgenic tobacco plant32. This finding could 
combine genetic engineering and plant molecular biology to 
create low-cost vaccine production systems. This discovery 
opened the doors to new research in food crops for syn-
thesizing antigens for various diseases that affect humans 
and animals. Among these crops, using the fruit of banana 
plants as a store for edible vaccines seemed to be a great 
option. However, this crop has problems such as low ex-
pression and accumulation of antigens in the fruit, so it must 
be investigated and optimized33.

Methods of genetic transformation
The continuous evolution and appearance of new races 

of pathogens have created the need to accelerate the ge-
netic improvement process to obtain new resistant banana 
varieties in the short term. To solve the problems that come 
from having limited genetic variability, low or null fertility, and 
polyploidy, among others34, biotechnology has been the tool 
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of choice to deal with this complex situation. 
In the case of genetic engineering, there are several 

methods to insert new genes into banana plants to obtain 
new plants resistant to different types of stress or even to 
create biofortified fruits36 without altering the characteristics 
of plant sales. One of the first methodologies used to gene-
rate genetically modified banana plants was particle bom-
bardment, a technique that introduces DNA into a living cell 
by shooting gold or tungsten particles (1-4 µm in diameter), 
penetrating the cell wall and membranes without being le-
thal37. The plant material used are embryogenic calli and 
embryogenic cell suspensions (ECS) and young tissues 
to regenerate stably transformed plants. Despite being an 
efficient method to generate transformed banana plants, 
this methodology tends to insert multiple copies of DNA into 
cells, and plants composed of genetically distinct tissues, 
called chimeras, are also often produced3.

Using tissues such as embryogenic cells and proto-
plasts is ideal when avoiding the appearance of possible 
chimeras. In protoplasts, gene transfer to the cell nucleus is 
by electroporation, a technique that requires a prior standar-
dization of parameters adjusted to the cultivar with which it 
will work. The most significant problem in the generation of 
protoplasts occurs in monocot species38.

Another methodology for plant modification is by the 
soil bacterium Agrobacterium tumefaciens, known to cau-
se tumors in dicotyledonous plants through the transfer of 
genes located in plasmids present in the Agrobacterium, 
which are modified to be able to transform plant cells using 
genes of interest39. For this same reason, it was not initially 
used in bananas because, as a monocotyledonous plant, it 
was not within the host range of the bacterium.

However, May et al. (1995) showed that using a co-cul-
ture system of the bacteria and meristematic tissue, they 
could transform and regenerate genetically modified bana-
na plants, then verify the transformation using the GUS re-
porter gene and the Southern blot technique40. A variation of 
this method is the infiltration of A. tumefaciens employing a 
vacuum, which was tested by (41) in meristematic banana 

tissue, using the gene encoding neomycin phosphotransfe-
rase II (nptII), which generates resistance to the antibiotic 
kanamycin as a selection tool. Although this variant mana-
ged to reduce the mortality rate of the transformed tissue 
and regenerated a more significant number of plants, it was 
prone to the generation of chimeras, which it tried to solve 
(unsuccessfully) by increasing the concentration of antibio-
tics. 

This Agrobacterium-mediated genetic transformation 
methodology was standardized and is routinely applied at 
CIBE-ESPOL to transform Ecuadorian banana and plantain 
cultivars42. For which SCE from the cultivar 'Williams' were 
used in co-culture with the EHA105 strain of A. tumefaciens, 
the reporter gene uidA was introduced together with the se-
lection gene hpt, which gives resistance to hygromycin (Fig. 
3). Green fluorescent protein (GFP) and luciferase (LUC) is 
also highly used as plant reporter genes43-46.

Commonly, a transgenic organism is associated with 
environmental biosafety and health risks due to the inser-
tion of foreign DNA. According to Schouten et al. (2006)48, 
cisgenesis is very similar to traditional plant breeding be-
cause a complete copy of one or more genes of interest, 
including introns, exons, and promoters, is transferred from 
sexually compatible organisms. Without altering the reci-
pient species' gene pool and giving them unwanted traits48.

On the other hand, intragenesis transfers one or seve-
ral genes. However, these can have genetic elements from 
different genes and loci, allowing new genetic combinations 
that can give unique characteristics or desired traits to the 
modified organism, and which, in turn, like cisgenesis, these 
genes are from organisms of the same species or family. 
Due to international regulations on genetically modified or-
ganisms that do not discriminate whether an organism is 
transgenic or cisgenic and the lack of regulatory bodies in 
this study, future research to improve crop varieties could 
be delayed48.

Precision tools for genome editing
The development of reliable and efficient tools that 

Figure 1. Scheme of the 
genetic transformation 
process using Agrobac-
terium tumefaciens, A) 
banana cell suspensions 
(cultivar 'Williams' AAA), 
B) and C) regeneration of 
banana embryogenic cells 
and calluses in ITC-K se-
lection medium after ge-
netic transformation, D) 
and E) maintenance and 
cocultivation under contro-
lled light and temperature 
conditions of genetically 
transformed banana seed-
lings, F) GUS histoche-
mical assay on the leaf. 
(Photo from Santos et. 
al.)35.
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allow making precise changes in the genome of living cells 
has been a long-awaited desire for researchers involved 
in life sciences. The controversy generated by using and 
applying genetically modified crops impacts the favorable 
development of these technologies for developing cultivars 
better adapted to biotic and abiotic conditions.

These complications, mainly political and ethical, ad-
ded to the accelerated growth of biotechnology in recent 
decades and have allowed the identification and creation of 
molecular techniques. These new technologies are known 
as precision genetic engineering technologies, where it is 
theoretically possible to make changes or edits to the geno-
me of any organism without adding any foreign sequences. 
Other techniques for editing genetic material incur the pro-

blem of being imprecise, and in several cases, it is impossi-
ble to determine the insertion site in the genomic sequence.

Additionally, the time it takes to develop new varieties 
using conventional genetic engineering technologies is con-
siderably high.

Nucleases are a group of enzymes capable of breaking 
the phosphodiester bond that exists between the monomers 
of nucleic acids. These enzymes have a standard function 
during the repair of the genetic material of living beings, ha-
ving the ability to make breaks in one or both DNA strands. 
The study of these enzymes has made possible their appli-
cation in molecular biology for the modification of the gene-
tic material of different organisms. The extensive research 
and characterization of these enzymatic mechanisms in 

Figure 2. A) In vitro banana plants from the 'Williams' cultivar was used for transformation. B) Meristematic tissue section. 
C) Cocultivation of the explants in MS medium supplemented with acetosyringone (200 µM) and Agrobacterium tumefa-
cien.s D) Growth of putative transgenic plants two months after the meristematic transformation process.

Figure 3. Banana colonies after three months of transformation with the pCAMBIA 1304 and the detection of the GFP 
reporter gene. (Photo from Santos et., al)47.
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molecular biology, molecular genetics, and biochemistry 
have allowed the development of novel tools for their appli-
cation in genetic improvement and biotechnology, not only 
in bacteria but also in more complex organisms such as 
animals and plants. These "new" molecular tools differ from 
their predecessors, i.e., A. tumefaciens mediated transfor-
mation, due to the degree of precision with which they can 
recognize and manipulate the genetic material of the host 
organism. These editing tools allow the cutting and joining 
of DNA molecules at specific sites, creating insertions, dele-
tions, or changes in the host cell's genetic material.

One of the first tools available to scientists was publi-
shed by Kim et al. (1996), describing the creation of endo-
nucleases capable of recognizing specific sites in the gene-
tic material49. This group of scientists fused two structural 
motifs of proteins called zinc fingers to the cutting domain 
of the endonuclease enzyme Flavobacterium okeanokoites 
(FokI). The specificity of zinc-finger nucleases (ZFNs) is 
due to recognizing a set of three nucleotides (triplet) by zinc 
fingers. Zinc finger proteins (ZFs) of the Cys2-Hys2 type are 
among eukaryotes' most common DNA-binding motifs and 
represent the second most encoded protein domain in the 
human genome50.

Each Cys2-His2 ZF domain consists of 30 amino acids 
in a conserved ββα configuration and binds three base pairs 
of a double-stranded DNA sequence (Liu et al. 1997)51.

The ability to confer specificity to a protein that binds to 
DNA at a specific site in a universe of 3.5 million base pairs, 
as is the case of the human genome, requires at least the 
recognition of 16-18 base pairs51. Being able achieved if a 
protein containing at least 6 ZFs domains is used, and this 
type of structure was constructed thanks to the discovery of 
binding sequences, which allow the construction of synthe-
tic ZFs proteins50.

A ZFNs monomer is composed of 2 distinct functional 
domains: Cys2-Hys2 ZFs artificial domains at the N-termi-
nus and the FokI non-specific cleavage domain at the C-ter-
minus of the chimeric protein52. Due to the nature of the 
FokI endonuclease, it works as a dimer. For this, it needs 
two binding sites for the ZFs separated by 5-7 bp, which will 
be the recognition sequence for the cut by the FokI domain.

Each ZFs binding site must be found on one of the tar-
geted DNA strands49, forming a FokI dimer for cutting both 
DNA strands. ZFNs have been engineered for gene activa-
tion and repression in plants when fused to transcriptional 
activation or repression domains. Cutting both DNA strands 
makes it possible to exploit the natural DNA repair mecha-
nisms such as homologous and nonhomologous recombi-
nation, allowing the disruption of genes through insertions 
or deletions typical of repair mechanisms, even achieving 
the insertion of sequences or processes of complete coding 
with the help of donor plasmids53. Since the first report in 
1996, ZFNs have been used to manipulate the genome of 
plants such as Arabidopsis54, tobacco55, soybean56, corn57, 
rice58, and tomato59. Despite the utility of ZFNs in various 
crops and organisms, the efficiency of this technology to 
make specific changes in DNA is usually less than 5%60.

Another new technology that seeks to identify and 
localize specific sequences in an organism's genome is 
transcription activator-like effector-coupled nucleases or 
TALENs. This precise genome-editing tool works in pairs 
to search for and cut specific DNA sequences in the same 
way that ZFNs technology does. Transcriptional activator-li-
ke effector proteins recognize and activate specific plant 
promoters through tandem repeats. In 2007, Römer et al. 

reported the ability to identify DNA sequences by proteins 
secreted by the phytopathogenic bacterium Xanthomonas 
campestris pv61.

Bosch et al., in 2009, discovered how proteins related 
to the activation of promoters in host cells could recognize 
the target sequence in DNA62. The effector or activator pro-
teins of transcription are found naturally in the genus Xan-
thomonas bacteria. The domain in charge of recognition is 
formed by a series of 33-35 amino acids repeated between 
15 and 19 times in identical tandems. Each sequence of 33-
35 amino acids is responsible for recognizing a nucleotide, 
where the residues located at positions 12 and 13 of each 
series confer the specificity of the recognition. This position 
of high variability is known as the diresidual variable repeat 
(DVR)52. The most common diresidual combinations are NI, 
NG, HD, and NN at the two specific positions mentioned 
above, which bind to nucleotides A, T, C, and G, respecti-
vely53. These molecules can change the target organism's 
DNA when these transcriptional activating effectors fuse 
with a nuclease domain. The functionality of this technology 
has been tested in model plants such as Arabidopsis thalia-
na and Nicotiana benthamiana63-66.

One of the most current and novel tools that have quic-
kly become popular in the field of genome editing is the 
so-called clustered regularly interspaced short palindromic 
repeats associated with the Cas protein or, in other words, 
CRISPR/Cas9 (based on the Cas9 protein) for its acronym 
in English. This new technology has emerged as a faster, 
cheaper, more accurate, and more efficient option than 
other precision technologies, such as those mentioned ear-
lier in this chapter.

These palindromic repeats were first found in Escheri-
chia coli by a group of Japanese scientists67, Although the 
researchers did not understand their biological role at the 
time. In 1993, at the University of Alicante, the Spanish re-
searcher Francisco Mojica described palindromic repeats 
in the halophilic archaea Haloferax mediterranei68. Mojica 
himself, together with Janssen in 2002, agreed to coin the 
term CRISPR to reduce the confusion generated by various 
acronyms in the scientific community. Several years later, 
specifically in 2007, Barrangou and colleagues (2007)69 de-
termined that this series of repetitions corresponded to a 
bacterial immunity system against bacteriophages based 
on sequences of the pathogen's genetic material. Three 
types of CRISPR mechanisms and 12 subtypes have been 
identified so far, which depend on their genetic content 
structural and content differences70.

Seen from genetics, cas1 and cas2 are found in all 
types and subtypes; in Type I, there is cas3; in type II the 
cas9 gene and in Type III, cas1070,71. The CRISPR-Cas 
Type II system is the most studied. This defense system 
works in such a way that the bacterium integrates into the 
CRISPR locus of its genome, a small fragment of the infec-
tious virus, called a protospacer, with a length of between 
32-38 nucleotides usually. This fragment of the virus's ge-
netic material is incorporated into a new interspaced region 
after a palindromic repeat at one end of the CRISPR locus 
and is used by the bacterium to recognize and defend it-
self from the virus or plasmid in a subsequent attack. The 
CRISPR locus (the protospacer and part of the CRISPR 
repeat) is transcribed, and these small RNA fragments ge-
nerate a CRISPR RNA or crRNA, which is used to guide 
endonucleases, Cas to the target DNA of the invader based 
on the complementarity of the spacer sequence72. The crR-
NA hybridizes with a second RNA, called a transactivating 

Villao, L., Chávez, T., Pacheco, R., Sánchez, E., Bonilla J., Santos, E.
Volume 8 / Issue 1 / 20     •     http://www.revistabionatura.com



7

crRNA (tracrRNA), to form a new complex with the nuclea-
se Cas9. This now mature crRNA, in conjunction with the 
Cas9 protein, can "seek and recognize" a specific sequence 
in the host's DNA, thanks to the protospacer sequence, to 
cut the genetic material of the target organism. The cut in 
the specified region results from the binding between the 
crRNA and the protospacer target sequence and a small 
region called the Protospacer Adjacent Motif (PAM)73. PAM 
is a conserved region of between 2-5 nucleotides followed 
by the 3'-end of the complementary sequence of the crRNA, 
so important for the nuclease activity of Cas9 that if it is not 
present, the Cas9:crRNA:tracrRNA complex is not presently 
capable of recognizing the target sequence.

As described before, the Cas9 enzyme has a molecu-
lar scissors-like function capable of cutting both strands of 
DNA at a specific site in the genome, thanks to the guidan-
ce of the crRNA:tracrRNA complex. The Cas9 protein most 
commonly used for gene editing has been adapted from 
the Type II CRISPR system of the bacterium Streptococcus 
pyogenes (Sp)74. Ongoing studies of the Cas9 enzyme have 
succeeded in creating three variants for genome editing. 
The first, the wild-type enzyme Cas9, is capable of cutting 
double-stranded DNA, resulting in the activation of the ce-
llular repair system for double-stranded damage. There are 
two mechanisms for repairing these cuts: Nonhomologous 
DNA End Joining (NHEJ) and Homologous Recombina-
tion Repair (HDR)75. The second variant is mutant versions 
of Cas9 that have been modified so that they cut a single 
strand of the target DNA76. This second variant allows DNA 
repair by HDR alone because cutting a DNA strand does 
not activate the NHEJ mechanism. This option allows the 
design of experiments that use a pair of these mutant com-
plexes to generate two simultaneous cuts at adjacent DNA 
sites77. A third variant is called a nuclease deficient Cas9 
(dCas9), which has mutations in both the RuvC1 and HNH 
domains, which inactivate the nuclease activity of the enzy-
me but do not prevent its ability to bind to target DNA77,78. 
This ability to bind uncut DNA has been used to repress 
or express genes, and if this mutant complex is fused with 
effector domains, dCas9 can be used to silence or activate 
gene expression71,73,77,79-82.

The gene editing process of the CRISPR-Cas9 system 
occurs in two steps. The first step is recognizing the speci-
fic sequence in the target DNA and cutting the DNA chain, 
which can be cut in both strands or just one. The second 
step is DNA repair which follows the action described abo-
ve. The two repair mechanisms mentioned are the NHEJ 
and the HDR. The NHEJ repair mechanism causes muta-
tions such as insertions and deletions at the double-strand 
cleavage site, leading to the silencing of the gene involved. 
This silencing may be due to a shift in the gene's reading 
frame or a significant change in the protein-coding region. 
On the other hand, the HDR repair system can be used to 
replace a particular sequence at the double-strand break 
site. This replacement is achieved thanks to homologous 
recombination guided by a DNA template that performs an 
insertion, deletion, mutation, correction, or complete repla-
cement of a sequence or gene58.

The application of the CRISPR-Cas9 gene editing sys-
tem in plants has been growing in recent years. As mentio-
ned throughout this chapter, the banana is a plant that pre-
sents multiple difficulties for its genetic improvement using 
conventional methodologies. Establishing this molecular 
tool in bananas allows a step toward applying innovative 
biotechnological techniques that can be considered in bre-

eding programs. Kaur et al. (2018) presented evidence of 
phytoene desaturase (PDS) gene editing in the genome of 
banana cv. 'Rasthali.' They demonstrated the capacity and 
efficiency of gene editing using the CRISPR-Cas9 system in 
this plant material, revealing its usefulness for the functional 
study of genes and use in breeding programs for this crop83.

Since 2012, the CRISPR-Cas9 system has proven 
to be a powerful tool that allows the genetic information 
of various cell types and organisms to be modified. Until 
now, the versatility and considerable ease of use of the 
CRISPR-Cas9 system have allowed this tool to be used to 
modify the genome of organisms such as Streptococcus 
pneumoniae84, Escherichia coli84,85, Lactobacillus reuteri86, 
Mycobacterium tuberculosis87, Saccharomyces cerevisae88, 
Aspergillus nidulans89, Trichoderma reesi90, Nicotiana ben-
thamiana91, Arabidopsis thaliana92, Oryza sativa93, Solanum 
lycopersicum94, Gossypium hirsutum95, Musa spp.83, Mus 
musculus96, Xenopus laevis97, Drosophila melanogaster98, 
Caenorhabditis elegans99, among others.

Genetic manipulation applied to banana breeding
Different factors can severely impact banana produc-

tion since it is a stress-sensitive crop. Banana cultivation 
can be affected by many biotic factors, such as bacterial, 
fungal, and viral infections and nematode attacks. Xan-
thomonas campestris pv. musacearum is a bacterium that 
threatens production in fields planted with susceptible va-
rieties, specifically in the African continent. Infected plants 
show rapid yellowing and subsequent wilting of the leaves, 
affecting the inflorescence and pseudostem, which causes 
premature fruit ripening100. This disease is considered of 
quarantine importance for Latin America, where the best 
control is not to let the disease enter101, for which molecular 
tools have been developed for efficient and specific detec-
tion of this bacterium102. Due to the lack of resistant varieties 
to this disease, genetic engineering has been considered a 
strategy for developing resistant varieties103. Banana plants 
genetically modified with the ferredoxin-like protein (Pflp) 
gene from Capsicum annuum, and regulated by the consti-
tutive promoter CaMV35S, have been shown to have up to 
100% resistance to the disease compared to infected con-
trols. They develop the typical symptoms of the same due to 
the existence of a hypersensitivity response, which through 
programmed cell death (apoptosis), isolates the pathogen, 
stopping the progress of the infection104.

The most important fungi in banana are i) Pseudocer-
cospora fijiensis and ii) Fusarium oxysporum f. sp. cubense 
(Foc). P. fijiensis, the causal agent of black Sigatoka, spread 
throughout America in the 1980s. This disease produces a 
progressive yellowing of the leaves and wilting in a few wee-
ks, affecting the fruit's filling and its ripening, causing the 
cluster to fall105. In the control of this disease, applications 
are made with fungicides such as benzimidazoles, triazoles, 
and others, representing an increase in the selective pres-
sure of the pathogen, increasing resistance to them, leading 
producers to spray in different cases every 10 to 12 days.

On the other hand, F. oxysporum (with more than 150 
unique forms), tropical race 4, represents a severe problem 
due to its high virulence, almost impossible control, and lack 
of resistant varieties. This disease is mainly localized in Asia 
and northern Australia4, recently reported in Colombia and 
Peru1. This pathogen produces yellowing and wilting of the 
leaves, penetrating through the roots and moving through 
the xylem until it colonizes the pseudostem, blocking it and 
causing the death of the plant. There is no effective con-
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trol of this fungus since it can develop survival structures 
(chlamydospores) that can remain in the soil for more than 
20 years. The best rule is to use resistant/tolerant varieties 
of the disease. However, there is a shortage of varieties re-
sistant to the new races, and conventional breeding is too 
slow to deal with it quickly enough.

In both cases, genetic engineering has been conside-
red an effective tool to obtain resistant banana varieties in 
the short term. Chitinases are a family of proteins that can 
degrade the chitin present in the cell wall of fungi. Kovács 
et al. (2013) experimented with overexpression of two chiti-
nases from rice (Oryza sativa) in banana, rcc2, and rcg3, to 
analyze the resistance of modified plants against P. fijiensis, 
being the first report of stable transformation in the cultivar' 
Gros Michel' (AAA)106. The experiment compared the GM 
lines produced against a susceptible control,' Gros Michel' 
(untransformed), and a resistant wild species, 'Calcutta 4' 
(AA), where most of the GM lines showed a marked ave-
rage area reduction infected compared to the susceptible 
variety. A similar approach to finding Foc-resistant varieties 
is known, where Hu et al. (2013) tested an endo-chitinase 
gene (chit42) from Trichoderma harzianum in the cultivar 
'Furenzhi' (AA) in vitro resistance tests, the genetically mo-
dified plants showed a higher level of tolerance compared 
to non-controls transformed.

Pei and colleagues (2005) transformed banana plants 
with the gene for a human lysozyme (HL)107. This enzyme 
can count on the β-(1,4) glycosidic bond of the peptidogly-
can, present in the bacterial cell wall, as well as in the chitin 
of the fungal cell wall, to obtain plants resistant to FocR4 
and bacterial infections. Fifty-one transformed plants were 
received for greenhouse tests, of which 24 showed toleran-
ce to pathogen infection. Then they were taken to field con-
ditions, where they were infected with the pathogen. Only 
two of them did not present symptoms, these two being the 
ones with the highest expression of HL, demonstrating the 
correlation between the expression of human lysozyme and 
resistance to FocR4. Currently, there are genetically modi-
fied plants of the Cavendish variety that express the genes 
RGA2 (NB-LRR of Musa acuminata ssp.) and Ced9 (of the 
nematode Caenorhabditis elegans), which in their majori-
ty present resistance to Fusarium oxysporum, even some 
lines never showed symptoms of Fusarium oxysporum. in-
fection29.

Genetic engineering for improvement against abiotic 
stress

The climate change we have experienced in recent 
years requires obtaining banana varieties that are tolerant 
to different types of abiotic stress (drought, salinity, low tem-
peratures). Banana is a crop that needs large amounts of 
water, is susceptible to abiotic factors, and has problems 
finding varieties resistant to pathogens. For this reason, ge-
netic engineering serves as an instrument to speed up the 
process of obtaining new types which can cope with possi-
ble climate changes and meet food needs.

Shekhawat and collaborators (2011) reported the first 
study of the generation of transgenic banana plants tole-
rant to drought and salinity. In this study, they expressed 
a banana dehydrin (MusaDHN-1), regulating its expression 
under different types of stress108. The transformed events 
showed an increase in the production of proline in plants 
(necessary for cellular osmotic adjustment) under abiotic 
stress conditions, as well as a reduction in the accumulation 
of malondialdehyde, a marker of oxidative stress, a relative 

percentage of water in the leaves, which explains in part 
the correlation of expression of this gene during pressure 
and the function of dehydrins to protect the lipid membrane. 
Another gene showing promising results concerning tole-
rance to abiotic stress is the one belonging to class-10 with 
pathogenesis (Pathogenesis-Related Class 10; PR10), a 
group with RNase activity. This gene was isolated from pea-
nut (Arachis hypogaea) and PR10-transformed events also 
showed increased tolerance to salt stress, with increases in 
proline production and cell membrane stability compared to 
control109.

Aquaporins are a family of proteins that maintain ho-
meostasis and water balance in plant cells. The overexpres-
sion of the aquaporin MusaPIP1;2 of the banana cultivar 
Karibale Monthan', generated an increase in the tolerance 
to different types of abiotic stress, for they subjected trans-
genic banana plants to low temperatures (8ºC) for two wee-
ks, drought for another two weeks, and high salinity (250 
mM NaCl) for ten days. The physiological parameters for all 
the tests were photosynthetic capacity, relative water con-
tent, and proline production, among others, to measure the 
behavior and response of all events against stress factors. 
In all the analyses, the genetically modified plants showed a 
higher tolerance than the non-transformed control, demons-
trating the relationship of these aquaporins with the ability 
of plants to respond favorably under stress conditions. The-
re are similar experiments overexpressing the aquaporin 
Musa COP26, which improves the tolerance of transgenic 
bananas to salinity stress110,111.

The genetic transformation from 'Williams' banana em-
bryogenic suspensions at CIBE used genes such as ADP 1 
(SaARF1) from Spartina alterniflora, a grass that grows in 
coastal areas and is known to prevent soil erosion in areas 
with high salinity112. This gene has proven effective in rice 
cultivation, conferring tolerance to saline and drought stress 
to the events that express it113. The regenerated plants are 
currently in the in vitro multiplication phase to perform the 
respective tests (Fig. 4).

Genetic engineering for biofortification
Finally, a marked trend in recent years is the biofortifica-

tion of crops, and bananas are no exception, given the need 
in countries where micronutrient deficiencies result from un-
balanced diets114. Plantains from the Cavendish group are 
genetically modified using the MtPsy2a and ZmPsy1 genes 
(used in Golden rice) to produce a minimum β-carotenoid 
concentration of 20 µg/g dry matter, rising to 55 µg/g. g in 
one of the transgenic events expressing MtPsy2a. Howe-
ver, plants that overexpressed ZmPsyI showed undesirable 
phenotypes, such as the presence of "golden" young leaves 
(they returned to their greenish color over time), "golden" 
clusters (with the ripening of the fruit, the color changed to 
a mixture between green and orange) and fruit pulp with a 
coloration that went from intense yellow to orange.

The production of β-carotenoids proved stable in diffe-
rent generations of transgenic lines30. Human studies are 
underway with the "golden" banana in the United States of 
America, a project funded by the Bill and Melinda Gates 
Foundation36. 

Recently, at CIBE-ESPOL, a research project is being 
carried out using the GTPCHI genes of bananas and the 
ADCS of Arabidopsis thaliana in collaboration with the La-
boratory of Functional Biology in Plants of the University of 
Ghent, led by Professor Dominique Van Der Straeten. The 
genes were fused with the promoter of the expansin gene in 
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bananas, active in fruit tissues (Efrén Santos personal com-
munication). Table 1 summarizes different works published 
on genetic engineering in Musa species.

Conclusions
Genetic engineering is a tool used worldwide for the 

improvement of crops. In species of the Musa genus, the-
re are many studies carried out for genetic modification for 
disease resistance and biofortification. Recently, genome 
editing has been used massively in crop improvement, and 
bananas are no exception. Although there are few studies 
published to date, it is expected to increase in the coming 
years. Among the pending challenges is allowing the cul-
tivation of genetically modified bananas and plantains for 
food security and commercial purposes.
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Physicochemical characteristics and antioxidant capacity of Ecuadorian 
paramo flowers
Elena Coyago-Cruz1*, Aida Guachamin1, Edwin Vera2, Melany Moya3, Jorge Heredia-Moya4, Elena Beltrán5

Abstract: Ecuador is a megadiverse country with a wide variety of floral species that have been little studied. In this 
context, the study's objective was to evaluate the physicochemical characteristics and the antioxidant activity of several 
floral species of paramo of Pichincha Province in Ecuador. Thus, the weight, size, color, pH, soluble solids, moisture and 
ash of fresh flower was quantified. In addition, carotenoids, phenolic compounds and antioxidant activity were quantified 
in lyophilized powder. The results obtained showed that the flowers of Werneria nubigena were the longest (43,80 cm); 
Brugmansia x candida the widest (9,88cm) and heaviest (9,22g); Tristerix longebracteatus presented high soluble solids 
content (21,5 °Brix), Lupinus microphyllus high pH (14,00), Ceanothus maritimus high titratable acidity (0,26%), Castilleja 
integrifolia high ash content (6,42%) and Bidens ferulifolia high moisture content (95,73%). In addition, the highest ranges 
of total carotenoids and total phenolics were presented by yellow Bidens ferulifolia (24,81 µg β-carotene/g PS) and Fuchsia 
vulcania (531,77 mg EAG /g PS), respectively. Finally, it was found in Bomarea multiflora high values of antioxidant capacity 
(182,08 trolox eq. µmol/ g PS). These results suggest that the paramo flowers contain essential bioactive compounds that 
could be used for food, medicinal and cosmetic purposes.

Key words: Bioactive compounds, carotenoids, phenolic compounds, Andean flowers.

ARTICLE / INVESTIGACIÓN

Introduction
Ecuador is divided into four regions: the coast, which 

the Pacific Ocean borders, the Andean highlands, which 
is hilly and volcanic; the Amazonian region, which is home 
to the Amazon Rainforest; and the insular region, which is 
made up of islands and archipelagos in the Pacific Ocean.

Due to its unique geography, it is a megadiverse coun-
try with a wide variety of habitats, enabling it to support a di-
versity of plant and animal species. Evolutionary processes 
have conferred characteristics on a continental and regio-
nal scale, geomorphology, soil type, fluctuating precipitation 
patterns, habitat fragmentation and temperature gradient. 
Thus, the paramo is a high mountain ecosystem located at 
an altitude of more than 2800 meters above sea level (masl) 
with cold and humid climates, frequent rainfall, strong winds 
and nearly constant cloud cover; however, above 4200 masl 
the vegetation is scarce, and the paramo is desert or has 
large sandbanks1.

The paramos are biologically crucial due to the diversity 
and singularity of its flora and fauna species, which are en-
demic to the region. As a result, species diversity increases 
between 3000 and 3400 masl and diminishes as altitude 
increases2. Asteraceae, Orchidaceae, Melastomataceae, 
Campanulaceae, Poaceae, Bromeliaceae, Gentianaceae, 
Cyperaceae, Ericaceae and Solanaceae, are the most 
abundant families of plants in Ecuador's paramo; the first 

seven of these have endemic species. The genera with the 
most significant number of species are Miconia, Stelis, Epi-
dendrum, Baccharis, Calceolaria, Pleurothalis, Pentacalia 
and Tillandsia3. Many of these plants have showy flowers 
mainly used for decoration and have not received much at-
tention from researchers looking into bioactive compounds. 
However, certain flowers contain carotenoids, phenols, and 
alkaloids, among other organic molecules. This characteris-
tic has contributed to the use of floral species in food and 
traditional medicine4.

On the other hand, an antioxidant is any substance that 
delays or prevents the oxidation of oxidable substrates such 
as lipids, proteins, carbohydrates, and DNA5. Some carote-
noids and phenolic compounds are antioxidants, which can 
help to prevent disease6. Table 1 shows the edible uses, 
analyzed parts, phenolic compounds, carotenoids and an-
tioxidant activity by ABTs and DPPH method of some para-
mos floral species. Thus, it is shown that most of the para-
mo species were used in food as an infusion using flowers. 
In addition, in most cases, the concentration of total phe-
nolic compounds was evaluated, except in Diplostephium 
hartwegii and Bidens ferulifolia. Only 5 of the 13 species 
studied bibliographically (Hypochaeris radicata, Taraxacum 
officinale, Fuchsia vulcania, Tropaeolum majus and Chuqui-
raga jussieuri) presented carotenoids studies, and antioxi-
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dant activity was measured in the majority of cases using 
the ABTS or DPPH assay. In this context, the objetive of this 
study was to evaluate the physicochemical characteristics 
and antioxidant activity of paramo flowers.

Materials and methods 

Reagents and Standards
Ethanol HPLC grade and reagents of analytical quali-

ty such as hydrochloric acid, sodium hydroxide, dichloro-
methane, acetone, and sodium carbonate were purchased 
from Merck (Merck, Germany), while methanol HPLC grade 
from Pharmco (PHARMCO by Greenfield Global, Califor-
nia). Folin Ciocalteu reagent and all standard (β-Carotene,  
gallic acid, and Trolox) were obtained from Sigma-Aldrich 
(Merck, Germany).

Plant Materials
The experimentation was authorized by the Ministe-

rio del Ambiente of Ecuador under the framework contract 
MAE-DNB-CM-2017-0080-UTE, Project MAE-DNB-2019-
0911-O. The collection used the International Code of Con-
duct for the collection and transfer of plant germplasm of 
the FAO21, and the publications of Biodiversity Internatio-
nal22 were utilized in sampling 30 species of paramos in the 
Pichincha province (Table 2). The collection was carried out 
between February and July 2020.

Determination of physicochemical characteristics
The weight (g) of fresh flower petals was determined 

using a Mettler Toledo scale (Mettler Toledo, United States), 
as well as the equatorial diameter and longitudinal diameter 
(mm)11. Additionally, the soluble solids (°Brix) using a Hitech 
hand-held refractometer (Hitech RHB-32 ATC, United Sta-
tes)23, % total titratable acidity24, pH using a SevenMulti S47 
automatic pH meter (Mettler Toledo, United States)25, % 
humidity in a Memmert Be 20 oven (Memmert GmbH+Co.
KG, Spain)26,27, and % ash in a Thermolyne muffle (Ther-
mo Fisher Scientific, United States)28 were quantified. The 
other fresh flowers were frozen at -80 °C and freeze-dried 
in a Christ Alpha 1-4 LDplus equipment (Martin Gwfriertroc-
knungsanlagen GmbH, Germany). The freeze-dried sam-
ples were ground and stored in amber bottles until analysis.

Determination of bioactive compounds and antioxidant 
activity

Quantification of total carotenoids
Approximately 10 mg of lyophilized material and 300 µL 

of acetone:methanol: dichloromethane (1:1:2) were used for 
the microextraction of carotenoids. The mixture was stirred 
for one minute in an ultrasound model VWR (VWR Interna-
tional, EE.UU.), and the supernatant was recovered after 
centrifugation at 14000 rpm for 4 min in a MiniSpin micro-
centrifuge (Eppendorf, EE.UU.). This process was repea-
ted until the solids showed no color. Finally, the combined 
extracts were dried in a rotary evaporator, re-dissolved in 
ethanol HPLC, and quantified in a Jasco V-730 spectropho-
tometer (Mettler Toledo, Ecuador), at a wavelength of 450 
nm. The total carotenoids were expressed as µg equivalent 
of β-carotene / g of dry weight (DW)4.

Elena Coyago-Cruz, Aida Guachamin, Edwin Vera, Melany Moya, Jorge Heredia-Moya, Elena Beltrán
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Table 1. Content of phenolic compounds, carotenoids and antioxidant activity of some paramo flowers.
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Table 2. Family, species, sampling location, altitude and flower image in the studio.
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Quantification of total phenolic compounds
About 10 mg of lyophilized samples were extracted with 

500 µL of an 80 % methanol solution that had been acidified 
with 0.1% hydrochloric acid. The mixture was homogenized 
in a Vortex Mixer VM 300 (Interbiolab Inc., Florida), shaken 
in a Fisher Scientific FS60 ultrasonic bath (Fisher Scien-
tific, USA) for 3 min, centrifuged at 1400 rpm for 5 min at 
4 °C in a MiniSpin series microcentrifuge (Eppendorf, Ger-
many), and the supernatant was collected The extraction 
procedure was carried out in triplicate11,29. The recovered 
supernatant was filtered through a 0.45 µm PVDF filter to 
quantify phenolic compounds. In a 96-well plate, 20 µL of 
the methanolic extract was mixed with 100 µL of a 1:4 Fo-
lin-Cioacalteu solution, shaken, and allowed to standard for 
4 min. Then, 75 µL of a sodium carbonate solution (100 g/L) 
was added to the mixture and shaken for 1 min. After two 
hours at room temperature, absorbance was measured at 
750 nm using a BioTek Symergy H1 microplate reader (Agi-
lent, United States). In addition, a solution of gallic acid be-
tween 10 to 200 mg/L was employed as a calibration curve. 
The results were reported as mg of gallic acid equivalent / g 
of dry weight (DW)30.

Determination of antioxidant activity by ABTS
Approximately 20 mg of lyophilized powder were wei-

ghed and combined with 400 µL of Pharmco HPLC-grade 
methanol (Greenfield Global, California) and 400 µL of dis-
tilled water. The mixture was homogenized in a vortex, sha-
ken in an ultrasonic bath for 3 min, and the supernatant was 
separated by microcentrifugation at 14000 rpm for 5 min at 
4 °C. The resulting solid was dissolved in 560 µL acetone 
and 240 µL distilled water. The procedure was repeated to 
recover the supernatant that had been combined with the 
previous supernatant. The resulting combination was refri-
gerated until it was quantified30.

The ABTS•+ radical was prepared by mixing a 1:1 so-
lution of 7 mM ABTS Sigma-Aldrich (Merck, Germany) with 
2.45 mM potassium persulfate Sigma-Aldrich (Merck, Ger-
many) and letting itstand for 16 hours in the dark. After that, 
the ABTS•+ radical solution was diluted with absolute etha-
nol by a factor of about 1 to 10, or until an absorbance of 0.7 
at 754 nm was obtained. On the other hand, a stock solu-
tion of 2.5 nM Trolox Sigma-Aldrich (Merck, Germany) was 
used to prepare the calibration curve, which was diluted by 
75, 50, 25, and 12.5 %. For sample quantification, 20 µL 
of ABTS•+ radical solutions were added to a 96-well VWR 
Tissue culture plate (Novachen, USA) together with 10 µL 
of the final or standard supernatant. The measurement was 
taken at 270 nm using a spectrophotometer with a Thermo 
Scientific Multiskan GO microplate reader (Agilent Scientific 
Instruments, California)31,32. Antioxidant activity was expres-
sed as mmol trolox equivalent per gram dry weight (mmol 
TE/g PS).

Results and discussion
Physicochemical properties (weight, flower height, 

flower width, pH, soluble solids, total titratable acidity, ash, 
and humidity)

The weight (Figure 1-A), color (Figure 1-B), height (Fi-
gure 1-C) and width (Figure 1-D) of the flowers under study 
are shown in Figure 1. Thus, the weight of the flowers ran-
ged from 0.01 (Ageratina pichinchensis) to 9.22 g (Brug-
mansia x candida). Thus, this study's weight of Tropaeolum 

majus (0.61 g) was lower than the same species reported 
by other authors (0.72 g)33. In addition, as shown in Figure 
1-B, most flowers are concentrated in the first quadrant with 
yellow to red colorations, followed by the fourth quadrant 
with violet to blue flowers.

The height of the flowers under study varied from 0.17 
cm (Hypochaeris robertia) to 43.80 cm (Werneria nubige-
na), and the width from 0.14 cm (Miconia argentea) to 9.88 
cm (Brugmansia x candida). Thus, the length and width of 
Buddleja globosa (2.00 and 1.24 cm, respectively), Diplos-
tephium hartwegii (2.47 and 1.05 cm, respectively), Fuchsia 
vulcania (1.88 and 1.95 cm, respectively), and Agave ame-
ricano (8.16 and 1.75 cm, respectively) showed comparable 
values with other studies, which presented values of 0.50 
to 0.60 cm height and 0.30 to 0.40 cm width34; 1.40 to 1.50 
cm height and 0.12 to 0.16 cm width35; 2.94 cm height and 
0.50 cm width36; and 11 cm height and 6.00 cm width37, res-
pectively. In addition, the length of Brugmansia x candida 
(27.84 cm) in this study showed comparable results with 
other authors38. 

The pH (Figure 2-A), soluble solids (Figure 2-B), titrata-
ble acidity (Figure 2-C), ash (Figure 2-D), and humidity (Fi-
gure 2-E) of the flowers under study are shown in Figure 2. 
Thus, the pH varied from 2.20 (Oxalis lotoides and Miconia 
theazans) to 9.7 (Salvia carnea); the soluble solids ranged 
from 1.00 (Hypericum laricifolium and Gentianella cerastioi-
des) to 21.5 °Brix (Tristerix longebracteatus), while the total 
titratable acidity expressed as percentage of citric acid varied 
from 0.10 (Salvia carnea) to 0.26 (Duranta triacantha). The 
values of soluble solids (6.30 °Brix), pH (4.3), and total titra-
table acidity (0.04 %) in this study for Tropaeolum majus were 
similar to those reported by other authors (7.53 °Brix, 4.97 of 
pH, and 0.32 % of total titratable acidity, respectively) 39. In 
addition, edible flowers such as Diplostephium hartwegii, Ta-
raxacum campylodes, Fuchsia vulcanica, Tropaelum majus, 
Dalea coerulea, Hemerocallis citrina, Chuquiraga jussieui, 
and Agave amaricana showed pH values between 4.3 and 
7, indicating that the petals of these flowers may be suscepti-
ble to attack by microorganisms, causing organoleptic altera-
tions, as suggested by otrer authors40.

In this study, the ranges for ash and moisture were 0.33 
% (Brugmansia x candida) to 6.42 % (Castilleja integrifolia) 
and 42.24 % (Buddleja globosa) to 95.73 % (Bidens feru-
lifolia), respectively. As a result, the humidity of Fuchsia 
vulcania (81.26 %) was comparable to values reported by 
other authors11. In contrast, the values of ash and humidity 
of Troapaeolum majus (21.5 % and 91.81 %, respectively) 
were similar to other studies (0.63 % and 89.93 %, respec-
tively)41. While the humidity of the Agave americana flowers 
in this study (61.73 %) was lower than that reported by other 
authors (86.62 %)37. In turn, the ash and moisture values 
(0.66 % and 93.3 %, respectively) of the Chuquiraga jus-
sieui flowers in this study differed from those found by other 
authors (5.08 % and 9.77 %, respectively)42. In contrast, 
these values for Taraxacum campylodes (1.34 % and 69.31 
%%, respectively) had a certain relationship with those re-
ported by other authors (2.00 % and 5.9 %, respectively)43.

Bioactive compounds and antioxidant activity 
quantification

Total carotenoids of the flowers under study are shown 
in Figure 3. Thus, the total carotenoids content ranged from 
0.32 (Senecio formosoides) to 24.81 µg β-carotene/ g dried 
weight (DW) (Bidens ferulifolia). These results indicated 
that yellow and orange flowers, such as Bidens ferulifolia 

Elena Coyago-Cruz, Aida Guachamin, Edwin Vera, Melany Moya, Jorge Heredia-Moya, Elena Beltrán
Volume 8 / Issue 1 / 21     •     http://www.revistabionatura.com



5

(24,81 µg β-carotene/ g DW), Hypericum laricifolium (22,18 
µg β-carotene/ g DW), Oxalis lotoides (21,66 µg β-carotene/ 
g DW), and Buddleja globose (15,74 µg β-carotene/ g DW) 
showed the highest concentrations of total carotenoids, a 
result that was also reported by other authors11,44,45.

Total phenolics of the flowers under study are shown 
in Figure 4. Total phenolic compounds of the flowers under 
study varied from 72.13 (Agave americana) to 531.77 mg ga-
llic acid equivalents (GAE)/g DW (Fuchsia vulcania). In this 
study, the highest phenolic compound concentrations were 
found in Fuchsia vulcania (531.77 mg GAE/g DW), Lupinus 
microphyllus (498.58 mg GAE/g DW), Miconica theaezans 
(469.27 mg GAE/g DW), Gentianella cerastioides (350.63 
mg GAE/g DW), and Senecio formosoides (346.58 mg 
GAE/g DW). In contrast, F. magellanica in this study showed 
lower values than those reported by other authors (42.49 mg 
GAE/100 g DW)11. Despite using the same extraction metho-

dology, this difference may be due to the fact that this study 
sampled paramo species at altitudes higher than 3000 me-
ters above sea level, whereas the comparison species were 
cultivated in four seasons and at sea level, conditions that 
modify the content of phenolic compounds4. 

Figure 5 depicts the antioxidant activity of the flowers 
under investigation. Thus varied from 43.13 trolox equiva-
lent µmol / g DW (Hypochaeris radicata) to 182.08 trolox 
equivalent µmol / g DW (Bomarea multiflora). The highest 
antioxidant activity values were found in Bomarea multiflora 
(182.08 trolox equivalent µmol / g DW), Miconia theaezans 
(165.14 trolox equivalent µmol / g DW), Bomarea glauces-
cens (164.10 trolox equivalent µmol / g DW), and Fuchsia 
vulcania (161.08 trolox equivalent µmol / g DW). As a result, 
the inhibitory activity of Hypochaeris radicata in this study 
(26.39 % inhibition) was lower than the values reported by 
other authors (97.00 % inhibition)46. Several studies have 

Figure 1. Average values of weight, color, height and width of the flowers under study.
Note: Vertical bars indicate the standard error. Different lowercase letters indicate homogeneous groups with Tukey, p < 
0.05. 1, Buddleja incana; 2, Diplostephium hartwegii; 3, Senecio formosides; 4, Pentacalia peruviana; 5, Hypericum lari-
cifolium; 6, Gentianella cerastioides; 7, Calceolaria colombiana; 8, Hypochaeris radicata; 9, Taraxacum campylodes; 10, 
Fuchsia vulcanica; 11, Tropaeolum majus; 12, Hypochaeris robertia; 13, Ageratina pichinchensis; 14, Salvia carnea; 15, 
Tristerix longebracteatus; 16, Castilleja integrifolia; 17, Bomarea glaucescens; 18, Werneria nubigena; 19, Oxalis lotoi-
des; 20, Bomarea multiflora; 21, Miconia theaezans; 22, Miconia argentea; 23, Durantha triacantha; 24, Dalea coerulea; 
25, Lupinus microphyllus; 26, Hemerocallis citrina; 27, Chuquiraga jussieui; 28, Bidens ferulifolia; 29, Agave americana; 
30, Brugmansia x candida.
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Figure 2. Average values of pH, soluble solids, titratable acidity, ash, and humidity of the flowers under study.Note: Verti-
cal bars indicate the standard error. Different lowercase letters indicate homogeneous groups with Tukey, p < 0.05
shown that this variation could be attributable to the method 
used for quantification47.

Conclusions
Ecuador, due to its great biodiversity, hosts a great va-

riety of floral species with potential medicinal and nutritional 

properties. As a result, different species had high values of 
weight (9.22 g Brugmansia x candida), height (43.80 cm 
Werneria nubigenea), width (9.88 Brugmansia x candida), 
pH (9.7 Salvia carnea), soluble solids (21.5 °Brix Tristerix 
longebracteatus), titratable acidity (0.26 % Ceanothus ma-
ritimus), ash (6.42 % Castilleja integrifolia, moisture (95.73 
% Bidens ferulifolia), total carotenoids (24.81 µg of β-caro-
tene / g of DW Bidens ferulifolia), total phenolic compounds 
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(531.77 mg of GAE / g of DW Fuchsia vulcania), and an-
tioxidant activity (182.08 µmol Eq trolox / g of DW Bomarea 
multiflora). Present results could contribute to the develo-
pment of new products in the field of medicine, cosmetics 
and food.
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Figure 3. Average values 
of total carotenoids of the 
flowers under study
Note: Vertical bars indicate 
the standard error. Diffe-
rent lowercase letters indi-
cate homogeneous groups 
with Tukey, p < 0.05.

Figure 4. Average values of total 
phenolic compounds of the flowers 
under study
Note: Vertical bars indicate the 
standard error. Different lowerca-
se letters indicate homogeneous 
groups with Tukey, p < 0.05.
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Introducción
El Bosque protector “Prosperina” (BPP) categorizado 

como Área de bosque y vegetación protegida desde el 29 
de junio de 1994, mediante acuerdo Ministerial N°23 pu-
blicada en el registro oficial No. 472, Acuerdo Ministerial 
No. 144 del Ministerio del Ambiente se encuentra ubicado 
al oeste del Ecuador en el Campus “Gustavo Galindo” de 
la Escuela Superior Politécnica del Litoral en la ciudad de 
Guayaquil, provincia del Guayas y es considerado una zona 
de reserva que alberga diversas especies de fauna y flora 
sujeta a investigación por parte de la comunidad científica1.  
El BPP se encuentra rodeada por 5 cuencas hidrográficas 
y forma parte de la cordillera Chongón Colonche2. Además, 

estos ecosistemas presentan un clima cálido, con tempe-
raturas que oscilan entre 23 – 27 ºC, lo que coloca al BPP 
en la categoría de Bosque Seco Tropical, según el criterio 
de la propuesta preliminar de un sistema de clasificación de 
vegetación para el Ecuador continental de 19993.

Esto significa que el BPP es un área estratégica para la 
conservación de la biodiversidad biológica ya que poseen 
árboles nativos caducifolios dadas las dos temporadas seca 
y lluviosa en la región4, el BPP realiza programas de protec-
ción y concienciación en la conservación de las especies, 
además busca la valoración de los recursos ambientales 
mediante visitas y difusión de las principales especies de 
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Identificación de hongos filamentosos asociados al suelo del bosque 
protegido de Prosperina
Identification of filamentous fungi associated with the soil of the Prosperina Protected forest

Carreño-Bulgarin Gladys Paola2, Quijije-Franco Genny2, Diaz Byron1, Maridueña-Zavala Maria Gabriela1 and Cevallos-Cevallos Juan 
Manuel1,2*

Resumen: El Bosque de Prosperina es un área protegida ubicada en la ciudad de Guayaquil-Ecuador donde existe 
una gran diversidad de plantas, animales y, últimamente, microorganismos que contribuyen a su conservación y 
mantenimiento. Las muestras de suelo recogidas en las estaciones de Cuevas, Cañas y FCV durante la estación seca se 
analizaron mediante métodos microbiológicos convencionales. Como resultado, se identificaron 38 especies, y en cada 
estación se obtuvieron 16, 16 y 16, respectivamente. Los géneros más frecuentes encontrados en las tres estaciones son 
Aspergillus, Penicillium, Trichoderma y Absidia, con menor frecuencia Fusarium, Cladosporium, Talaromyces, Cur-vularia, 
Humicola, Gongronella, Clonostachys y Mariannea. Se crioconservaron 38 cepas de hongos filamentosos en la Colección 
de Cultivos de microorganismos del CIBE (CCM-CIBE), de las cuales 36 eran especies únicas. Los resultados obtenidos 
sugieren que las especies encontradas. Su desplazamiento puede verse afectado por factores naturales y humanos. 
Además, confirmamos microorganismos biocontroladores como Purpureocillium, un nematófago y Cladosporium que, 
pueden tener un alto potencial en actividades de biorremediación de im-portancia para la agricultura y recuperación de 
suelos, lo que corrobora que el Bosque de Protección es una rica fuente de microorganismos con una gran reputación 
para su conservación.

Palabras clave: Bosque Protector, microdiversidad del suelo, biocontrol, conservación.

Abstract: The Prosperina Forest is a protected area located in the city of Guayaquil-Ecuador where there is a great 
diversity of plants, animals and, lately, microorganisms that contribute to its conservation and maintenance. Soil samples 
collected at the Cuevas, Cañas and FCV stations during the dry season were analyzed by conventional microbiology 
methods. As a result, 38 species were identified in each station 16, 16 and 16 were obtained, respectively. The most 
frequent genera found in the three stations are Aspergillus, Penicillium, Trichoderma and Absidia, with less frequency 
Fusarium, Cladosporium, Talaromyces, Curvularia, Humicola, Gongronella, Clonostachys and Mariannea. Thirty-eight 
strains of filamentous fungi were cryopreserved in the CIBE Culture Collection of microorganisms (CCM-CIBE), of which 
36 were unique species. The results obtained suggest that the species found. Their displacement can be affected by 
natural and human factors. In addition, we confirm biocontrol microorganism as Purpureocillium, a nematophagous and 
Cladosporium that, may have a high potential in bioremediation activities of importance for agriculture and soil recovery, 
which corroborates that the Protected Forest is a rich source of microorganisms with a great reputation for its conservation.

Key words: Protected forest, soil microdiversity, biocontrol, conservation
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flora y fauna que habitan en el bosque seco.  Cerca de sus 
332,3 has de bosques en un clima seco tropical favorece el 
crecimiento de microbiota de suelo rica en consorcios de 
hongos, como micorrízicos, ectomicorrízicos, micorrízicos 
arbusculares, patógenos, bacterias y levaduras5.

El potencial microbiano del BPP puede ser aprovecha-
do para el desarrollo de productos a bases de micotoxinas 
que pueden actuar como biocontroladores de fitopatógenos 
en alimentos, también contribuyen en la regeneración de 
suelos maltratados en la que necesitan incorporarse mi-
croorganismos presentes en la materia orgánica de bos-
ques a través de la elaboración de compost6,7. Adicional-
mente, los hongos filamentosos pueden ser empleados 
en la biotecnología fúngica porque permiten fomentar la 
economía circular, mitigar el cambio climático y generar la 
producción sostenible de alimentos, combustibles, textiles, 
fármacos, entre otros8.

Dentro de la microdiversidad que se encuentran en los 
suelos de bosque podemos encontrar los filo Ascomycota 
y Basidiomycota, los cuales predominan a escala mundial 
en los ecosistemas forestales gracias a las condiciones cli-
máticas que permiten su crecimiento9, tal es así como en 
el agroecosistema K’iphak’iphani en Bolivia predominan de 
la división Ascomycota los géneros Penicillium, Alternaria, 
Rhizopus, Mucor, Fusarium y Trichoderma10 algunos con 
potencial de biorremediación debido a su eficiencia en la 
degradación de hidrocarburos de petróleo11.

Según reportes, en el Ecuador entre los géneros de 
hongos filamentosos representativos de suelos de zonas 
forestales se encuentran Aspergillus, Penicillium y Tricho-
derma los cuales variaban según el tipo de suelo12. Así tam-
bién en el Bosque Protector Aguarongo, se han encontrado 
los hongos de los Géneros Aspergillus, Trichoderma y Fu-
sarium13. En la región costa se han realizado estudios sobre 
la diversidad de hongos micorrízicos arbusculares asocia-
dos a plantas de cacao que dependen de estos microor-
ganismos para realizar procesos fisiológicos y desarrollar 
resiliencia al cambio global14. No obstante, en el Bosque 
Protector La Prosperina son pocos los estudios que se han 
realizado en plantas, pero no contemplan estudios de bio-
diversidad de hongos filamentosos por lo que es muy im-
portante explorar la biodiversidad microbiana de nuestros 
bosques que nos ayude a desarrollar técnicas de control 
microbianas para el control de patógenos en el campo. En 
función a ello, surge la necesidad de determinar la biodi-
versidad de hongos filamentosos asociados al suelo del 
Bosque Protector la Prosperina a través de métodos mole-
culares y posterior conservación de los mismos.

Materiales y métodos 

Zonas de muestreo
Para el muestreo fueron identificadas tres estaciones 

en la superficie del Bosque Protector La Prosperina: E1) Al-
barrada Cuevas; E2) Albarrada Cuevas y E3) zona cercana 
a la Facultad de Ciencias de la Vida en la ESPOL (FCV).

La Estación 1 correspondiente a la “Albarrada Cue-
vas” se encuentra ubicada a 127 msnm en el núcleo 1 
del BPP, específicamente en las coordenadas 2°9’23’’S y 
79°57’47’’W. Posee una alta densidad de especies vegeta-
les herbáceas, especies arbóreas caducifolias que desarro-
llan hojas al empezar la temporada lluviosa.  

La estación 2 correspondiente a la “Albarrada Ca-

ñas” que se ubica en el núcleo 1 del BPP a una altitud de 
211msnm y sus coordenadas son 2°9’26’’S y 79°57’56’’W. 
Posee una alta densidad de plantas pteridofitas y gramí-
neas que permanecen con hojas durante todo su ciclo de 
vida. Dentro de la zona se registró la presencia de anfibios 
(Epipedobates machalilla) y mamíferos como el oso hormi-
guero Tamandua tetradactyla.

La estación 3 corresponde a la FCV y se ubica en la 
zona de protección permanente del BPP, cerca de la Fa-
cultad de Ciencias de la Vida (FCV) de la Escuela Superior 
Politécnica del Litoral (ESPOL). Se encuentra a una altitud 
de 80 msnm específicamente en las coordenadas 2°9’10’’S 
y 79°56’23’’W. El suelo es más compacto que en las otras 
estaciones y en sus alrededores se encuentra una alta den-
sidad de especies arbóreas y se registra la presencia de 
diversos grupos de aves y murciélagos.

Recolección de muestras
La recolección de muestras se realizó a una profun-

didad a 25 cm siguiendo metodología consultada15, en el 
que se empleó extractor de núcleos para suelos.  En cada 
estación (E1; E2; E3) se recolectaron 3 réplicas (R1; R2; 
R3) con equidistancia de 5 metros. Se pesaron 100 g de 
suelo por réplica y se almacenaron en bolsas plásticas con 
cierre hermético, previamente esterilizadas con radiación 
UV, seguido las muestras fueron trasladadas en una neve-
ra portátil el mismo día para su siembra en el laboratorio de 
Fitopatología del CIBE.

Aislamiento de hongos filamentosos
Para el aislamiento de los hongos se realizaron dilucio-

nes seriadas, en las que 10g de suelo por réplica se disol-
vieron en 90 ml de agua peptonada estéril (10-1), se homo-
genizó la solución y se dejó reposar durante 5 minutos para 
que los sólidos decantaran. Seguido a esto, se dispensó 
una alícuota de 1 ml de la solución de suelo en un tubo Fal-
cón que contenía 9 ml de agua peptonada, se agitó usando 
el vortex y se continuó con el mismo procedimiento hasta 
conseguir una dilución de 10-4.  Luego, 2 réplicas por mues-
tras fueron sembradas usando el método de esparcido, en 
la que 1 ml de cada solución fue esparcido con la ayuda de 
un asa de Drigalsky en caja petri que contenía medio Agar 
Papa Dextrosa (PDA), preparado con cloranfenicol (400 
ppm).  Las muestras fueron incubadas a 25 °C por 7 días 
y revisadas cada 24 horas para el control de crecimiento y 
conteo utilizando un estereoscopio BOECO modelo BTB-A.  
Seguido, las cepas fueron purificadas, trasladando los mi-
celios que estaban creciendo en cajas con medio PDA y 
cloranfenicol.  Una vez que las cepas estaban puras se pro-
cedió a la obtención de cultivos monospóricos siguiendo los 
protocolos previamente reportados16. Brevemente, se reali-
zó una solución de esporas en 2 ml de agua estéril, lugo se 
dispensaron 10 µl de la solución en cajas con medio PDA y 
se incubó hasta que se observó crecimiento micelial. Lue-
go, con ayuda del bisturí se cortaron secciones de medio 
donde se encontraban secciones de hifas puras para luego 
trasladarlas a un nuevo medio y esperar el crecimiento final 
de micelio para extracción de ADN.

Extracción y amplificación de muestras de ADN
Los cultivos monospóricos fueron utilizados para la ex-

tracción de DNA siguiendo el protocolo de extracción de 
hongos filamentosos reportado en previos estudios17.  Bre-
vemente, los que a una pequeña porción de micelio se le 
agregaron 30 µl de NaOH 0,5 M. Luego, se trituró el mi-
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celio y se dejó reposar durante 10 minutos. A continuación, 
a cada tubo se agregaron 150 µl de una solución Tris HCL 
100 mM + EDTA 0.5 M, con un pH de 8, seguido de un 
choque térmico a 95 °C durante 10 minutos. Finalmente, 
las muestras se centrifugaron durante 5 min a 15000 rpm.   
Para la amplificación de la región ITS (Internal transcribed 
spacer) y LSU (Large Subunit) se utilizaron los cebado-
re ITS1-F (5’CTTGGTCATTTAGAGGAAGTAA3’) e ITS4 
(5’TCCTCCGCTTATTGATATGC3’), mientras que para LSU 
se emplearon: LROR (5’ACCCGCTGAACTTAAGC3’) y LR5 
(5’TCCTGAGGGAAACTTCG3’)18. Las reacciones de PCR 
se realizaron con un volumen final de 32 µl compuesto por: 
12,72 µl de H2O ultrapura, 16µl de 1X Taq polimerasa, 0,64 
µl de cada cebador 0,2 µM y 2 µl de ADN. Las condiciones 
de amplificación consistieron en una desnaturalización a 
95°C durante 10 min, seguido de 35 ciclos de 1 min a 94°C, 
2 min a 63 °C y 2 min a 72°C, en base al protocolo19. Los 
amplicones obtenidos fueron separados por electroforesis 
en gel de agarosa al 2% que se tiñó con SYBR- Safe DNA 
gel stain. El tamaño de los fragmentos fue verificado por 
comparación con el marcador de peso molecular correspon 
diente a 1000 pares de bases. Las condiciones en las que 
se corrió el gel fueron a 150 V durante 40 minutos. Pos-
teriormente el gel se observó con la ayuda de un transilu-
minador (trans-UV y epi-white) con Image Lab™ Software, 
BIO-RAD.   Finalmente se cuantificaron los productos de 
PCR en el NanoDrop 2000c y se enviaron a Macrogen para 
la secuenciación de las muestras.

Identificación de especies
Para la limpieza de las secuencias se eliminaron los 

nucleótidos de baja calidad de los extremos de cada se-
cuencia aplicando el software Geneious20. Adicionalmente, 
se descartaron aquellas secuencias con menos de 400 pb. 
Se realizó la comparación de las secuencias de ADN proce-
sadas con la base de datos de GenBank, mediante Blastn 
y Blastx (http://www.ncbi.nlm. nih.gov/BLAST). Empleando 
Geneious, para cada secuencia se obtuvieron los primeros 
10 hits considerando que exista un porcentaje de identidad 
mayor al 98% de acuerdo a lo estipulado para el análisis 
de unidades taxonómicas operativas empleando las regio-
nes ITS y LSU21. Posteriormente, se realizó la selección 
de secuencias considerando el porcentaje de identidad, el 
número de gaps, el E-value, la longitud de la secuencia, 
entre otros. Con el listado de secuencias seleccionadas, se 
elaboró un listado de las especies identificadas con su res-
pectivo código de acceso a la base de datos de GenBank, 
paso seguido usando el método Maximun Likelihood se 
diseñaron arboles filogenéticos para identificar la relación 
evolutiva entre las especies asociadas al suelo del BPP uti-
lizando el software Mega X22.

Crioconservación de especies
Para la preservación de los microorganismos obteni-

dos se siguió el protocolo de conservación empleado en la 
Colección de Cultivos Microbianos del CIBE23. Los procedi-
mientos para el depósito de cepas en la Colección fueron 
en base a los protocolos internos del Plan de Manejo de mi-
croorganismos de la colección.  Para garantizar una buena 
conservación del microorganismo se emplearon cajas Petri 
con medios PDA con antibiótico en la que el microorganis-
mo se encontraba joven, pero con cuerpos fructíferos de 
ser el caso, en caso de que el microorganismo solo presen-
tara micelio se debe esperar que esté al menos con un 80% 
de crecimiento en placa Petri.  Una vez alcanzado el tiempo 

de crecimiento se realiza la conservación manteniendo 5 
tubos criogénicos con medio PDB (Potato dextrosa Broth) 
y Glicerol para el método de crioconservación, 3 tubos de 
borosilicato con tapa con medio PDA para el método de 
aceite mineral y 3 tubos criogénicos con agua para la con-
servación en agua.

Resultados y discusión

Identificacion de hongos del BPP
En total se obtuvieron 64 aislados de las tres estacio-

nes recolectadas, de la cuales se contabilizaron un total de 
38 especies únicas de hongos filamentosos asociados al 
suelo del BPP. En la estación Cuevas se encontraron 20 
aislados, en la Tabla 1 se puede apreciar el listado de ce-
pas identificadas de la estación Cuevas mediante técnicas 
moleculares con sus respectivos porcentajes de identidad 
y códigos de acceso para cada cepa. Además, se puede 
observar los rasgos morfológicos de las cepas en la Figura 
1, en esta área predomina el género Aspergillus, seguido 
de Penicillium. 

En la estación Cañas se identificaron 26 cepas, en la 
Tabla 2 se observa el listado de las cepas identificadas de 
esta estación por técnicas moleculares junto con su por-
centaje de identidad se puede observar también que por la 
frecuencia de aparición predomina el género Trichoderma, 
seguido de Penicillium.  En la Figura 2 se puede apreciar la 
morfología de cada cepa identificada.

Finalmente, la estación FCV presentó un total de 18 
cepas en total, en la Tabla 3 se puede apreciar el listado 
de los hongos identificados en esta estación junto con su 
porcentaje de identidad y en la Figura 3 se observa las ca-
racterísticas morfológicas de los hongos. De acuerdo con 
la información obtenida se puede determinar que los gé-
neros que más predominan en esta zona son Penicillium y 
Aspergillus.

Con la información de los datos de frecuencias obte-
nidas de los hongos en cada sitio de recolección se rea-
lizó un análisis de los géneros únicos identificados con su 
respectiva frecuencia por estación. Los principales géneros 
fueron Penicillium, Aspergillus y Trichoderma en el BPP.  En 
la Figura 4 se puede observar la frecuencia de aparición 
por cada género encontrado, es así que para la Estación 
Cuevas se encontró una mayor abundancia de Aspergillus, 
Penicillium, Trichoderma y Talaromyces mientras que otros 
géneros con menor frecuencia fueron Absidia, Cladospo-
rium, Curvularia, Gongronella y Humicola. Por otra parte, 
en la Estación Cañas además de Trichoderma, Aspergillus 
y Penicillium se presentaron especies de Talaromyces, Ab-
sidia, Fusarium, Purpureocillium, Curvularia, Clonostachys 
y Mariannaea con menor frecuencia. Por último, la Esta-
ción FCV estuvo dominada por Penicillium, Aspergillus y 
Fusarium, y en menor proporción se encontraron especies 
de Trichoderma, Absidia, Purpureocillium, Cladosporium y 
Cunninghamella.

Según lo que se observa las tres estaciones varían muy 
poco en la clasificación de géneros encontrados, gracias a 
su cosmopolita distribución y siendo que están en una posi-
ción geográfica muy cercana, la poca variación observada 
en su micro diversidad puede sugerirse que es debido a 
características del suelo, factores ambientales, la presencia 
de agua o factores humanos24, lo que hace que muchos de 
ellos presenten características dominantes a estos factores 
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Figura 1. Diversidad de hongos de la Estación 1, Aspergillus flavipes (1), Aspergillus neoflavipes(2), Penicillium guttulo-
sum(3), Curvularia lunata(4), Aspergillus keveii(5), Trichoderma spirale(6), Gongronella butleri(7), Aspergillus brasilien-
sis(8), Aspergillus neoflavipes(9), Penicillium limosum(10), Talaromyces liani(11), Cladosporium crousii(12), Aspergillus 
pseudonomiae(13), Absidia sp.(14), Trichoderma amazonicum(15), Penicillium limosum(16), Talaromyces flavus(17), 
Penicillium limosum(18), Penicillium limosum(19), Humicola fuscogrisea(20).

Tabla 1. Especies identifica-
das en la Estación Cuevas 
(E1).

Carreño-Bulgarin Gladys Paola, Quijije-Franco Genny, Diaz Byron, Maridueña-Zavala Maria Gabriela and Cevallos-Cevallos Juan Manuel
Volume 8 / Issue 1 / 22     •     http://www.revistabionatura.com



5

adversos25. El género Trichoderma es considerado una es-
pecie muy importante debido a su potencial microbiológico 
que permite ser evaluado frente a otros microorganismos 
no benéficos gracias a su poder inhibitorio, además de su 
buen metabolismo puede soportar diversas condiciones 
ambientales lo que lo categoriza como una especie domi-
nante para muchos de los suelos forestales y agrícolas26–28, 
sus beneficios también incluyen a la planta cuándo se ha 
convertido en unos de sus principales hospederos29. Por 
otro lado, el género Penicillium conocido comúnmente por 
hallarse cerca de materia saprófita es considerado uno 
de los mayores promotores de crecimiento y fertilidad de 
suelos, ya que genera metabolitos secundarios que pue-
den promover el crecimiento de las plantas convirtiéndose 
en una fuente soluciones para la agricultura30 y el género 
Aspergillius considerado una especie productora de anflo-
toxinas, también es reconocida por tener acción antiviral, 
antibacteria, antifungal31.

Finalmente, géneros en menor proporción como cur-
vularia, fusarium consideradas especies dominantes al en-
contrarse en muchos sutratos y en suelos agrícolas pueden 
llegar a ser desde hongos endófitos hasta patógenos de 
plantas o suelos en descomposición32,33, también el géne-
ro Purpureocillium algunos como patógenos de nemáto-
dos pueden actuar produciendo metabolitos tóxicos entre 
otros34, el género Cladosporium es que ha sido considera-
do como mohos de interiores y exteriores, también se han 

podido encontrar que algunas especies pueden compartir 
características de endófitos hasta propiedades de biorre-
mediación35. Así también, los géneros Cunninghamella, 
Clamadomices y Absidia del género mucorales que pueden 
ser oportunistas y causar afectaciones en la salud huma-
na36, Clonostachys estudiados como posibles agentes de 
control biológico37. En general, los hongos encontrados, 
aunque en menor proporción sugiere la posibilidad de in-
corporarlos en pruebas de control biológico para la búsque-
da de nuevos inhibidores para el control de plagas. 

Arboles filogenéticos
Con la ayuda del programa MEGA y de un análisis 

Maximun Likelihood, se obtuvo el árbol filogenético de las 
secuencias analizados. A partir de las especies únicas iden-
tificadas, se realizó el estudio de la relación filogenética se-
gún de acuerdo a la región ITS y LSU lo que se observa 
en la Figura 5.   Como se puede observar, los géneros con 
mayor relación evolutiva fueron Aspergillus y Talaromyces. 
Asimismo, Fusarium y Trichoderma se mantuvieron con es-
trecha cercanía mientras que Penicillium, Cladosporium y 
Curvularia estuvieron como taxones aislados. Además, es 
necesario notar que aquellas especies con el mismo género 
o con cercanía evolutiva poseen morfologías y tonalidades 
similares en su micelio aéreo. Como se puede observar, los 
géneros con mayor relación evolutiva fueron Trichoderma, 
Aspergillus y Penicillium. Por otro lado, Humicola, Absidia y 

Tabla 2. Especies iden-
tificadas en la Estación 
Cañas (E2).
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Figura 2. Diversidad de hongos de la Estación 2. Purpureocillium lilacinum (1), Purpureocillium lilacinum(2), Curvularia 
trifolii(3), Talaromyces liani(4), Aspergillus neoflavipes(5), Absidia sp.(6), Trichoderma amazonicum(7), Trichoderma ama-
zonicum(8), Purpureocillium lilacinum(9), Aspergillus assiutensis(10), Trichoderma pleuroti(11), Penicillium vinaceum(12), 
Trichoderma amazonicum(13), Trichoderma tomentosum(14), Trichoderma amazonicum(15), Trichoderma spirale(16), Pe-
nicillium sizovae(17), Trichoderma harzianum(18), Trichoderma amazonicum (19), Fusarium falciforme (20), Absidia sp.(21), 
Trichoderma amazonicum(22), Clonostachys rossmaniae(23), Penicillium sizovae (24), Mariannaea humícola (25).

Tabla 3. Especies identifica-
das en la estación FCV (E3).
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Figura 3. Diversidad de hongos de la Estación 3.  Penicillium rubidurum (1), Cladosporium cladosporioides(2), Aspergillus 
keveii(3), Aspergillus aculeatus(4), Cunninghamella echinulata(5), Purpureocillium sp(6), Fusarium falciforme(7), Penici-
llium vinaceum(8), Penicillium shearii(9), Fusarium solani(10), Trichoderma erinaceum(11), Penicillium steckii(12) Aspergi-
llus aculeatus (13), Penicillium vinaceum(14), Penicillium vinaceum(15), Penicillium citrinum(15), Absidia caatinguensis(16).

Figura 4. Frecuencia de hongos por estación.
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Figura 5. Árbol filogenético de forma circular de las muestras de hongos del Bosque Protector para las regiones ITS (a) 
y LSU (b).
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Cladosporium se presentaron como taxones aislados.

Conservación de microorganismos
Finalmente 38 cepas fueron conservadas en la Colec-

ción de Cultivos Microbianos del CIBE bajo los métodos de 
aceite mineral, crioconservación y agua para fines de in-
vestigación.  Entre los microorganismos conservados con 
su respectivo código de depósito tenemos:  Talaromyces 
liani ( CCMCIBE-H721), Trichoderma inhamatum (CCM-
CIBE-H722), Penicillium javanicum (CCMCIBE-H723), 
Curvularia lunata (CCMCIBE-H724), Absidia sp. (CCM-
CIBE-H725), Trichoderma inhamatum (CCMCIBE-H727), 
Trichoderma erinaceum (CCMCIBE-H728), Trichoderma 
saturnisporum (CCMCIBE-H730), Penicillium javanicum 
(CCMCIBE-H731), Trichoderma amazonicum (CCMCI-
BE-H733), Trichoderma amazonicum (CCMCIBE-H734), 
Fusarium solani (CCMCIBE-H735), Trichoderma spirale 
(CCMCIBE-H736), Cladosporium cladosporioides (CCM-
CIBE-H738), Fusarium solani (CCMCIBE-H739), Purpu-
reocillium lilacinum (CCMCIBE-H740), Fusarium kerato-
plasticum (CCMCIBE-H741), Cladosporium ramotenellum 
(CCMCIBE-H742), Penicillium vinaceum (CCMCIBE-H743), 
Humicola fuscoatra (CCMCIBE-H744), Curvularia trifolii 
(CCMCIBE-H745), Gongronella butleri (CCMCIBE-H746), 
Talaromyces liani (CCMCIBE-H747), Purpureocillium sp. 
(CCMCIBE-H748), Talaromyces funiculosus (CCMCI-
BE-H750), Mariannaea aquaticola (CCMCIBE-H753), As-
pergillus keveii (CCMCIBE-H754), Bionectria rossmaniae 
(CCMCIBE-H756), Aspergillus keveii (CCMCIBE-H757), 
Aspergillus germanicus (CCMCIBE-H758), Talaromyces 
flavus (CCMCIBE-H759), Penicillium javanicum (CCMCI-
BE-H760), Penicillium javanicum (CCMCIBE-H762), As-
pergillus flavipes (CCMCIBE-H763), Penicillium vinaceum 
(CCMCIBE-H764), Aspergillus flavipes (CCMCIBE-H765), 
Aspergillus keveii (CCMCIBE-H767), Penicillium menono-
rum (CCMCIBE-H768)

En la actualidad, la conservación de microorganismos 
está tomando más auge debido a su importancia para el es-
tudio de nuevas especies de hongos y su futura aplicación 
en el área de la agricultura, farmacología o alimentos23,38–40. 
Muchas de las especies de hongos pueden verse afectadas 
por condiciones climáticas como la sequía, temperaturas 
altas o erosión41 por lo que programas de conservación son 
necesarios para mantener a través del tiempo biodiversidad 
que beneficia al ecosistema en general.

La importancia de la implementación de programas de 
conservación de la biodiversidad en Ecuador corresponden 
a la preservación del patrimonio natural del país y sus pla-
nes de acción ayudan a reducir las presiones antrópicas 
sobre estos ambientes debido a los constantes desafíos 
que surgen producto de la expansión urbana. La concienti-
zación de preservar las áreas protegidas a través de la in-
vestigación científica debe estar incluida en las políticas de 
los organismos gubernamentales del ambiente puesto que 
Ecuador forma parte del Convenio de Diversidad Biológica 
(CBD) y los resultados de estas investigaciones permiten 
un enfoque ecosistémico en los mecanismos de conserva-
ción42,43.

Conclusiones
El presente trabajo de investigación ha permitido de-

terminar la diversidad microbiana fúngica en tres diferentes 
zonas del bosque Protector Prosperina.  Como resultado 

se han obtenido 36 especies únicas de hongos filamento-
sos a través del análisis molecular de las regiones LSU e 
ITS del ADN, identificando que existe un gran diversidad 
microbiológica en el BPP que posee un gran potencial bio-
tecnológico.   Se encontró que los géneros más abundantes 
en el BPP fueron Aspergillus, Penicillium y Trichoderma, es-
pecificamente en la estación Cuevas se identificaron aque-
llos géneros acompañados de Cladosporium, Talaromyces, 
Absidia, Curvularia, Humicola y Gongronella. En la estación 
Cañas se registraron especies de Talaromyces, Absidia, 
Fusarium, Curvularia, Purpureocillium, Clonostachys y Ma-
riannea y en la estación FCV también se presentaron los 
géneros Cladosporium, Absidia, Purpureocillium, Cinnin-
ghamella y Cladosporium.   La estudios de la biodiversidad 
del BPP contribuyen al conocimiento de nuestra riqueza 
microbiana y constituye una base para nuevas investiga-
ciones en la exploración de hongos filamentosos en los 
bosques secos tropicales de la costa ecuatoriana.   Por otro 
lado, los resultados permitieron la crioconservación de un 
total de 38 cepas de hongos filamentosos en la Colección 
de Cultivos Microbianos del CIBE lo que permitirá investiga-
ciones futuras para la búsqueda de enzimas o metabolitos 
secundarios de interés en la biotecnología y el desarrollo 
sostenible.
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Analysis of the Genetic Distance of Several Generations of Barley (Hordeum 
valulgare L) by RAPD-PCR Technique
Raed Salem Alsaffar

Abstract: Random-amplified-polymorphic-DNA(RAPD) was assayed to detect the genetic variation of 6 barley 
generations from Iraq. Four primers generated a total of 17 scoreable bands in RAPD analysis) and resolving power, the 
three polymorphic primers differed (Rp). The use of RAPD marker systems to detect the genetic distance among barley 
generation was discovered to be beneficial. The RAPD dendrograms indicate a diverse grouping of 6 barely specimens, 
although we did see that certain groups were identical in several cases. As a result, the RAPD molecular markers reveal 
two genetic groups in the few specimens examined.

Key words: Barley, Genetic variation, RAPD-PCR.

ARTICLE / INVESTIGACIÓN

Introduction
The Barley plant (Hordeum vulgare L.) is the most im-

portant crop in the world, and it has been the focus of ex-
tensive genetic research. It is considered a diploid plant (2n) 
species with much DNA that is mostly self-fertilizing1.

In Iraq, barley is grown on around 450.000 hectares. 
Early domestication and local expertise have resulted in 
varied local barley that is mainly utilized for feed. Poorly in 
terms of food2.

Sheep owners mainly plant barley in semiarid locations, 
and it is harvested once or twice as an early winter crop 
when food and pasture are scarce. Plant genetic resources 
must be conserved and used and needed for the long-term 
upkeep and growth of production of agricultural products3,4.

The preservation of breeders' interests and the docu-
mentation of genetic resources have grown increasingly de-
pendent on identifying agricultural plant types. The malting 
and brewing sectors, respectively, Are critical since various 
kinds of barley plants have vastly varied characteristics & 
applications5,6.

It requires farmers and gardeners to be careful in choo-
sing the seeds of the varieties they want to plant. They 
must be pure seeds that are not genetically treated and not 
subject to any additions in order not to affect their gene-
tic sequence5,8. Various biochemical methods have been 
employed to supplement the phenotypic analysis of barley 
plant cultivation, most of which depend on differences in 
iso-enzymes and protein storage in the seed seeds. None-
theless, because of the weak levels of allelic variation for 
multi-iso-enzymatic loci, the great rank of heredity connec-
tion in the middle of the various assortment, and the great 
extent of variation inside barley plant varieties, characteri-
zation with these indicators was not particularly effective for 
barley varieties6,7,9.

Molecular and genetic markers have been shown to 
be effective methods for identifying and assessing genetic 
variation indoors and across types and societies. Distinct 

characteristics have been shown to display, unlike types of 
variation4,10. It's linked to the proportion of the DNA surveyed 
from every kind of genetic indicator, their portioning across 
the chromosomes, and the size of the purpose target exa-
mined by each technique11.

The adaptation of several molecular methods like 
RAPD, SSR, STS, RAMP and ISSR was made by the es-
sential technique called the polymerase-chain-reaction-(P-
CR)12,13.

In barley, these molecular markers were utilized to 
identify genetic distance, detection of genotype and chro-
mosome mapping. The RAPD technique has numerous 
benefits over other methods, including ease of application, 
affordable expense, and the utilization of a small quantity 
of plant matter. Self-pollinating species with little intraspeci-
fic diversity, like hexaploid wheat and cultivated barley, are 
examples.,  RAPDs have been shown to be helpful as ge-
netic markers10,14.

Bernard et al.15 utilized the RAPD technique and disco-
vered a lot of variation between wild barley genotypes. They 
found that comes from the overall diversity of the genetic 
predicted, 75 percent of the variation was partitioned within 
genotypes. In contrast, 25% was found to be partitioned 
within populations., with no significant variations between 
nations16.

The ISSR technique shows and detects the genetic se-
quences of different varieties belonging to certain plants, 
such as potatoes, through PCR analysis18.

We use RAPD markers to assess the degree and struc-
ture of genetic variation and relationships in complex sam-
ples produced in Iraq to provide a baseline for the species' 
future conservation and breeding initiatives. We also want 
to show how RAPD may be used to analyze genetic diversi-
ty and connections among barley specimens3,19-21.
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Materials and methods 
Plant-based material In this study, six barley (Hordeum 

vulgare L.) specimens from Iraq's "Ebaa Grain Receiving 
Center" were utilized.

With few adjustments, total DNA was isolated from 
fresh leaves using the Genaid kit. And DNA concentration 
and purity measurement by nanodrop and separated by 2% 
agarose gel electrophoresis.

Extraction of  DNA and Analyzed with RAPD-PCR. 
Operon molecular for life provided ten decamer random pri-
mers for RAPD analysis (Table 1). Total DNA was extracted 
from grains of 6 Barley using generated kit, and the extrac-
ted DNA was diluted to 25 ng /mic by nanodrop technique. 
Primers were diluted to 10 ng /mic, used for PCR amplifi-
cation, and separated by 2% agarose gel electrophoresis1.

Results and discussion
Out of many universal primers utilized for early detec-

tion with typical genotypes, just four primers replicate poly-
morphic specimens. Then these 4 primers were used in the 
RAPD-PCR technique to analyze all 6 barley plant gene-
rations. The PCR bands of the 6 generations with these 4 
primers give an overall of 15 different bands. The elevated 
digit of the band (7) was received by UBC-475 primer, while 
the little number (3) was received by UBC-490 primer. Se-
veral denote the identic distance in their aptitude to deter-
mine the genetic variation (100 percent). The 4 polymorphic 
primers visualize the polymorphism concerning the average 
band in informativeness (AvIb) and Resolving power (Rp).

Because of its global spread, the genetic variation of 
barley plant germ cells from divergence homeland has 
been valuator7,8,12,22,23. Bernard et al.15 used RAPD markers 
to examine the genetic distance of 6 generations from 121 
wild barley plant societies from Iraq, Turkey, and Iran. When 
the overall genetic distance was calculated, 75 percent of 
the variance was split between the six genotypes and 25% 
was divided between the social. Because the majority of the 
very discovered (97 percent) was to part among the 20 so-
cieties and the residue across the nations, there were no 
significant differences between countries when the varia-
tion was evaluated11. Therefore, the few specimens were 
joined together regardless of their geographic origin. Den-
drograms using RAPD-PCR and ISSR techniques do not 

indicate geographic profiling among barely plant samples in 
this investigation23.  

Only a few clusters had comparable classifications 
based on the makeup of clusters derived using RAPD and 
ISSR markers separately. Various metrics like the relation 
of polymorphism, mean band informativeness, resolving 
power, and clusters produced in the dendrogram were used 
to assess the performance of these markers1,7,13,22.

The findings of this study's genetic distance were com-
pared to reports from other RAPD research, such as an as-
sessment of gene distance in the outer covering of a seed 
of barley plant using phenotypic characteristics and RAPD 
markers, as well as stored protein analyses9,14.

Furthermore, it has been observed that the dendrogram 
created by the RAPD phylogeny meshes best with the bar-
ley plant cultivars' genealogy and known pedigree than the 
dendrogram obtained by the ISSR findings.

On the other hand, data derived from RAPD were 
shown to be more directly connected to the geographic dis-
tribution of the genus Houttuynia Thunb, whilst data derived 
from the ISSRs technique were found to be intimately rela-
ted to chromosome number 8-13. It might be accounted for 
partly by the disparity in the number of informative PCR pro-
ducts. They emphasized the relevance of the real number 
of locus and their covering of the entire genome once more, 
as well as obtaining reasonable estimations of genetic re-
lationships among the materials investigated. RAPD-PCR 
has proven to be the majority polymorphic technique in bar-
ley plants, making them extremely useful for various barley 
applications 19.20. RAPD techniques are a marker used to 
identify and were also linked to multiple characteristics, in-
cluding the leaf rust resistance gene Lr 28 in Aegilops spel-
toides17,22.

As a result, RAPD analysis might be beneficial for se-
lecting ancestors to cross to generate acceptable popula-
tions for genome mapping and breeding20. We reach the 
following deduction depending on the findings of this study: 
The results showed that RAPD-PCR analysis might be used 
to assess genetic diversity among Iraqi barley varieties. 
The findings of this study, based on genetic diversity, will 
aid breeders in selecting parents for hybridization programs 
and determining the kind of variation in barley.

Conclusions
Despite the narrow genetic base among the six species 

used here, RAPD analysis was quite effective in determi-
ning the genetic variation among Barley species. It can be 
used to generate DNA fingerprints for variety identification.

Funding
Self-funding. 

Raed Salem Alsaffar
Volume 8 / Issue 1 / 23     •     http://www.revistabionatura.com

Table 2. The PCR condition used in the RAPD technique

Table 1. Sequence of primers used in the RAPD technique15.
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Genetic diversity of varieties of barley Hordum Vulgare Implanted using 
RAPD
Shaymaa khaleel alhialy1*,  Raed Salem Al-Saffar1, Safa Aldeen Abd. Sulyman2

Abstract: In the study, a technique of PCR was used, which is the RAPD indicator using nine varieties of the Iraqi barley 
plant, where the genetic indicators of the implicit sequence were used to determine the level of genetic similarity for 
the studied varieties and to find the genetic fingerprint for some types. The bundle of varying sizes was 121 in number. 
The highest number of binding sites was recorded in the R4 primer with 58 bundles, the lowest number of binding sites 
was given by the R5 initiator with 11 bundles, the highest molecular weight in the binding sites was provided by the R9 
initiator 1300pb, and the same initiator gave the lowest molecular weight 125 pb, and from the genetic similarity matrix, 
the lowest genetic distance was between classes 3 and 4 with a value of 0.8545, while the highest genetic distance was 
between classes 6 and 7 with a value of 0.4545. The RAPD technique found unique and distinct DNA bundles capable of 
distinguishing between the studied wheat varieties, meaning that these bundles were found in a particular type and absent 
in other varieties. It can be used as a distinctive genetic fingerprint to preserve plant breeders' rights. This study showed 
the efficiency of the RAPD technique in distinguishing between the studied cotton varieties and in determining the degree 
of genetic proximity and distance between them, which contributed to revealing the genetic diversity among some of the 
cotton varieties cultivated in Iraq.

Key words: Genetic diversity, RAPD, barly Hordum Vulgare.
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Introduction
To raise productivity and enhance food security and nu-

trition, various methods are used to reach the total of diver-
se and complementary crops and their improved varieties. 
Among the methods used to improve yields and increase 
productivity are genetic indicators. Several technologies 
based on DNA indicators have been developed that are 
used to detect genetic variations and study genetics. Ge-
netic linkage between species or genetic phenotypes and 
genetic linkage mapping helped in developing breeding pro-
grams and raising their efficiency1, and it is used effectively 
in genetic improvement programs, whether in developing 
breeding programs through Through early detection of the 
presence of the desired trait in the genetic source, in addi-
tion to verifying the degree of mixing or genetic authenticity, 
identification of varieties and testing their purity is one of 
the essential processes in the field of the seed industry and 
biotechnologies based on genetic indicators used to impro-
ve yield and shorten the period RAPD Randomly Amplified 
Polymorphic DNA-PCR2.

Grain varieties more to biotic and abiotic stresses are 
now being grown in farmers' fields. The rapid multiplication 
of high-quality seeds3 should match the development of 
more productive grain and feeding regimes

Future scenarios indicate that the pressure to reduce 
cereal production will disproportionately affect those most 
at risk, namely, the third world countries and the agricultu-
rally dependent countries, who constitute a large part of the 
farmers, and the billions of low-income people depend daily 
on cereals for their survival Alive4.

With climate change, heat and drought tolerance will 
become important in cereals, especially in the tropics60. 
Current research is directed at developing the drought-to-
lerant wheat project using genetic modification, led by the 
International Center for Maize and Wheat Improvement, to 
produce different varieties, including hybrids, that excel. The 
yield over commercial varieties increased by 25 percent un-
der specific drought conditions. Some are also heat tolerant 
and produce 27 percent more output than commercial va-
rieties. A heat-tolerant wheat variety based on the genotype 
maintained by the International Center for Maize and Wheat 
Improvement and the International Center for Agricultural 
Research in the Dry Areas (ICARDA center of agriculture) 
has been released in several countries5.

Recent years have witnessed a remarkable develop-
ment in the use of molecular indicators in determining the 
genetic variation of cultivated plants because of their many 
advantages. Molecular indicators are of paramount impor-
tance in plant breeding, in addition to being helpful indica-
tors in accelerating the selection and breeding processes 
and reducing material costs. Molecular indicators have 
been used to determine the genetic variations within plant 
populations and the genetic relationships between varieties 
and plant species. Studies have proven that molecular indi-
cators are valuable clues in describing and evaluating gene-
tic diversity within species. deterioration6.

Among the common and recent indicators are Poly-
morphic Random Amplified DNA (RAPD) indicators, which 
are simple, fast, do not require a large amount and can be 
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applied to large genetic populations, in addition to the possi-
bility of using random primers. Thus RAPD indicators have 
applications in the Extensive study of the relationship be-
tween clans of the same species or species close to each 
other. It was also used to determine the genetic identity and 
to investigate hybrids. It can also help in drawing genetic 
maps and using them to know the genetic relationship be-
tween plants of one species using the same technique. In 
addition to its use in the field of diagnosis and finding ge-
netic fingerprints, it had applications on various organisms 
such as humans, animals and bacteria, and the varieties 
belonging to many plant species were classified7.

Many researchers used different types of DNA indica-
tors to study genetic variation and molecular characteriza-
tion of wheat plants in other parts of the world; the study ai-
med to use RAPD indicators in analyzing genetic variations 
between some varieties of wheat tri in Iraq to distinguish 
between all studied sorts, which are the identity of For the 
variety8.

Materials and methods 
The genealogies of the genotypes and their numbers 

used in the study( island / Ibaa center / Iraq, Euphrates Abaa 
Center/Syria, Pool Ebaa Center / Iraq, Rum Ibaa Center / 
Jordan, Forest Parent Center / Australia, Benedict Parents 
Center / Sweden. Arafat Parents Center / America, Rayan 
Parents Center / Syrian, Samir Parents Center / Iraqi).

The amount of rain falling during the growing season 
was (812.5 mm). Random samples were taken of five spi-
kes of each variety, placed in clean nylon bags, and transfe-
rred to the College of Science, Department of Life Sciences 
- Molecular Biology Laboratory to conduct the laboratory 
study.

Extraction of DNA from the seeds of wheat under 
study

The Genomic DNA mini kit supplied by Geneaid Com-
pany was used. It included the following (Weigh 0.2 g of 
wheat seeds, add liquid nitrogen to a ceramic mortar and 
grind the mixture for 3 seconds until it becomes a homoge-
neous powder, Transfer the powder to a 1.5 mL tube and 
add 400 μl of GP1 and 5 μl of RNase and mix using a mixer 
(Vortex). The tube is incubated at 60°C for 10 minutes. Du-
ring that time, the tube is turned every 3 minutes, add 100 
μl of GP2 Buffer solution mix with Vortex and incubated on 
ice for 3 minutes, The mixture is transferred to a Filter Co-
lumn tube, and centrifugation is carried out for 1 minute at 
a speed of 1000 g, then the filter tube is neglected. The 
filter is transferred to a 1.5 ml tube, Add 1.5 kg of GP3 solu-
tion and mix immediately for 5 seconds. Transfer 700 μl of 
the key to a GD Column tube and centrifuge for 2 minutes 
at maximum speed. The filtrate is discarded, and the GD 
Column is reinstalled into the collection tube. Add 400 μl 
of solution W1 and centrifuge for 30 seconds at maximum 
speed. The filtrate is discarded, and the GD Column is re-
installed into the collection tube. Add 600 μl of Wash Buffer 
solution and centrifuge for 30 seconds at maximum speed, 
remove the filtrate, and then centrifuge for 3 minutes at full 
speed. The GD column is fixed in a 1.5 ml tube, and 100 μl 
of Elution solution is added and left for 3 minutes to allow 
it to bind with DNA.Centrifuge for 30 seconds at maximum 
speed. Remove the GD column and store the precipitate at 
-20°C until use.

Preparation of agarose gel and DNA electrophoresis
For DNA transfer and detection, 1% agarose gel is pre-

pared. To obtain this concentration, 0.5 g of agarose pow-
der is dissolved in (50) ml of X1 TBE, and 3 microliters of 
safe red dye are added using a heat source with continuous 
stirring until boiling and left to cool. To a temperature of (60-
50) ˚C, Then the gel solution is poured into the basin of the 
Tray of the relay device after the special comb is fixed to 
form the Wells at the edges of the gel, taking into account 
that the pouring is quite to avoid the formation of bubbles. 
If they are created, they are removed using the pipette, 
then leave the gel solidifies. The Tray is then placed in an 
electric relay tank containing an appropriate amount of X1 
TBE solution, after which the comb is gently lifted. Migration 
samples are prepared by mixing (5) μL of the DNA sample 
with (3) μL of the loading solution. After that, the relay is 
operated by passing the electric current with a voltage of (5) 
volts/cm, and the process takes (2-1.5) hours. After that, the 
gel is photographed under ultraviolet rays using a gel docu-
mentation device to see the DNA bundles and the product 
of the PCR reaction. As shown in the following table (1), 
ten random starters were used to determine the differences 
between the wheat cultivars.
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Table 1. Determine the differences between the different 
wheat cultivars.
PCR reactions

The DNA concentration in all study samples was ad-
justed by dilution by TE buffer solution to obtain the requi-
red concentration for PCR reactions, and it was (25) ng/
microliter for each sample. The master reaction mixture was 
prepared for each PCR reaction by mixing the DNA sample 
and the special primer for each gene with the components 
of the Pre-mix inside a 0.2 ml Alpendorf tube supplied by the 
English company Biolabs. The reaction volume was fixed to 
20 μl with distilled water, and the mixture was discarded. In 
the Microfuge device, for a period between (5-3) seconds, 
to ensure the mixing of the reaction components, the reac-
tion tubes were inserted into the Thermocycler to conduct 
the multiplication reaction using the particular program for 
each response. Adding the volumetric guide DNA Ladder 
prepared by Biolaps company into one of the holes, the 
samples are migrated by running the Electrophoresis devi-
ce for a period ranging from (70-60) minutes, after which the 
gel is imaged using the Gel Documentation device (Fig. 1).
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Statistical analysis
The results of the RAPD prefixes were taken based on 

the comparison of the presence or absence of a piece of 
DNA for the studied varieties, which symbolizes the presen-
ce of the DNA piece (Band) by (1) and its absence with the 
number (0), where it was recorded for the company of the 
DNA band) by the number 1 and for its lack (Band) by the 
number zero; this table has calculated the number (Band) 
shown by each prefix in the RAPD and the total number 
of bundles of genetic varieties of wheat studied, identifying 
monomorphic and polymorphic bundles, and calculating 
the degree of variation in the outputs of gene dimension 
coefficient as well as the similarity coefficient between the 
analyzed samples using Nei's coefficient 729 then he con-
ducted cluster analysis and plotted the genetic dimension 
using the (UPGMA) method10.

Statistical analyzes were carried out by computer using 
the program:

Taxonomy and Multivariate Analysis (NTSYS-pc) Nu-
merical System11. The conclusion of the results of this pro-
gram was based on the (9) to detect genetic similarity by 
forming a sequential table that includes all the results of the 
prefixes (for each indicator separately) with all the models 
studied according to the equation: Ni) + GD=1{2x(Nij/Ni)

Nij: The number of packets shared between the two 
models i,j

Ni: the number of packages in the i .model Nj: the num-
ber of packets in the j. model

Results and discussion

Polymorphism results from using the RAPD technique 
for the studied items

The RAPD technique is one of the old and relatively 
simple molecular methods, but it is still widely used due to 
its ease of application. Diagnosing taxa at the DNA level 
using this technique means finding the genetic fingerprint 
for each of the taxa, which is how the replicated pieces of 
the studied taxa are distributed using a specific initiator, i.e., 
The number of those bundles and their molecular sizes, 

which are distinctive for that variety without the rest of the 
types, and that finding a genetic fingerprint for the array is 
considered an identity for that variety that can be used12. 
The RAPD technique was applied using ten random primers 
Table (2) to distinguish nine types of wheat Table (1). The 
method of analyzing the results of the genetic relationship 
study depended on the presence or absence of bundles re-
sulting from the duplication of certain pieces of the wheat 
genome used and on the molecular weights of those bund-
les that depend on The number and complementary loca-
tions of primer sequences on the template DNA strand, the 
lack of results with some of the primers used is one of the 
most important foundations that are considered the basis of 
the differences between taxa13 primer R1, The number of 
multiplied pieces of wheat varieties using this starter was 32 
bundles whose molecular weights ranged between (300pb-
1100pb). Figure (2) The number of multiplicative pieces for 
cultivars went from 5 to 3; the bundle with a molecular wei-
ght of 300 pb appeared in category one to distinguish it. 
This cultivar used the 1R primer, which represents a genetic 
indicator for the variety and a guide to facilitate the diffe-
rentiation task, which was the percentage of the variance 
between the cultivars using this primer 8, 71.

The R2 primer showed the results of DNA doubling for 
the cultivars under study using the R2 initiator. Twenty-nine 
bundles whose molecular weight ranged from 200 pb - 900 
pb. The 500 and 900 pb bundles appeared in all varieties. 
This initiator variety seven was distinguished by the presen-
ce of the 700 pb initiator and can be used as a distinctive 
genetic fingerprint. The variety has a variance ratio of 62.2.

Initiator R3: The number of the resulting bundles rea-
ched 28, of which 19 differed between the varieties. The 
percentage of bundles differed at 67.87; the initiator R3 
gave a 200 pb molecular weight that band found in class 
5 and not in the rest of the varieties. This confirms the im-
portance of this technique in molecular characterization and 
genetic fingerprinting.

R4 initiator: The number of bundles using this initiator 
was 58, of which 40 were different bundles, and the varian-
ce ratio between the varieties was 68.97. This initiator did 
not distinguish a particular variety; the molecular weight of 

Genetic diversity of varieties of barley Hordum Vulgare Implanted using RAPD

Figure 1. Shows the genome extracted from wheat seed samples and carried over in 2% agarose gel.
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the bundles ranged from 200pb to 1200pb.
Initiator R5: This initiator gave the least number of 

bundles, 11 bundles only, did not distinguish any variety, 
and is considered the least efficient primer. The percentage 
of variation reached 100, and the molecular weight of the 
bundles ranged from 600pb to 1200pb.

Starter R6: The number of bundles resulting from using 
the R6 starter was 34 bundles, and the percentage of the 
discrepancy between the varieties was 100 because no 
similar bundles appeared between the varieties. Variety 7 
was distinguished by the absence of a bundle with a mo-
lecular weight of 400 pb, while it was present in the rest of 
the varieties. The size of the pieces ranged from 250 pb to 
900 pb.

The primer R7, in conjunction with the complementary 

sites of the DNA sequences, gave 38 bundles with molecu-
lar weights ranging from 500 pb to 1100 pb. No cultivar was 
distinguished by using this initiator because a unique bund-
le did not appear for a particular cultivar; the percentage of 
variance using this primer was 0 zero.

Starter R8: 36 packets produced by this initiator bar 
interconnected with the complementary sites of DNA, of 
which 9 bundles are similar. The percentage of the variance 
between species using this initiator was 75.0. The size of 
the packets ranged from 400pb to 1200pb

Initiator R9: The number of bundles reached 46 bund-
les, and their size ranged from 125pb to 1300pb. Class 5 
was distinguished by a unique bundle with a molecular wei-
ght of 175 pb. The initiator gave a variation ratio of 77.8

Primer 0 1R: The number of bundles produced 48 

Figure 2. The product of a DNA 
random amplification reaction 
using the 1 R . primer.

Figure 3. The product of a DNA 
random amplification reaction 
using the initiator R2.

Figure 4. The product of a DNA 
random amplification reaction 
using the initiator R3

Shaymaa khaleel alhialy,  Raed Salem Al-Saffar, Safa Aldeen Abd. Sulyman
Volume 8 / Issue 1 / 24     •     http://www.revistabionatura.com



5

Figure 5. The product of a DNA 
random amplification reaction 
using the initiator R4.

Figure 6. The product of a DNA 
random amplification reaction 
using the initiator R5.

Figure 7. The product of a DNA 
random amplification reaction 
using the initiator R6.

Figure 8. The product of the DNA 
random amplification reaction 
using the initiator R7.

Genetic diversity of varieties of barley Hordum Vulgare Implanted using RAPD
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bundles; their weight ranged from 300pb to 1100pb. One 
cultivar was distinguished from the rest of the cultivars 
by the absence of the bundle. The molecular weight was 
300pb, considered a genetic fingerprint for this cultivar. The 
variance ratio for this cultivar was 25.0.

The relationship genetic tree (Fig. 12) was drawn based 
on the genetic dimension among the nine varieties.

With a molecular weight of 300 pb, it appeared in cul-

tivar 1, so this cultivar can be distinguished using the 1R 
primer, which represents a genetic marker for the cultivar 
and a guide to facilitate the task of differentiation.

Primer 0 1R: The number of bundles produced 48 bund-
les; their weight ranged from 300pb to 1100pb. One culti-
var was distinguished from the rest of the cultivars by the 
absence of the bundle. The molecular weight was 300pb, 
which was considered a genetic fingerprint for this cultivar. 

Figure 9. The product of a DNA 
random amplification reaction 
using the initiator R8.

Figure 10. The product of the 
DNA random amplification reac-
tion using the initiator R9.

Figure 11. The product of the 
DNA random amplification reac-
tion using the initiator R10.
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The variance ratio for this cultivar was 25.0.
Figure 14 shows the values of genetic dimensions for 

nine cultivars of wheat, where the values ranged between 
(0.8727 - 0.4545). Suppose the genetic material is identical 
between any two cultivars. In that case, the genetic dimen-
sion between the two cultivars must be zero. The similarity 
ratio must be 100%14, the most significant percentage of si-
milarity appeared between classes 8 and 9 and based on 
the values of the primers used in the RAPD variants, which 
means the most similar rate of genetic material between 
the two classes compared to other varieties, and the rea-
son may be due to their closeness in proportions, while the 
lowest similarity percentage was between classes 7 and 6 
compared to types. This indicates that there are significant 
differences in the genetic material between them.

The relationship genetic tree (Fig. 12) was drawn based 
on the genetic dimension among the nine varieties.

Relationship genetic tree
Cluster analysis to build a genetic relationship tree 

using the UPGMA method depends on the genetic dimen-
sion coefficient and allelic frequency. This study drew a ge-
netic relationship tree for nine wheat cultivars using RAPD 
indicators and ten primers. The aggregate analysis results 
showed two main groups (Main Cluster). The distance be-
tween one group and the other groups indicates their re-

lationship. Groups close to each other are placed in close 
branches within the group, which includes two main groups. 
The first leading group included two cultivars, class 5 and 
class 7. The second major group was divided into two minor 
branches. The first secondary branch included only class 
1. The second secondary branch was where the genetic 
varieties were distributed into two sub-secondary groups. 
The first sub-secondary branch had two classes, class 8 
and class 9. The sub-secondary branch is divided into two 
groups. The first group was unique to this group by the pre-
sence of one category, category 2. The second group was 
divided into two groups. The first group included classes 3 
and 4. In the second group, only category six is included. 
The importance of determining the genetic relationship by 
using cluster analysis is due to the possibility of organizing 
the genetic assets, selecting the parents involved in bree-
ding programs, predicting the best hybrids, and knowing the 
least possible number of genetic structures that contain the 
largest possible number of genetic classifications in bree-
ding and improvement programs the plant.

The presence of genetic similarity between varieties of 
different fathers in the same site may be the reason for their 
genetic adaptation to the environmental conditions prevai-
ling in that site, so the genetic material is somewhat similar, 
which led to its reflection in the number of bundles shared 
between them, or it may have a joint genetic base, and the-

Figure 12. The product of the 
DNA random amplification reac-
tion using the initiator R9.

Figure 13. The product of the 
DNA random amplification reac-
tion using the initiator R10.

Genetic diversity of varieties of barley Hordum Vulgare Implanted using RAPD
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refore Genes may flow between different geographic distri-
butions, or the similarity may be due to the common origin 
of the species  3

Conclusions
Despite the narrow genetic base among the six species 

used here, RAPD analysis was quite effective in determi-
ning the genetic variation among Barley species. It can be 
used to generate DNA fingerprints for variety identification. 
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Enhancing salinity tolerance in tomatoes at the reproductive stage by 
increasing pollen viability
Nasratullah Habibi1,2*, Mohammad Yosuf Fakoor2, Shah Mahomoud Faqiri2, Zarir Sharaf2, Mohammad Sadiq Hotak2, Nelofar Danishyar2, 
Mohammad Mustafa Haris2, Khuwaja Safiullah Osmani2, Takashi Shinohara1, Naoki Terada1, Atsushi Sanada1, and Kaihei Koshio1

Abstract: This study was conducted to mitigate the adverse effects of sodium chloride stress on the reproductive 
parameters of tomatoes. This experiment was conducted in the greenhouse of the laboratory of tropical horticultural 
science, department of International agricultural development, Tokyo University of Agriculture. The design was a factorial 
CRD (completely randomized design) with five sodium chloride (0 mM, 50 mM, 100 mM, 150 mM, and 200 mM) treatments 
and four primings (0 MPa, 0.4 MPa, 0.8 MPa, and 1.2 MPa) treatments. Micro-Tom seeds were soaked in polyethylene 
glycol (PEG6000). Salinity was applied through irrigation water when the first flower bloomed. Reproductive-related 
parameters such as the number of flowers per plant, pollen viability, pollen germination, pollen tube length, number of fruits 
per plant, fruits size and yield per plant were measured. It was observed that salinity affected the tomato plants severely 
during the flowering stage, and many flowers did not bear fruit due to the decrease in pollen viability. In addition, electrolyte 
leakage increased under salt stress, while priming decreased this parameter. Priming improved the number of flowers, 
pollen viability, and fruits per plant. The best priming treatments were 0.8 MPa and 1.2 MPa for promoting and enhancing 
tolerance in the reproductive stage.

Key words: Physiology, priming, pollen viability, reproductive stage, and salinity.
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Introduction
Tomato (Solanum lycopersicum L.) is one of the essen-

tial vegetables around the globe. Countries such as China, 
the United States, Turkey, Italy, India, and Egypt are the bi-
ggest producers of tomatoes1. Tomato producers face many 
challenges and many constraints that limit tomato produc-
tion2. Among abiotic stress factors, salinity is one of the most 
important abiotic factors that can be found in almost half of 
the world's soils3,4. Salt-affected soils include 63.2 million 
hectares of topsoil (0-30 cm) and 120.0 million subsoils (30-
100 cm)4. These soils are formed because of concentrated 
salts and ions like Na+, which causes degradation4.

The salt-affected soils are problematic for most plants, 
and salinity is a high injury factor for vegetable crops like 
tomatoes worldwide. In some areas, the irrigation source 
is only seawater. Therefore, further effort is needed to in-
crease water efficiency or plant tolerance5, but it might be 
difficult to find a solution for this problem6 easily.

Salinity affects tomatoes' vegetative and reproductive 
growth because it slows the absorption of nutrients due to 
the accumulation of toxic ions like Na+ and Cl-7. In vegeta-
bles, like tomatoes, the reproductive stage is susceptible, 
and flowers will be severely affected under salinity8. Further-
more, fruits per plant in tomatoes are also harmed due to 
this factor9-11, which leads to high leaf surface temperature; 
thus, stomata start to close, and the cell wall and electrons 
start to leak from leaf cells12. During the reproductive stage, 
it has been proved that pollen viability and pollen germina-
tion are the ideal parameters to be assessed for studying 

the tolerance of plants against constraints13 like salinity or 
heat stress, and both pollen viability and pollen viability and 
pollen germination decreased under salt stress conditions14.

There are studies on the breeding and development 
of salt-tolerant varieties, but most were ineffective for all 
regions due to climatic fluctuations. Therefore, some easy 
and effective methods with low cost can increase salt tole-
rance in the plant before facing stress, one of them is seed 
priming9, and it has already been proved that various seed 
priming agents10,38 such as polyethylene glycol (PEG) im-
proved growth parameters in tomato plants under sodium 
chloride stress11.

In addition, osmo-priming by polyethylene glycol mitiga-
tes the toxicity of the ions that are accumulated due to se-
vere salt stress by stabilizing the balance between cations 
and anions; therefore, polyethylene glycol diminishes the 
negative effects of Na+ and Cl- ions accumulated in leaves 
due to sodium chloride salinity stress13 by increasing the 
amount of K+ ions14.

Considering the adverse effects of salinity, tomato is 
susceptible during their vegetative and reproductive growth, 
especially in the flowering stage, which is critical against sa-
linity stress15. There is no previous study on the comparative 
effects of PEG6000 and sodium chloride on the reproduc-
tive parameters of tomatoes. Thus, the current study was 
conducted to (a) evaluate the negative effects of salinity on 
the growth and physiological parameters of tomatoes, (b) 
evaluate the comparative effectiveness of PEG and salini-
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ty on the growth and physiological parameters of tomatoes 
during flowering and fruit-bearing stages, and (c) study the 
interaction between PEG and salinity.

Materials and methods 
This experiment was conducted at the Tokyo University 

of Agriculture (Setagaya Campus) in 2021. The experiment 
was designed as a factorial complete randomized design 
with 6 replications, having 4 salinity levels and 4 priming 
treatments, and Micro-Tom seeds were used as plant ma-
terial. The sodium chloride salinity treatments were (a) con-
trol (0 mM), (b) 50 mM, (c) 100 mM, (d) 150 mM, and (e) 
200 mM, and priming treatments were (a) control (0 MPa), 
(b) 0.4 MPa, (c) 0.8 MPa, and (d) 1.2 MPa. PEG6000 was 
used to prime the seed before cultivation, and the seeds 
were soaked in the solution for 36 h. Then, the seeds were 
washed three times with pure water and dried for 3 hours 
at 25±5°C. The calculation for PEG6000 to be used in os-
mo-priming was according to Michel & Kaufmann16 and Aq-
vila & Carella17. The formula 1 was used to calculate the 
amount of PEG6000 to be dissolved in pure water to prepa-
re priming treatments.

The seeds were cultivated in seed trays at the green-
house (25±5°C temperature and 60±10 % humidity), and 
after 30 days, when the plants were 3 to 4 leaves (30 days 
after germination), they were transplanted to the plant bed 
made of wool and is called Rockwool.

Salinity was applied at the start of the flowering stage. 
Salt stress was applied within irrigation water. Irrigation was 
done using tap water, and we fixed the pH of irrigation to 
5.8 – 6, and it was adjusted using sodium hydroxide and 
hydrochloric acid. Then NaCl was added to the irrigation 
water in the appropriate molarity and mixed and used for 
irrigation. Temperature also plays a vital role during salinity 
stress; therefore, we recorded temperature using a digital 
thermo-recorder (TR-72WB; ThermoWorks, American Fork, 
UT, USA). Data were collected hourly, then the average of 
every 24 hours was taken and represented as daily tempe-
rature. The temperature in the greenhouse was adjusted at 
25±2 °C by the automatic electric heating system.

Temperature measurement
Temperature is an essential constraint on tomatoes du-

ring the reproductive stage. Many researchers have recent-
ly reported the negative effects of high and low temperatu-
res on flowering and fruit yield. In the current experiment, 
temperature data were recorded on an hourly basis from 
cultivation to harvest. The digital thermometer was used to 
record the temperature, and the device was kept at least 1 
meter from the ground.

Flowers per plant
The number of flowers per plant was counted daily, 

starting with the first flower blooming and then on the full 
flowering; the sum of all data was considered as the total 
number of flowers per plant.

Pollen viability
Pollen viability was determined by MTT (2,5-diphenyl 

mono-tetrazolium bromide) assay17. Some modifications 
were added to the method. Firstly, 500 mg of agar and 2.5 
g of sucrose were poured into a 100 ml beaker, and 47 ml 
of pure water was added. Then, the solution was kept insi-
de the heater under 70 °C temperature for one minute and 
mixed well using a strayer. The solution was poured into 
glassy Petri dishes and covered to avoid contamination. A 
circle was made in the middle of the medium to keep pollen 
grains. Then, 50 mg of MTT was taken in a 15 ml falcon, 
and 5 ml pure water was added and vortexed well. Flowers 
from all treatments were taken in the morning from 8:00 to 
10:00 AM, and pollen was dropped on medium using a ste-
rilized brush. Five flowers were taken from each treatment. 
The brush was washed using ethanol 100% to be used in 
each treatment. Then, 0.5 mL of MTT solution was quickly 
added to pollens using a single channel pipet made by ther-
mos fisher, Japan. Then, the Petri dishes were closed and 
incubated at 25 °C for one hour. Pollen pictures were taken 
using CellSense software by microscope (Olympus) with 
10x magnification. Pollen with dark colorations was counted 
as alive and light colorations as dead (Figure 1a). The po-
llen viability was calculated as formula 2.
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Figure 1. Represents live and dead pollens of tomato flowers (a), and germinated pollens (b).
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Pollen germination
Germinated pollen grains were selected from the pic-

tures taken by a microscope. The number of germinated 
and non-germinated were counted, and pollen germination 
percentage was calculated from them (Formula 3) and was 
measured at 4 hours, 6 hours, 8 hours, and 10 hours after 
incubation.

Pollen tube length
Pollen tube length was measured using ImageJ sof-

tware. The pictures taken by the Olympus microscope were 
analyzed by imageJ for the pollen tube length. Pollen tube 
Pollen tube length was measured at 4 hours, 6 hours, 8 
hours, and 10 hours after incubation.

Leaf injury rate
Leaf injury rate was concluded based on electrolyte 

leakage (EL) from leaf tissues. A handy meter was used 
to measure electric conductivity (LAQUATWIN-S070, Hori-
ba Scientific Ltd., Japan), as per the method as described 
by Habibi12. The samples were taken from 15 leaves per 
treatment and stainless-steel cork-borer with one centime-
ter diameter was used to make the disk for electric conduc-
tivity. Electric conductivity (EC) was measured two times for 
calculating electrolyte leakage. The first electric conductivity 
(E1) was measured after keeping the disk inside a vial filled 
with two milli liter pure water at 25 ± 1 °C temperature for 
20 minutes, then the samples were kept under 70 °C for 20 
minutes and back cooled to room temperature and electri-
city was measured for the second time (E2). The following 
equation was used to calculate the leaf injury:

Yield attributes
The number of fruits per plant was, and these data were 

taken from six plants in each treatment. Fully ripened fruits 
were harvested from six plants in each treatment, and then 
the yield per plant (g) was measured using a digital balance.

Statistical analysis
We used a CRD (complete randomized design) to set 

up our experiment design. For the data analysis and ex-
planation of the differences, we used two-way, Pearson's 
correlation analysis, and regression analysis. Analysis of 
variance was done using the R language, specifically RS-
tudio v3.6.2 statistical software, and correlation analysis 
with regression analysis and visualization was done using 
Python software v3.7.4 (Jupyter Notebook, https://api.ana-
conda.org).

Results
The flowering and reproductive stage was between 

April 5 to May 10; during this period, the temperature was 
between 18 to 30 °C, while the fruit growing or harvest sta-
ge occurred between May 11 to May 31 with a temperature 
between 23 to 37 °C. The average daily temperature during 
the flowering stage was 24 °C, while in the fruit growing and 
harvest stage, it was 27 °C (Figure 2). The temperature was 
not considered a factor and was kept constant in the range 
required for the tomato plant.

Number of flowers per plant
The number of total flowers per plant was significantly 

affected by salinity and PEG. There was a strongly negati-
ve interaction between salinity and PEG; salinity decreased 
the number of absolute flowers per plant, but PEG increa-
sed. Plants under 0.8 MPa and 1.2 MPa PEG produced a 
more significant number of flowers per plant under all sali-
nity treatments. There is a statistically significant difference 
between non-primed and primed treatments (Figure 3). The 
highest number of flowers per plant was recorded at 341 
in 0.8 MPa under 50 mM sodium chloride salinity, and 1.2 
MPa followed it under the same salinity level, producing 252 
flowers per plant.

Pollen viability
In this research, flowers were the most sensitive organ 

against salinity in the tomato plant. When plants face high 
salinity stress, most flowers die, and some cannot produce 
fruits. The reason was that pollens were severely injured 
by salt stress. The number of life pollens was significant-
ly decreased under salt stress treatments but significantly 
increased under priming treatments. Furthermore, the inte-
raction between salinity and priming (PEG) was also signi-
ficant. Only within the groups, the number of life pollen was 
not significantly different under 50 mM salinity, while for the 
100 mM, 150 mM, and 200 mM salinity, 1.2 MPa priming 
treatment had a more significant number of life pollen com-
pared to the control.

Furthermore, there were more dead pollen grains un-
der salinity treatments with no priming, while the number 
of dead pollen grains was significantly decreased under 
priming treatments, and there was a significant negative in-
teraction between salinity and priming. The total number of 
pollen grains also decreased under salinity, while priming 
significantly affected it. However, the all-over interaction 
between salinity and PEG was significant. Finally, pollen 
viability, considered an important factor for fruit production, 
was strongly decreased under salinity (p<0.001). However, 
PEG efficiently improved it; therefore, there was a signifi-
cant negative interaction between salinity and priming. All 
PEG treatments had more pollen viability than the control 
(Table 1). 

Figure 4 illustrates a visual comparison of pollen viabili-
ty in our study. It shows the difference between primed and 

Enhancing salinity tolerance in tomatoes at the reproductive stage by increasing pollen viability
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non-primed tomato plants regarding pollen viability. The top 
row shows the control (non-primed) plants under different 
salinity levels, whereas the bottom row shows the pollen 
viability belonging to the pre-sowing seed-primed plants. 
This visualization indicates that in non-primed plants, the 
total number of pollens is sometimes more than in primed 
ones. However, the flowers belonging to the primed plants 
had more pollen viability and more living pollen grains. Tur-
ning to salt stress conditions, priming treatments increased 
the total number of pollens compared to the control (Figure 
4).

Pollen germination
Pollen germination decreased under salt stress, while 

priming increased it. Overall, there was a significant diffe-
rence in pollen germination within each salinity treatment. 
After 4 hours of incubation, 0.4 MPa and 0.8 MPa priming 

treatments showed better performance and the salinity and 
priming effects were strongly significant, while there was a 
negative interaction between salinity and priming. After 6 
hours after incubation, pollen germination was also affec-
ted by both salinity and priming and there was a significant 
negative interaction between salinity and priming, however, 
the 0.8 MPa priming treatment was the best one. In addition, 
the interaction between salinity and priming was negatively 
significant. Finally, after 10 hours of incubation, primed 
plants had better pollen germination than the non-primed 
ones under all salinity treatments (Table 2).

The difference between the highest and lowest pollen 
germination was 58.4 %, showing a 78,1 % decrease in po-
llen germination in the salt-stressed plant compared to the 
normal plants (Table 2). The primed plants with 0.8 MPa 
of PEG 6000 under no salinity had the highest germination 
percentage, whereas non-primed plants with 200 mM sa-

Figure 2. The average temperature during flowering and fruit-bearing stages.

Figure 3. Effect of priming on the total number of flowers per plant under salt stress. *, **, and *** indicate significance 
levels of P <0.05, P < 0.01, and P < 0.001 respectively.

Nasratullah Habibi, Mohammad Yosuf Fakoor, Shah Mahomoud Faqiri, Zarir Sharaf, Mohammad Sadiq Hotak, Nelofar Danishyar, Mohammad 
Mustafa Haris, Khuwaja Safiullah Osmani, Takashi Shinohara, Naoki Terada, Atsushi Sanada, and Kaihei Koshio
Volume 8 / Issue 1 / 25     •     http://www.revistabionatura.com



5

Figure 4. Represents the effects of priming treatments on pollen viability of tomatoes under salt stress compared to 
ambient conditions. Top row shows pollen viability in control – control (a), 50 mM – control (b), 100 mM – control (c), 150 
mM – control (d), 200 mM – control (e) treatments, while the bottom row shows pollen viability in control – 1.2 MPa (f), 50 
mM – 0.4 MPa (g), 100 mM – 1.2 MPa (h), 150 mM – 1.2 MPa (i), and 200 mM – 1.2 MPa (j) treatments.

Table 1. Effect of PEG priming on pollen-related parameters of tomato plants under salt stress.
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linity had the lowest value. The variation at 6, 8, and 10 
hours after incubation was 69.6 %, 65.2 %, and 60.4 %, 
respectively. The highest pollen germination for 6, 8, and 10 
hours after incubation belonged to 0.8 MPa, 1.2 MPa, and 
1.2 MPa treatments, whereas under 200 mM salinity had 
the lowest values under 6, 8, and 10 hours after incubation.

Pollen tube length
Pollen tube length was affected by salinity and priming, 

where salinity diminished the pollen tube length but oppo-
sitely, priming increased the pollen tube length, leading to 
a higher pollen tube growth speed. There was a significant 
effect of salinity on pollen tubes after four hours of incuba-
tion, while a positive impact of priming was found on pollen 
tubes. The statistical analysis showed an opposite interac-
tion between salinity and priming treatments.

According to Table 3, after 4 hours of incubation, the 
0.4 MPa priming treatment had higher pollen tube length 
(12.7 µm, 8.5 µm, 7.9 µm, and 6.9 µm) at 0, 50, 100, and 
200 mM salinity treatments, while in 150 mM salinity there 
was no significant differences of pollen tube length between 
primed and non-primed plants. At 6 hours after incubation, 
all priming treatments affected the pollen tube length at no 
salinity treatment (0 mM), while the differences were not 
significant for salinity treatments. At 8 hours after incubation 
0.4 and 0.8 MPa priming treatment had a good performance 
at 0 mM, 50 mM, 150 mM, and 200 mM salinity, while 1.2 
MPa was good at 100 mM and 200 mM salinity compared 
to the non-primed plants. At 10 hours after incubation, 0.4 
MPa priming treatment was the best at all salinity levels.

Leaf injury and survival rate
Leaf injury was decided based on electrons (elec-

trolyte leakage) that were leaked from leaf tissues. There 
was a positive relation between EL and salinity. A higher 
EL was observed in saline treatments compared to control 
during flower blooming and fruiting. Therefore, the flowers 
wilted, and fewer fruits were formed in saline treatments. 
Furthermore, salinity decreased the survival rate (%) in to-
mato plants under saline treatments compared to control, 
except for 50 mM NaCl stress (Table 4). Seed pre-sowing 
priming with PEG 6000 decreased EL during both flowering 
and fruit-bearing. In addition, there was a significant inte-
raction between salinity and priming treatments. In ambient 
conditions, 0.4 and 1.2 MPa priming treatments significant-
ly decreased the electrolyte leakage of leaves during the 
flowering stage, while in the fruit-bearing stage, 0.8 and 1.2 
MPa priming treatments could dramatically decrease the 
leaf electrolyte leakage compared to non-primed plants. In 
50 mM salinity, 0.4 and 1.2 MPa had the lowest electrolyte 
leakage in flowering and fruit-bearing stages. In 100 mM 
salinity, during the flowering stage 0.8 MPa priming treat-
ment and flowering stage, 1.2 MPa priming treatment had 
lower electrolyte leakage compared to others. In the 200 
mM salinity treatment, 0.4 MPa priming treatment was the 
best treatment during the flowering stage, but during the 
fruit-bearing stage, 1.2 MPa was the best priming treatment 
(Table 4).

Number of fruits per plant and plant yield
These two parameters were severely affected by sali-

nity. In this study, the number of fruits per plant decreased 
under salinity levels, but priming increased them compared 
to non-primed plants. The treatment of 0 mM salinity and 
1.2 MPa priming treatments had a higher number of fruits 
(45 fruits per plant), while 0.4 and 0.8 MPa were almost 

Table 2. Effect of PEG priming on pollen-related parameters of tomato plants under salt stress.
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Table 3. Effect of priming on pollen tube length of tomato under salt stress.

Table 4. Effect of PEG priming on leaf electrolyte leakage of tomato plants under salt stress.
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8

equal, but all priming treatments were better than non-pri-
med treatments. Priming was effective in all salinity levels, 
like In 50 mM, 100 mM, and 200 mM salinity level, plants 
under 1.2 MPa priming treatment had more number fruits 
per plant, while in 150 mM salinity 0.8 MPa priming treat-
ment was better than others (Figure 5A). Yield per plant was 
affected by salinity too. There was no significant effect of 
priming in control, but in 50 mM salinity, the differences be-
tween primed and non-primed plants were significant. The 
1.2 MPa priming treatment produced more yield than others 
in all salinity levels (Figure 5B).

Regression analysis
Based on linear regression analysis, the pollen viability 

and germination model explained 80 % of the variation of 
the data. Independently, pollen viability and the number of 
fruits per plant explained 79 %, and pollen viability and yield 
explained 69 %. It was found that there is a strong relations-
hip between pollen viability and pollen germination, which 

means that an increment follows an increment in pollen via-
bility in pollen germination. In addition, in flowers showing 
more alive, pollens also showed more germinated pollen 
grains. An increase in pollen viability caused a substantial 
increment in the number of fruits per plant, meaning that 
pollen viability directly affects the fruit set. Moreover, pollen 
viability is directly related to yield per plant (Figure 6).

In addition, there was a negative interaction between 
EL with pollen viability, number of fruits per plant, and yield. 
The linear models showed that EL gradually decreased po-
llen viability, leading to a lower number of fruits per plant 
and lower yield (Figure 6).

Correlation analysis
Pearson's correlation was conducted to study the rela-

tionship between pollen parameters and fruit set. The num-
ber of live pollen grains had a strong positive correlation 
with the total number of flowers, but in high salinity treat-
ments, even if some flowers remained, the number of live 

Figure 5. Effect of seed priming on fruits per plant (a) and yield per plant (b) of tomato under salt stress. *, **, and *** 
indicate significance levels of P <0.05, P < 0.01, and P < 0.001 respectively. ns: not significant.

Figure 6. Regression analysis of pollen viability, fruits per plant and yield per plant. PV: pollen viability, PG: pollen germi-
nation, FPP: fruits per plant, and YPP: yield per plant.
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pollen was less. Furthermore, the number of live pollens 
and death pollens had a significantly negative correlation. 
The total number of pollens had a strong positive correlation 
with the number of flowers per plant and the number of live 
pollens, which means that if there was a more significant 
number of flowers in a plant, there was more total number of 
pollen and more live pollen grains. Moreover, pollen viability 
had a positive correlation with the number of live pollen gra-
ins and the total number of pollen grains but had a negative 
correlation with the number of death pollen grains. Pollen 
germination had a strong correlation with flowers per plant, 
the number of live pollens, the total number of pollens, and 
pollen viability. Hence, the number of fruits per plant is an 
important yield parameter had a strong positive correlation 
with the number of flowers per plant, number of live pollen 
grains, total number of pollen grains, pollen viability, and 
pollen germination (Table 5).

Discussion
Temperature is a very important factor besides other 

constraints on tomato plants during the reproductive stage. 
Many researchers early up to recently reported the negative 
effects of high and low temperature17 on flowering and fruit 
yield18.

Flowers are the sensitive organ of plants that can be 
harmed very quickly due to unboreable environmental con-
ditions. Sodium ions accumulation due to salinity is very 
harmful to the number of flowers per plant, as previously re-
ported too12,18. It's reported that salinity decreases the total 
number of flowers per plant. Furthermore, according to the 
previous reported result, sodium chloride salinity delays, the 
flowering date, and plants under salt stress took more days 
to produce flowers8,21. Moreover, also it's stated that plants 
under salt stress produce a smaller number of flowers per 
plant compared to the control plant where no salinity was 
applied8,22. In addition, a delay in production was also re-
ported in tomatoes under salt stress23. All the reports are 
in parallel to our findings except for the effects of priming 
on the number of flowers per plant under salt stress, where 
there is very little information about this issue.

Moreover, it is important to be mentioned that some 
plants can produce flowers under salinity stress, but their 
flowers don't bear fruits due to inactive pollens. It is also 
been stated that pollen viability decreases as the salinity 
concentration increase24, and this research work was on the 
effects of salinity on pollen viability and pollen germination 
of different olive cultivars, and they believe that these para-
meters can be considered while testing the salt tolerance in 
plants. And a decrease in pollen viability, pollen germina-

tion, and pollen growth was25 in Maize while the plants were 
grown under sodium chloride salinity conditions. Therefore, 
we conclude that pollen viability is an important factor in ex-
plaining the tolerance of plants against abiotic stresses. The 
difference between their study and ours is, firstly, the plant, 
and secondly, they just did the screening on the effects of 
salinity but nothing about increasing the tolerance. At the 
same time, our study provides enough evidence that seed 
priming with PEG6000 enhances tomato pollen viability un-
der salt stress.

In high salt stress exposure, pollen viability and pollen 
germination decrement drastically, and it is reported that po-
llen viability and pollen germination in tomato plant decrea-
ses severely based on type and doses of salinity, and they 
reported that pollen germination is blocked in over 50 mM. 
Does of sodium chloride salinity23,26. Confirming this result, 
we also found the same result, but even under more than 50 
mM sodium priming could improve our experiment's pollen 
viability and germination.

It was also found that high sodium chloride salinity de-
creases the pollen and pollen germination ability for the to-
mato plant, and they observed that more Na+ was accumu-
lated in flowering organs like style, ovary, and anthers while 
K+ was decreased23. Besides, a significant decrease in po-
llen viability and pollen germination in chickpeas under 40 
mM sodium chloride compared to control was observed24,27.

Besides, 25 mM sodium chloride could significantly de-
crease the pollen germination percentage of four olive cul-
tivars24. Moreover, it is reported that pollen germination of 
canola flowers was negatively affected by seawater, where 
the high salinity treatment decreased the pollen germina-
tion to 31-35 % based on varieties25,28. In addition, a signifi-
cant decrease in pollen germination of tomato plant flowers 
is also reported under 25 and 50 mM of sodium chloride 
salinity37, which leads to a low fruit yield. The significance 
of our study is that we improved the pollen germination of 
the tomato plant's flowers by pre-sowing seed priming with 
PEG6000, which is a new finding, and there is no previous 
report about it. Based on reports23,26, salinity can decrease 
the pollen tube length, which confirms our finding, but the 
difference is that they used olive as plant material, and we 
used tomato. Furthermore, they used 0, 6.25, 12.5, 18.75 
and 25mM of NaCl as salinity treatments, while we used 
higher concentrations (0, 50, 100, 150, and 200 mM NaCl) 
in our experiment.  

It was observed that salt stress could increase elec-
trolyte leakage in lettuce and spinach26 because under high 
salt stress, the cell membrane will be broken and more 
electrons will come out of tissues, hence, it can the elec-
trolyte leakage could be concluded as cell injury indicator. 
It means as peroxidation happens in reproductive organs, 

Table 5. Correlation Matrix of reproductive-related parameters.
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the cell membrane will be damaged, and electrons will leak. 
Therefore, the pollens will dye, and pollen viability will be 
decreased. Habibi reported that a decrease follows an in-
crease in electrolyte leakage in flowers per plant and yield 
per plant12,27. However, no research has been conducted 
before to show that seed priming with PEG6000 was effec-
tive on yield parameters of tomato plants und saline condi-
tions, and our result is the first report in this regard.

Moreover, salt stress affects fruits per plant and yield 
per plant and it is reported that salinity decreases the num-
ber of fruits in tomatoes while salinization time was not sig-
nificantly effective28,29, but in our study, we found that salinity 
substantially decreases the number of fruits per plant and 
fruit yield per plant too. Furthermore, it is reported that a 
salinity level of more than 150 mM is critical for the tomato 
plant, and they observe a huge reduction in tomato yield un-
der 200 mM sodium chloride30. While we also found that salt 
stress can severely decrease the number of fruits per plant 
and the yield per plant, the results from Cano31 and Harel32 

support our result that seed priming increases tomato yield 
under salt stress, but they primed the seeds with sodium 
chloride itself, while we primed the seeds with polyethyle-
ne glycol. A 9-10 % yield decrease in tomatoes under salt 
stress was reported, while seed priming with sodium chlo-
ride increased the yield compared to non-primed plants33.

In the current study, we did the regression analysis to 
find the relationship between pollen viability, fruits per plant, 
and yield per plant and consequently found that there was 
a strong relationship between pollen viability and fruits per 
plant and yield per plant which proves that more alive po-
llens will produce a greater number of fruits per plant which 
leads to higher yield production. Also, it is stated that po-
llen viability has a strong and direct relationship with fruit 
set and the number of fruits per plant34,35. In addition, it is 
also reported that a reduction in pollen viability and pollen 
germination caused the same reduction in fruit set of to-
mato plants under high temperature36, while a similar result 
was reported under high humidity and high temperature37. 
Therefore, the significance of our research is that there is 
no previous research work on the effect of seed priming by 
PEG6000 on the reproductive attributes of tomatoes under 
sodium chloride salinity.

Conclusions
Salinity severely affects the tomato plant during the re-

productive stage. It damages the metabolism of the plant 
by harming physiological processes in the plant, and also 
it damages the cell wall and increases electrolyte leakage 
in leaves. Furthermore, the flower, which is a very sensiti-
ve organ of the plant, is also affected severely due to cell 
membrane damage through electrolyte leakage; therefore, 
many flowers dye under high salinity before bearing fruits, 
and they have low pollen viability because mostly pollens 
immediately dye when they face high salt stress. Moreo-
ver, the fruits under salinity stress will be smaller in size. 
However, seed pre-sowing priming with polyethylene glycol 
(PEG6000) improves the pre-tolerance in plants in a very 
early young stage. The polyethylene glycol produces a ne-
gative pressure around the seed while priming and sucks 
the inside content of the seed. The same process happens 
when the plant faces salinity stress. Therefore, the plant 
adapts to such stress and hereafter, when it faces such 
stress it can tolerate it.
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Isolation and characterization of fungi and bacteria able to grow on media 
containing gasoline and diesel fuel
Khadidja Meknassi, Leila Aït Abderrahim*, Khaled Taïbi, Mohamed Sassi, Mohamed Boussaid

Abstract: Petroleum products are significant environmental pollutants. This study aimed to isolate microorganisms able 
to grow on media containing gasoline and diesel fuel. Microorganisms were isolated from soils sampled near gasoline 
and diesel pumps. Bacterial isolates were characterized and tested on media containing concentrations ranging from 10 
to 100 % gasoline and diesel fuel and combinations of both 50/50 % and 25/25/50 % (gasoline/ diesel/ Mueller Hinton 
broth). Results showed that microbial isolates belong to the genera Pseudomonas, Bacillus, Staphylococcus, Micrococcus, 
Flavobacterium, Actinobacteria, Penicillium, Hansfordia and Alternaria. Pseudomonas spp. and Bacillus spp. showed the 
ability to grow on both products up to the concentration of 80 %. However, no growth was noticed above that concentration 
and on both mixtures. Throughout this study, it has been shown that using a selective screening method for microorganisms 
able to grow on pollutants can present a significant advantage for bioremediation.

Key words: Pollution; gasoline; diesel; microorganisms.
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Introduction
Petroleum-based products are the primary energy 

source for industry and daily life; however, they are also 
considered major environmental toxic pollutants. Leakages 
and accidental spills occur regularly during large-scale ex-
ploration, production, refining, transport, and storage of pe-
troleum and derived products1. Pollution due to petroleum 
hydrocarbons and their derivatives, including diesel fuel, 
gasoline, heavy oil, motor oil, fuel residues and mineral oil, 
has an increasing impact on the environment leading to air, 
soil and groundwater pollution as to the contamination of 
the food chain2,3.

Diesel oil spills represent one of the leading environ-
mental pollution problems due to their extensive production 
and use. Diesel oil, a product of petroleum distillation, is 
formed of up to 4,000 hydrocarbons. It is a mixture of regu-
lar, branched and cyclic alkanes and aromatic compounds 
(e.g., polycyclic aromatic hydrocarbons PAHs), which are 
persistent pollutants with high mutagenic, carcinogenic and 
reprotoxic potential4.  

Petroleum hydrocarbon spills, including diesel oil and 
gasoline, have been shown to hurt soil's biochemical and 
physicochemical characteristics and be toxic to plants5. 
They reduce soil fertility and nitrogen fixation and cause 
erodibility leading to a more significant loss of soil and nu-
trients and a unbalance in soil fauna and flora6.

Several physicochemical methods have been develo-
ped to treat hydrocarbon-contaminated soil. However, these 
limitations include expensive costs, incomplete removal of 
pollutants, and toxic environmental impact7,8. Microorganis-
ms can metabolize hydrocarbons, such as diesel oil, as the 
sole carbon and energy source, into nontoxic, biodegrada-
ble products. These microorganisms have catabolic genes 
that synthesize metabolizing enzymes involved in hydro-

carbon degradation1. The initial intracellular reaction is an 
oxidative process in which the activation and incorporation 
of oxygen is the key enzymatic reaction catalyzed by oxyge-
nases and peroxidases9. Microorganisms have the potential 
to detoxify hazardous organic compounds using polymeri-
zation, mineralization, or transformation3.

Hydrocarbon degradation by microbial communities 
depends on the composition of the community and its adap-
tive response to the presence of petroleum hydrocarbon. 
The susceptibility of hydrocarbons to microbial degradation 
can be generally ranked as follows: n-alkanes > branched 
alkanes > low molecular weight aromatics > cycloalkanes > 
polyaromatic hydrocarbons (PAHs)10,11.

Microbial degradation, known as bioremediation, is one 
of the essential methods of decontamination of pollutants in 
both terrestrial and aquatic environments4. Bioremediation 
is an efficient, cost-effective, and environmentally friendly 
approach for decontaminating polluted soils12.

Microorganisms are critical bioremediation agents and 
can effectively degrade a wide range of contaminants13. 
Besides, bacteria are the most active agents in petroleum 
degradation and work as primary degraders of spilled oil in 
the environment10.

Moreover, the rate of microbial degradation of hydro-
carbons in soils is affected by several physicochemical 
factors such as soil's particles size, nutrients, oxygen, pH, 
quality and quantity of the contaminants and temperature, 
which plays a significant role in controlling the bioavailability 
of low-solubility hydrocarbons and hence the nature and the 
extent of microbial metabolism14.

This study aimed to isolate and identify microorganisms 
(bacteria and fungus) from polluted soils near gasoline and 
diesel fuel pumps. Afterward, the isolates were tested for 
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their ability to grow on media containing pure gasoline and 
diesel fuel in a perspective of bioremediation approach.

Materials and methods 

Soil and petroleum hydrocarbons samples
Several soil samples were aseptically collected at di-

fferent depths (5 to 20 cm) from various sites near gasoli-
ne and diesel pumps of gas stations in Tiaret, Algeria. The 
collected samples were kept in sterile bottles and stored in 
the refrigerator at 4 °C before the manipulation. Samples of 
gasoline and diesel fuel were obtained directly from a gas 
station.

Isolation and purification of microorganisms
Suspensions from each soil sample were prepared by 

mixing 1 g of soil in 10 ml of sterile distilled water. After 
mixing, the suspensions were left to settle then volumes 
ranging between 0.1 and 0.5 ml were taken from the super-
natant and inoculated into Petri dishes containing culture 
media i.e., nutrient agar, Sabouraud agar, King A and King 
B agar15. After inoculation, Petri dishes were incubated at 
30°C and observed after 24 h, 48 h, until 7 days. Colonies 
that formed on the culture media were subsequently trans-
ferred to new media, and successive subcultures were ca-
rried out until pure cultures were obtained.

Identification of isolates
The identification of isolates was based on their mor-

phological and biochemical characteristics.

Morphological characterization
After purification, the microbial isolates are observed 

macro- and microscopically to check their purity and to 
visualize colonies and cell structures and disposition as a 
first step to their identification. The colonies' color, shape, 
aspect and transparency were examined and recorded as 
colony morphological characteristics. Whereas the cell's 
shape, size, arrangement and type of cell wall were exami-
ned under the microscope using simple staining and Gram 
stain for bacteria.

Biochemical characteristics
Several biochemical tests were performed on the mi-

crobial isolates to help identify these: citrate utilization, triple 
sugar iron agar, catalase, oxidase, O-nitrophenyl-β-D-ga-
lactopyranoside (ONPG), mannitol mobility tests and res-
piratory type.

Test of viability of the microbial isolates on diesel and 
gasoline

After isolation and purification of the microbial strains, 
each strain is inoculated separately in glass Petri dishes 
containing different concentrations of gasoline and diesel 
fuel ranging from 10 % to 100 % mixed with Mueller Hinton 
agar. Each strain is also inoculated in a mixture of the two 
hydrocarbons at concentrations of 50/50 % (gasoline/die-
sel) and 25/25/50 % (gasoline/ diesel/ Mueller Hinton broth) 
in test tubes. Incubation is done at 37 ºC from 24 h to 72 h 
after microbial growth is recorded.

Results

Microorganisms isolated from polluted soil samples
After the purification and identification of microbial iso-

lates from soil samples (Table 1), we noted the presence 
of several bacteria belonging mainly to the genera: Pseu-
domonas, Bacillus, Staphylococcus, Micrococcus, Flavo-
bacterium and Actinobacteria (Figure 1) whereas the fungal 
isolates belong to the genera Penicillium sp., Hansfordia sp. 
and Alternaria sp. (Figure 2).

Growth of the bacterial isolates on diesel and gasoline
Among the isolated microbial strains, two bacterial stra-

ins belonging to the genus Bacillus and two others belon-
ging to the genus Pseudomonas were tested for their ability 
to grow on gasoline and/or diesel fuel containing media. Re-
sults revealed that all the tested bacterial strains are able to 
grow on concentrations of diesel fuel and gasoline up to 80 
% (Figure 3). However, beyond this concentration no bacte-
rial growth was recorded. In addition, the bacterial isolates 
were not able to grow on both tested concentrations of the 
mixture gasoline-diesel.

Khadidja Meknassi, Leila Aït Abderrahim, Khaled Taïbi, Mohamed Sassi, Mohamed Boussaid
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Table 1. Results of the biochemical tests on the bacterial isolates.
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Figure 2. Fungal isolates; (a) Alternaria sp., (b) Penicillium sp., (c) Hansfordia sp.

Figure 1. Bacterial isolates; (A) Flavobacterium sp., (B) Micrococcus sp., (C) Pseudomonas sp., (D) Staphylococcus sp., 
(E) Bacillus sp., (F) Bacillus sp., (G) Actinobacteria.

Discussion
Besides the fact that petroleum-derived products are 

used as the principal source of energy nowadays, they act 
as a globally environmental toxic pollutant16. This study ai-
med to isolate and characterize microbes capable of using 
petroleum hydrocarbons for their growth from the perspecti-
ve of their use in the bioremediation process.

Throughout the present study, we could isolate several 
bacterial and fungal strains belonging mainly to the genera 
Pseudomonas, Bacillus, and Staphylococcus from gasoline 
and diesel fuel-polluted soils, Micrococcus, Flavobacterium, 
Actinobacteria, Penicillium, Hansfordia and Alternaria.

These microorganisms are supposed to be adapted to 
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the hydrocarbons present in their living environment. Hydro-
carbon degradation by microbial communities depends on 
the composition of the specific microbial population current 
and its adaptive response to the presence of petroleum hy-
drocarbon10. Thanks to their enzymatic activity, many mi-
croorganisms, such as bacteria, fungi, and yeast, can use 
hydrocarbons as a sole carbon source. The structural si-
milarities between xenobiotics and complex molecules in 
living organisms 16 can explain the presence and abundan-
ce of microorganisms in polluted environments.

Several studies on the subject demonstrated the pre-
sence of many Gram-negative and Gram-positive bacteria 
in soils polluted with hydrocarbons, such as Acinetobacter, 
Pseudomonas, Enterobacter, Corynebacterium, Arhrobac-
ter, Micrococcus, Staphylococcus, Rhodococcus, Bacillus 
and Sphingomonas17. Likewise, several fungal genera and 
species have been characterized by their ability to propaga-
te in soils and to produce extracellular enzymes allowing the 
use of hydrocarbons such as Aspergillus niger, Aspergillus 
terreus, Rhizopus sp., Alternaria and Penicillium sp.18.

Microorganisms play a crucial role in eliminating petro-
leum hydrocarbons and another organic pollutants from the 

environment. These pollutants are used as carbon sources 
to provide energy for microbial growth and are transformed 
into non-polluting substances or fully mineralized into car-
bon dioxide and water by microorganisms19.

The predominance of bacteria over fungi can be explai-
ned by the fact that bacteria are much more versatile orga-
nisms and have a wider field of action and thus remain qua-
litatively and quantitatively predominant for metabolizing 
various substrates even if the fungi, thanks to their hyphae 
and enzymatic paraphernalia, manage to fix efficiently com-
plex and large amounts of pollutants20.  

Moreover, with their multiple metabolic pathways 
(both aerobic and anaerobic), bacteria are the most active 
agents in diesel degradation and act as the main degra-
ders of petroleum hydrocarbons1,19,21. Bacteria belonging to 
the genera Pseudomonas, Bacillus, Staphylococcus and 
Streptococcus have been shown to be able to utilize and/or 
degrade hydrocarbons22. Bhuvaneswar et al.23 reported that 
synergistic mixed culture of Pseudomonas and Staphylo-
coccus could degrade the diesel oil.

Furthermore, Titah et al.24, isolated thirteen bacterial 
strains from diesel-contaminated areas, of which only Mi-

Figure 3. Growth of the bacterial strains on media containing (1) diesel fuel and (2) gasoline. (a) Bacillus sp., (b) Pseu-
domonas sp.
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crococcus and Staphylococcus displayed the best resis-
tance and highest growth in the diesel-polluted medium at 
different concentrations.

Al-Dhabaan15 described hydrocarbon-degrading stra-
ins of Bacteria from contaminated sites in Khurais oil field 
(Dhahran, Saudi Arabia); these are Bacillus subtilis, Pseu-
domonas aeruginosa and Bacillus cereus. The ability to 
form spores when nutrients are limiting makes species of 
Bacillus self-sustainable bioremediation tools7. In another 
study, many species belonging to the genus Bacillus; B. 
coagulans, B. subtilis, B. megaterium and B. cereus have 
been isolated from petroleum–contaminated soils25.

In this study, fungal strains belonging to the genera Pe-
nicillium, Alternaria and Hansfordia were isolated from diesel 
fuel and gasoline-contaminated soils. Indeed, several fungal 
species can use petroleum hydrocarbons as carbon and 
energy sources and assimilate into fungal biomass26. Fun-
gi have several advantages in biodegradation compared to 
the other microorganisms because of their filamentous form 
and their ability to cultivate on a large group of substrates by 
secreting extracellular hydrolytic enzymes, which can pene-
trate contaminated soil and remove pollutants in a process 
such as co-metabolism27. In addition, fungal cell membranes 
are permeable to many organic pollutants, and these can be 
degraded by intracellular enzymes, ex., cytochrome P450 
which is considered as an efficient candidate for the potential 
degradation of polyaromatic hydrocarbons28.

Numerous studies have shown that fungi, including Pe-
nicillium spp., Absidia spinosa and Cladosporium spp. can 
degrade various hazardous contaminants29. Al-Hawash et 
al.30 reported that Penicillium sp. RMA1 and RMA2 isolated 
from the Rumaila oil field performed effective crude oil-de-
grading activity and emulsification. Some fungal strains, 
namely Alternaria sp., Acromonium sp., Aspergillus terreus 
and Penicillium sp. were isolated from petroleum-polluted 
areas of Arak refinery (Iran) where Alternaria sp. showed 
the highest growth ability in the petroleum-containing me-
dia31. Mohammadian et al.32 have reported that Alternaria 
obovoidea and Emericellopsis pallida were isolated from 
petroleum contaminated soils in Khuzestan (Iran).

Besides, in this study, we were able to demonstrate that 
four bacterial strains belonging to the genera Pseudomonas 
and Bacillus were able to grow on media containing con-
centrations up to 80 %; above that concentration, no grow-
th was noticed. This indicates either the ability of bacterial 
isolates to utilise diesel and gasoline for their growth or at 
least the tolerance threshold of these bacteria to the toxicity 
of the pollutant. Raju et al.33 suggested that microbial degra-
dation of diesel is greatly affected by its concentration. They 
also indicated that two selected strains B. thuringiensis B3 
and B. cereus B6, have great potential in degrading polycy-
clic aromatic hydrocarbons in diesel. Microorganisms prefer 
to grow when the concentration of hydrocarbons is low, but 
every organism has its tolerance level; in addition, bacterial 
degradation is possible when the concentration of the con-
taminant is below the threshold of toxicity34. Oyewole et al. 
21 observed that the highest degradation occurred at a die-
sel concentration of 1 % and 5 % for both isolates Bacillus 
subtilis and Bacillus cereus. The maximum bacterial growth 
was found in 20 % (v/v) of diesel. The bacterial growth in-
creased with increasing diesel concentration but decreased 
at 25 % of diesel34. B. cereus utilizes the hydrocarbons as a 
sole carbon source for their growth by degrading the hydro-
carbon due to the production of biosurfactant35. B. pumilus 
produces biosurfactants and has shown very high degrada-

tion potential for diesel oil and waste engine oil hydrocar-
bons36. Lipopeptide biosurfactants are commonly produced 
by bacteria belonging to the genus Bacillus37.

Besides, Pseudomonas is among the most typical bac-
terial genera known for its capacity to degrade hydrocar-
bons and produce biosurfactants that can increase the so-
lubilization and degradation of hydrophobic compounds38. 
The ability of Pseudomonas sp. to degrade petrol, diesel 
and engine oil was observed by Veerapagu et al.39. 

Conclusions
Throughout the present study, several microbial stra-

ins were isolated from diesel fuel and gasoline-contamina-
ted soils; these were seven bacterial strains belonging to 
the genera Pseudomonas, Flavobacterium, Bacillus, Sta-
phylococcus and Actinobacteria, in addition to three fungal 
strains belonging to the genera Penicillium, Alternaria and 
Hansfordia.

Four bacterial strains belonging to the genera Pseu-
domonas and Bacillus have demonstrated their ability to 
grow on media containing gasoline and diesel fuel up to the 
concentration of 80 %, showing either their aptitude to use 
these pollutants for their growth or simply their tolerance 
threshold to the toxicity of the contaminant.

Further studies should be performed to identify and 
characterize the degradation potential of the isolates and 
the tools they use for petroleum hydrocarbon degradation 
for their future use in the bioremediation process.
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Introducción
La COVID-19, causada por el SARS-CoV-2, es una en-

fermedad viral emergente de alta preocupación por su ele-
vado impacto sobre la salud pública y la economía global. 
En Marzo de 2020, la enfermedad fue declarada pandemia 
tras su rápida propagación alrededor de todo el mundo, lle-
vando a una emergencia sanitaria que continúa vigente1. 

Hasta el momento de redacción de este artículo, según 
cifras oficiales, a nivel global se han confirmado más 437 
millones de casos de COVID-19, incluyendo 5,96 millones 
muertes2, estos datos indican que su tasa de mortalidad 
(CFR) asociada es de 1,36%.

Citation: Espín-Sánchez D, . Ramos-AristimbayM L,  Sánchez-VacA S.,  Jaramillo-Guapisaca K,  Vizueta-Rubio C,  Chico-Terán F,  
Cerda-Mejía L,  García M D. Identificación de inhibidores de las enzimas RdRp y Mpro del virus SARS-CoV-2 mediante homología 
estructural. Revis Bionatura 2023;8 (1)26. http://dx.doi.org/10.21931/RB/2023.08.01.26
Received: 17 October 2022 / Accepted: 30 January 2023 / Published: 15 March 2023

http://www.revistabionatura.com

Publisher’s Note: Bionatura stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.
Copyright: © 2022 by the authors. Submitted for possible open access publication under the terms and conditions of the 
Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

ARTICLE / INVESTIGACIÓN

1 Carrera de Ingeniería Bioquímica, Facultad de Ciencia e Ingeniería en Alimentos y Biotecnología Universidad Técnica de Ambato, Ambato, Ecuador.
2 Carrera de Alimentos, Facultad de Ciencia e Ingeniería en Alimentos y Biotecnología Universidad Técnica de Ambato, Ambato, Ecuador.
3 Carrera de Biotecnología, Facultad de Ciencia e Ingeniería en Alimentos y Biotecnología Universidad Técnica de Ambato, Ambato, Ecuador.
Corresponding author: daysi97espinsanchez@gmail.com

DOI. 10.21931/RB/2023.08.01.27

Identificación de inhibidores de las enzimas RdRp y Mpro del virus 
SARS-CoV-2 mediante homología estructural
Identification of inhibitors of the RdRp and Mpro enzymes of SARS-CoV-2 virus by structural 
homology

Daysi Espín-Sánchez1*, María L. Ramos-Aristimbay1, Andrés S. Sánchez-Vaca1, Karen Jaramillo-Guapisaca1, Carolina Vizueta-Rubio1, 
Fernanda Chico-Terán3, Liliana Cerda-Mejía2, Mario D. García1,3

Resumen: El COVID-19 ha generado un enorme impacto en la salud pública mundial debido a las altas tasas de contagio 
y mortalidad asociadas al virus SARS-CoV-2 causante de la enfermedad. Hasta la fecha, la Organización Mundial de 
la Salud (OMS) ha aprobado el uso de 10 vacunas aparentemente seguras y eficaces. Sin embargo, todavía existen 
limitaciones importantes para su administración en países en vías de desarrollo y localidades remotas, y la preocupación 
por la aparición de variantes del virus que puedan evadir la inmunidad adquirida mediante la vacunación se mantiene 
latente. Además de la prevención de la infección, son necesarios agentes terapéuticos efectivos para tratar a los pacientes 
diagnosticados con COVID-19. Bajo este contexto, el presente estudio tuvo como objetivo realizar un cribado virtual 
basado en la estructura de las enzimas proteasa (Mpro) y ARN polimerasa ARN-dependiente (RdRp) del SARS-CoV-2. 
Para este propósito se ensayaron inhibidores de proteínas homólogas pertenecientes a diferentes virus. El alineamiento 
múltiple de secuencias de estas enzimas permitió reconocer la presencia de una alta conservación de estas enzimas entre 
especies, especialmente de las regiones que comprenden los sitios de unión a inhibidores. Por lo tanto, se deduce que es 
posible emplear un enfoque de redireccionamiento de los inhibidores que fueron diseñados para tratar otras enfermedades 
virales. Experimentos de acoplamiento molecular permitieron identificar que los inhibidores RTP (afinidad de unión = -7.3 
kcal/mol) y V3D (afinidad de unión = -8.0 kcal/mol) son excelentes inhibidores de RdRp y Mpro, respectivamente. Estos 
resultados sugieren que dichas moléculas son virtualmente capaces de unirse e inhibir la actividad de RdRp y Mpro y por 
lo tanto constituyen potenciales fármacos para combatir el SARS-CoV-2.

Palabras clave: SARS-CoV-2, COVID-19, inhibidores, RdRp, Mpro.

Abstract: TCOVID-19 has enormously impacted global public health due to the high infection and mortality rates associated 
with the SARS-CoV-2 virus-causing disease. The World Health Organization (WHO) approved 10 safe and effective 
vaccines. However, there are still significant limitations to their administration in developing countries and remote locations. 
Concerns remain about the emergence of virus variants that may evade immunity acquired through vaccination. In addition 
to preventing infection, effective therapeutic agents are needed to treat patients diagnosed with COVID-19. Under this 
context, the present study aimed to perform a structure-based virtual screening of the protease (Mpro) and RNA-dependent 
RNA polymerase (RdRp) enzymes of SARS-CoV-2. For this purpose, homologous protein inhibitors belonging to different 
viruses were tested. Multiple sequence alignment of these enzymes allowed us to recognize the high conservation of these 
enzymes between species, especially of the regions comprising the inhibitor binding sites. Therefore, it follows that it is 
possible to employ a redirection approach to inhibitors that were designed to treat other viral diseases. Molecular docking 
experiments identified that RTP inhibitors (binding affinity = -7.3 kcal/mol) and V3D (binding affinity = -8.0 kcal/mol) are 
excellent inhibitors of RdRp and Mpro, respectively. These results suggest that these molecules can virtually bind and inhibit 
the activity of RdRp and Mpro and thus constitute potential drugs to combat SARS-CoV-2.

Key words: SARS-CoV-2, COVID-19, inhibitors, RdRp, Mpro.
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El SARS-CoV-2 taxonómicamente pertenece al reino 
Riboviria, orden Nidovirales, familia Coronaviridae y géne-
ro Betacoronaviridae, clasificación correspondiente a virus 
que poseen ARN de hebra sencilla positiva, envoltura de 
membrana y que tienen la capacidad de infectar humanos3. 
Análisis filogenéticos del genoma completo del SARS-
CoV-2 evidencian su cercanía con coronavirus de murciéla-
go y con el SARS-CoV, presentando entre sí más del 96% 
de identidad de secuencia4,5. Así mismo, se ha revelado que 
su genoma tiene una longitud aproximada de 30 kb, el cual 
consiste en dos regiones no traducidas (UTR) y 14 marcos 
de lectura abierta (ORFs). El primer ORF (Orf 1/ab) abarca 
más de la mitad del genoma y codifica 16 proteínas no es-
tructurales (NSP) del complejo de replicación-transcripción, 
mientras que los 13 ORFs restantes codifican cuatro pro-
teínas estructurales y al menos 6 proteínas accesorias5-8.

Los productos del genoma pueden ser blancos molecu-
lares de agentes antivirales, puesto que se ha demostrado 
que cumplen funciones críticas en el ciclo de vida de los 
coronavirus6. Las dianas más prometedoras en el SARS-
CoV-2 parecen ser las proteínas proteasa principal (Mpro), 
proteasa de tipo papaína (PLpro) y la ARN polimerasa ARN 
dependiente (RdRp), ya que comparten el mayor porcen-
taje de homología con otros coronavirus9. También se ha 
considerado a la proteína espiga (S) como una diana te-
rapéutica, por ser la responsable de la primera interacción 
del virus con las células del huésped. Sin embargo, esta 
proteína es altamente susceptible a mutaciones10.

Tras el ingreso del virus a las células, el genoma viral 
es transcrito a poliproteínas del complejo de replicación/
transcripción (RTC), que son procesadas mediante las pro-
teasas Mpro y PLpro para generar proteínas efectoras funcio-
nales11, siendo Mpro la enzima predominante en la transfor-
mación proteolítica12. Un componente clave del RTC es la 
enzima RdRp, encargada de sintetizar ARN genómico para 
el ensamblaje de nuevas partículas del virus13,14. Tanto Mpro 
como RdRp presentan más del 95% de similitud de secuen-
cia y estructura con las enzimas del SARS-CoV14 y se sabe 
que no poseen homólogos cercanamente relacionados en 
humanos15,16 por lo que pueden ser importantes dianas 
para el desarrollo de inhibidores con alta especificidad17.

Debido al enorme impacto que ha tenido el COVID-19 
en la salud pública mundial, el desarrollo y producción de 
medicamentos específicos y vacunas es urgente18. En la 
actualidad existen 10 vacunas seguras y eficaces, cuyo uso 
fue aprobado por la OMS19. No obstante, a pesar de la cre-
ciente disponibilidad de vacunas contra la COVID-19, aún 
existen limitaciones importantes para su administración, 
sobre todo en zonas del planeta con escasos recursos eco-
nómicos20,21, y su efectividad contra las nuevas variantes 
del virus es variable.

Además de la disminución de la transmisión comuni-
taria del virus y prevención de la infección, son necesarios 
también agentes terapéuticos efectivos para tratar a los pa-
cientes que han desarrollado cuadros severos de la enfer-
medad22. Debido a la similitud existente entre las enzimas 
del SARS-CoV-2 con virus como el SARS-CoV e incluso 
MERS-CoV, los fármacos utilizados para tratar estas y 
otras infecciones del mismo tipo se encuentran disponibles 
y pueden ser útiles en la lucha contra el COVID-1918. Bajo 
este contexto, los esfuerzos actuales están enfocados en 
el redireccionamiento de fármacos con eficacia probada en 
contra de virus homólogos al SARS-CoV-223, lo cual ha con-
ducido a ensayar medicamentos que inhiben a RdRp, tales 
como Faripiravir y Remdesivir, éste último es un análogo de 

nucleósido que a mediados del 2020 obtuvo la aprobación 
de uso de emergencia por la US FDA en pacientes con CO-
VID-19 severo24. Así mismo, otros ejemplos de fármacos 
son Carmofur y N3, que han demostrado capacidad de in-
hibición selectiva de Mpro de múltiples coronavirus, lo que 
los hacen efectivos antivirales con potencial actividad sobre 
el SARS-CoV-225.

El cribado virtual de librerías de compuestos puede ser 
una estrategia interesante para descubrir antivirales que 
permitan paliar los efectos adversos de la enfermedad26. 
De este modo, se puede acortar la lista de fármacos con 
aquellos que parecen unirse con mayor afinidad a las en-
zimas virales27 y de los cuales se conocen características 
como el perfil de seguridad, efectos secundarios y posolo-
gía22.  Herramientas de acoplamiento molecular (molecular 
docking) permiten efectuar el cribado virtual de compues-
tos previo a su estudio in-vitro e in-vivo, haciendo posible 
la predicción de la orientación del fármaco en un receptor 
particular y su energía de unión. Mediante esta perspectiva, 
se pueden evaluar cientos de moléculas a un bajo costo y 
en relativamente poco tiempo28,29. En el presente estudio 
se realizó un cribado virtual de inhibidores basado en la 
estructura de enzimas Mpro y RdRp pertenecientes a virus 
estructuralmente homólogos al SARS-CoV-2. Este enfoque 
tuvo como objetivo identificar fármacos con potencial para 
ser redireccionados hacia el tratamiento de pacientes diag-
nosticados con COVID-19, o a su vez, para ser empleados 
en el diseño racional de nuevos inhibidores específicos de 
Mpro y RdRp del SARS-CoV-2.

Materiales y métodos 

Análisis de homología estructural
A partir de las estructuras 3D de las enzimas RdRp 

(PDB ID: 6m71) y Mpro (PDB ID: 6yb7)  del SARS-CoV-2 
se identificó, mediante el uso  del servidor PDBeFold30, en-
zimas virales que comparten similitud estructural según el 
parámetro SSE (matched Secondary Structure Elements). 
En el caso de la polimerasa solo se seleccionó la cadena 
principal de la proteína (subunidad catalítica nsp12). De los 
resultados se tomó únicamente las estructuras en complejo 
con inhibidores.

Construcción de la librería de inhibidores de enzimas 
Mpro y RdRp

De los datos arrojados por PDBeFold se identificaron 
inhibidores acoplados a proteínas RdRp y Mpro homólogas 
a aquellas del SARS-CoV-2. La estructura química de cada 
inhibidor fue obtenida a partir del complejo enzima-ligando 
depositado en el PDB31 y sus coordenadas tridimensionales 
fueron exportadas mediante PyMOL32.

Identificación de los sitios de unión de inhibidores
Los sitios de unión de los diferentes inhibidores y sus 

interacciones con la proteína fueron determinados median-
te su superposición con RdRp o Mpro del SARS-CoV-2 en 
WinCoot33 y PyMOL32. Para el análisis se consideró aque-
llas interacciones no covalentes en el rango de 2.2 a 4.2 Å.

Alineamiento múltiple de secuencias
Tras la identificación de proteínas homólogas, se rea-

lizó un alineamiento múltiple de sus secuencias mediante 
T-Coffee34. El alineamiento fue posteriormente coloreado y 
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analizado mediante BoxShade de ExPASy35. En el alinea-
miento se establecieron los principales aminoácidos invo-
lucrados en el acoplamiento de ligandos de cada enzima.

Preparación de proteínas y ligandos
La preparación de los receptores RdRp (PDB ID: 7bv2) 

y Mpro (PDB ID: 7bqy), así como de la librería de ligandos 
(120 compuestos) se realizó utilizando AutoDock Tools ver-
sión 1.5.6 rc236, obteniendo de este modo las estructuras 
3D en formato pdbqt.

Molecular docking
Los ensayos de acoplamiento molecular no covalente 

rígido se llevaron a cabo usando AutoDock Vina en PyRx37, 

38. Se utilizó un grid apropiado para cada uno de los ligan-
dos y se usó un valor de exhaustividad igual a 8. Las inte-
racciones enzima-ligando fueron analizadas con Discovery 
Studio Visualizer39 y el modo de unión de los compuestos 
se determinó mediante PyMOL32. Las ilustraciones fueron 
elaboradas mediante PyMOL y Discovery Studio Visualizer.

Resultados y discusión

Análisis de homología estructural
El análisis de homología estructural permitió identificar 

varias enzimas polimerasas y proteasas que comparten 
elementos estructurales con la subunidad nsp12 de RdRp 
y con Mpro del SARS-CoV-2. El valor más alto de %SSE 
observado para la RdRp corresponde a la polimerasa del 
virus Zika (ZV), enzima que comparte el 49% de similitud de 
estructura secundaria con su homóloga del SARS-CoV-2. 
Por otra parte, las polimerasas del virus de la fiebre aftosa 
humana (HFMD), Coxsackievirus (CV), Norovirus murino 
(NVM) y virus Norwalk (NV) presentan un 47% de similitud 
estructural. Finalmente, se observó un 45% de homología 
estructural con las RdRp de los virus del Dengue (DV) y 
de la Hepatitis C (HCV). La baja conservación de los ele-
mentos de estructura secundaria entre la RdRp del SARS-
CoV-2 y enzimas homólogas se puede deber a la gran 
diferencia de tamaño que existe entre estas polimerasas. 
Se conoce que las características principales y la longitud 
(500 residuos) de las RdRp virales es altamente conserva-
da pese a su baja identidad de secuencia40. Sin embargo, 
la subunidad nsp12 de la RdRp del SARS-CoV-2, con 932 
residuos, es significativamente más larga que sus homó-
logas estructurales que cuentan con secuencias de ~500 
aminoácidos. Aquí, hemos observado que la posición y la 
arquitectura general de los dominios y del sitio activo son 
altamente similares en las diferentes RdRps, lo que sugiere 
que los inhibidores de RdRps se unen a estas enzimas de 
forma similar y que la diferencia en la longitud de los poli-
péptidos no afecta el modo unión de los inhibidores.

Para Mpro, el análisis estructural determinó que exis-
ten enzimas virales de organismos homólogos, como Mpro 

del SARS-CoV, que comparten hasta un 100% de similitud 
estructural. De igual forma, el Coronavirus de murciélago 
HKU4 (HKU4-CoV) comparte un 95% de similitud, mien-
tras que los organismos Coronavirus humano NL63 (HCoV-
NL63), MERS-CoV y Virus de la diarrea epidémica porcina 
(PEDV) muestran hasta un 91% de identidad de estructu-
ra secundaria. Por último, los coronavirus de la peritonitis 
infecciosa felina (FIPV) y de la gastroenteritis transmisi-
ble porcina (TGEV) exhiben un 86% y 82% de semejan-

za, respectivamente. A pesar de la evidente conservación 
de la enzima, un estudio detallado sobre Mpro, basado en 
análisis de secuencia y estructura, ha revelado que cier-
tas variantes del virus SARS-CoV-2 presentan unas pocas 
mutaciones puntuales. Dicho estudio además sugiere que 
tales cambios probablemente surgieron como respuesta a 
la evolución adaptativa41. En conclusión, el análisis de ho-
mología estructural sugiere que los elementos de estruc-
tura secundaria son mucho más conservados en Mpro que 
en RdRp. Sin embargo, las características de sus sitios de 
unión a inhibidores son altamente conservados en ambas 
enzimas lo cual sustenta la hipótesis de que es posible re-
direccionar moléculas diseñadas para inhibir la proteasa o 
polimerasa de virus homólogos al SARS-CoV-2.

Identificación de inhibidores de enzimas RdRp y Mpro 
en virus homólogos al SARS-CoV-2

El análisis de homología estructural también permitió 
identificar un total de 78 moléculas que actúan como in-
hibidores de las enzimas RdRp de ZV, HFMD, CV, NVM, 
NV, HCV y DV, donde la mayoría de los inhibidores descri-
tos pertenecen a la polimerasa del HCV (ns5b HCV). Para 
la enzima Mpro se identificaron 41 inhibidores de los virus 
SARS-CoV, HKU4-CoV, HCoV-NL63, MERS-CoV, PEDV, 
FIPV y TGEV. La mayor parte de estos inhibidores perte-
necen al SARS-CoV. El listado de ligandos obtenidos del 
análisis de homología estructural se muestra en la Tabla 
Suplementaria 1.

En el caso de la RdRp el análisis individual ha mostra-
do que ciertos inhibidores se unen covalentemente a dife-
rentes aminoácidos o a la plantilla de ARN durante la sínte-
sis. No obstante, la gran mayoría lo hace mediante enlaces 
no covalentes de tipo puente de hidrógeno y fuerzas de Van 
der Waals. En Mpro, todos los inhibidores identificados for-
man contactos con el residuo Cys145, el cual se encuentra 
altamente conservado entre diferentes especies. La unión 
se da tanto de forma no covalente y covalente, predominan-
do esta última. Los inhibidores reportados para las dos en-
zimas muestran amplios rangos de afinidad de unión (IC50, 
Ki o Kd) en el rango nM a mM (Tabla Suplementaria 1). En 
cuanto a su estructura química, entre los inhibidores desta-
can compuestos de diferente índole, como ácidos carboxíli-
cos, ácidos sulfónicos, ácidos benzoicos, cetonas, amidas, 
aminas y nitrilos. Se identificó varias estructuras químicas 
relevantes, como las sulfonamidas y carboxamidas. Se co-
noce que las sulfonamidas constituyen el esqueleto para el 
diseño de un amplio rango de agentes terapéuticos. A partir 
de las sulfonamidas se han elaborado antibacteriales, an-
ticancerígenos, anticonvulsionantes, antidiabéticos, diuréti-
cos, antileucémicos, antiinflamatorios y antivirales. De igual 
forma las carboxamidas son importantes farmacóforos que 
se encuentran en moléculas de medicamentos usados para 
regular los niveles de colesterol, hipertensión, enfermeda-
des del corazón y el VIH, entre otras enfermedades42.

Un gran número de los inhibidores específicos identi-
ficados para RdRps y que actúan sobre el sitio activo son 
análogos de nucleósidos. La enzima RdRp del SARS-
CoV-2, al igual que otras polimerasas, posee baja fideli-
dad, por lo que su propensión a errores durante el proceso 
de replicación incrementa la posibilidad de aceptación de 
análogos de nucleótidos como sustratos. Por esta razón, 
los nucleótidos y nucleósidos modificados son importantes 
agentes antivirales ya que inhiben la enzima al competir 
con los ribonucleótidos naturales15.

Para Mpro, dada su función proteolítica, los primeros 
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inhibidores reportados con capacidad de unirse covalente-
mente al sitio activo fueron peptidomiméticos, que son com-
puestos análogos del sustrato que asemejan una estructura 
proteica y que además poseen grupos reactivos para ata-
car al residuo catalítico Cys14517. Como era de esperarse, 
el presente estudio reporta también la aparición de este tipo 
de moléculas (Tabla Suplementaria 1). Además, aquí iden-
tificamos que los carbamatos también constituyen un grupo 
representativo de inhibidores en diferentes enzimas Mpro. 
Estos compuestos, en particular los orgánicos, juegan un 
rol importante en el descubrimiento de fármacos y constitu-
yen elementos estructurales de diversos agentes terapéu-
ticos de funcionalidad probada como ritonavir, amprenavir, 
atazanavir y darunavir43. Algunas de las características que 
hacen a los carbamatos atractivos para el diseño de fárma-
cos son su elevada estabilidad, permeabilidad a las mem-
branas celulares y su habilidad para regular interacciones 
con las enzimas objetivo44.

Definición de los sitios de unión a inhibidores
La enzima RdRp del SARS-CoV-2, a pesar de sus di-

ferencias estructurales con otras del mismo tipo, mantiene 
la configuración tridimensional típica de polimerasas deno-
minada de “mano derecha”, pues comprende los dominios 
conocidos como Palma (Palm), Dedos (Finger) y Pulgar 
(Thumb) (Figura 1B). Interesantemente, se ha reportado 
que varias RdRps pueden ser inhibidas por moléculas que 
se unen al sitio activo y a múltiples bolsillos alostéricos. El 
presente estudio permitió determinar que se dispone de 
una gran cantidad de información estructural de la enzima 

ns5b HCV en complejo con diferentes inhibidores. ns5b 
HCV posee una arquitectura tridimensional característica, 
donde el sitio activo se ubica en el dominio de la Palma, que 
implica la cavidad central de la enzima, y donde también se 
ubican dos sitios adicionales de unión a inhibidores (Palm I 
site y Palm II site). De igual manera en el dominio del Pulgar 
se han identificado al menos tres sitios alostéricos (Thumb 
I site, Thumb II site y Thumb III site) que permiten acoplar 
ligandos28,45 (Figura 1A). Respondiendo al grado de conser-
vación estructural de RdRps, en organismos como ZV, NV 
y NVM también se han reconocido inhibidores alostéricos 
que se unen en bolsillos cercanos al sitio activo. En con-
traste, los inhibidores que se han reportado para la nsp12 
RdRp actúan únicamente tras su unión en el sitio activo 
ubicado en dominio de la Palma46 (Figura 1B). 

La superposición estructural de la RdRp del SARS-
CoV-2 con su homóloga de referencia (ns5b HCV) (Figura 
1C), muestra que en ambas enzimas existe corresponden-
cia de sitios de unión respecto a todos aquellos bolsillos 
ubicados en la cavidad central de la Palma (Palm I y Palm 
II), así como de un sitio alostérico en el dominio del Pul-
gar (Thumb III), pues, aunque se aprecian diferencias en 
su conformación, estos son visibles en la estructura. Por el 
contrario, los dos bolsillos alostéricos restantes (Thumb I y 
Thumb II) prácticamente son inexistentes en la polimerasa 
del SARS-CoV-2, donde los aminoácidos de la cadena pep-
tídica sobresalen de la estructura impidiendo la formación 
de cavidades que podrían acoplar inhibidores.

De esta forma, con base en la semejanza estructural 
con sus enzimas homólogas, en el presente estudio se 

Figura 1. Comparación estructural de sitios de unión a inhibidores en enzimas del SARS-CoV-2. A) Se muestran los 6 
bolsillos de unión de la RdRp ns5b HCV: en color cyan el sitio alostérico Thumb I (1), en color magenta el sitio alostérico 
Thumb II (2), en color azul el sitio alostérico Thumb III (3), en color rojo el sitio activo de la enzima (4), en color verde el 
sitio alostérico Palm I (5) y en color amarillo el sitio alostérico Palm II (6). B) Se muestra el único bolsillo de unión de la 
RdRp nsp12 del SARS-CoV: en color morado el sitio activo (7). C) La superposición entre ns5b HCV y nsp12 del SARS-
CoV-2. D) Se muestra el sitio activo de la enzima Mpro del SARS-CoV en color amarillo (1). E) Se muestra el sitio activo 
de la enzima Mpro del SARS-CoV-2 en color cyan (2). F) Superposición entre Mpro del SARS-Co-V y SARS-CoV-2.
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ensayó el acoplamiento molecular de los ligandos en los 
bolsillos sitio activo, Palm I site, Palm II site y Thumb III site 
de RdRp del SARS-CoV-2, asumiendo la posible existencia 
de estos tres últimos sitios alostéricos. La superposición de 
ns5b y nsp12 (Figura 1C), permitió determinar de manera 
visual los aminoácidos que conforman los sitios alostéricos 
teóricos de la RdRp del SARS-CoV-2, mismos que se indi-
can en la Tabla 1.

Por su parte, Mpro es una cisteína proteasa cuyo sitio 
activo está compuesto por cuatro sub-sitios denominados 
S1´, S1, S2 y S4. Esta enzima consta de tres dominios (I-III) 
y presenta una diada catalítica Cys-His no canónica locali-
zada en la hendidura que se forma entre los dos primeros 
dominios47. Un estudio de cribado de pequeñas moléculas 
ha permitido caracterizar compuestos inhibidores alostéri-
cos de Mpro que pueden unirse en un bolsillo distante del 
sitio activo y que son capaces de modular la actividad en-
zimática48. No obstante, debido a la gran conservación es-
tructural de la enzima, los inhibidores que se unen al sitio 
activo comparten entre sí numerosas características47, lo 
cual es enormemente favorable para el redireccionamien-
to de fármacos. Por lo tanto, en la presente investigación 
únicamente se han considerado inhibidores que se acoplan 
en el sitio activo clásico para los ensayos de docking (Ta-
bla Suplementaria 1). Como se mencionó anteriormente, 
el análisis de homología estructural mostró que Mpro del 
SARS-CoV (Figura 1D) posee una configuración tridimen-
sional virtualmente idéntica con respecto a Mpro del SARS-
CoV-2 (Figura 1E). La superposición de ambas proteasas 
demostró que sus sitios activos poseen una arquitectura al-
tamente similar (Figura 1F), lo cual sugiere que los inhibido-
res que tienen como blanco este bolsillo, podrían acoplarse 
de igual forma a ambas enzimas.

Alineamiento múltiple de secuencias
Para la polimerasa del SARS-CoV-2, el primer inhibidor 

para el cual se descubrió experimentalmente la estructura 
del complejo enzima-ligando fue Remdesivir Monofosfato 
(RMP). Mediante el análisis de sus interacciones con la en-
zima se determinó que el sitio activo se ubica en los moti-
vos A-G del dominio de la Palma10, y está conformado prin-

cipalmente por 14 aminoácidos. El alineamiento múltiple 
de enzimas RdRp (Figura Suplementaria 1) muestra que 
la mayoría de los residuos involucrados en el acoplamiento 
del ligando, tales como Arg555, Asp618, Asp623, Ser682, 
Thr687, Asn691, Asp760 y Asp761, están altamente con-
servados entre los diferentes organismos analizados.  Por 
otra parte, Val557 está sólo medianamente conservada, 
mientras que Arg553, Lys545, Thr680, Ala688 y Ser759 no 
muestran ningún grado de conservación. Esto señala que 
a pesar de las diferencias de tamaño de las secuencias de 
las diferentes RdRps homólogas a la polimerasa del SARS-
CoV-2, los principales aminoácidos que intervienen en la 
unión al sustrato e inhibidores competitivos se mantienen 
entre especies. Por lo tanto, esto sugiere que los inhibi-
dores competitivos de las polimerasas de ZV, HFMD, CV, 
NVM, NV, HCV y DV pueden ser alternativas viables para 
inhibir la replicación del SARS-CoV-2.

La ns5b HCV fue utilizada como referencia debido a 
la amplia información estructural disponible y cantidad de 
inhibidores descritos, por lo que los aminoácidos que con-
forman sus diferentes bolsillos de unión a ligandos tam-
bién fueron comparados e identificados en nuestro aná-
lisis (Figura Suplementaria 1). Esto permitió determinar 
que 8 (Arg555, Asp618, Asp623, Ser682, Thr687, Asn691, 
Asp760 y Asp761) de los 13 aminoácidos que conforman 
el sitio activo de la ns5b están conservados en la nsp12. 
Estos residuos forman parte del centro catalítico.

Para los 5 bolsillos alostéricos adicionales de la ns5b; 
sin embargo, no se obtuvo una adecuada corresponden-
cia entre aminoácidos, lo que significa que al menos en 
términos de secuencia estos no se encuentran conserva-
dos. Únicamente para los sitios alostéricos Palm I, Palm 
II y Thumb III de ns5b se pudo observar la presencia de 
bolsillos similares en nsp12, considerados aquí como sitios 
alostéricos teóricos, y por lo tanto incluidos en los estudios 
de acoplamiento molecular.

En cuanto a la proteasa, tomando como referencia a la 
estructura de la Mpro del virus SARS-CoV-2 unida al inhibi-
dor N3, en el presente estudio se identificaron un total de 21 
aminoácidos que participan en el acoplamiento del sustrato 
al sitio activo. Estos aminoácidos ayudan a estabilizar la 

Tabla 1. Aminoácidos que confor-
man los bolsillos alostéricos teóri-
cos de la RdRp del SARS-CoV-2.

Identificación de inhibidores de las enzimas RdRp y Mpro del virus SARS-CoV-2 mediante homología estructural
Identification of inhibitors of the RdRp and Mpro enzymes of SARS-CoV-2 virus by structural homology



6

unión y a bloquear el compuesto al interior de la cavidad 
mediante múltiples enlaces no covalentes25. Como se indi-
ca en la Figura Suplementaria 2, se pudo determinar que 
todos los organismos incluidos en el alineamiento múltiple 
de secuencias muestran conservación del sitio de unión 
de N3. Específicamente, los residuos de Thr26, Leu27, 
His41, Phe140, Asn142, Gly143, Ser144, Cys145, His163, 
Met165, Glu166, Pro168, His172, Asp187, Arg188, Thr190 
y Glu192 son extremadamente conservados. En este grupo 
resaltan los aminoácidos catalíticos Cys145 e His41, que 
por su función central se mantienen conservados en todas 
las especies. En contraste, solamente 4 residuos, Met49, 
Leu141, His164 y Gln189, muestran un bajo grado de con-
servación. De esta forma, el alineamiento múltiple de se-
cuencias demostró que el sitio activo y el bolsillo de unión 
de N3 es significativamente conservado entre enzimas Mpro 
de diferentes organismos. Esto sumado a los elevados 
porcentajes de similitud arrojados por el análisis de homo-
logía estructural, permiten deducir que los inhibidores de 

las enzimas proteasas de los virus SARS-CoV, HKU4-CoV, 
HCoV-NL63, MERS-CoV, PEDV, FIPV y TGEV, son exce-
lentes candidatos para el tratamiento del COVID-19, o bien 
para el diseño racional de nuevos compuestos.

Acoplamiento molecular
El cribado virtual mediante acoplamiento molecular se 

basó en la determinación  de la energía libre de unión (Bin-
ding affinity) de los complejos enzima-ligando38. Utilizando 
RdRp como receptor se ensayó el acoplamiento molecular 
de 78 inhibidores, los cuales mostraron valores de afinidad 
de unión en el rango de -2 a -7.4 kcal/mol (Tabla suplemen-
taria 2). Los tres mejores resultados fueron XNI (-7.4 kcal/
mol), RTP (Ribavirin Trifosfato) (-7.3) y JT1 (JTK-853) (-7.1 
kcal/mol) (Tabla 2). La estructura química de estos com-
puestos se detalla en la Figura 2.

El análisis de las coordenadas tridimensionales gene-
radas mediante el acoplamiento molecular permitió eviden-
ciar que XNI y JT1 se acoplan al sitio de la Palma I, mien-

Tabla 2. Bestranking de resultados del 
acoplamiento molecular de ligandos obte-
nidos mediante homología estructural en 
RdRp y Mpro del virus SARS-CoV-2.
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tras que RTP y el control, RMP, se unen al sitio activo de 
la enzima.  Cabe recalcar que los inhibidores de la nsp12 
reportados hasta la fecha se unen en al sitio activo y toda-
vía no existe evidencia de inhibidores capaces de unirse a 
sitios alostéricos adicionales. En este sentido, dada la ho-
mología de estructura primaria y secundaria que guardan 
los sitios activos de las polimerasas del HFMD y SARS-
CoV-2 (Figura 4B), RTP puede acoplarse a la nsp12 de 
forma similar al control, RMP. De hecho, RPT muestra un 
valor de afinidad superior a aquel observado para el control 
(-4.7 kcal/mol). Por lo tanto, RTP parece ser el resultado 
más relevante, pues su modo de unión se asemeja a los 
compuestos con actividad inhibitoria y antiviral in-vitro e 
in-vivo, tales como RMP. RTP es un análogo de guanosina, 
que difiere de ésta porque la D-ribosa se encuentra unida a 
un anillo de 1,2,4-triazol-carboxamida en lugar de un anillo 
de purina, y en su forma activa (trifosfatada), interfiere con 
la replicación viral49, lo cual explica su afinidad por el sitio 
activo de la nsp12.

Las poses determinadas para XNI, RTP y JT1 en RdRp 
del SARS-CoV-2 son altamente similares a aquellas obser-
vadas en los complejos XNI-HCV RdRp, JT1-HCV RdRp 
y RTP-HFMD RdRp. No obstante, se debe recordar que 
las enzimas RdRp del HCV y HFMD mantienen alrededor 
de un 46% de homología estructural con la polimerasa del 
SARS-CoV-2 y menos de 9% de homología de secuencia. 
Estos porcentajes de similitud se traducen en alteraciones 
en la configuración de los bolsillos, y consecuentemente en 
el modo de unión de los ligandos en la nsp12 con respecto 
a sus targets originales. Las Figuras 5A, 5B y 5C muestran 
la diferencia entre la posición original del ligando sometido 

a cribado y las posiciones adoptadas durante el acopla-
miento al sitio de unión en RdRp.

En cuanto al acoplamiento molecular para Mpro, se en-
sayaron 41 inhibidores en el sitio activo de la enzima. Los 
valores de afinidad de unión oscilaron entre -6 y -8 kcal/mol 
(Tabla Suplementaria 3). El mejor resultado se obtuvo con 
el ligando V3D, seguido por EOF y 3A7, con valores de afi-
nidad de unión de -8, -7.9 y -7.8 kcal/mol, respectivamente, 
como se indica en la Tabla 2. Todos estos ligandos son inhi-
bidores de la proteasa Mpro del SARS-CoV y sus estructuras 
químicas se muestran en la Figura 2. V3D es un inhibidor 
irreversible con un IC50 = 53 ± 1 µM. Por otra parte, EOF 
y 3A7 son inhibidores reversibles con valores de IC50 de 
0.83 (EOF) y 63 µM (3A7). Como se mencionó anteriormen-
te, las enzimas Mpro del SARS-CoV y SARS-CoV-2 son 
estructuralmente idénticas (SSE = 100%) y presentan una 
identidad de secuencia del 96.1%. En cuanto a sus sitios 
activos, el alineamiento de secuencias muestra la presen-
cia de solo una sustitución (Arg188Ile) en Mpro del SARS-
CoV, mientras que el resto de los residuos que contornean 
el sitio activo se mantienen conservados en ambas enzi-
mas (Figura Suplementaria 2). La superposición de sitios 
activos de las enzimas Mpro del SARS-CoV y SARS-CoV-2 
(Figura 4C) muestra que no solamente existe una alta ho-
mología de sus estructuras secundarias, sino que también 
se encuentran conservadas las conformaciones que adop-
tan los residuos que contornean su sitio de unión a ligandos 
de cada enzima. Esta elevada similitud explica por qué los 
inhibidores de Mpro del SARS-CoV son altamente afines a 
su enzima homóloga en SARS-CoV-2 en comparación a li-
gandos provenientes de otras proteasas, así como también 

Figura 2. Estructura química de los mejores resultados del acoplamiento molecular en enzimas RdRp y Mpro del SARS-
CoV-2. XNI, RTP y JT1 son inhibidores de la RdRp; V3D, EOF y 3A7 son inhibidores de Mpro.
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explica la razón por la cual la pose adoptada por V3D, EOF 
y 3A7 en Mpro del SARS-CoV-2 es prácticamente igual a la 
pose que adoptan estos ligandos en las estructuras cristali-
nas de Mpro del SARS-CoV (Figura 5D a 5F).

Modo de unión de los complejos RdRp-RTP y Mpro-V3D
El análisis del modo de unión de RTP indica que este 

inhibidor es capaz de unirse a la RdRp del SARS-CoV-2 por 
medio de interacciones con 17 residuos de aminoácidos 
del sitio activo (Figura 6). Entre los más importantes se en-
cuentran los residuos Arg624, Arg553 y Arg555, pues son 
capaces de generar múltiples interacciones de tipo puente 
salino y puente de hidrógeno con los átomos de oxígeno de 

la porción trifosfato de RTP. En el caso de Arg555, además 
del puente salino, la cadena lateral forma 3 puentes de hi-
drógeno con dos oxígenos de la porción trifosfato y uno del 
anillo de D-ribosa. Los residuos cargados Lys551 y Lys621 
también generan puentes salinos con el trifosfato de RTP, 
mientras que los aminoácidos Asn691, Tyr680 y Tyr456 for-
man puentes de hidrógeno con la ribosa, el anillo de triazol 
y el grupo carboxamida, respectivamente. Finalmente, los 
residuos Thr556, Val557, Cys622, Asp623, Ser681, Ser682, 
Thr687, Ser759 y Asp760 asisten a la unión del inhibidor 
mediante enlaces débiles de Van der Waals.

El análisis del modo de unión de V3D en Mpro del SARS-
CoV-2 muestra que el modo de unión del inhibidor es prác-

Figura 3. Modo de unión 
a inhibidores de la enzima 
RdRp del SARS-CoV-2 
según el acoplamiento 
molecular. Se muestran 
en palillos los inhibidores 
XNI, RTP, JT1 y la molé-
cula control Remdesivir 
Monofosfato (RMP), y en 
representación de super-
ficie la enzima, en color 
azul el sitio activo de la 
enzima y en color morado 
el sitio alostérico teórico 
Palm I. Por otra parte, XNI 
(Ki = 1.7 μM) y JT1 (IC50 = 
17.8 nM) son inhibidores 
reversibles que se unen 
en el sitio alostérico Palm 
I de la ns5b HCV (Figura 
3). Si bien el alineamiento 
de secuencias demostró 
que los aminoácidos que 
componen este bolsillo de 
unión no se conservan en 
la nsp12, la superposición 
del sitio de la Palma I de 
ns5b junto con la estruc-
tura de la nsp12 muestra 
un bolsillo similar en la po-
limerasa del SARS-CoV-2 
(Figura 4A).

Figura 4. Comparación del sitio de unión a inhibidores entre enzimas del SARS-CoV-2 y sus homólogas de referencia. A) 
Superposición del sitio alostérico Palm I entre RdRp del HCV en palillos de color verde y del SARS-CoV-2 en palillos de 
color morado; se indica en palillos de color naranja el inhibidor RMP. B) Superposición del sitio activo de RdRp de HFMD 
en palillos de color amarillo y del SARS-CoV-2 en palillos de color verde; se indica en palillos de color magenta el inhibi-
dor RTP. C) Superposición del sitio activo de Mpro del SARS-CoV en palillos de color amarillo y del SARS-CoV-2 en pa-
lillos de color cyan; se muestra en rosado el inhibidor N3. Los residuos marcados con (*) corresponden al SARS-CoV-2.
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ticamente igual a cuando se une a Mpro del SARS-CoV. El 
anillo de pirrol de la porción indol puede formar un enlace 
pi-alquil con Met165 y un puente de hidrógeno con Gln189 
(Figura 7). Los grupos amino y carbonilo unidos al C-12 for-
man enlaces de hidrógeno con Gln189 y Glu166, respecti-
vamente. Por su parte, el grupo carbonilo del C-34 forma un 
puente de hidrógeno con Gly143 mientras que otro puente 
de hidrógeno se forma entre el H del grupo amino en la por-
ción de la oxopirrolidina y el residuo de Leu141. Adicional-
mente, el oxígeno de la oxopirrolidina forma dos puentes de 
hidrógeno con la cisteína catalítica (Cys 145) y con Ser144. 
El segundo residuo catalítico, His41, es capaz de formar un 
enlace pi-catión con el grupo 3S-butil que se une al C-15 y 
un enlace Pi-alquil con el mismo grupo. Se observan ade-
más dos enlaces pi-alquil entre Met49 y 3S-butil. El grupo 
metoxi del anillo bencénico perteneciente al grupo forma 

dos enlaces pi-alquil con Leu167 y Pro168. También se 
observa numerosos enlaces carbono-hidrógeno entre V3D 
y los residuos de Thr25, Leu27, Tyr54, Phe140, Asn142, 
His163, His164, Asp187, Arg188, Thr190 y Gln192. Este 
modo de unión difiere significativamente del modo de unión 
de otros inhibidores de Mpro del SARS-CoV-2, como N3. La 
estructura cristalina del complejo N3-Mpro del SARS-CoV-2 
muestra que el inhibidor se une al sitio activo con una con-
formación extendida. La cadena principal del inhibidor for-
ma una hoja antiparalela con los residuos 164-168 de la 
cadena larga de la proteína, y con los residuos 189-191 
del bucle que une a los dominios II y III. La Cys145 juega 
un rol fundamental, ya que es capaz de formar un enlace 
covalente con el ligando. Las cadenas laterales de Phe140, 
Asn142, Glu166, His163, His172 y las cadenas principales 
de Phe140 y Leu141, conforman el denominado subsitio 

Figura 5. Posiciones adoptadas por los inhibidores de las enzimas del SARS-CoV-2 según el acoplamiento molecular. 
A) XNI- RdRp. B) RTP-RdRp. C) JT1-RdRp. D) V3D-Mpro. E) EOF-Mpro. F) 3A7-Mpro. Se muestra en palillos de color negro 
la posición original del ligando y las mejores soluciones de cada resultado están representadas de diferentes colores. 
La proteína se muestra en superficie de color gris y los aminoácidos que interactúan directamente con los ligandos en el 
sitio de unión aparecen en palillos de color verde claro.

Figura 6. Interacciones entre la enzima RdRp (PDB ID: 7bv2) del SARS-CoV-2 y RTP en el sitio activo. A) Representa-
ción 3D. B) Representación 2D. Los puentes salinos y cargas atractivas se muestran en color naranja, los puentes de 
hidrógeno en color verde y las interacciones donante-donante desfavorables en color rojo.
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S1, donde la His163 además crea un puente de hidrógeno 
con el anillo lactama de N3.  En el subsitio hidrofílico S2 se 
incluyen las cadenas laterales de His41, Met49 y el residuo 
Leu27 en la región más profunda de la cavidad. Mientras 
que en el sitio P4, principalmente las cadenas laterales de 
Met165, Glu192 y Gln189 forman un pequeño bolsillo hidro-
fóbico. Finalmente, el sitio P5 es capaz de establecer inte-
racciones de tipo Van der Waals con residuos como Pro168 
y Thr19025, 47.

Conclusiones
El análisis de homología realizado para enzimas RdRp 

y Mpro del virus causante del COVID-19 reveló que existen 
organismos virales que comparten casi el 50% de identi-
dad estructural con la RdRp y hasta el 100% de identidad 
estructural con Mpro.  El posterior alineamiento múltiple de 
secuencias permitió determinar que el sitio activo de la po-
limerasa del SARS-CoV-2 está altamente conservado entre 
organismos a pesar de la diferencia de tamaño entre enzi-
mas. Por su parte, en Mpro también se determinó la conser-
vación del sitio activo enzimático, aunque se han registrado 
unas pocas mutaciones puntuales. La alta conservación 
de sus sitios activos, que corresponden los principales bol-
sillos de unión de inhibidores, se debe al rol central que 
cumplen ambas enzimas en el ciclo de vida del virus. Por 
lo tanto, se pudo emplear el enfoque de redireccionamiento 
de fármacos que inicialmente tenían como blanco a las en-
zimas de organismos homólogos, para realizar un cribado 
virtual que permita identificar potenciales inhibidores contra 
el virus SARS-CoV-2.

Se llevaron a cabo ensayos de acoplamiento molecular 
en los que se pudo identificar a RTP y V3D como poten-
ciales inhibidores de RdRp y Mpro, respectivamente. Ambas 
moléculas presentan valores de afinidad de unión inferio-
res a aquellas determinadas para RMP y N3, los cuales 
son moléculas con potente actividad in-vitro e in-vivo contra 
el SARS-CoV-2. Esto sugiere que RTP y V3D poseen un 
gran potencial de convertirse en opciones terapéuticas para 
combatir el SARS-CoV-2.

Agradeciminetos
El presente estudio se realizó gracias al auspicio de la 

Universidad Técnica de Ambato, a través de la Dirección de 
Investigación y Desarrollo, mediante el proyecto de investi-
gación UTA-CONIN-2020-0295-R.

Conflictos de Interés
Los autores declaran no tener conflicto de interés.  

Referencias bibliográficas
1. Pan American Health Organization/World Health Organiza-

tion. Epidemiological Update: Coronavirus Disease, (2020, 
accessed 09/02/2021 2021).

2. World Health Organization. WHO Coronavirus (COVID-19) 
Dashboard. 2020.

3. Gorbalenya AE, Baker SC, Baric RS, et al. The species Se-
vere acute respiratory syndrome-related coronavirus: classi-
fying 2019-nCoV and naming it SARS-CoV-2. 2020; 5: 536.

4. Zhang L, Shen F-m, Chen F, et al. Origin and evolution of the 
2019 novel coronavirus. 2020; 71: 882-883.

5. Helmy YA, Fawzy M, Elaswad A, et al. The COVID-19 pan-
demic: a comprehensive review of taxonomy, genetics, epi-
demiology, diagnosis, treatment, and control. 2020; 9: 1225.

6. Rangan R, Zheludev IN and Das RJB. RNA genome conser-
vation and secondary structure in SARS-CoV-2 and SARS-re-
lated viruses. 2020.

7. Khailany RA, Safdar M and Ozaslan MJGr. Genomic charac-
terization of a novel SARS-CoV-2. 2020; 19: 100682.

8. Gordon DE, Jang GM, Bouhaddou M, et al. A SARS-CoV-2 protein in-
teraction map reveals targets for drug repurposing. 2020; 583: 459-468.

9. Sanders JM, Monogue ML, Jodlowski TZ, et al. Pharmaco-
logic treatments for coronavirus disease 2019 (COVID-19): a 
review. 2020; 323: 1824-1836.

10. Yin W, Mao C, Luan X, et al. Structural basis for inhibition of 
the RNA-dependent RNA polymerase from SARS-CoV-2 by 
remdesivir. Sience 2020; 368: 1499-1504. DOI: 10.1126/sci-
ence.abc1560.

11. Pastrian-Soto GJIjoo. Bases genéticas y moleculares del 
COVID-19 (SARS-CoV-2). Mecanismos de patogénesis y de 
respuesta inmune. 2020; 14: 331-337.

12. Joshi RS, Jagdale SS, Bansode SB, et al. Discovery of potential 
multi-target-directed ligands by targeting host-specific SARS-
CoV-2 structurally conserved main protease. 2020: 1-16.

Figura 7. Interacciones entre la enzima Mpro (PDB ID: 7bqy) del SARS-CoV-2 y V3D en el sitio activo. A) Representación 
3D. B) Representación 2D. Los enlaces de hidrógeno convencionales y enlaces carbono-hidrógeno se muestran en 
verde, el enlace Pi-alil en amarillo, los enlaces Pi-amida apilados y Pi-Alquil se muestran en rosado, y el enlace pi-catión 
en lila.

Daysi Espín-Sánchez, María L. Ramos-Aristimbay, Andrés S. Sánchez-Vaca, Karen Jaramillo-Guapisaca, Carolina Vizueta-Rubio, Fernanda 
Chico-Terán, Liliana Cerda-Mejía, Mario D. García
Volume 8 / Issue 1 / 27     •     http://www.revistabionatura.com



11

13. Báez-Santos YM, John SES and Mesecar AD. The SARS-coro-
navirus papain-like protease: structure, function and inhibition 
by designed antiviral compounds. 2015; 115: 21-38.

14. Liu C, Zhou Q, Li Y, et al. Research and development on ther-
apeutic agents and vaccines for COVID-19 and related human 
coronavirus diseases. ACS Publications, 2020.

15. Ju J, Li X, Kumar S, et al. Nucleotide analogues as inhibitors 
of SARS‐CoV polymerase. Pharmacology Research & Per-
spectives 2020; 8: e00674. DOI: 10.1002/prp2.674.

16. Shilatifard A. COVID-19: Rescue by transcriptional inhibition. 
American Association for the Advancement of Science, 2020.

17. Ullrich S and Nitsche C. The SARS-CoV-2 main protease as 
drug target. Bioorganic & Medicinal Chemistry Letters 2020; 
30. DOI: 10.1016/j.bmcl.2020.127377.

18. Hashemian SM, Farhadi T, Velayati AAJDd, development, et 
al. A review on remdesivir: a possible promising agent for the 
treatment of COVID-19. 2020; 14: 3215.

19. OMS. 10 Vaccines Granted Emergency Use Listing (EUL) by 
WHO.  2022. Organización Mundial de la Salud.

20. Knoll MD and Wonodi CJTL. Oxford–AstraZeneca COVID-19 
vaccine efficacy. 2021; 397: 72-74.

21. Kim JH, Marks F and Clemens JDJNm. Looking beyond 
COVID-19 vaccine phase 3 trials. 2021: 1-7.

22. Gautret P, Lagier J-C, Parola P, et al. Hydroxychloroquine 
and azithromycin as a treatment of COVID-19: results of an 
open-label non-randomized clinical trial. 2020; 56: 105949.

23. Dhama K, Sharun K, Tiwari R, et al. COVID-19, an emerging 
coronavirus infection: advances and prospects in designing 
and developing vaccines, immunotherapeutics, and therapeu-
tics. 2020; 16: 1232-1238.

24. Lamb YN. Remdesivir: first approval. Springer 2020: 1-9. DOI: 
https://doi.org/10.6084/m9.figshare.12752432/.

25. Jin Z, Du X, Xu Y, et al. Structure of M pro from SARS-CoV-2 
and discovery of its inhibitors. 2020; 582: 289-293.

26. Choudhary S, Malik YS and Tomar SJFii. Identification of 
SARS-CoV-2 cell entry inhibitors by drug repurposing using 
in silico structure-based virtual screening approach. 2020; 11: 
1664.

27. Śledź P and Caflisch AJCoisb. Protein structure-based drug 
design: from docking to molecular dynamics. 2018; 48: 93-
102.

28. Gupta SP. Chapter 3 - Inhibition of Viruses: Promising Targets 
and Their Importance. In: Gupta SP (ed) Studies on Hepatitis 
Viruses. Academic Press, 2018, pp.35-65.

29. Pagadala NS, Syed K and Tuszynski JJBr. Software for molec-
ular docking: a review. 2017; 9: 91-102.

30. Krissinel E and Henrick K. Secondary-structure matching 
(SSM), a new tool for fast protein structure alignment in three 
dimensions. Acta Crystallographica Section D: Biological 
Crystallography 2004; 60: 2256-2268.

31. Berman HM, Westbrook J, Feng Z, et al. The protein data 
bank. Nucleic acids research 2000; 28: 235-242.

32. Schrödinger L. The PyMOL Molecular Graphics System. 2017.
33. Emsley P, Lohkamp B, Scott WG, et al. Features and devel-

opment of Coot. Acta Crystallographica Section D 2010; 66: 
486-501. DOI: doi:10.1107/S0907444910007493.

34. Di Tommaso P, Moretti S, Xenarios I, et al. T-Coffee: a web 
server for the multiple sequence alignment of protein and RNA 
sequences using structural information and homology exten-
sion. Nucleic acids research 2011; 39: W13-W17.

35. Artimo P, Jonnalagedda M, Arnold K, et al. ExPASy: SIB bio-
informatics resource portal. Nucleic Acids Research 2012; 40: 
W597-W603. DOI: 10.1093/nar/gks400

36. Forli S, Huey R, Pique ME, et al. Computational protein–ligand 
docking and virtual drug screening with the AutoDock suite. 
Nature protocols 2016; 11: 905-919.

37. Trott O and Olson AJ. AutoDock Vina: improving the speed 
and accuracy of docking with a new scoring function, efficient 
optimization, and multithreading. Journal of computational 
chemistry 2010; 31: 455-461.

38. Dallakyan S and Olson AJ. Small-molecule library screen-
ing by docking with PyRx. Chemical biology. Springer, 2015, 
pp.243-250.

39. Biovia DSJR. Materials Studio. 2017.
40. Venkataraman S, Prasad BV and Selvarajan R. RNA depen-

dent RNA polymerases: insights from structure, function and 
evolution. Viruses 2018; 10: 76.

41. Chuanjun S, Xuan H, Ting H, et al. Potential inhibitors for tar-
geting Mpro and Spike of SARS-CoV-2 based on sequence 
and structural pharmacology analysis. STEMedicine 2020; 1. 
DOI: 10.37175/stemedicine.v1i2.41.

42. Ugwu DI, Okoro UC and Ahmad H. New carboxamide deriv-
atives bearing benzenesulphonamide as a selective COX-II 
inhibitor: design, synthesis and structure-activity relation-
ship. PloS one 2017; 12: e0183807. DOI: 10.1371/journal.
pone.0183807.

43. Matošević A and Bosak A. Carbamate group as structural motif 
in drugs: A review of carbamate derivatives used as therapeu-
tic agents. Archives of Industrial Hygiene Toxicology 2020; 71: 
285. DOI: 10.2478/aiht-2020-71-3466.

44. Ghosh AK and Brindisi M. Organic carbamates in drug design 
and medicinal chemistry. Journal of Medicinal Chemistry 2015; 
58: 2895-2940. DOI: 10.1021/jm501371s.

45. Hang JQ, Yang Y, Harris SF, et al. Slow binding inhibition and 
mechanism of resistance of non-nucleoside polymerase inhib-
itors of hepatitis C virus. Journal of Biological Chemistry 2009; 
284: 15517-15529. DOI: 10.1074/jbc.M808889200.

46. Hillen HS, Kokic G, Farnung L, et al. Structure of replicating 
SARS-CoV-2 polymerase. Nature 2020; 584: 154-156. DOI: 
10.1038/s41586-020-2368-8.

47. Dai W, Zhang B, Jiang X-M, et al. Structure-based design of 
antiviral drug candidates targeting the SARS-CoV-2 main pro-
tease. 2020; 368: 1331-1335.

48. El‐Baba TJ, Lutomski CA, Kantsadi AL, et al. Allosteric Inhibi-
tion of the SARS‐CoV‐2 Main Protease: Insights from Mass 
Spectrometry Based Assays. Angewandte Chemie Interna-
tional Edition 2020; 59: 23544-23548. DOI: doi.org/10.1002/
anie.202010316.

49. Gross AE and Bryson ML. Oral ribavirin for the treatment of 
noninfluenza respiratory viral infections: a systematic review. 
Annals of Pharmacotherapy 2015; 49: 1125-1135. DOI: https://
doi.org/10.1177/1060028015597449.

Identificación de inhibidores de las enzimas RdRp y Mpro del virus SARS-CoV-2 mediante homología estructural
Identification of inhibitors of the RdRp and Mpro enzymes of SARS-CoV-2 virus by structural homology



1

Volume 8 / Issue 1 / 28 / http://dx.doi.org/10.21931/RB/2023.08.01.28                                                                                               

Production of environmentally friendly attractants for the trap flies Megaselia 
halterata and Lycoriella ingenue parasites on edible mushrooms in Iraq
Abdullah Abdulkareem Hassan1*  and Abier Raouf Mahmoud Al-Qaissi2

Abstract: Among several tested mushroom-related materials, full-grown compost followed by fermented corn cobs and the 
compost were the best baits for attracting and catching of both insects M. halterata and L. ingenua. At the same time, there 
was no effect on attracting insects for the wheat straw, unfermented corn cobs, unfermented bran and water (control). The 
results proved that the highest attraction in the hunting of the two insects, M. halterata and L. ingenua, was in the treatment 
of cut fruit bodies for all studied  A. bisporus strains, the highest number was 6.49 and 5.43 insects/bait; in the treatment 
of cut fruits of A.bisporus B62, respectively, At the level of mushroom species, the brown strain of A.bisporus showed the 
lowest attraction to the studied insects. Chopped fruit bodies and the spawn of some species/strains of oyster mushroom  
Pleurotus led to the highest interest in insects, followed by the treatment of mashed fruit bodies; the chopped fruits reached 
the highest attraction of insects for P. eryngii, the number of insects, M. halterata and L. ingenua, was 6.56 and 5.32 
insects/bait, respectively. In the combination baits that were made from mixtures of the most efficient treatments resulting 
from the media and the fruit bodies of the A.bisporus and Pleurotus spp., the results showed that all treatments led to 
attracting the two insects at a rate of 4.55 - 8.7 insects/bait for  M.halterata and 4.06 - 7.82 insects/bait for L. ingenue. The 
results also showed that there were significant differences in the reduction of both mushrooms A.bisporus and P. ostreatus 
infection rate by all types of tested baits; the lowest infection rates were in the combination bait treatment, resulting in 1.86 
and 2.17%, respectively, compared to the control treatment (without bait) in which the infection rate was 87.3 and 91.25%, 
respectively.

Key words: Plant Tissue culture, Cost analysis, Large-scale production, Biofactory, Monte Carlo Simulation (MCS).
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Introduction
The white button mushroom Agaricus bisporus and the 

oyster mushroom Pleurotus spp. are mainly edible mus-
hrooms that can provide many essential nutrients, including 
protein, vitamins and minerals, and medicinal properties that 
have various health benefits for humans1. Mushroom yield 
is exposed to many pests and diseases that cause losses in 
the quantity and quality of the product. The mushroom flies 
belong to some genera, such as Lycoriella sp., Bradysia 
sp., Megaselia sp. and others. They are essential flies that 
attack most stages of mushroom production, starting from 
the nutrient medium and ending with the location of produ-
cing fruit bodies. These insects also infect most commercia-
lly produced edible mushrooms such as A. bisporus, Pleu-
rotus spp., Lentinus edodes and others2,3. Mushroom flies 
cause damage to the mushroom through various methods, 
such as direct feeding of the larvae on the developing frui-
ting bodies and the mycelium growing in compost or subs-
trate (nutrient medium), in addition to competition between 
the larvae and the grown mycelium to obtain nutrients in 
the mushroom medium. The indirect harmful effects of the 
mushroom fly are likely to transmit many pathogens such as 
bacteria, fungi, viruses and nematodes2,4. It is known that a 
significant decrease in the mushroom yield occurs at a den-
sity of only one larva per 125 g of medium5. The infection 

of mushrooms such as Agaricus spp. and Pleurotus spp. 
with the insect pests, especially Lycoriella sp. and Megase-
lia sp., leads to significant losses in the quantity and quality 
of the mushroom yield. Therefore, many studies have used 
the applications of control of these insects by chemical, 
biological and physical methods4. Several strategies have 
been used to control mushroom flies, including the use of 
chemical pesticides such as diazinon and imadocloprid6, 
cyromazine, diflubenzuron, diazinon, endosulfan and chlor-
fenvinphos7, sex hormones8, chitin synthesis inhibitors9, in 
addition, biological control has been used against these 
insects such as entomopathogenic nematodes10 and larval 
predators11. The biological factors were not widely applied 
in mushroom farms3,12. Therefore, chemical pesticides re-
main the fastest effective in eradicating mushroom flies, 
but there are several problems associated with the use of 
chemicals, such as the impact on human health and the en-
vironment as well as the emergence of Pesticide-resistant 
strains and their effect on natural organisms that beneficial 
for mushroom growth. Furthermore, spraying pesticides is 
challenging to apply when insects attack the fruiting bodies 
because the larvae move after hatching into the fruits and 
protect themselves from the effects of pesticides8,13. The-
refore, attention is focused on physical methods, including 
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color and sticky traps14, as these traps are considered an 
inefficient means in the case of mushroom farms because 
the smell of fruiting bodies attracts insects to them more 
than the colored traps, in addition to the fact that these traps 
are not specialized to attract edible mushrooms flies. The 
use of plants in the form of plant extracts can benefit from 
some of their insect-repellent, anti-nutritive and growth-re-
gulatory properties15. Also, extracts of some plants such 
as garlic, onion, neem and eucalyptus were used as alter-
natives to chemical pesticides in the control of Lycoriella 
ingenua that parasitizes Pleurotus mushroom. During four 
weeks, the insect mortality rate was 40-60%, depending on 
the type of plant16. We did not find in the literature the use of 
mushrooms related materials such as compost or the my-
celium and fruit bodies of mushrooms themselves as baits 
to attract and get rid of the insect. In Iraq, many of these 
pests and pathogens have been studied previously17, while 
mushroom flies, Megaselia halterata and Lycoriella ingenua 
were recorded in 2021 for the first time in Iraq18.

For the importance of mushroom yield, reducing the 
infection of the mushroom fly, and reducing the use of 
chemical pesticides in controlling them, this study aimed 
to evaluate several mixtures of the culture media of these 
mushrooms and their fruit bodies for studying their attractive 
role in insect traps. 

Materials and methods 

Cultivation of the white button mushroom A. bisporus 
and the oyster mushroom Pleurotus spp.

A. bisporus was grown on compost in nylon bags 40 cm 
wide x 80 cm long x 20 cm deep (Fig. 1), while oyster mus-
hroom was grown in bags of 30 cm length and 20 cm width 
using wheat straw medium supplemented with wheat bran 
(10%) and calcium carbonate (2%) (Fig. 1). The steps for cul-
tivating mushrooms were carried out in a typical mushroom 
farm at the College of Agriculture, Tikrit University, including 
the preparation of the mushroom spawn, compost and all 
other processes such as spawning, incubation, and the pro-
duction of fruit bodies according to the previous studies19-22.

Mushroom flies
The initial identification of the insects was carried out 

by  Prof. Dr. Abdullah A. Hassan based on the insect's mor-
phology and confirmed molecularly based on the nucleotide 
sequence of the cytochrome oxidase -subunit (1) gene in 
mitochondria. They were registered in the NCBI Database 
under accession numbers MZ021516.1 and MZ021517.1 
for Megaselia halterata and Lycoriella ingenua, respecti-
vely, in our previous study18.

Study of insect damage on the mushroom fruit bodies
Fruit bodies of Agaricus spp. and Pleurotus spp. 

showed symptoms of infection with the studied insects har-
vested from the mushroom farm during 2018/2019. The pa-
thological symptoms of fruit bodies were examined morpho-
logically with the longitudinal and transverse sections by a 
magnifying lens.

Preparation of insects traps and baits

Organic baits
The traps were prepared locally using plastic bottles 

with a capacity of 2 liters, perforated from the top with holes 
of a diameter of 0.5 cm and several 20 holes. These bottles 
(traps) were filled with 100 g  of the following media (act as 
baits) + 100 ml of distilled water then the bottles' nozzles 
were closed with cotton stoppers. The organic baits include 
the following treatments: Unfermented wheat straw: It was 
prepared by soaking the shredded wheat straw (1-2 cm) 
using a field grinder with tap water. The soaking time was 
24 hours, then the straw was filtered from the excess water 
and pasteurized at 70 °C for one hour22, then used directly 
in filling the traps after cooling it to the next day. II; Fermen-
ted wheat straw: The same previous steps were followed, 
but the medium, after cooling, was packed in nylon bags, 
tightly closed, and incubated for 7 days at a temperature 
of 30°C to ferment it with natural flora, after which it was 
filled in traps. III; Unfermented and fermented corn cobs: 
The same previous steps were followed on the chopped 
corn cobs (1 cm), replacing wheat straw with corn cobs. IV; 
Agaricus spp. compost: Pasteurized compost prepared ac-
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cording to Hassan and Mahmoud21 after cooling it to 25° 
C, it packaged in insect traps. V; Full growth compost: The 
compost medium was inoculated with the A.bisporus spawn 
of commercial strain A15. The bags were incubated at 25°C 
for two weeks after the mycelium spread into the compost, 
it packaged in insect traps. VI; Wheat bran: It was prepared 
by the steps of preparing the unfermented wheat straw. VII; 
Wheat bran + yeast and sugar: 50 ml of yeast and sugar 
solution (1% commercial Saccharomyces cerevisiae yeast 
+ 2 g table sugar) were added to 1 kg of pasteurized wheat 
bran after mixing well, incubated at 25 °C for 7 days and 
then packed in traps. VIII; Wheat bran + local date vinegar: 
It was prepared by the same previous steps except adding 
100 ml of local date vinegar. IX; Dap fertilizer (Jordanian 
Fabco Company) The bait consists of 100 g of dab fertilizer 
and 5 g of S. cerevisiae yeast with a liter of water. Use this 
bait as a positive control for attracting some insects23. X; 
Control treatment: Use only water and XI; The yellow sticky 
trap for comparison.

Spawn and fruit bodies baits of Agaricus spp. and 
Pleurotus spp.

Spawn and fruit bodies of five strains of A. bisporus 
cultured in the mushroom production farm, College of Agri-
culture / Tikrit University, were used. The strains included 
brown strain, A15, B62, S11, and the local isolate A. cam-
pestris. Spawn and fruit bodies of six strains of oyster mus-
hrooms cultured in the same mushroom production farm, 
including P. ostreatus, P.florida, P.sajor-caju, P.eryngii, P. 
pulmonarius and P. ostreatus A19 (local isolate) were used. 
Traps were filled with 100 g  of the following media (act as 
baits for both mushrooms) + 100 ml of distilled water, then 
the bottles' nozzles were closed with cotton stoppers; I; The 
pure spawn has grown on wheat grains prepared according 
to Hassan24, II; The dried and ground fruit bodies in a pow-
der form. III; Fresh cut fruit bodies 1-2 cm2. IV; Fresh fruit 
bodies mashed in a blender in the form of an emulsion and  
V; Water: control.

Combination of baits
It included various combinations of previous treat-

ments. The best treatments were used in proportions of 50 
g for each bait material + 100 ml of distilled water for the 
binary mixtures.

Insect breeding in the laboratory
100 g of the infected Pleurotus ostreatus fruit bodies 

with both insects, which show necrosis, tunnels, and larvae, 
were placed in plastic cups, their mouths closed with two 
layers of gauze, and incubated at 22 °C, 70% humidity and 
12:12 light: dark cycle, after 10-14 days the pupation of the 
larvae is observed (morphologically similar to both insects) 
, and after 3-6 days the adult insects emerge. Adults were 
isolated from the pupae separately, placed in plastic cups 
containing intact (uninfected) pieces of the P. ostreatus fruit 
bodies, and incubated under the above conditions to obtain 
the insects of both species separately. For the sustainability 
of the insect culture, fresh fruit bodies are constantly placed 
in the culture medium. This is the easiest method of bree-
ding the insect recorded for the first time in Iraq, and we did 
not find it in the international literature.

Execution of the experiment
After cultivation of both Agaricus spp. and Pleurotus 

spp. Mushrooms and the baits were immediately distributed 
separately in the growing room (Figure 1). 100 adult insect 
were released in each experiment. After the end of the mus-
hrooms production cycle, the number of insects was recor-
ded in each trap, then the Infestation rate of mushrooms 
fruit bodies was calculated as the following equation:

Infestation rate = number of fruits infected with the in-
sect / total number of fruits x 100

The fruit was considered infected if there were larvae, 
necrosis or tunnels caused by the insects in the mushroom 
fruit bodies.

Statistical Analysis
Statistical analysis of factorial laboratory experiments 

was carried out using the Mini Tap 18 program, and the 
means were compared according to Duncan's multiple ran-
ge test25 at a probability level of 0.05.

Results

Effect of the type of baits on attracting M. halterata and 
L. ingenua in traps

Effect of media
The results of table (1) showed the significant supe-

riority of full-grown compost in attracting and catching both 
insects M. halterata and L. ingenua, the number was 8.04 
and 7.45 insects/bait, respectively, followed by the fermen-
ted corn cobs and the compost, where the number reached 
(7.7, 6.83) and (6.11 and 5.3) insect/bait for these two in-
sects, respectively, compared with the dab fertilizer (2.78 
and 2) and the yellow sticky trap (1.03 and 0.66) insect/bait, 
while there was no effect on attracting insects for the wheat 
straw, unfermented corn cobs, unfermented bran and water 
(control).

Effect of Agaricus spp. baits on attracting insects
The results of table (2) proved that the highest attrac-

tion in the hunting of the two insects, M. halterata and L. 
ingenua, was in the treatment of cut fruit bodies for all stu-
died A. bisporus strains, the highest number was 6.49 and 
5.43 insects/bait, in the treatment of cut fruits of A.bisporus 
B62, respectively, followed by the attraction of insects in the 
treatment of the mushroom spawn. The results showed that 
the lowest number was in the treatment of dried fruit bo-
dies (Table 2), while no insect attraction was recorded in 
the control treatment (water only). At the level of mushroom 
species, the brown strain of A.bisporus showed the lowest 
interest to the studied insects.

Effect of oyster mushroom baits on attracting insects
Chopped fruit bodies and the inoculum of some spe-

cies/strains of oyster mushroom Pleurotus led to the highest 
attraction to insects, followed by the treatment of mashed 
fruit bodies, while the treatment of dried fruit bodies was 
less attractive to insects, while the control treatment (water 
only) recorded no attraction to insects, the highest attraction 
of insects was reached by the chopped fruits for P. eryn-
gii, the number of insects, M. halterata and L. ingenua, was 
6.56 and 5.32 insects/bait, respectively (Table 3). 

Effect of the combination baits
The results of the combination baits were made from mix-
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tures of the most efficient treatments resulting from the media 
and the fruit bodies of the A.bisporus and Pleurotus spp. Ta-
ble (4) showed that all treatments attracted the two insects at 
a rate of 4.55 - 8.7 insects/bait for  M.halterata and 4.06 - 7.82 
insects/bait for L. ingénue. The combinations of (A.bisporus 
B62 + P.eryngii), (fermented corn cobs + full-grown compost) 
and (fermented corn cobs + P.eryngii) achieved the rates of 
attraction for these two insects (Table 4). 

Infection of A.bisporus and P. ostreatus by M. halterata 
and L. ingenue using studied biats

Figure (2) shows the infection rate of the fruit bodies of 
A.bisporus and P. ostreatus in the presence of media baits 
and the fruit bodies of the A. bisporus and Pleurotus spp. 
The results showed that there were significant differences in 

the reduction of both mushroom A.bisporus and P. ostreatus 
infection rate by all types of tested baits; the lowest infection 
rates were in the combination bait treatment, resulting in 
1.86 and 2.17%, respectively, compared to the control treat-
ment (without appeal) in which the infection rate was 87.3 
and 91.25%, respectively.

Discussion
M. halterata and L. ingenua, cause severe damage to 

the yield of the edible mushrooms A. bisporus and P. os-
treatus, tunnel digging, necrosis, perforation of fruit bodies 
with tissue laceration and the presence of larvae wastes are 
the most critical symptoms of these insects, which causes a 

Table 1. Number of 
M. halterata and L. 
ingenua caught with 
different baits.

Table 2. Effect of the fruit bodies of Agaricus spp. baits on attracting the two insects M. halterata and L. ingenua.

Table 3. Effect of the fruit bodies of Pleurotus spp. Baits on attracting the two insects M. halterata and L. ingenue.
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loss of the entire mushroom yield, the infection of the mus-
hroom fruit bodies may be due to the nutritional specializa-
tion of these two insects towards feeding on mushroom fruit 
bodies, this agreed with some relevant studies26,27. To avoid 
chemical pesticides in mushroom production farms, which 
are among the dangerous factors due to the rapid growth 
of edible mushrooms and their high efficiency in absorbing 
materials from the media, the research suggested physical, 
environmental and biological applications to reduce the im-
pact of these two insects. The synthetic pheromones did 
not have completely positive effects in attracting these in-
sects28,29. In addition, the biological resistance factors are 
still under ongoing studies. Cloonan et al.3 mentioned the 
lack of a wide commercial application of biological agents 
to control these insects. By tracking the infection of the A. 
bisporus and Pleurotus spp. mushrooms by these two in-
sects in several production cycles, we found that they are 
highly attracted to mushroom growth medium, spawn and 
fruit bodies, as they are the preferred nutrient sources for 
these insects30,31.

The baits used in this study were characterized by their 

high efficiency in attracting the studied insects. Among the 
organic materials, fermented corn cobs and compost were 
distinguished by their highest attraction, which may be at-
tributed to the presence of volatile organic compounds 
(VOCs) in the compost that attracts insects32. In terms of at-
tracting insects to some mushroom species, the bait made 
from the cutting fruit bodies was more attractive than the 
dried and mashed fruits; this may be due to the loss of com-
pounds responsible for the distinct aroma and flavor of the 
mushrooms (Agaricus, Pleurotus) by drying and mashing 
process such as benzyl alcohol, benzaldehyde, benzonitri-
le, methyl benzoate, and phenylacetic acid-like compound, 
as well as the distinctive smell of the mushroom itself33,34. 
The same effect was recorded in the bait of the mushroom 
spawn; this is explained by the release of the fungal my-
celium that surrounds the spawn grains, the same volatile 
substances for the smell and flavor compounds in A. bis-
porus and Pleurotus spp. mushrooms, conducted by Yin 
et al.35 studies, in which he isolated insect-promoting com-
pounds from 6 species of the Pleurotus spp. such as free 
amino acids and nucleotides, as well as many volatile com-

Table 4. Effect of bait combinations on attracting M. halterata and L. ingenua.

Figure 2. Infection rates of A. 
bisporus and P. ostreatus by 
the insects M. halterata and L. 
ingenue in the presence of di-
fferent baits.
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pounds, which included 17 aldehyde compounds, 10 keto-
ne compounds, 14 alcohol compounds, 5 hydrocarbons, 10 
cyclic aromatic compounds, as well as some organic acids. 
The same study stated that the most important compounds 
that distinguish the smell of edible mushrooms are 1-Octen-
3-one, 1-octen-3-ol, and 2-octenal.   

A study by Nyegue et al.36 on Pleurotus spp. confirms 
the isolation of octen-3-ol, often-3-one, octan-3-one, 3-octa-
nol, n-octanal, (E)-2-octenal and n -Octanol, Benzaldehyde 
(almond odor), benzyl alcohol (sweet-spicy odor), phenyle-
thanol (rose odor), derivatives of monoterpenes such as 
linalool and linalool oxide, and many aliphatic compounds 
among the volatile compounds, which explains the attrac-
tion of these insects to the mycelium of mushrooms and 
their fruit bodies.Some mushroom species studied, es-
pecially A.bisporus (brown strain) and P.eryngii, were the 
most attractive, perhaps due to the difference in the genetic 
composition of these two mushrooms, which is reflected in 
their physiological activity in producing more concentrated 
insect-attracting compounds or perhaps other substances 
that have not been discovered until now. The organic mate-
rials, mushroom fruit bodies and the combinations of baits 
proved their efficiency in reducing the number of insects 
through a decrease in the infection rate of  A. bisporus and 
Pleurotus spp., which reached a minimum percentage of 
1.86-2.17% in the treatments of combinations of baits as a 
result of the success of attracting insects.

Conclusions
Through the parasitism of the insects M. halterata and 

L. ingenua on the mushrooms A. bisporus and Pleurotus 
spp., the most relevant materials for mushrooms were de-
veloped as baits to catch these two insects. Each of  fu-
ll-grown compost , fermented corn cobs , compost ,cut fruit 
bodies and spawn of A. bisporus and Pleurotus spp. strains 
in addition to the combinations included (A.bisporus B62 + 
P.eryngii), (fermented corn cobs + full-grown compost) and 
(fermented corn cobs + P.eryngii) , were the best baits for 
catching these insects and reducing their harmful effect 
on mushroom production farms. Using baits to attract and 
catch mushrooms is one of the safe ways to control these 
insects instead of insecticides and to avoid losses in the 
quality and yield of mushrooms.
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The efficient procedure of embryogenic callus formation from anther in 
Capsicum pubescens Ruiz & Pav
Alexandra Jherina Pineda-Lázaro, Angel David Hernández-Amasifuen* and Hermila Belba Díaz-Pillasca

Abstract: The peppers or ajies (Capsicum spp.) are one of Peru's main productive crops, which is why it is among the 
top ten countries in production and exports. Among the species cultivated in Peru is Capsicum pubescens Ruiz & Pav., 
commonly called rocoto, and represents one of the most critical species in local and national gastronomy. The rocoto 
ecotype "Selva" or "de Monte" is characterized by its large size and is used to prepare rocoto relleno arequipeño. This 
crop presents the restriction to obtain homozygous lines for being self-incompatible. Using biotechnology, pure lines can 
be obtained from the anther culture, and homozygous lines can be obtained. The objective was to induce embryogenic 
callus formation from anther culture of Capsicum pubescens Ruiz & Pav. Ecotype "de Monte". In the results, 74.1% of 
embryogenic callus was induced in rocoto anthers with a longitudinal ratio of 1.04 mm; the induction was carried out using 
Murashige and Skoog culture medium added with 2.0 mg/L of 2,4-D. Likewise, the formation of somatic embryos in the 
globular stage was evidenced after 12 weeks in the culture medium.

Key words: Aji, Biotechnology, Somatic embryos, Self-incompatible, Rocoto, Peppers.
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Introduction
The peppers or ajies (Capsicum spp.) are a vegetable 

genus of great importance worldwide, with 31 species re-
ported to date, five of which are cultivated (C. annuum L., C. 
chinense Jacq., C. frutescens L., C. baccatum L., C. pubes-
cens Ruiz & Pav.) and 26 are wild species1-3. Peru presents, 
cultivates and produces the five species of cultivated chili 
peppers, making it one of the top ten countries in producing 
and exporting fresh and processed chili peppers4-6.

The Andean region of Peru is the origin of the rocoto 
(C. pubescens Ruiz & Pav.), with wild relatives still present 
in these areas, as well as in the highlands and high jungle7. 
The rocoto is a plant species of great national relevance due 
to its use in gastronomy, based on its two most representati-
ve ecotypes8. The ecotypes of rocoto in Peru are "Serrano" 
or "de Huerto" and "Selva" or "de Monte"; the first is the 
most distributed in the country due to its great adaptation to 
the different regions, and the second can only be found in 
the jungle9. The Selva ecotype is distinguished by its large 
size and moderate pungency, which is why it is trendy in the 
preparation of one of Peru's most representative dishes, ro-
coto relleno arequipeño (stuffed red pepper)10. The Serrano 
ecotype is smaller in size and has a high pungency, which is 
why it is widely used as a sauce in many national dishes11.

The major problem affecting the rocoto crop is related 
to root rot diseases caused by species of the genus Fu-
sarium, Phytoptora and Rhizoctonia7,12,13. Because of this, 
rocoto germplasm banks have been implemented with ac-
cessions from all over Peru, among the most commercial 
ecotypes and genotypes with great agronomic potential. 
Based on the extensive collection of rocoto genetic mate-
rial, genetic improvement programs have been initiated to 
obtain defined varieties. Currently, the rocoto crop does not 

have a specified variable; therefore, no certified seeds are 
available in the national market10. For this reason, rocoto 
farmers resort to sources from previous crop seasons, ob-
taining heterogeneous fruits.

One of the main difficulties in the genetic improvement 
of rocoto is obtaining homozygous or pure lines because 
this species is considered self-incompatible; specifically, 
the genotypes of Peru, Bolivia and Argentina are reported 
as genotypes with gametophytic self-incompatibility14. Li-
kewise, the genetic control of self-incompatibility in rocoto 
has been identified and measured by the S locus, which 
is formed by multiple alleles. Therefore, pollen or, in some 
genotypes, the pollen tube can express enzymatic products 
that prevent their proliferation on the stigma15.

Within modern breeding programs, biotechnological 
tools are being applied through in vitro plant tissue cultu-
re16,17. This allows working with a fragment of selected mo-
ther plants for the clonal propagation of these superior geno-
types18. Likewise, among the methods used in plant tissue 
culture, anther culture is presented, which allows taking ad-
vantage of and working with the male gametes of the plants 
of interest, thus inducing organogenesis or the formation of 
somatic embryos directly and indirectly (previous callus for-
mation) for the regeneration of haploid plants, which can be 
induced to chromosomal duplication and thus obtain pure li-
nes that can be used for crossbreeding between genotypes 
with a more significant commercial potential19-21.

In this context, the objective of the present research 
was to induce the formation of embryogenic callus from an-
ther culture of Capsicum pubescens Ruiz & Pav. Ecotype 
"de Monte".
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Materials and methods 

Plant material
Flower buds of rocoto of the "de Monte" ecotype were 

collected from rocoto seedlings in the agricultural zone of 
Santa Elena Norte, Barranca, Lima, Peru. Flower buds wi-
thout opening or the presence of pest or disease damage 
were selected in the early morning hours. The flower buds 
were then transferred to the facilities of the Plant Biotechno-
logy Laboratory of the Universidad Nacional José Faustino 
Sánchez Carrión, Huacho, Lima, Peru.

Determination of uninucleate microspores in rocoto 
anthers

The percentage of microspores in the uninucleate state 
was evaluated from anthers of rocoto flower buds, which 
were grouped by size difference and related between pe-
tal and sepal, based on the presence of microspores in the 
uninucleate state. For each sample per group collected, the 
anthers were extracted, from which the microspores were 
obtained and stained with 0.5% acetic orcein and obser-
ved under the optical microscope at 100X magnification to 
determine which group had the highest percentage of the 
indicated stage.

In vitro establishment of rocoto anthers
Once the morphological groups of rocoto flower buds 

were identified, we continued with the establishment under 
in vitro conditions, determining the optimal concentration of 
sodium hypochlorite (NaClO) for disinfection and presen-
ting the lowest percentage of oxidation of the plant material. 
The treatments were set at 1.0%, 1.5%, 2.0%, 2.5%, 3.0%, 
3.5%, 4.0%, 4.5% and 5.0% NaClO. Disinfection with the 
different concentrations of NaClO was carried out for 10 mi-
nutes and then washed in sterile distilled water, a process 
that was repeated three times. Once the flower buds were 
disinfected, they were dissected to separate the anthers 
from the rest of the plant material. All anthers were placed in 
semi-solid culture medium with basal salts Murashige and 
Skoog 22, and were kept in total darkness, 75% relative 
humidity and 24° C for two weeks. Evaluations were made 
after the first and second week of anther introduction into 
the culture medium to determine the treatment with minor 
contamination and anther necrosis.

Callus induction in rocoto anthers
For the induction of callus in rocoto anthers, culture me-

dium with Murashige and Skoog22 basal salts with the ad-
dition of vitamins (Table 1), 30 g/L sucrose, 6 g/L agar and 
treatments with different concentrations of the auxin 2,4-di-
chloro phenoxy acetic acid (2,4-D) (Table 2) were used. The 
conditions for maintaining the treatments were 24°C tempe-
rature, 75% relative humidity and total darkness. Evaluations 
were carried out every four weeks to determine the percen-
tage of callus induction and the degree of callus induction23 

(Table 3), maintaining all treatments for a total of 12 weeks. 

Experimental design and statistical analysis
A completely randomized design (CRD) was used to 

determine uninucleate microspores, in vitro establishment 
and callus induction in rocoto anthers. Statistical analysis 
was performed by analysis of variance (ANOVA) and com-
parison of means with Tukey's test (p ≤ 0.05). All comments 
were processed in the R program (version 4.1.3 for Win-
dows) and Rstudio graphical interface (version 2022.07 for 
Windows).

Results

Determination of uninucleate microspores in rocoto 
anthers

Five groups of flower buds were obtained by longitudi-
nal relationship (mm) between petal and sepal (Figure 1), 
and the flower bud group with the highest percentage of 
uninucleated microspores was also determined (Table 4). 
Flower buds that presented openings, physical damage and 
oxidation were discarded for this part of the research and 
subsequent sections. Flower buds that were grouped by a 
1.04 mm sepal to petal length ratio presented 87.31% of mi-
crospores in the uninucleate state, representing the appro-
priate group and, therefore, selected for the next phase of 
the research focused on callus induction.

In vitro establishment of rocoto anthers
The disinfection of flower buds showed significant diffe-

rences between treatments for the evaluations of the per-
centage of contamination and rate of necrosis or oxidation 
of the explants (Table 5). The NaClO concentrations that 
presented the lowest percentages of bacterial or fungal con-
tamination were 4.5% and 5.0%, with 11.53% and 8.45% 
contamination, respectively; these concentrations did not 
show significant differences between them. In evaluating 
the percentage of necrosis per explant, the 1% to 4.0% Na-
ClO concentrations presented 0.00%, representing the best 
treatments to avoid explant oxidation.

Callus induction in rocoto anthers
The response of rocoto anthers in culture medium with 

the addition of different auxin 2.4-D induced the formation of 
embryogenic callus (Figure 2) in various degrees of prolife-
ration. In the last evaluation corresponding to week 12, after 
introducing the anthers into the culture media, the formation 
of somatic embryos in the globular stage from the embryo-
genic callus could be recorded (Figure 2). Treatments T7 
and T8 induced the highest embryogenic callus formation, 
with 61.3% and 74.1%, respectively (Table 6). In the de-
grees of the proliferation of embryogenic callus, the highest 
percentages were obtained in grade 3 with treatments T7 
and T8, with 38% and 59%, respectively (Table 6).
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Table 1. Concentration of vitamins in culture medium.

Table 2. Treatments for callus induction in Capsicum pu-
bescens anthers.
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Table 3. Callus induction grades for evaluation in Capsicum pubescens anthers.

Table 4. Longitudinally related flower bud clusters with uninucleate microspores.

Figure 1. Flower buds of Capsicum pubescens grouped by the longitudinal relationship between sepal and petal.

Table 5. Sodium hypochlorite concentrations in flower bud disinfection.
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Discussion
The group of flower buds G4 had the highest percen-

tage of uninucleate microspores with 87.31% and a ratio of 
1.04 sepal/petal. These results validate what was stated by 
de Vaulx et al.24, who established that in flower buds of Cap-
sicum annuum L. the longitudinal size ratio of sepals and 
petals should be similar to one because in this size ratio, 
the highest percentages of uninucleated microspores are 
presented. Compared with the research on anthers of roco-
to ecotype "Serrano"25, the researchers obtained 81.3% of 
uninucleated microspores in flower buds with a morphologi-
cal ratio of sepal and petal of 1.09, results lower than those 
presented in the present research.

In the disinfection of rocoto anthers, the best treatments 
were 4.5% and 5.0% concentrations of sodium hypochlori-
te, obtaining contaminations of less than 12%. These re-
sults are similar to those obtained by Barroso et al.26, who, 
for the disinfection of flower buds of Capsicum annuum L. 
used a 2% sodium hypochlorite solution with three drops 
of Tween 20 for 10 minutes. Koleva et al.27 disinfected nine 
varieties of Capsicum annuum L. using 70% ethanol for thir-
ty seconds and 5% calcium hypochlorite with two to three 
drops of Tween 20 for 10 minutes and three washes of ste-
rile distilled water.

The induction of callus in rocoto anthers allowed ob-

taining up to 74.1% in the Murashige and Skoog culture 
medium added with 2.0 mg/L of 2,4-D, with 59% of callus 
formation in grade 3 (formation of a voluminous mass of 
callus). These results are superior to those obtained in ro-
coto ecotype "Serrano"25, where 45.75% of callus were ob-
tained in rocoto anthers using Murashige and Skoog culture 
medium added with 1 mg/L of kinetin and 1 mg/L of 2,4-D. 
Similarly, the results obtained were superior to those ob-
tained by Koleva et al.27 from their research on anthers of 
nine varieties of Capsicum annuum L., obtained the highest 
percentages in the varieties 58.88% Feferona variety in 
Nitch medium supplemented with 1.0 mg/L indole-3-acetic 
acid (IAA) and 48.90% Slatko Luta variety in Murashige and 
Skoog medium supplemented with 1.0 mg/L kinetin, 0.01 
mg/L 2,4-D and 0.001 mg/L IAA. In the case of, Barroso et 
al.26, they evaluated the response of anthers of Capsicum 
annuum L. varieties UFPB 134, UFPB 390 and hybrids be-
tween both varieties, where they obtained greater results up 
to 22.0% embryogenic callus in the genotype F2 of hybrids 
of Capsicum annuum L. varieties UFPB 134 and UFPB 390 
in Murashige and Skoog culture medium added with 4.65 
µM kinetin and 5.73 µM naphthaleneacetic acid (NAA); whi-
le for the same genotype, they obtained 14.1% and 20.0% 
for genotype UFPB 134 using Murashige and Skoog culture 
medium added with 4.65 µM kinetin and 4.52 µM 2,4-D.

The auxin 2,4-D effectively induces embryogenic ca-
llus formation in anthers of rocoto ecotype "de Monte." 

Figure 2. Anther culture of 
Capsicum pubescens eco-
type "de Monte"; (a) Anther 
without response to callus 
formation. (b) Anther with 
embryogenic callus forma-
tion at twelve weeks of cul-
ture and somatic embryo 
formation.

Table 6. Treatments for callus induction in Capsicum pubescens anthers.
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The growth regulator 2,4-D is added to the culture media 
to induce the proliferation of undifferentiated cells, forming 
the characteristic cell mass called callus28. The 2,4-D has a 
rapid induction effect initially at the edges of the initial ex-
plant until it covers the entire structure, depending on the 
concentrations, combinations with other growth regulators, 
initial explant and the species with which the research is 
being carried out29-31. From this embryogenic callus, it was 
possible to observe the formation of somatic embryos after 
12 weeks in the culture medium, concerning the fact that 
some species have the characteristic of inducing the for-
mation of somatic embryos after the formation of callus (in-
direct somatic embryogenesis), and likewise, remaining in 
the same culture medium without changing it or refreshing 
the medium32.

Conclusions
The formation of embryogenic callus was induced from 

anther culture of Capsicum pubescens Ruiz & Pav. Eco-
type "de Monte," using Murashige and Skoog culture me-
dium added with 2.0 mg/L of 2,4-D, obtaining an induction 
percentage of 74.1% of embryogenic callus, of which 59% 
represent grade 3 callus, that is, with the voluminous forma-
tion of the callus mass. Likewise, the appearance of somatic 
embryos in the globular stage was evidenced after 12 wee-
ks in the culture medium.
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Introducción
El cáncer de cabeza y cuello (CCC) es el séptimo tipo 

de cáncer más común en todo el mundo y representa el 5% 
de todos los cánceres1,2. Según las últimas estimaciones de 
GLOBOCAN en el 2018, se reportaron un estimado de 887 
649 nuevos casos y 453 307 muertes relacionadas con este 
tipo de cáncer en todo el mundo3. Los enfoques terapéuti-
cos más utilizados para estas neoplasias son la cirugía, la 
radioterapia y la quimioterapia, que se pueden emplear de 
forma combinada o separada.

La radioterapia consiste en el uso de radiación ioni-
zante y electromagnética para dañar el ADN, molécula 
necesaria para la replicación celular; por consiguiente, 
destruye las células cancerosas e inhibe el crecimiento de 
los tumores4,5. Sin embargo, su mecanismo de acción no 
es selectivo y puede afectar también al tejido sano. Los 
efectos nocivos en los tejidos biológicos se clasifican en 
determinísticos y estocásticos6. Los efectos determinísticos 
ocurren cuando se utilizan dosis mayores que el umbral, es 
decir, por debajo de este, los efectos no se producen; ade-
más su severidad aumenta con la dosis y comprende los 
efectos agudos7. Por otro lado, los efectos estocásticos no 
tienen un umbral de dosis para su manifestación, por lo que 
pueden aparecer inclusive con dosis bajas e ir aumentan-
do la probabilidad de aparición con el aumento de la dosis 
de radiación; sin embargo, esta no influye en la gravedad 

o severidad del efecto, se manifiestan de forma tardía, es 
decir, generalmente aparecen años o décadas después de 
la exposición a la radiación8.

En el CCC se utiliza, con mayor frecuencia, una dosis 
de radiación de 2 Gy en solo una fracción al día, durante 
5 días y en el transcurso de 7 semanas, alcanzando una 
dosis acumulativa de 50 Gy a 70 Gy9. Esta modalidad de 
tratamiento es la que provoca mayores complicaciones en 
la cavidad oral10,11. Puede generar manifestaciones orales 
agudas y tardías; las cuales dependen directamente de la 
tasa de recambio tisular, el área de tejido expuesto, la dosis 
total de radiación y la respuesta de cada individuo12,13. Los 
efectos agudos ocurren durante el tratamiento o dentro de 2 
a 3 semanas después de finalizar la radioterapia e incluyen 
la mucositis oral, xerostomía e infecciones secundarias; por 
otro lado, los efectos tardíos ocurren semanas a años más 
tarde e incluyen la osteoradionecrosis y trismo10,14,15.

Las manifestaciones descritas conllevan a la limitación 
de ciertas funciones básicas como alimentarse, hablar y 
respirar. Además, de interrumpir el tratamiento antineoplá-
sico, afectando así la calidad de vida del paciente16. Por 
tanto, es necesaria la intervención odontológica antes, du-
rante y después de la radioterapia tanto para disminuir las 
tasas de incidencia como la gravedad de dichas manifesta-
ciones. Con base a lo mencionado, el presente estudio tuvo 
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Manejo odontológico de las manifestaciones orales inducidas por radio-
terapia de cabeza y cuello
Dental management of oral manifestations induced by radiotherapy of the head and neck
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Resumen: La radioterapia es una de las primeras opciones de tratamiento para el cáncer de cabeza y cuello; sin 
embargo, puede ocasionar diversas manifestaciones secundarias en la cavidad oral tales como mucositis oral, xerostomía, 
infecciones orales oportunistas, osteorradionecrosis y trismo. El presente artículo tiene como objetivo describir el manejo 
preventivo y terapéutico de las complicaciones orales inducidas por radioterapia de cabeza y cuello en la práctica 
odontológica propuestos hasta la actualidad. Se encontraron diversas medidas que han logrado reducir la incidencia 
y gravedad de dichas manifestaciones orales; sin embargo, aún existen algunas que requieren de más estudios para 
confirmar su efectividad.

Palabras clave: Cáncer de cabeza y cuello, manifestaciones bucales, radioterapia, terapéutica.

Abstract: Radiotherapy is one of the first treatment options for head and neck cancer; however, it can cause various secondary 
manifestations in the oral cavity such as oral mucositis, xerostomia, opportunistic oral infections, osteoradionecrosis and 
trismus. This article aims to describe the preventive and therapeutic management of oral complications induced by head 
and neck radiotherapy in dental practice proposed to date. Several actions were found that have managed to reduce the 
incidence and severity of these oral manifestations; however, there are still some that require further studies to confirm 
their effectiveness.

Key words: Head and neck neoplasms, oral manifestations, radiotherapy, therapeutics.
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por objetivo describir el manejo preventivo y terapéutico de 
las complicaciones orales inducidas por radioterapia de ca-
beza y cuello en la práctica odontológica propuestos hasta 
la actualidad (Figura 2).

Manejo de las manifestaciones orales inducidas por 
radioterapia de cabeza y cuello en la práctica odontológica.

Se han reportado una amplia gama de intervenciones 
para prevenir o tratar las manifestaciones orales inducidas 
por radioterapia de cabeza y cuello, a continuación, se 
mencionan algunas de ellas (Tabla 1).

Mucositis oral
La mucositis inducida por radioterapia (RIOM, por sus 

siglas en inglés) puede involucrar a cualquier persona ex-
puesta a radiación. Su primer signo clínico es el eritema, 
que aparece en dosis de radiación de aproximadamente 
10 Gy, progresando hasta una ulceración cuando las dosis 
acumulativas son mayores17,18. Está acompañada de un es-
pectro de manifestaciones clínicas que incluyen dolor, odin-
ofagia, reducción de la ingesta oral e infecciones secunda-
rias19. Es uno de los efectos agudos y determinísticos más 
frecuentes en pacientes irradiados por CCC, ocurriendo en 
casi la totalidad de ellos, aproximadamente entre el 85% y 
100%7,10,20,21.

Manejo preventivo para la mucositis oral
Contar con un protocolo de tratamiento oral integral que 

incluya no solo la evaluación constante de la cavidad oral, 
sino también la disminución de factores de riesgo predispo-
nentes resulta fundamental para la prevención de la RIOM. 
Kawashita et al.18 aplicaron un protocolo de atención que 
consistía en colocar espaciadores (dispositivos intraorales 
de 3-5 mm de diámetro que cubren la dentición completa) 
para evitar la radiación dispersa durante la radioterapia, to-

mar clorhidrato de pilocarpina para disminuir la sensación 
de sequedad oral, aplicar una pomada de dexametasona 
sobre áreas con enrojecimiento o formación de pseudo-
membranas y recibir cuidado bucal profesional al menos 
una vez a la semana; encontraron que dicha intervención 
se asoció significativamente con una disminución de la in-
cidencia de mucositis oral grave en pacientes que recibían 
solo radioterapia. Adicionalmente, el estudio de Mallick et 
al.19 recomendó usar un cepillo de cerdas suaves y evitar el 
calor, la comida picante, el alcohol y el tabaquismo.

Se han realizado varios estudios acerca de agentes 
tópicos, principalmente en presentación de enjuagues bu-
cales, utilizados con fines preventivos para la RIOM18,22-24.

La bencidamina es un agente con propiedades antiin-
flamatorias, analgésicas y antimicrobianas que tiene fuerte 
respaldo en la prevención de la RIOM en pacientes que 
reciben dosis moderadas de radioterapia22,23. Sin embargo, 
tiene poco efecto cuando la dosis de radiación es igual o 
mayor a 50 Gy y cuando, conjuntamente, se aplica quimio-
terapia18.

La curcumina, un agente herbal preventivo con accio-
nes antiinflamatorias, antineoplásicas, analgésicas, anti-
bacterianas y antioxidantes ha mostrado mejores resultados 
en la prevención de la RIOM23,24. Shah et al.23 compararon 
los efectos del enjuague bucal de curcumina al 0,1% y el de 
bencidamina al 0,15% y encontraron que, si bien ambos no 
evitaron la aparición de la RIOM, el enjuague de curcumina 
logró un mayor efecto en retardar su aparición.

El carácter cicatrizante y antimicrobiano de la miel, 
además de su fácil accesibilidad y su bajo costo hacen que 
sea considerado un producto prometedor para prevenir la 
RIOM24. Un estudio encontró que la miel como terapia ad-
yuvante de primera línea es efectiva y segura para pacien-
tes con RIOM moderada-severa, especialmente si se aplica 
miel local natural pura25.

Nagely J. Mejía-Chuquispuma, Katia V. Flores-Jiménez, Allison C. Castro-Auqui, Manuel A. Mattos-Vela
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Figura 1. Intervención odontológica 
para reducir la incidencia y severidad 
de las manifestaciones orales. Imagen 
creada con BioRender (https://bioren-
der.com/).
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Tabla 1. Estudios sobre el manejo de las manifestaciones orales inducidas por radioterapia de cabeza y cuello.
RT: radioterapia, RIOM: mucositis oral inducida por radioterapia, PBMT: terapia de fotobiomodulación, IMRT: radioterapia 
de intensidad modulada, 3D-CRT: radioterapia convencional tridimensional, IMPT: terapia de protones de intensidad mo-
dulada, ORN: osteorradionecrosis, HBOT: oxigenoterapia hiperbárica. (Fuente: creación propia.)
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La glutamina es un nutriente utilizado para aumentar la 
proliferación celular, por ende, su deficiencia podría afectar 
negativamente la función de los tejidos del huésped26. Un 
metaanálisis señaló que, si bien la glutamina no logró una 
diferencia significativa en la incidencia de mucositis oral en 
comparación con el grupo control, redujo sustancialmente 
la gravedad de la RIOM27. Davy & Heathcote20 evaluaron la 
eficacia de tres intervenciones de bajo costo para mitigar 
la RIOM y concluyeron que la glutamina oral era la única 
recomendada para dicho fin.

La rebamipida es un agente mucoprotector que mejora 
la preservación de las células epiteliales existentes y pro-
mueve el reemplazo de tejido perdido28. Chaitanya et al.28 

determinaron que las gárgaras con rebamipida son efica-
ces para aplazar la aparición de mucositis oral, así como 
para reducir su gravedad. Otro estudio encontró similares 
resultados y además señaló que, según los perfiles de efi-
cacia y seguridad, la dosis óptima de rebamipida líquida es 
al 4%29.

Si bien los agentes preventivos no evitan por completo 
la aparición de la RIOM, pueden disminuir su gravedad o 
retrasar su aparición. Sin embargo, hasta la actualidad no 
existe agente con una total eficacia.

Manejo terapéutico para la mucositis oral
El tratamiento de la RIOM es en gran parte sintomático, 

basado en el control del dolor y de la infección oral coe-
xistente10. Pueden utilizarse agentes tópicos o sistémicos, 
los cuales están disponibles en diversas presentaciones. 
Un estudio realizado en pacientes con RIOM comparó el 
efecto de un líquido oral (Episil), formador de barrera crista-
lina bioadhesiva superficial que protege a la mucosa, con la 
pomada de dexametasona para mitigar el dolor relacionado 
a la mucositis oral y encontró que el Episil alivió el dolor en 
un 71,4% y la pomada de dexametasona en un 85,7% de 
los pacientes30. Rasic et al.31 administraron localmente un 
spray compuesto por lisozima, cetilpiridinio y lidocaína en 
pacientes con RIOM y encontraron que fue eficaz al dis-
minuir los signos de inflamación y la intensidad del dolor al 
comer y hablar.

La terapia con láser de baja potencia o fotobiomodu-
lación (PBMT, por sus siglas en inglés) es una de las más 
efectivas en el tratamiento de la RIOM ya que al poder pe-
netrar en los tejidos blandos tiene efectos cicatrizantes y 
analgésicos, agilizando el proceso de curación de dicha 
manifestación32,33. Un metaanálisis encontró que la PBMT 
terapéutica disminuyó significativamente la duración de la 
mucositis oral grave, además redujo el grado de severidad 
medio y la incidencia general del dolor intenso34. Sin em-
bargo, la implementación de esta intervención en un servi-
cio de atención médica puede incurrir en costos muy altos 
debido al uso de equipos y a la capacitación del personal20.

Xerostomía
La xerostomía es definida como la sensación subjetiva 

de boca seca y es una de las complicaciones más frecuen-
tes, reportándose en un 81-100% de los pacientes durante 
y después del curso de radioterapia35. Si bien esta se corre-
laciona con la tasa de secreción salival reducida conocida 
como hiposalivación, ambos fenómenos son independien-
tes36,37. El daño de las glándulas salivales es generalmente 
irreversible a dosis superiores a 50 Gy, por ende, puede ser 
considerado un efecto determinístico38. Existen tres enfo-
ques terapéuticos para su tratamiento: prevención, estimu-
lación y tratamiento sintomático39.

Manejo preventivo para la xerostomía
La radioterapia de intensidad modulada (IMRT, por 

sus siglas en inglés) representa una forma avanzada de 
radioterapia basada en haces de fotones que permite ad-
ministrar dosis de radiación más altas y precisas al tumor, 
mientras se reduce considerablemente la irradiación a los 
tejidos normales circundantes, por consiguiente, tiene un 
alto potencial para preservar la función de las glándulas 
salivales12,40. Dos estudios clínicos han encontrado que la 
IMRT proporciona una reducción significativa en la inciden-
cia de xerostomía, en comparación con la radioterapia con-
formada tridimensional41,42.

La terapia de protones de intensidad modulada (IMPT, 
por sus siglas en inglés) proporciona una mejor distribución 
de la dosis que la radioterapia basada en fotones, gracias 
a que los protones tienen mejores propiedades físicas y ra-
diobiológicas, depositando alta energía en el tumor y casi 
ninguna en los tejidos normales43. Un estudio realizado en 
pacientes con cáncer de orofaringe determinó que, 18 a 
36 meses después del tratamiento, la xerostomía modera-
da-grave fue menos frecuente en el grupo que recibió IMPT 
que en el que recibió IMRT44.

La amifostina es un agente citoprotector que puede redu-
cir la incidencia de xerostomía, gracias a que se acumula en 
las glándulas salivales y elimina los radicales libres derivados 
del oxígeno12,45. Riley et al.45 evaluaron la eficacia de varias in-
tervenciones farmacológicas en la prevención de la disfunción 
glandular después de radioterapia por CCC y concluyeron que 
a pesar de la existencia de estudios que demuestran los be-
neficios de la amifostina, su uso se debe sopesar debido a su 
alto costo y la existencia de efectos adversos como vómitos, 
hipotensión, náuseas y respuesta alérgica. (Figura 1).

Manejo terapéutico para la xerostomía
Cuando la capacidad secretora residual de las glán-

dulas salivales aún está presente, puede ser apropiada la 
estimulación de la secreción salival46. Entre las opciones 
reportadas en la literatura están los fármacos parasimpa-
ticomiméticos, la acupuntura, la fitoterapia, la estimulación 
nerviosa y la PBMT38,45-58.

Los fármacos parasimpaticomiméticos, también deno-
minados fármacos agonistas colinérgicos, tienen la capaci-
dad de aumentar la secreción salival, gracias a que actúan 
a nivel del sistema nervioso parasimpático. Dos metanálisis 
concluyeron que este tipo de fármacos como la pilocarpina, 
el betanecol y la cevimelina deberían representar la primera 
línea de tratamiento en pacientes con CCC y xerostomía in-
ducida por radioterapia46,47. Sin embargo, estos sialogogos 
sistémicos no son totalmente eficaces y pueden generar 
efectos adversos tales como sudoración, frecuencia urina-
ria, rinitis, náuseas, astenia y diarrea45,48.

La acupuntura es una forma de medicina alternativa que 
consiste en la colocación de agujas en puntos específicos del 
cuerpo. Se cree que los mecanismos por los cuales aumenta 
la secreción salival son la estimulación del sistema nervioso 
parasimpático y simpático a través de la activación neuronal 
y el aumento del flujo sanguíneo en los acinos glandulares38. 
Menezes et al.50 demostraron que el protocolo de acupuntu-
ra tradicional y acupuntura auricular redujo los síntomas de 
xerostomía y aumentó el volumen y densidad salival. Otros 
estudios evidenciaron que la acupuntura es superior que el 
cuidado bucal estándar para aliviar los síntomas de xerosto-
mía inducida por radioterapia, presentando una incidencia 
muy baja de efectos adversos38,49.
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La fitoterapia es otra forma de medicina alternativa y 
complementaria que se puede utilizar para aliviar la xeros-
tomía. Aunque se desconoce cuál es exactamente el me-
canismo de acción de las plantas medicinales utilizadas 
con dicho fin, es probable que estimulen el movimiento del 
fluido transcelular y la secreción en las células acinares se-
cretoras51. Heydarirad et al.52 concluyeron que los remedios 
herbales a base de dos plantas mucilaginosas deben con-
siderarse un tratamiento adecuado para la xerostomía en 
pacientes irradiados por CCC.

La estimulación nerviosa eléctrica transcutánea (TENS, 
por sus siglas en inglés) es una técnica no invasiva que 
transmite corrientes eléctricas sobre la superficie intacta de 
la piel con el fin de activar los nervios subyacentes. Se ha 
propuesto como terapia prometedora para la xerostomía ya 
que logra estimular la función salival53. Existen dos tipos de 
TENS: la TENS convencional que consiste en la estimula-
ción local de las glándulas salivales y la TENS similar a la 
acupuntura que consiste en la estimulación a distancia53,54. 
Estudios han demostrado que ambos tipos de TENS son 
eficaces y seguros para disminuir la xerostomía inducida 
por radioterapia55,56.

Es bien sabido el papel de la PBMT en el tratamiento 
de la RIOM; además, debido a su bajo costo y fácil aplica-
ción, se espera que tenga la misma eficacia en reducir la 
queja de xerostomía reportada por los pacientes con CCC. 
Ribeiro et al.57 concluyeron que la PBMT no interfirió signifi-
cativamente en la incidencia de xerostomía, pero sí parece 
evitar que esta complicación se agrave. Otra investigación 
no encontró diferencias significativas en la xerostomía en-
tre el grupo que recibió la PBMT y el grupo control58. Por lo 
tanto, se precisan de más estudios clínicos que confirmen 
su efectividad.

Otro enfoque terapéutico es el alivio sintomático de la 

sequedad bucal, para ello existe una gran variedad de pro-
ductos como chicles sin azúcar, sustitutos salivales, cremas 
hidratantes y dentífricos39.

Los sustitutos salivales, también denominados lubri-
cantes orales o saliva artificial, se utilizan como reemplazo 
de la saliva natural ya que son capaces de imitar sus fun-
ciones. Si bien son de aplicación tópica y logran reducir los 
síntomas de xerostomía, las principales desventajas son 
que la mayoría de estos no logra proporcionar las funciones 
antimicrobianas de la saliva normal y sus efectos son de 
corta duración12,35,59. Están disponibles comercialmente en 
forma de aerosoles, geles, enjuagues bucales y dentífricos, 
además debido a que contienen conservantes y generan 
efectos adversos, especialmente reacciones alérgicas, no 
se recomienda tragarlos60. Algunos estudios recomiendan 
una utilización simultánea de varios agentes tópicos, por 
ejemplo, Martín et al.39 encontraron que el uso por 15 días 
de pasta dental, enjuague bucal, spray y gel, que contenían 
aceite de oliva, betaína y xilitol, mejoró significativamente 
los síntomas de boca seca en pacientes tratados con radio-
terapia por CCC.

En la actualidad, se cuentan con sustitutos salivales 
comestibles como la jalea humectante oral, la cual ha de-
mostrado tener una eficacia superior al gel comercial tópico 
para aliviar los síntomas de xerostomía y los problemas de 
deglución60.

Candidiasis oral
Las especies de candida forman parte de la microflo-

ra bucal normal por lo que, en condiciones normales, no 
causan enfermedades; sin embargo, cualquier cambio en 
el ambiente oral y /o sistémico puede generar un aumento 
en la colonización e infección de estas especies61,62. Parti-
cularmente, la radioterapia de cabeza y cuello se asocia a 

Figura 2. Efectos adversos en la cavidad oral inducidos por radioterapia de cabeza y cuello. Imagen creada con BioRen-
der (https://biorender.com/).
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la candidiasis oral debido a factores predisponentes locales 
como la disminución en la cantidad y calidad de saliva y los 
daños en la mucosa oral y/o factores predisponentes sisté-
micos como la inmunosupresión62-65. Es la infección oportu-
nista más frecuente en pacientes que reciben radioterapia 
por CCC, reportándose en un 25-53%62,66-68.

Manejo preventivo para la candidiasis oral
La modificación de factores predisponentes puede re-

ducir el número de especies de candida y evitar la infec-
ción. Lam-Ubol et al.69 reportaron que dos sustitutos saliva-
les fueron eficaces en pacientes con xerostomía inducida 
por radioterapia de cabeza y cuello ya que disminuyeron 
significativamente el número de especies de candida entre 
1 y 2 meses.

La profilaxis con agentes antimicóticos tópicos ha de-
mostrado ser efectiva para evitar la candidiasis oral du-
rante la radioterapia14,70. Funahara et al.70 encontraron que 
la administración de un parche oral de miconazol 14 días 
después de la aparición de mucositis oral logró reducir el 
crecimiento de Candida albicans en pacientes irradiados 
por CCC. Es por ello, que la presencia de algún factor pre-
disponente debería ser un indicador para aplicar una tera-
pia profiláctica.

La terapia con bacterias probióticas también resulta ser 
una medida prometedora en la prevención de candidiasis 
oral. Se ha encontrado que las bacterias probióticas han 
sido efectivas para reducir la Candida albicans y algunas 
especies de candida no albicans como Candida glabrata y 
Candida tropicalis71.

Manejo terapéutico para la candidiasis oral
Los agentes tópicos se recomiendan como tratamiento 

de primera línea en las formas más leves de candidiasis 
oral y se pueden encontrar en diversas presentaciones 
como pastillas, suspensión oral, crema y enjuagues buca-
les. Por otro lado, los agentes sistémicos se deben utilizar 
cuando la terapia tópica haya fracasado o cuando la candi-
diasis oral sea clínicamente grave14.

Generalmente, los fármacos antimicóticos utilizados en 
pacientes irradiados por CCC pertenecen a la familia de los 
azoles o los polienos. Dos estudios han encontrado que la 
terapia con fluconazol es la más eficaz y segura en estos 
pacientes61,72.  

Osteorradionecrosis
La osteorradionecrosis se define como el área de hue-

so expuesto a la radiación que no cicatriza en un periodo 
de tiempo de 3 a 6 meses73. Las extracciones dentales, el 
trauma de la dentadura, la infección dental, la inserción de 
implantes dentales, entre otros, son los responsables de 
desencadenar la osteorradionecrosis después de la radio-
terapia74. Es una complicación tardía y poco común de la 
radioterapia en pacientes con CCC, presentándose en au-
sencia de la neoplasia tratada y con una incidencia de 4-8 
%73,74.

Manejo preventivo para la osteorradionecrosis
La IMPT consiste en la irradiación de energía en teji-

dos específicos y una disminución de esta en zonas ale-
jadas del punto de irradiación. De este modo, se generan 
mayores beneficios al proporcionar dosis necesarias para 
la neoplasia y reducir la exposición de los tejidos sanos, 
disminuyendo el riesgo de los efectos adversos inducidos 
por radioterapia como la osteorradionecrosis75. Un estudio 

realizado en pacientes con CCC que fueron divididos en 
un grupo que recibió IMPT y otro grupo que recibió IMRT 
determinó que se desarrollaron menores casos de osteo-
rradionecrosis en los pacientes que recibieron IMPT75.

La pentoxifilina y el tocoferol actúan como antioxidan-
tes y su manejo se basa en la teoría de la fibrosis inducida 
por radiación, la cual es considerada como la causa princi-
pal de osteorradionecrosis, según Delanian y Lefaix74,76. Un 
estudio realizado en pacientes que recibieron radioterapia 
por CCC junto a un manejo profiláctico con pentoxifilina y 
tocoferol antes y después de las extracciones dentales, re-
portó que solo un paciente desarrolló osteorradionecrosis, 
evidenciándose una disminución en la incidencia de esta 
complicación después de las extracciones dentales74. Otra 
investigación realizada en pacientes con tratamiento pre-
vio de radioterapia por CCC y que recibieron el tratamiento 
profiláctico con pentoxifilina y tocoferol un mes antes de la 
extracción dental hasta la cicatrización del alvéolo, eviden-
ció que dos pacientes desarrollaron osteorradionecrosis, 
reportándose una incidencia menor que la normalmente 
asociada77.

Manejo terapéutico para la osteorradionecrosis
La oxigenoterapia hiperbárica (HBOT, por sus siglas en 

inglés) consiste en la inhalación de oxígeno (O2) al 100% 
en una cámara con presión atmosférica superior a la del 
nivel del mar, con el objetivo de redistribuir el oxígeno a 
los tejidos hipóxicos ya que estimula la proliferación de fi-
broblastos, aumenta la angiogénesis y posee mecanismos 
bactericidas y bacteriostáticos para prevenir infecciones78. 
Algunos estudios han utilizado la HBOT como medida pre-
ventiva y terapéutica para la osteorradionecrosis con resul-
tados prometedores78. Jenwitheesuk et al.79 evaluaron la 
eficacia de la HBOT adyuvante en la osteorradionecrosis, 
los resultados evidenciaron que mejoró la cicatrización de 
heridas de pacientes con osteorradionecrosis en estadios 1 
y 2 que recibieron tratamiento con HBOT antes y después 
de las extracciones dentales.

La reconstrucción de tejido libre microvascular se realiza 
en casos graves de osteorradionecrosis, este procedimiento 
consiste en la resección quirúrgica del hueso necrótico y sus 
márgenes para posteriormente realizar la reconstrucción con 
tejido libre vascularizado. Sin embargo, no existe un consen-
so acerca de la correcta extensión de escisión, lo que conlle-
va, muchas veces, a casos de recurrencia78.

Trismo
El trismo se genera cuando la apertura bucal máxima 

es menor a 35 mm y puede presentarse en pacientes con 
CCC con una incidencia entre el 5% y el 38%. Presenta di-
versas causas como la invasión tumoral de los tejidos mas-
ticatorios, la inflamación de la mucosa, las infecciones bu-
cales, y además resultar del tratamiento neoplásico como la 
radioterapia o la cirugía80.

Manejo preventivo y terapéutico para el trismo
Para tratar el trismo se indica una variedad de terapias 

de ejercicio. La terapia de ejercicios con dispositivos de 
estiramiento como TheraBite y Dynasplint Trismus System 
permiten aumentar la apertura bucal hasta 14 mm, resul-
tando de gran ayuda para estos pacientes81. Van der Geer 
et al.81 atendieron pacientes con trismo inducido por radio-
terapia de cabeza y cuello e informaron un aumento de la 
apertura bucal después de realizar la terapia de ejercicios 
con los dispositivos de estiramiento TheraBite y Dynasplint 
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Trismus System; además al compararlos, se evidenció que 
los pacientes que utilizaron el dispositivo TheraBite gana-
ron 3 mm, mientras que los pacientes que utilizaron Dynas-
plint Trismus System, 1,5 mm. Otra investigación realizada 
por Lee et al.82 demostró que los ejercicios con TheraBite o 
espátulas de madera antes, durante y después de la radio-
terapia aliviaron el trismo inducido por radiación en pacien-
tes con CCC en estadios 3 y 4.

Conclusiones
Existen varias alternativas preventivas y terapéuticas 

para el manejo de las manifestaciones orales inducidas por 
radioterapia de cabeza y cuello que han resultado ser efi-
caces y seguras, permitiendo reducir su incidencia y gra-
vedad. Por ello, resulta fundamental la inclusión del odon-
tólogo como parte del equipo multidisciplinario que brinde 
atención antes, durante y después de la terapia oncológica 
con la finalidad de mejorar la calidad de vida del paciente.
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Molecular characterization of national cocoa collection from the leading 
traditional growing areas in Ecuador
James Quiroz-Vera1, Eduardo Morillo2* Carla Cordoba2,3 and Johana Buitron

Abstract: Ecuador is the leading producer and exporter of fine cocoa, with plantations over 80 years old, preserving 
distinctive aroma and flavor characteristics. The research objective was to screen the genetic variability of a collection 
of National cocoa from Ecuador's leading traditional cocoa growing areas, denominated as Centennial National Cocoa 
Plants (CCNC). This germplasm collection with 243 accessions was analyzed with 20 microsatellites (SSR) markers. DNA 
genotyping was highly informative, generating a total of 109 SSR alleles with an average of 5.5 alleles per locus. Only 0.8% 
of duplicate accessions were identified. The average genetic diversity obtained was 0.447, and the polymorphic content 
index was 0.414, which shows a high genetic diversity. The clustering, main coordinates, and population assignment 
analysis revealed that the samples are classified into two subpopulations (GN and GM), differentiated by their level of 
heterozygosity, with a fixation index value of 0.105. The results showed that microsatellite markers and statistical tools 
provide useful information that favors managing and conserving genetic variability in CCNC collection.

Key words: Fine and aroma cocoa, Sabor Arriba, DNA genotyping, SSR markers.
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Introduction
Theobroma cacao L. is a fruit tree belonging to the 

genus Theobroma, corresponding to the Malvaceae family1. 
It is a diploid and allogamous species with a high degree of 
genetic diversity in its segregating populations2,3. Cocoa is 
an important crop that grows in tropical conditions, mainly in 
areas ranging from warm to humid, and on continents such 
as Asia, Africa, and the Americas. It is considered one of the 
world's most lucrative and commercialized products due to 
its organoleptic attributes4,5.

The diversity of cocoa begins with the Criollo cocoa, 
followed by the Forastero cocoa, and finally, a kind of hybrid 
cocoa, a result of the mixture between these two kinds of 
cocoa called Trinitario, based on morphological traits of the 
crop6. Likewise, with more recent molecular data7, a new 
classification of cocoa types as proposed in 10 genetic po-
pulations called Marañón, Curaray, Criollo, Iquitos, Nanay, 
Contamana, Amelonado, Purús, Nacional  (hereafter Natio-
nal), and Guyana.

In Ecuador, the first plantations of the National cocoa 
variety date back to the 1600s8, which were located along 
the shores of the Guayas River. Until the beginning of the 
20th century, National cocoa was the only type of cocoa cul-
tivated in Ecuador. From that time, there are still trees over 
100 years old, called Centennial National Cocoa, which still 
retain the characteristics of fine cocoa and the aroma flavor. 
Genetic material was introduced between 1916 and 1919 to 
conserve the crop and reduce the diseases that affected the 
trees, which resulted in this type of cocoa disappearing from 
the production area and being replaced by hybrid materials, 
which nowadays present a high genetic variability9.

INIAP and the Tenguel Aroma Cocoa Center (CCAT) in 
Ecuador, in search of the rescue and preservation of these 
native National trees, established a collection of Centennial 
trees for study and utilization. Many plants were collected 
and preserved in ex-situ collections in its leading cocoa 
germplasm banks.

For the characterization of the cocoa germplasm co-
llected, microsatellite markers or simple sequence repe-
tition (SSR) are often used in cocoa. SSRs are the most 
commonly used markers in studies of plant genetic diver-
sity, assignment of individuals to their population of origin, 
and determination of population structure, because they are 
very polymorphic and codominant, providing more genetic 
information than other types of markers10. There is an ex-
cellent variety of cocoa-specific microsatellite markers with 
sequences previously described11-14, and ones employed 
with molecular markers in National cocoa8,15-19.

The study is part of a broader investigation into pre-
serving Ecuador's National Centenary cocoa collection. It 
is highlighted that of the samples of trees over 100 years 
old, their genetic variability is unknown. These trees suppo-
sedly preserve their purity (homozygosity) and preserve dis-
tinctive characteristics of fine cocoa and aroma. Due to the 
above, the present study aimed to molecularly characterize 
a collection of Centenary National cocoa trees from Ecua-
dor's main traditional cocoa growing areas, using a panel of 
20 SSR markers.
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Materials and methods 

Biological material
A total of 243 plant samples were collected from the 

National Centenary cocoa collection (CCNC) of the South 
Coast Experimental Station of INIAP, located in the Yagua-
chi canton of the Guayas province. Each sample was coded 
depending on the origin of the trees from which they were 
taken: "M" for samples taken from trees from the region of 
Manabí and "Lr" for those that were taken from trees from 
the province of Los Rios.

DNA genotyping
DNA was extracted from cocoa leaf tissue by spectro-

photometry and stored at -20°C 20, 21. For SSR analysis, 
20 cocoa-specific genomic microsatellite markers were 
used. The forward primers were marked with fluorescent 
dyes (M13 tailing), and the PCR products were separated 
by vertical electrophoresis in the LICOR-4300 equipment22. 
The allelic profile obtained was visualized in the SAGA-
GT-SSR™ program (LI-COR Biosciences), where the geno-
typing was performed, and a genotypic matrix was obtained 
that listed the size of the alleles of each sample for each 
marker.

Identification of representative accessions
Duplicate samples were identified by pairwise com-

parisons among the 243 samples based on their available 
alleles reported in their allelic profile, using the Microsate-
llite Toolkit program23. From the refined genotypic matrix, 
samples were identified that presented a single allele for at 
least 16 microsatellite markers of the 20 used, which had 
a high level of homozygosity (≥80%). These samples are 
representative since, having this level of homozygosity, they 
are considered pure samples, and it is estimated that they 
retain characteristics of fine National cocoa and aroma.

Genetic diversity analysis
The study of the entire population was performed using 

the PowerMarker v3.25 program24. Several statistical para-
meters were determined, such as the effective number of 
alleles, allelic frequencies, genotypic frequencies, observed 
heterozygosity (Ho), expected heterozygosity (He), and the 
polymorphic information content (PIC)25. Using the same 
program, a bootstrap analysis of 999 permutations and 100 
repetitions was performed. These data were used in the 
PHYLIP 3.67 program to generate a consensus tree. Baye-
sian clustering analysis using Structure v.2.3.4 software was 
applied to determine the population structure, with K values 
from 1 to 6, with a Burnin period of 50000, a Marko v Chain 
Monte Carlo (MCMC) value of 50000 with 10 simulations. 
The Structure Harvester software was also used to esta-
blish the maximum value of ∆k 26. The pairwise distances 
were indicated in a Principal Coordinate Analysis (PcoA). 
With the formed subpopulations, a molecular analysis of va-
riance (ANOVA) was performed, and the F statistics, Fis (in-
trapopulation inbreeding index), Fit (total inbreeding index), 
and Fst (fixation index) were established using the software 
GenAlex v6.5 27.

Results

Identification of duplicates
In the pairwise comparison based on the SSR multilo-

cus profile, only two duplicate accessions were identified 
within the CCNC collection. These two samples shared 
38 alleles. Total duplication represents 0.8% of genotyped 
samples from the CCNC collection.

Identification of representative samples
Thirteen samples were identified as representative 

samples within the CCNC collection. These samples are 
those that presented high levels of homozygosity.

Population structure analysis
The population structure simulation established a ∆k 

value equal to 2; that is, the population was divided into two 
main clusters or subpopulations (Fig. 1). From the Q index, 
173 samples were assigned to one of these two subpopula-
tions with a high level of probability (Q index 0.9-1), 99 sam-
ples belonging to the subpopulation identified in green color 
and 74 samples belonging to the subpopulation identified in 
red. Within the 99 samples grouped in the green subpopu-
lation, 86 presented a homozygosity level of less than 80%, 
and the remaining 13 samples presented a high level of ho-
mozygosity (≥80%), which is why this group was called GN 
(National Group), and the subpopulation identified in red, 
made up of the 74 samples, was called GM, referring to the 
subpopulation of hybrid samples.

This population organization was identified in the PcoA 
analysis (Fig. 2). The GN subpopulation is more homoge-
neous since the samples present a high genetic similarity; 
the GM group is much more diverse since it offers more 
significant genetic divergence between the samples.

Genetic diversity analysis
A total of 109 alleles were identified for the entire po-

pulation, with a mean of 5.5 alleles per locus. The mean 
genetic diversity (He) was 0.447, the observed heterozygo-
sity (Ho) was 0.331, and the polymorphic information index 
(PIC) was 0.414. The GN subpopulation presented a mean 
genetic diversity of 29.5%, and the GM subpopulation of 
55.4%. Thirty-six exclusive alleles for the GM subpopula-
tion were also identified. The results of the ANOVA and the 
F statistics for the two subpopulations determined that there 
is a variability of 70% (Fis=0.178) within the subpopulations 
and a variability of 30% (Fst=0.105) between the subpopu-
lations.

Discussion
Molecular markers have proven adequate for charac-

terizing genetic variability in T. cocoa17,18,28-33. In the present 
study, samples from a cocoa collection called National 
Centenarian cocoa collection (NCCC) were used, which 
is made up of 260 accessions collected from farms whe-
re trees with characteristics of National cocoa were found 
and whose ages were 75-100 years, located in the northern 
area of the province of Manabí, and in the province of Los 
Rios in Ecuador.

James Quiroz-Vera, Eduardo Morillo, Carla Cordoba, and Johana Buitron
Volume 8 / Issue 1 / 31     •     http://www.revistabionatura.com



3

In a general context, the CCNC collection presented 
considerable genetic diversity, taking into account both the 
level of He and the fact that it was found only one case 
of duplication among the accessions. This corresponds to 
0.8%, much lower than the data reported in other studies, 
such as 19.6% of duplicates 28, 9.1% 29, and 12.9%34.

It was shown that CCNC genetic diversity is structu-
red into two groups or subpopulations: the GN and the GM 
groups. Similar results were reported in previous studies15 

by grouping, and a dendrogram identified two clusters or 
subpopulations in a population of National cocoa obtained 
from plantations that were 80 to 100 years old. These two 
subpopulations showed significant differences based on 
their average level of heterozygosity; the first subpopula-
tion is characterized by being more homogeneous since it 
only includes samples of National cocoa and a low level of 
heterozygosity (5%), and the second presents a high level 
of heterozygosity (44%) because it is more heterogeneous 
and includes samples of National cocoa trees from Vene-

zuelan and hybrid models.
Furthermore, results similar to those reported by other 

researchers were evidenced, showing that Ecuadorian co-
coa is divided into two subpopulations16: a subpopulation 
with a low level of heterozygosity (5%), considered to be 
representative of National cocoa; and a subpopulation with 
a higher level of heterozygosity (32%), considered to be 
representative of modern National cocoa, made up of hy-
brid samples. Previous researchers established that a large 
part of modern National cocoa cultivation corresponds to 
the so-called National Trinitarian complex35, formed from 
the introduction of Trinitarian-type Venezuelan cocoa at the 
end of the 19th century and beginning of the 20th century 
and its subsequent gene flow with the National Centennial 
cocoa population. It was also established that the high ho-
mozygosity of several Ecuadorian cocoa samples may be 
due to the self-compatibility of the oldest National cocoa 
from Ecuador8 and that the compatibility variation of the 
modern National cocoa is also due to the introgression of 

Molecular characterization of national cocoa collection from the leading traditional growing areas in Ecuador

Figure 1. Bayesian population assignment using STRUCTURE (K=2).
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the Trinitario cocoa genome. It can be inferred that the GN 
subpopulation group samples of the purest National type 
present less gene introgression from other cocoa varieties. 
On the other hand, the GM subpopulation includes the ac-
cessions with the highest level of heterozygosity. The per-
centage of heterozygosity presented by the GN subpopula-
tion is 29.5%, which is considerably high compared to those 
published by other researchers15,16; this is because only 13 
samples belonging to this subpopulation presented a high 
level of homozygosity. The remaining 86 genotypes did not 
present the same level of homozygosity but rather a genetic 
difference with the samples of the GM subpopulation. This 
genetic differentiation allows these two subpopulations to 
appear separate from one another in the multivariate PCoA 
analysis.

The level of genetic diversity of the GM subpopulation 
was also evidenced due to the presence of the 36 exclusive 
alleles. It is inferred that the level of heterozygosity of this 
subpopulation could be the effect of the introgression of ge-
nes from various cocoa varieties, not only from Trinitarian 
cocoa8. However, further studies are needed to establish 
the origin of this genetic diversity. The results obtained in 
this research are essential and valuable to continue charac-
terization studies in Ecuador cocoa crops since they allow 
the identification of National cocoa trees with a high level 
of homozygosity. In addition, the results make it possible 
to establish genetic improvement programs to recover the 
characteristics of delicate and aroma cocoa that distinguish 
Ecuadorian National cocoa as the best worldwide. Impro-
ving the quality of this type of cocoa will allow it to be re-
activated and commercialized in the international market, 
giving a new impetus to the country's economy.

Conclusions
We showed the efficiency of the panel of SSR markers 

used here in the genetic assignment of accessions. The 
CCNC collection presented a high genetic diversity with little 
duplication. Genetic diversity was identified in two groups. 
Firstly, the GN subpopulation includes 99 samples, of which 

13 presented homozygosity ≥ 80%; hence they are consi-
dered samples of native National cocoa that still conserve 
their characteristics of fine cocoa and aroma. Likewise, the 
GM subpopulation includes 74 samples with high diversity, 
with 36 exclusive alleles, probably due to the introgression 
of genes from other cocoa varieties.
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Assessment of the impact of anemia on hematological parameters among 
hemodialysis patients with chronic kidney disease
Yasamen Raad Humudat

Abstract: Anemia is a common consequence of chronic kidney disease (CKD) that is linked to a decrease in patients' 
quality of life, a rise in morbidity and mortality, and an acceleration in CKD progression. This study aimed to investigate 
the hematological profile of chronic renal patients undergoing hemodialysis and to correlate the same with anemia. Fifty 
(54% males and 46% females) with ages ranging from 18-76 years of patients with CKD and on regular maintenance 
hemodialysis not less than three months at the Iraqi center for dialysis in Baghdad teaching hospital, and 30 healthy adults 
were recruited into the study. Hemoglobin concentration, red cell count, white blood cell count, platelet count, ESR, CRP 
and HCV were assessed for the subjects and controls. Results were analyzed using a t-test independent, and the data 
were retrieved from the laboratory information system in the hospital. Red blood cell count was reduced in nearly all (96%) 
of the study patients, while ESR was elevated in (98%) and CRP was elevated in (95%). All patients suffered anemia 
in HD patients. Most of the patients' WBCs and platelet counts were normal. Anti-HCV antibodies were positive in 15 
(30%) of these patients, with non-significant differences in both genders. The study concludes that anemia is a significant 
comorbidity in hemodialysis patients, with several factors contributing to it, and thorough workup and successful treatment 
of anemia are essential in this group of patients.

Key words: Anemia, Hematological profile, Hemodialysis, Hepatitis, chronic kidney disease.
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Introduction
Chronic kidney disease (CKD) is a type of kidney disea-

se that causes a progressive loss of kidney function which is 
present for more ˃ 3 months1. Anemia is a common charac-
teristic of CKD associated with poor results in hemodialysis 
(HD) patients2. It is related to a decline in patient quality 
of life, as well as a rise in morbidity and mortality, and ac-
celerates the progression of CKD3. In patients with CKD, 
anemia is when hemoglobin levels are < 13.0 g/dl in adult 
males and 12.0 g/dl in adult females4. Based on the WHO 
description, approximately 90% of patients with glomerular 
filtration (GFR) < 25–30 mL/min would have anemia5.

Kidney disease is the 12th most prevalent cause of 
death, representing over 1.1 million mortality worldwide per 
year6. According to the Ministry of Health and Environment 
reports the prevalence of renal failure in Iraq has increased 
over the last few years. In Iraq, without the Kurdistan region, 
kidney disease is the fourth among the top ten causes of 
death at 6.06 %, with 5.9% for males and 5.84% for fema-
les7. Thus, HD is widely used worldwide, but the effects of 
HD on patients' blood have not been investigated thorou-
ghly in Iraq.

Patients with CKD undergoing hemodialysis (HD) have 
higher hepatitis virus compared to individuals with normal 
renal function8. In developing countries, the prevalence of 
anti-HCV seropositivity among HD maintenance patients 
varies from 5% to 60%9. Therefore, the prevalence of HCV 
infection in hemodialysis (HD) patients and its associated 
risk factors is not well established in our country.

This study was carried out on hematological parame-
ters associated with various changes, particularly hemoglo-
bin (Hb) indices, which are most commonly affected, giving 
rise to anemia. In addition, our country has not well-establi-
shed the prevalence of HCV infection in hemodialysis (HD) 
patients and its associated risk factors.

Materials and methods 

Patients and Methods
This was a cross-sectional study carried out at the Iraqi 

center for dialysis in Baghdad teaching hospital, with volun-
tary participation of 50 (27 males; 23 females) HD patients; 
it is providing an average of 2 dialysis sessions per week 
for each patient compared to the control group (30 people 
non-hepatitis virus without CKD). Inclusion criteria include 
maintenance HD patients older than 18 years and duration 
of hemodialysis for more ˃ 3 months.

Ethical Considerations
The local ethics committee of the Ministry of Health 

and the Environment has approved the research. Written 
permissions were obtained from the competent authorities 
based on a description of the study and its objectives, and a 
signed agreement was reached to treat all individual clinical 
information as confidential.
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Blood Collection
Blood samples were collected from the venous port of 

the hemodialysis catheter before heparin was added to the 
blood of regular HD patients. The first 5 IU /ml of blood were 
discarded to prevent the activation of coagulation due to 
puncture trauma10, while the second 5 IU/ml were collected 
and divided into two parts for the following tests:

1.     Hematology tests: blood samples were transferred 
into tubes with EDTA and used for the following parame-
ters by hematology analyze (China): red blood cell count 
(RBC) and hemoglobin (Hb) concentration, red blood indi-
ces – mean corpuscular hemoglobin (MCH), white blood 
cell count (WBC), lymphocyte, monocyte, neutrocyte, and 
platelet count.

2.     Erythrocyte sedimentation rate (ESR): according to 
Biosigma, Italy, blood samples.

3.     C-reactive protein (CRP): measured after the 
serum was separated from blood samples using a (CRP kit, 
Humen/Germany). es were put into tubes with EDTA and 
utilized for the ESR test.

4.     Rapid Hepatitis C virus test: measured by (SD BIO-
LINE/ India) after serum separation from blood samples.

Statistical Analysis
Statistical analysis was performed using the Indepen-

dent sample t-test was utilized to evaluate significant diffe-
rences. A P-value of 0.05 was considered for the considera-
ble differences between the groups. All statistical analyses 
were carried out using the Excel 2010 application, and the 
analyzed data were expressed as a mean ± SD and %.

Results

Hematology Parameters
As indicated in Table-1 for hematology parameters in 

HD patients, there was no significant difference between 
males and females in the obtained basic health information, 
except for the Hb and monocyte at (P˂0.05).

The results show that HD patients comprise 27 males 
and 23 females, aged 58 ±13.9 for males and 50 ±17.7 for 
females. Similar results, i.e., a higher number of males with 
higher age values, were reported in HD patients from seve-
ral studies in Iraq. 13-'14

Concerning RBCs in HD patients, the majority of pa-
tients (96%) (3.06±0.67 10^6μL) were lower than in the 
healthy control group (4.7±0.68 10^6μL). RBCs of patients 
showed slight differences in 3.2±0.56 10^6μL for males and 
2.98 ±0.77 10^6μL for females in both sexes. In general, 
most of the findings showed that low RBCs are common in 
patients with hemodialysis9.

Results appeared all HD patients with Hb levels had 
anemia (9.05±1.40 g/dL) compared to (13.7±2.7g/dL) in the 
healthy control group. Hb levels in males (9.2±1.34 g/dL) 
were slightly higher than in females' dialysis (8.4±1.44 g/
dL). At the same time, local standard references are (12 g/
dL).

There was a difference compared to the normal value, 
which might be due to the kidney not making enough of a 
hormone called erythropoietin that can help the body make 
red blood cells8. In addition, some differences dominated 
both males and females. Low levels of Hb in females may 
be due to menstruation every month. For males, the domi-
nant sex hormone is testosterone, and in females, sex hor-

mones are primarily estrogen. Testosterone can increase 
the rate of metabolism, thereby increasing the rate of Hb 
formation15.

Results show that healthy control and hemodialysis 
patients tend to have average MCH counts of 27.8±4.0 pg 
and 29.6±2.5 pg, respectively (29.7±2.76 pg males and 
29.0±2.2 pg females) relative to the local reference stan-
dard (27-33 pg).

In light of the results of this study, it can be concluded 
that normal MCH in patients during the HD process is due 
to the administration of several drugs that makes mean cap-
sular hemoglobin normal in HD patients (16). Also, in a pre-
vious study done on Chittagong HD patients, Chowdhury et 
al. showed that MCH was 28.79±3.77 pg17.

The results of HD patients with WBCs tend to have de-
creased by 5.3±2.31 10^3μL (4.4±2.25 10^3μL for males 
and 5±2.35 10^3μL for females) relative to 9.3±2.17 10^3μL 
for healthy controls. There were 11 (22%) patients with low 
WBCs, 34 (68%) patients with normal range, and 4 (8%) 
patients with high WBCs compared to the local standard 
reference 4-10 10^3μL.

This results in agreement with Kahdina et al., who 
showed that most patients had normal or even lower 
WBCs15.

Furthermore, the majority of patients (68%) with the 
lymphocyte value (20.6±8.31% for males and 23.7±9.61% 
for females) were within the normal range, based on local 
control percentage (20- 40 %). Also, the results show a de-
crease in monocyte in 44% of HD patients than the local 
standard reference count (2-8 %). HD patients have a mo-
nocyte value of 8.15±3.42 % (8.6±3.66% for males and 7.7 
±3.05% for females), which was higher than 6.03±1.7% in 
healthy controls. In addition, the results showed that (34 %) 
of patients had a neutrocyte value (68±21.62 % for males 
and 68.6±11.17 % for females) above the normal local stan-
dard percentage range (40%-60%) in HD people. And there 
were slight differences in HD patients and the healthy con-
trols group. Overall, HD patients tend to increase the body's 
defenses, which may be represented by inflammation15.

In addition, in HD patients, platelet count tends to be re-
duced in the mean 176.5±66.5 10^3µL, with (166±2710^3µL 
of males and 187±70.6710^3µL of females) compared with 
342±66.9 10^3µL in healthy controls. There were 34% below 
the local standard reference count (150-4010^3µL). This re-
sult is a small percentage relative to another study in which 
the rate of platelets was estimated at 50 % in HD patients18.

Furthermore, all HD patients had an ESR of 52±37 mm/
hr, which was higher than the usual range according to the 
local reference standard. The ESR value for HD females 
was 74±37 mm/hr, which was higher than the 34±27 mm/hr 
ESR value for males. Statistical analysis showed no signifi-
cant differences between male and female groups.

In the medical literature, there are just a few reports on 
the normal range and clinical significance of ESR measure-
ment in HD patients. This is likely because changes in plas-
ma volume caused by dialysis machines have a significant 
impact on red cell sedimentation11. However, ESR levels in 
hemodialysis blood were enhanced by 98%, whereas Al-
somaili et al. found 79.5 % in patients with chronic renal 
disease17.

Finally, the number of patients with a CRP concentra-
tion below a detection level of ≤6 mg/l was 5%. The maxi-
mum positive concentration of CRP (≥48 mg/l) was 30±19 
mg/l in male and 38±14 mg/l in female patients. Statistical 
analysis showed no significant differences between male 
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and female groups.
The decreased cost and availability of the CRP test 

are advantages, especially in underdeveloped nations18. 
Although serum CRP concentrations do not alter with chan-
ges in kidney function, serum CRP may be linked to serum 
albumin levels that are impacted by the inflammatory res-
ponse in the early stages of renal disease19.

Hepatitis C virus in hemodialysis patients
Table-2 shows the results of the hepatitis C virus in HD 

patients at Baghdad Educational hospital. In general, there 
were no observed significant differences between both se-
xes at (P ˂0.05).

In this study, 35 (70%) of the dialysis patients who were 
not infected with hepatitis C were classified as 20 (74%) for 
males and 15 (65.2%) for females. The number of patients 
with hepatitis C virus was 15 (30%); the patients comprised 
8 (29.6%) males and 7 (30.4%) females.

In the previous study in the same hospital, the anti-HCV 
was positive for 12 (7.1%); five (4.9%) were male, and se-
ven (10.4%) were female HD patients9. Whereas, similar re-
sults, i.e., the prevalence of HCV infection were reported in 

HD patients in Saudi19. In addition, these results agree with 
Sinjari et al., who showed the exact prevalence of HCV in 
both male and female hemodialysis patients20. In general, 
hemodialysis patients are more vulnerable to such disea-
ses than the general population, which could be returned to 
blood transfusion is an important factor in the transmission 
of HCV infection in HD patients, needle sticks, and dialysis 
workers (if appropriate precautions are not followed)21.

Correlation of anemia with some hematological 
parameters in patients with CKD

Results of the current study show significant differences 
between anemia and some inflammation, namely RBCs, 
MCH, WBCs, lymphocyte, neutrocyte, and platelets in pa-
tients on regular HD therapy. The correlation coefficient was 
positive in RBCs, WBCs, lymphocytes, monocyte, ESR whi-
le HCV infection showed no correlation coefficient for blood 
samples collected from HD patients at (P˂0.05), Table 3.

A previous study by Al-Khayat et al. found that anemia 
for kidney failure was closely associated with hematological 
parameters (WBC count and granulocyte)13. While Fouad et 
al. found in Egypt research in HD patients with hepatitis C 

Assessment of the impact of anemia on hematological parameters among hemodialysis patients with chronic kidney disease

Table 1. Hematology measures of the study patients.

Table 2. Hepatitis C virus measures for hemodialysis patients.
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viral infection appear to have higher hemoglobin23. Therefo-
re, further studies with larger sample sizes are recommen-
ded to investigate other hematological parameter and their 
role in renal anemia..

Conclusions
Anemia is a leading cause of morbidity in CKD patients 

and worsens as the disease progresses. The hemoglobin 
parameter was positively correlated with in RBCs, WBCs, 
lymphocytes, monocyte, and ESR. Further analysis is re-
quired to understand the underlying nature of the observed 
relationship.
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Impact of inflammatory markers, dread diseases and cycle threshold (Ct) 
Values in COVID-19 progression
Thaer A. Abdul Hussein and Hula Y. Fadhil*

Abstract: The link between the inflammatory marker and SARS-CoV-2 cycle threshold (Ct) with disease progression 
remains undefined, mainly in coronavirus disease-2019 (COVID-19). Therefore, this study aimed to identify several 
inflammatory markers (Ferritin, LDH, and D-dimer), and Ct values to predict outcomes in hospitalized COVID-19 Iraqi 
patients. A case study was performed on 426 patients to guess cutoff values of inflammatory markers that were detected 
by a real-time polymerase chain reaction (RT-PCR) and specific auto-analyzer instrument. Significantly increased levels 
of inflammatory markers in critical and severe patients compared with mild-moderate (p < 0.001). Compared with aging 
and disease severity, inflammatory markers and Ct values are significantly related to the aging and severity in critical and 
severe COVID-19 patients (p < 0.001). Finding the Ct value was negatively associated with Ferritin, LDH, and D-dimer (p 
< 0.001); moreover, inflammatory markers concentrations and Ct values were significantly higher during the first ten days. 
The Ct values correlate with some relevant clinical parameters of inflammation. Higher levels of D dimer, S. Ferritin and 
LDH were associated with older age and the severity of COVID-19. The area under the ROC curve indicates that serum 
ferritin was the highest and excellent predictor for disease severity.

Key words: Coronavirus disease 2019, Inflammation, D-dimer, Ferritin, Lactate dehydrogenase, Cycle threshold (Ct).  

ARTICLE / INVESTIGACIÓN

Introduction
Coronavirus (CoV) has been linked to outbreaks of se-

vere disease in East Asia and the Middle East in the last 
two decades. SARS (severe acute respiratory syndrome) 
and Middle East respiratory syndrome (MERS) first appea-
red in 2002 and 2012, respectively1. In December 2019, a 
group of patients with unexplained pneumonia appeared in 
a seafood wholesale market in Wuhan, China, which was 
identified from a sequence-based analysis of isolates from 
the patients2. The first cases were spread more rapidly, and 
the epidemic has unevenly affected nearly all continents. 
The outbreaks of new type pneumonia add to evidence of 
the SARS-COV-2 (COVID-19) epidemic steadily increasing 
through person-to-person transmission and involving pa-
tients across all age groups and geographic areas3,4. One of 
the nations with the highest number is Iraq for cases of co-
ronavirus disease (COVID-19)5. The first confirmed SARS-
CoV-2 case was reported on February 24, 2020, from an 
Iranian student who had traveled from Iran. There has been 
an upsurge in instances since that time, whether imported 
or local6. COVID-19 has very important clinical manifesta-
tions, such as high rates of transmission and mild to critical 
clinical features, especially with more serious abnormalities 
found in the elderly and patients with comorbidities; howe-
ver, young people without obvious underlying diseases may 
also have life-threatening complications, such as fulminant 
myocarditis and diffuse intravascular coagulopathy (DIC)7, 8.

For patients with COVID-19, circulating inflammatory 
markers representing the immune system and inflammation 
have been considered a prognostic indicator. Assessing 
and analyzing several laboratory inflammatory biomarkers 

of PCR-positive COVID-19 patients, such as plasma D-di-
mer, serum ferritin, and serum LDH levels, might facilitate 
early aggressive treatment, thereby reducing mortality and 
improving hospital resource allocation. In Iraq, biomarkers 
also show increased D-dimer, Ferritin, LDH and another in-
flammatory marker in COVID-19 patients9-11. Therefore, the 
current study was conducted to guess the cutoff values of 
inflammatory markers (Ferritin, LDH, and D-dimer) and cla-
rify their correlation with SARS- COV-2 Ct values and other 
clinical data variations and severity of the disease.

Materials and methods 

Populations studied
The current study involved 426 COVID-19 patients ad-

mitted to the Al-Shifa center in Baghdad medical city from 
December 1, 2020, to the end of April 2021. The practical 
part of the study was accomplished in Baghdad National 
Central Public Health Laboratory (CPHL), aged between 
(18- >70) years old and of both sexes. Those patients inclu-
ded 123 cases with dread disease (83 with hematological 
disorder and cancer, 36 with renal failure and 4 with au-
toimmune disease). COVID-19 patients were grouped into 
mild-moderate (113), severe (231 included 43 hematologi-
cal disorders and cancer and 15 renal failure) and critical 
(82 including 38 death cases, 38 hematological disorder 
and cancer, 21 renal failure and four autoimmune) accor-
ding to the WHO classification severity. The physical disabi-
lity of COVID-19 patients with mild-moderate symptoms, no 
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evidence of hypoxia or pneumonia; moderate clinical signs 
of pneumonia (i.e., fever, cough, dyspnea, respiratory dis-
tress), but not severe pneumonia with medium oxygen sa-
turation (SpO2) ≥ 90% in room air. For clinically significant 
signs of severe COVID-19 patients, pneumonia plus one of 
the following conditions: respiratory rate >30 breaths/mi-
nute, extreme breathing difficulty and SpO2 <90% in room 
air. Meanwhile, the critical condition of COVID-19 patients 
suffering from other complications such as fatal acute res-
piratory distress syndrome (ARDS), sepsis or septic shock, 
acute pulmonary embolism, acute coronary syndrome, acu-
te stroke and delirium12.

Laboratory tests
Nasopharyngeal (NP) or oropharyngeal (OP) swabs, 

together with 5 ml of blood samples, were collected from 
the study groups. Samples were collected from swabs di-
rectly put into viral transport media (VTM). A total of 200 μl 
of each (NP) or (OP) model was used for viral RNA extrac-
tion via the ExiprepTMPlus Viral DNA/RNA Kit (Bioneer, Ko-
rea). For detection of SARS-CoV-2 infection was performed 
on swabs samples by specific real-time, reverse transcrip-
tion polymerase chain reaction (RT-PCR) according to the 
WHO-approved protocol published by AccuPower® SARS-
COV-2 Multiplex Real-Time RT-PCR Kit, and detecting 
particular sequences in the E, N and RdRp genes. Blood 
samples were split into two tubes (Sodium Citrate tubes and 
Gel tubes):

The first part of the blood samples (Sodium Citrate tu-
bes) was centrifuged for 20 minutes at 3500 rpm to obtain 
plasma which is used for the determination of plasma D-Di-
mer by using a specific automated protein analyzer (BIO-
SENCER STANDARD F200 analyzer) provided by (Suwon-
si, Gyeonggi Co., Ltd. Korea 2020). plasma samples for all 
patients were applied to the instrument then the concentra-
tion of D-Dimer was automatically calculated.

The second part of the blood samples (Gel tube) was 
centrifuged for 10 minutes at 6000 rpm to obtain serum 
used to determine lactate dehydrogenase (LDH), and Fe-
rritin. Serum concentrations of LDH were evaluated using 
electro-chemiluminescence immunoassay, Roche Cobas 
Integra 400 plus (Roche Diagnostics GmbH, Mannheim, 
Germany). At the same time, the Ferritin was assessed by 
using a miniVIDAS analyzer for the fluorescent enzymatic 
detection of β2-microglobulin (β2M) using the technique 
Enzyme Linked Fluorescent Assay (ELFA) (BioMerieux). 
Serum samples for all patients were applied to the instru-
ment then the concentration of LDH and Ferritin was auto-
matically calculated.

Statistical analysis
Using the statistical program, data were input, maintai-

ned, and evaluated, and variables were presented as mean, 
standard deviation, frequencies and percentages accordin-
gly. Kolmogorov-Smirnov and Shapiro-Wilk tests were used 
to determine if continuous variables were standard. The 
chi-square test was used to assess the association between 
categorical variables, as Fisher's exact test was used when 
the chi-square was inapplicable. To compare mean values 
of a variable/parameter across severity categories, non-pa-
rametric Kruskal-Wallis one-way ANOVA test was applied 
as an alternative test used when the variable did not follow 
the expected statistical distribution. Receiver operating cha-
racteristics curve (ROC) analysis is used to estimate the 
area under the curve (AUC), 95% confidence interval (CI), 

cutoff value, sensitivity and specificity to assess the validity 
of the significantly different parameters across the disease 
severity in the prediction of severe or critical disease. The 
AUC was calculated, and it is an indicator of the validity of a 
test; an AUC of <0.600 indicates failure of a test as a predic-
tor, 0.600 to 0.700 is a sufficient predictor, 0.700 - 0.800 is 
good, 0.800 - 0.900 is very good and > 0.900-1.00 indicates 
excellent predictor test. The optimal cutoff point was iden-
tified using the Youden J statistic (also called the Youden 
Index), which records the effectiveness of a dichotomous 
diagnostic test. The higher index value indicates the better 
validity of a test Youden J statistic calculated as an alterna-
tive, J = Sensitivity + specificity – 1. The odds ratio (OR) and 
95% confidence interval (CI) were determined using logistic 
regression analysis for two models; I (chronic disease) and 
II (dread disease). In this analysis, patients were distributed 
along with and without groups according to mean in without 
(≤ and > mean, respectively), and the without group was the 
reference category. Statistical significance was defined as 
the probability (p) ≤ 0.05. The analytical tool IBM SPSS Sta-
tistics 25.0 (Armonk, NY: IBM Corp.) and GraphPad Prism 
version 8.0.0 were used to perform these analyses.

Results

Baseline characteristics of COVID-19 infection
A total of 426 cases, with male 267(62.7%) and female 

159 (37.3%) enrolled in this study. All patients diagnosed 
with COVID-19 using PCR technique with mild to moderate, 
severe and critical disease according to the WHO criteria 
for the classification of disease severity. The distribution of 
patients according to the severity of diseases it had been 
found that 113 (26.5 %) patients had mild-moderate disea-
se, 231 (54.2 %) had severe, and 82 (19.3%) had the critical 
disease and required admission to RCU, including 38 (8.9 
% inside the critically ill group) cases were with deterioration 
for death at admission as shown in Table 1.

The cross-tabulation of patients' age across severi-
ty of diseases revealed a statistically significant associa-
tion between age and severity, younger age patients were 
more likely to have less severe disease than older ones, (p 
<0.001). Furthermore, the age of patients with critical di-
sease appeared to be larger than those with severe and 
those with mild-moderate disease (p <0.001). The associa-
tion between COVID-19 severity and certain comorbidities 
(chronic and dread disease) is shown in figure 1. We noti-
ced that the highest prevalence of severe and critical disea-
ses was seen among chronic disease patients (diabetic and 
hypertension) and dread disease (immunological, cancer, 
renal and liver disease) patients. Obviously, the prevalence 
of infection severity is increasing with some comorbidities to 
reach the highest significant association (p < 0.001).

The distribution of COVID-19 infections by duration 
from onset of disease to admission. Time from the disea-
se's beginning to access ranged from 1 - 20 days. The first 
ten days of infection have a significant role (p < 0.001); we 
noticed that most severe and critical patients were admitted 
to the hospital in less than ten days from the onset of the 
disease, as shown in figure 2.  

Biomarkers with SARS –COV-2 Ct value
The D-dimer levels, lactate dehydrogenase, and Fe-

rritin showed significant correlations with Ct values of RT-
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PCR in COVID-19 patients (p >0.001), as shown in figure 
3. Furthermore, the patient's age, severity, sex and duration 
of infection onset across inflammatory biomarkers (Ferritin, 
D-dimer and LDH) revealed an increase in the subversive 
biomarker values that are statistically significant (p <0.001).

Biomarkers with COVID-19 infection
Logistic regression analysis demonstrated that Biomar-

kers (Ferritin, D. dimer and LDH) were associated with an 
increased risk of developing COVID-19 whether the study 
was unadjusted or adjusted for chronic and dread disease. 
Still, these diseases do not consider an influential factor in 
increasing levels of biomarkers (Table 2).

To assess the validity of different inflammatory biomar-

kers in prediction of severity of disease, Receiver Operating 
Characteristics (ROC) Curve analysis was applied, which is 
a plot analysis for the true positive rate (sensitivity) against 
false positive rate (1- specificity), the area under the ROC 
curve (AUC) was calculated which is an indicator for the 
validity of a test in prediction of an outcome. As an interpre-
tation, an AUC of less than 0.600 indicates failure of a test 
as a predictor, 0.600 to 0.700 is a sufficient predictor, 0.700-
0.800 is good, 0.800 -0.900 outstanding and > 0.900-1.00 
indicates excellent predictor test, according to these cutoff 
value of AUC, S. Ferritin, was excellent predictors of severe 
and critical disease with AUC 0.913, LDH and D-dimer were 
the stronger predictor with AUC of 0.871 and 0.860 respec-
tively, (excellent predictor) (Figure 3).

Impact of inflammatory markers, dread diseases and cycle threshold (Ct) Values in COVID-19 progression

Table 1. The age breakdown 
of the patient population and 
the severity of the diseases.

Figure 1. Frequency of severity groups (mild-moderate, severe and critical) of COVID-19 patients stratified to age groups, 
chronic and dread diseases. Two-tailed Chi-square test was used to compare frequencies.

Table 2. Logistic regression analysis of Ferritin, D. dimer and LDH in COVID-19 patients and chronic and dread disease 
stratified according to the mean of these biomarkers in cases without the desired condition.
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Discussion
Covid-19 is a significant public health problem; with 

the number of cases reported daily rising exponentially, no 
estimate appears adequate for predicting the destruction 
this disease will cause in death and disability. Covid19 has 
a more extended incubation period, ranging from 2 to 15 
days, and is more contagious than seasonal flu. Following 
infection, the patient may be asymptomatic or develop flu-li-
ke symptoms such as fatigue, myalgia, cough, shortness of 
breath, and fever13. However, some patients may have se-
vere pneumonia or complications such as ARDS, myocardi-
tis, septic shock, venous thromboembolism, and multiorgan 
failure. Inflammatory biomarker investigation plays an es-
sential role in the management of COVID-19 as it helps not 
just in diagnosis but also in predicting the disease severity.

The current study aims to identify several inflammatory 

markers and cycle threshold (Ct) values that predict out-
comes in hospitalized COVID-19 Iraqi patients and assess 
the relationship between the inflammatory markers level 
and cycle threshold (Ct) values with clinical categories in a 
diverse group of patients. We analyzed the effect of inflam-
matory markers and Ct value on COVID-19 disease severity 
and outcome among 426 COVID-19 patients who were ad-
mitted to Al-Shifa center in Baghdad medical city from De-
cember 1, 2020, to the end of April 2021. Early detection of 
inflammatory biomarkers of COVID-19 disease severity and 
death may assist in focused intervention and patient mana-
gement. Among the 426 patients studied, 113 had a non-se-
vere disease (26.5 % mild-moderate), the rest, 231 (54.2%), 
had a severe illness, and 82 (19.2 %) had critical including 
38(8.9 %) death cases at admission. The role of gender 
and age were assessed in covid-19 hospitalized patients; 
we found that men with COVID-19 were 1.671 times higher 
than women (62.7 % vs. 37.3%). Elevated incidence of CO-

Figure 2. Scatter dot plot (ferritin, D-dimer and L-LDH) graphs of baseline characteristics of COVID–19 patients (age, se-
verity, Ct values, sex, and duration of infection onset). Significant differences were assessed using the One-way ANOVA 
test (to compare between means).
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VID-19 in males as they are subjected more than females 
to certain risk factors, for example, higher expression of an-
giotensin-converting enzyme-2 (ACE 2; receptors for coro-
navirus) in males than females, sex-based immunological 
differences driven by sex hormone (sex-specific steroids) 
and the activity of X-linked genes, both of which modulate 
the innate and adaptive immune response to virus infec-
tion14. our results, in line with previous investigation studies, 
reported that men with COVID-19 infection were higher than 
women and reached (56%) in Italy, (52%) in Germany and 
Sweden, (57%) in Iran, and (51%) in Austria15. Differences 
in susceptibility and inflammation between males and fema-
les may be due to chromosomes; for example, the female 
X chromosome encodes several immune regulatory genes 
that result in reduced viral load levels. Toll-like receptor 7 
(TLR7), higher in females than males, could enhance im-
mune responses and boost the resistance to COVID-1916.

Furthermore, gender behavior (lifestyle), i.e., higher le-
vels of smoking and drinking among males, lead to less ro-
bust immune responses and more susceptibility to various 
viral infections than females17.

On the contrary, another study by the Korean Society 
of Infectious Diseases in 2020 suggested that COVID-19 
risk may be greater in females. These variations in CO-
VID-19 gender incidence between studies likely have a 
complex explanation, including several biological, social, 
and economic variables18. Accordingly, we observed a sta-
tistically significant association between age and severity 
(p <0.001); the chance of acquiring severity was shown to 
be greater in those 50 years and older. Age is implicated to 
be related to the seriousness of COVID-19 and outcome in 
additional research conducted in China, the United States 
and Europe7,19. Similar results are also reported from stu-
dies conducted in our country20-22. Another study by Terpos 
et al. described older age and male gender as risk factors 
for severe disease and death in patients with COVID-1923. 
The reasons for this could be the increased possibility of a 
reduced immune defense mechanism and co-morbid illnes-
ses, which make older people more susceptible to various 
diseases with severe progression and the worst outcome. 

Comorbidities such as diabetes, hypertension, and dread 
disease which are unequally distributed among men and 
women of different ages, may also impact the progression 
of the disease24. The most common comorbidities identified 
in COVID-19 patients at diagnosis are hypertension, Diabe-
tes Mellitus and dread conditions (immunological, cancer, 
heart, renal and liver disease). In our study, we noticed that 
significant predictors of disease severity were seen among 
comorbidity patients compared to patients with no such 
comorbidities (p <0.001). Cheema et al. notice that SARS-
COV-2 may contribute to an elevated risk of microvascu-
lar and macrovascular problems resulting from low-grade 
vascular inflammation (Vasculitis) in patients that suffered 
from diabetes mellitus25. Similar findings were observed in 
a study by Jin et al., who noticed that in COVID-19 patients, 
Increased severity and death were correlated with older age 
and a significant number of comorbidities26-28.

The inflammatory markers that are found to be signifi-
cant determinants of disease outcome were Ferritin, lacta-
te dehydrogenase (LDH) and D-dimer level. An increased 
level of this inflammatory biomarker indicates the body's 
stress as an indicator of systemic inflammation. When there 
is more stress, such as in severe and critical patient states, 
the level rises to an even higher level. As a result, this in-
flammatory biomarker indirectly indicates the body's stress 
level due to the disease's severity. Our study found CO-
VID-19 patients with severe, critical and patients who died 
(inside the critically ill group) had higher levels of serum fe-
rritin compared with mild to moderate disease; the differen-
ces were statistically significant (p <0.001). Ferritin is one 
of the inflammatory markers that must be present to iden-
tify hyperinflammatory syndrome (HI-S) in COVID-19 infec-
tion29. Systematic review and meta-analysis study done by 
Szarpak et al. and his colleague for 12 studies show a clo-
se association between ferritin levels and the state of the 
COVID-19 patient. Markedly increased ferritin levels were 
associated with a more severe patient condition, more in-
tensive care unit exposure, and higher mortality30. Also, 
similar findings from studies conducted showed that CO-
VID-19 association hyperinflammatory criteria (ferritin levels 

Figure 3. Receiver Operating 
Characteristics (ROC) curve for 
the validity of S. Ferritin, D. di-
mer and S.LDH in the prediction 
of severity of the disease. Ferri-
tin:  area under the curve (AUC) 
= 0.913; 95% confidence interval 
(CI) = 0.884 – 0.943; p-value < 
0.001; cut–off value > 840.5 ng/
ml); sensitivity = 90.9%; speci-
ficity = 78.3%. D. dimer: AUC = 
0.860; 95% confidence interval 
(CI) = 0.817 – 0.903; p-value < 
0.001; cut–off value > 736 ng/
ml); sensitivity = 86.4%; specifi-
city = 76%. S.LDH: AUC = 0.871; 
95% confidence interval (CI) = 
0.828 – 0.914; p-value < 0.001; 
cut–off value > 273.5 I/UI); sensi-
tivity = 86.4%; specificity = 76%.

Impact of inflammatory markers, dread diseases and cycle threshold (Ct) Values in COVID-19 progression
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>1500 μg/L) upon admission was linked to a higher fatality 
rate29. Indeed, serum ferritin is affected by hepcidin upre-
gulation, which is stimulated by proinflammatory cytokines, 
particularly IL-631. Ferritin is highly relevant because it is a 
mediator of immune dysregulation; it has been proposed 
that under extreme hyperferritinemia, Ferritin generates 
direct immunosuppressive and proinflammatory impacts, 
contributing to the cytokine storm shown in COVID patients 
1932. Because hyperferritinemia causes regular cell death 
(RCD), iron oxides interact with serum coagulation cascade 
proteins. Coagulation disorders are relatively frequently en-
countered among COVID-19 patients, especially those with 
the severe disease33. The virus may also assault and des-
troy the hemoglobin, releasing iron from porphyrins and dis-
charging it into the circulatory system, leading to iron over-
load34. furthermore, the activity of the SARS-CoV helicases 
for viral replication generally requires ATP hydrolysis, which 
involves the presence of iron. Iron overload complicates the 
prognosis of HBV and HCV viral infections, and iron supple-
mentation increases mortality in HIV patients. SARS-CoV-2 
most likely requires iron for viral RNA replication and func-
tion31. It's important to note that SARS-CoV-2 is thought to 
infect macrophages. As a result, elevated iron accumulation 
in macrophages is expected to boost viral replication. Viru-
ses can also modify other iron-related proteins to speed up 
their reproduction and spread. Homeostatic iron regulator 
protein (HFE), a competition of TfR1 for binding to trans-
ferrin, is destroyed following binding by US2 protein in the 
context of human cytomegalovirus (HCMV) infection, resul-
ting in cellular iron overload. The combination between Nef 
protein and HFE causes cellular iron overload in HIV-1-in-
fected macrophages. TfR1 is also used as a receptor by 
various viruses during their invasion35. When there is a sys-
temic iron overload, there is a higher in cellular oxidative 
stress, mitochondria dysfunction, cytokine release, a signi-
ficant decline in cellular oxygen consumption, lipid peroxi-
dation, and a change from aerobic (pyruvate) to anaerobic 
(lactate) metabolism via lactic dehydrogenase (LDH). This 
enzyme is stimulated in COVID-1936. D-dimer and LDH le-
vels in our findings showed a significant rise across disease 
severity, with the highest level in critical and severe patients 
compared with mid-moderate (p <0.001). Elevated D-di-
mer parameters in severe and critical COVID-19 patients 
have been linked to coagulation activation, dysregulated 
thrombin generation, impaired natural anticoagulants, and 
fibrinolysis37. Also, several critically ill patients have been 
reported to develop coagulopathy, antiphospholipid antibo-
dies, and increased arterial and venous thrombotic events 
such as cerebral infarction38. More than 1,800 COVID-19 
individuals were studied by Paliogiannis et al. line with our 
results, who found that plasma D-dimer concentrations in 
those with severe forms of the disease were significantly 
higher than those in patients with milder forms39. LDH is pre-
sent in lung tissue and is one of the parts mainly affected 
by COVID-19, so elevated levels of LDH may result from 
lung tissue degradation. Our findings concur with previous 
research, which showed high levels of LDH were common 
in COVID-19 patients in the ICU and indicated a poor out-
come38.

Regarding SARS –CON-2 RNA cycle threshold values 
(CT values), we found the lower CT value was significantly 
correlated with disease severity and higher inflammatory 
marker. Among hospitalized patients, those with Ct values 
<25 had a higher level of Ferritin LDH, D-dimer and higher 
risk disease severity and mortality rate than patients with 

Ct values >30. Worsening inflammation demonstrates that a 
lower Ct value (higher viral RNA concentration) is associa-
ted with excessive inflammation, which is highly likely to be 
a key factor contributing to the induction of cytokine storms 
and disease progression. This may indicate that the naso-
pharyngeal or oropharyngeal SARS-CoV-2 lower Ct value 
directly impacts organ function. Our results are consistent 
with earlier research that reported the correlation between 
Ct value and markers of inflammation32, 40. In a study con-
ducted by Zheng et al., similar outcomes were seen. Chen 
et al. in their studies reported that low Ct value in samples 
from the upper respiratory tract in patients with the highly 
aggressive disease compared to those with mild illness and 
Ct value associated with an elevated risk of mortality; also, 
these studies reported the higher lactate dehydrogenase 
(LDH) is imported marker correlated with lower Ct values40-42. 
Liu et al. noticed that Ct values of severe patients with CO-
VID-19 were statically lower compared to mild patients at 
admission, and the mean viral load of severe patients was 
60 times that of mild patients 35. Regarding the duration 
(time) course of the variation in inflammatory biomarkers, 
in our results, the first days of infection have a significant 
role (p < 0.001) recorded in severity cases during the first 
10 days; we noticed that most of the severe and critical pa-
tients were admitted to the hospital in less than ten days 
from the onset of disease (figure 2). We observed a gradual 
increase in Ferritin, D-dimer and LDH concentration during 
the first 10 days of the disease. This result is comparable 
with previous studies that reported a mean time from symp-
tom onset to hospitalization of 2.62 days in Singapore, 4.41 
days in Hong Kong and 5.14 days in the UK43. Other studies 
report means values of time to hospitalization ranging from 
5 to 9.7 days44,45.

Additionally, in the current study, there is no significant 
differences in serum ferritin and serum LDH (p = 0.064) and 
p = 0.116), respectively, between male and female, also D. 
dimer levels in men were significantly higher than in wo-
men (figure 2). Our results disagree with previous studies; 
for example, a study in Italy reported that serum ferritin 
and LDH in males are higher than in females46. This may 
be because COVID-19 appears to be determined by the 
combination of numerous genetic and demographic hete-
rogeneity of the subjects and sex-depending factors. The 
X chromosome contains approximately 1,200 genes; these 
genes' differential expression may be partly responsible for 
the differences in coagulopathy and inflammatory response 
between males and females47. Serum ferritin, LDH, and D- 
dimer levels were positively correlated with the severity of 
COVID-19 in both sexes. According to our findings, the area 
under the ROC curve of serum Ferritin was the highest, with 
high sensitivity and specificity with AUC of 0.913, followed 
by the AUC of serum LDH and plasma D. dimer (AUC of 
0.871 and 0.860, respectively). The ROC curve analysis 
confirmed that serum ferritin has excellent prognostic ac-
curacy in males and females with severe clinical conditions 
(AUC 0.913).

Conclusions
COVID-19 is a widespread systemic infection that 

substantially impacts the body's immune system. Increased 
inflammatory biomarkers are a typical side effect of disea-
se with COVID-19. SARS-COV-2 RNA CT value correlates 
with inflammation marker; it is also essential to consider 
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viral dynamics; as a result, a more exact assessment of 
transmissibility would include combining the CT value with 
the time of evolution (or time since contact in asymptoma-
tic people) clinical course, disease severity, and immuno-
suppression. Ferritin was the best predictor of mortality, 
followed by LDH and D. dimer. These parameters should 
be carefully analyzed at the outset of the study to assist 
doctors in evaluating primitive risks, and moreover, nearby 
monitoring can probably reduce mortality. As a result, it is 
critical to continue conducting virological and immunologi-
cal studies on this new coronavirus to fully understand the 
molecular process of viral replication and identify potential 
markers of disease progression and targets of therapeutic 
drugs that will allow COVID19 control.
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Inhibitory effect of Titanium dioxide (TiO2) nanoparticles and their synergistic 
activity with antibiotics in some types of bacteria
Ashwaq Hazem Najem, Iman Mahmood Khudhur and Ghaydaa  M. A. Ali*

Abstract: Titanium dioxide nanoparticles (TiO2 NPs) were studied as antibacterial agents at different concentrations 
against clinical and environmental bacterial isolates without UV or photocatalytic activation. Five TiO2 NPs concentrations 
(20µg/ml,50µg/ml, 100µg/ml,500µg/ml and 1000µg/ml) were studied  against 15 bacterial species:10 clinical isolates and 5 
environmental isolates) compared with antibiotics Amikacin(AK)and Levloxacin(LEV).Only500µg/ml concentration of TiO2 
NPs was active against 7 bacterial isolates (3 clinical and 4 environmental), and 1000µg/ml concentration of TiO2 NPs 
was effective against 9 isolates (6 clinical and 3 environmental ). These concentrations were mixed with the antibiotics 
Levloxacin LEV and Amikacin AK  to investigate the possibility of synergistic activity against studied bacteria. Bacterial 
isolate's response or sensitivity to the antibiotic and TiO2 NPs mixture was varied; AK plus 500µg/ml TiO2 NPs concentration 
showed increased inhibitory activity against 7 isolates (3 clinical, 4 environmental) and 1000µg/ml TiO2 NPs mixed with AK  
showed increased inhibition activity against one environmental bacterial isolates, where Ak mixed with 500 and Ak plus 
1000 µg/ml showed the same effect as the antibiotic alone or less.LEV antibiotic shows no difference in the effect on all 9 
bacteria (7 clinical and 2 environmental), while  LEV mixed with 500 µg/ml have increased inhibition zones on 4 bacteria 
(2 clinical, 2 environmental) , and LEV mixed with 1000µg/ml have higher effect than the antibiotic alone on three isolates 
(2 clinical,1 environmental).

Key words: Antibiotic, titanium nanoparticles dioxide, antibacterial.
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Introduction
The mechanical properties of titanium-based implants 

have improved significantly in recent years thanks to using 
TiO2 NPs in medical devices. Overcome the bio inertness of 
the raw metals, corrosion resistance and the rate at which 
metal ions are released (to prevent aseptic loosening of the 
implant)1.

In the early stages of the "race for the surface," the im-
plant may get infested with bacteria. Aseptic loosening of 
implants and biomaterial-centered infections (BCI) play a 
significant role in prosthetic implant failure and infection of 
the implant itself, making them a severe medical problem2.

In addition to its photocatalytic properties, TiO2 NPs can 
be used for water separation, energy production, air and 
water purification and surface sterilizing, organic compound 
synthesis, and pollution reduction(TiO2 can be used as an 
adsorbent for environmental pollutants, where it deals with 
air pollutants such as dust and dust and adsorbs them on 
the surfaces on which they fall. As for water pollutants, they 
can be used as a precipitant for contaminants that contain 
water.)3 Nanoparticles (NPs) are also employed to make 
medications, detect infections, proteins, and tumors, and 
separate and purify biological components and cells4,5. Tita-
nium dioxide (TiO2) inorganic nanoparticles have been used 
for decades due to their non-toxicity, ease of production, 
and low cost. Furthermore, it may have a universal bacte-
ricidal mechanism6. The morphological characteristics of ti-
tanium dioxide NPs significantly impact their applications7. 

Rutile, anatase, and brookite are all types of TiO2 NPs that 
can be found in nature. Of the three types of photocatalysts 
mentioned, anatase NPs are the most commonly used8,9.

Many people are interested in the antibacterial charac-
teristics of TiO2 in the food industry. TiO2 has been declared 
nontoxic by the FDA in the United States. TiO2 has been 
Many people are interested in the antibacterial characteris-
tics of TiO2 in the food industry right now. TiO2 has been 
declared nontoxic by the FDA in the United States10. In 
addition to its fungicidal activity, TiO2 NPs have been de-
monstrated to exhibit bactericidal effects on bacteria such 
as E. coli, Staphylococcus aureus, and Pseudomonas puti-
da11,12. There has been some interest in food packaging with 
TiO2-coated or incorporated TiO2

13,14. For food packaging, 
antimicrobial agents combat germs and enhance traditio-
nal packaging functions, such as shelf life extension, quality 
preservation, and safety assurance15. Using an antibacterial 
agent helps to reduce the spread of hazardous germs and 
keep food fresh, as shown in figure (1)16,17

The anatase form of titanium dioxide nanoparticles (wi-
thout UV activation or photocatalytic activation) was exa-
mined for its antibacterial activity against pathogenic and 
environmental Gram-positive and Gram-negative bacteria 
to assess its application as a new antibacterial approach or 
for ecological health.
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Materials and methods 

Nanoparticles
The Canadian company MK impex corp supplies com-

mercial TiO2 nanoparticles with a size of 100nm. Were used 
in this study.

Bacterial Isolates
A total of 15 bacterial isolates were used, which inclu-

ded 7 clinical isolates obtained from wound and urine infec-
tions and 6 environmental isolates from water, as shown in 
table (1).

All isolates were identified by standard microbiological 
procedures (Gram staining, colonial morphology, catalase 
test, cytochrome oxidase reaction, motility, and other bio-
chemical tests), which were carried out depending on Ber-
gey's manual of systematic Bacteriology, also by Vitek 2 
system19.

Use of TiO2 NPs as a bactericidal inhibitor of
For testing the antibacterial activity, five concentration 

of TiO2 NPs were prepared by dissolving the NPs powder in 
deionized distilled water20; different dilution was prepared, 
including (1000 µg/ml,500 µg/ml,100µg/ml, 50 µg/ml,20 µg/
ml)

This preparation was mixed using a vortex for 3 minu-
tes to obtain homogeneous dilution. Whatman no. 1 filter 

paper discs were saturated with each concentration of TiO2 
NPs and used in the sensitivity test.

Antibiotic Amikacin AK (10 mcg) and Lefloxacin LEF (5 
mcg) supplied by Bioanalyzer (turkey) were used as positi-
ve control for each bacterium.

Bacterial inoculums were prepared by Direct Colony 
Suspension Method (1-3). Isolation colonies were selected 
and transferred to a tube of nutrient broth mixed well using 
a vortex; the bacterial no was fixed at 1.5×108 by compa-
ring the turbidity with the 0.5 McFarland standard21. Mue-
ller-Hinton agar plates were inoculated with the suspension 
of each bacterial strain, then five TiO2 NPs discs, as well 
as the antibiotic discs, were distributed unit formally on the 
agar surface, then incubated at 37°C for (20-24) h. Inhibition 
zones were measured to monitor the effects of TiO2 NPs 
on bacterial growth22. Positive results were scored when a 
zone of inhibition was observed around the discs after in-
cubation. The experiments were performed in triplicate to 
obtain means values for each bacterial isolates9.

Synergistic effects between the active concentrations 
of TiO2 NPs and the antibiotics against bacteria

The conc.1000 µg/ml and 500 µg/ml were chosen and 
mixed with the standard antibiotic discs by adding 250 µl 
from each concentration to 15 antibiotic discs after the ex-
periment in 15 minutes.The antibiotic sensitivity disc was 
done according to CLSI. Each experiment was repeated 
three times.

Ashwaq Hazem Najem, Iman Mahmood Khudhur and Ghaydaa  M. A. Ali
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Figure 1. Applications of TiO2 NPs and the perspective shortly. DSSC( Dye-sensitized solar cell); PACT (antimicrobial 
photodynamic therapy); PDT (photodynamic therapy)18.

Table 1. Bacterial isolates were used in this study.
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Results
The activity of five concentrations of TiO2 nanoparti-

cles is shown in table (2), as well as control antibiotics AK 
and LEV against 15 bacterial isolates from clinical and en-
vironmental sources. The concentrations (20, 50, 100) µg/
ml didn't show any antibacterial against all bacteria, while 
the concentration of 500µg/ml of TiO2 nanoparticles shows 
inhibitory activity against 7 isolates (3 clinical and 4 envi-
ronmental including Aeromonas spp., Klebsiella Oxytoca, 
Pseudomonas aeruginosa 1.

Staphylococcus aureus 1, Staphylococcus aureus 
3, Escherichia coli 1, Pseudomonas aeruginosa 3), the 
1000µg/ml showed antibacterial activity against 9 isolates 
(6 clinical isolates including Aeromonas spp., Klebsiella 
oxytoca, Enterobacter cloacae, Burkholderia cepacia, Es-
cherichia coli 4, Escherichia coli 3 and 3 environmental 
isolates including Stapylococcus aureus 1, Staphylococcus 
aureus 3, Escherichia coli 1).

The inhibitory effect of these two concentrations differs 
against the different bacterial isolates used, and it also con-
cerns varying the diameters of the inhibitory zone.

The concentration of 500µg/ml of nanoparticles showed 
a higher inhibition zone than AK antibiotic on 4 isolates (2 
clinical including Staphylococcus aureus 16, Escherichia 
coli 4 and 2 environmental isolation Staphylococcus aureus 
1, Staphylococcus aureus 3). In contrast, the antibiotic LEV 
has the highest inhibitory effect against all bacterial isolates. 
Also, the concentration 1000 µg/ml showed a higher impact 
than AK on two bacteria (1 clinical Aeromonas spp. and 1 
environmental Escherichia coli 3  isolates). Diagrams (1,2,3 
and 4)illustrate the antibacterial activity of different TiO2 NPs 
concentrations against studied bacteria.

3Study the synergistic activity between antibiotics and 
TiO2 nanoparticles

500 and  1000µg/ml TiO2 nanoparticles concentrations 
were mixed with each antibiotic AK and LEV and studied 
against bacteria.AK plus the concentration 500µg/ml TiO2 
showed an increased inhibitory zone against 7 isolates (3 
clinical Staphylococcus aureus 16, Enterobacter cloacae, 
Pseudomonas aeruginosa,4 environmental Staphylococcus 
aureus 1, Staphylococcus aureus 2, Staphylococcus aureus 
3, Escherichia coli 1) on mixing the concentration 1000µg/
ml TiO2 nanoparticles with AK antibiotic shows causes an 
increase in the inhibition zone against(Staphylococcus au-
reus 1, Staphylococcus aureus 2, Staphylococcus aureus 
3, Escherichia coli 1, Pseudomonas aeruginosa 3, where is 
the other bacterial response to AK.AK mixed with 500 and 
AK with 1000 µg/ml causes no significant difference.

LEV antibiotic showed no difference in its effect on  
(7 clinical  Aeromonas  spp., Staphylococcus  aureus 16, 
Klebsiella oxytoca, Enterobacter cloacae, Burkholderia ce-
pacia, Escherichia coli 4, Escherichia coli 3 and 3 environ-
mental Staphylococcus  aureus 1, Staphylococcus  aureus 
2, Staphylococcus  aureus 3), while  LEV mixed with 500 
µg/ml causes increased inhibitory zones on (Burkholderia 
cepacia, Escherichia coli 3, Staphylococcus  aureus2, and 
Pseudomonas aeruginosa 3) , and LEV mixed with 1000µg/
ml increased the effect antibiotic effect on (2 clinical Bur-
kholderia cepacia, Pseudomonas aeruginosa and 1 envi-
ronmental Pseudomonas aeruginosa3) and the diagrams 
(3,4) illustrate the synergistic effect on TiO2 NPs and the 
chosen concentration of antibiotics.

Fig: (1 and 2) showed the antagonistic effect of AK, LEV 
and the synergistic effect with concentrations of TiO2 NPs 
on the Staphylococcus aureus and Klebsiella oxytoca bac-
teria as showed in table (3).

Inhibitory effect of Titanium dioxide (TiO2) nanoparticles and their synergistic activity with antibiotics in some types of bacteria

Table 2. The effectiveness of different concentrations of TiO2 NP compared with the antibiotics LEV, AK.
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Discussion
Research has shown that the field of application of NPs 

in the medical field can increase the performance and effec-
tiveness of therapeutic drugs, and mixing drugs with NPs 
leads to a process of accumulation in diseased tissues of 
the mixed substance medicine23.

Titanium dioxide (TiO2) inorganic nanoparticles have 
been used in the last decades because they may have a 
general mechanism of toxicity against bacteria9,24.

According to several studies, it is believed that the me-
tal oxides carry the positive charge while the microorga-
nisms have negative charges; this causes electromagnetic 

attraction between microorganisms and the metal oxides, 
which leads to oxidization and, finally, death of microor-
ganisms25. They cause pits or holes, on bacterial cell wall 
could be associated with internalized particles, leading to 
increased permeability and cell death26,27 ((In other words, 
the difference in electrical charges between polluted metals 
and living organisms causes a state of attraction between 
them, which leads to the accumulation of heavy metals in 
the body of the living organism and it dies.))TiO2 nanoparti-
cles due to their small size and high surface to volume ratio 
undergo a higher level of interaction with the bacterial cells 
surface than the larger particles, resulting in a high antibac-
terial activity28.

The result of this study may differ from other studies 

Figure 2. The effect of different concentrations of TIO2 NPs on Clinical bacteria.

Figure 3. The effect of different concentrations of TiO2 NPs on environmental bacteria.

Ashwaq Hazem Najem, Iman Mahmood Khudhur and Ghaydaa  M. A. Ali
Volume 8 / Issue 1 / 34     •     http://www.revistabionatura.com



5

in the response of bacterial species towards TiO2 NPs at 
different concentrations because there is no photocatalytic 
or UV activation; also, the study was done by using the disk 
diffusion method, whereas many studies done in a liquid 
medium which may be favoring the close interaction be-
tween the suspended nanoparticles and the Gram-positive 
microbial cells, which could better attach and anchor to the 
surface of the microbial cells, causing structural changes 
and damages leading to cell death29.

TiO2 NPs can directly oxidize components of cell signa-
ling pathways and even change gene expression by inter-
fering with transcription factors. This result suggested that 
TiO2 NPs affect the microorganisms by not only oxidative 
damage but also bacteria aggregation and biofilm forma-
tion, which directly influenced pathogenicity30. 

Conclusions
Antibiotic treatment alone (or sometimes) fails to eradi-

cate microbial infections like a medical device-related bio-
film. Combining TiO2 NPs promising agent with antibiotics 
may be possible to eliminate s in the future.
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Figure 4. The synergistic effect of at TiO2 NPs a chosen concentration with of antibiotics against clinical bacterial isolates.

Figure 5. The synergistic effect of TiO2 NPs at a chosen concentration with antibiotics against environmental bacteria.

Figure 6. The inhibitory activity of the (Tio2).
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Knowledge and awareness of chronic hepatitis C and liver fibrosis among 
health care personnel and other domains in Iraq
Saja Mohammed Mohsen* and Ghanim Hussein Majeed

Abstract: As a significant public health disease, the Hepatitis C virus (HCV) infects more than 185 million worldwide. 
Chronic infections are led by 170 million illnesses, resulting in 350,000 because of liver and cirrhosis cancer. Injuring of 
chronic liver from several insults leads to occur fibrosis. For example, metabolic disease (nonalcoholic fatty liver disease), 
infections (hepatitis B [HBV] and C viruses [HCV]), and toxins (alcohol). This study evaluates the knowledge and awareness 
about Of Chronic Hepatitis C and Liver Fibrosis among Health Care Workers and other domains of workers in Iraq. This 
study was carried out as cross-sectional research in Diyala, Iraq, from February / 2021 to January / 2022. In this work, 
350 persons participated; the age range was (18-62) years, with a mean age of (25.9 + 9.79). The participants consisted 
of 100 males and 250 females. Also, they were divided into two groups: groups I and II. I (health care workers group) 
consists of 200 students studying in the medical department of Baquba technical institute and workers in Diyala hospitals 
). Group II (other domains Workers) includes (100) participants who work in several domains. Similar to previous studies, 
a questionnaire was adopted to collect this research data. The outcomes demonstrate higher knowledge about HCV, 
Liver fibrosis, transmission, and a vaccine was noticed with a statistically significant difference among females compared 
to males. Regarding residency, the ability of HCV and liver fibrosis in Q1, Q2, and Q5 only among Health Care Workers 
compared to other domains Workers with a statistically significant difference (P<0.05).

Key words: Chronic Hepatitis C, Liver Fibrosis, Health Care Workers and other domains Workers
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Introduction
As a significant public health disease, the Hepatitis 

C virus (HCV) infects more than 185 million worldwide1,2. 
Chronic infections are led by 170 million infections, resul-
ting in 350,000 because of liver and cirrhosis cancer3. In 
Iran, the rate of tee overall seroprevalence of HCV infection 
reaches 0.6%4. Spontaneously, a few patients (20–30%) re-
cover, while the remaining (70–80%) progress into a chronic 
infection, of whom 25% lead to hepatocellular carcinoma 
and cirrhosis5,6. There are seven genotypes in the HCV, 
including more than 65 subtypes7,8. Around the world, the 
most common HCV genotype 19–11. Approximately 1% of 
Canadians are hepatitis C (HCV)- infected12,13. HCV confers 
a more significant burden regarding reduced functioning 
and premature mortality among many infectious diseases14. 
Including hepatocellular carcinoma and liver failure, the li-
ver-specific complications of HCV are well developed, and 
so are the benefits of curative HCV antiviral therapy on the-
se findings15. On the other hand, the burden of associated 
extrahepatic comorbidity is less well known. Many works 
have established HCV is associated with renal impairment 
and chronic kidney disease16 –21.

The most advanced stage of hepatic fibrosis, with 0.1% 
of the European population affected by cirrhosis, is a conti-
nuous growth of the burden of chronic liver disease22. Fibro-
genesis is the common pathological mechanism that cau-
ses cirrhosis, although the disease's etiology varies among 
countries. Injuring of chronic liver from several insults leads 
to occur fibrosis. For example, metabolic disease (nonalco-

holic fatty liver disease), infections (hepatitis B [HBV] and C 
viruses [HCV]), and toxins (alcohol)23.

Materials and methods 

Participants
In this work, 350 persons participated; the age range 

was (18-62) years, with a mean age of (25.9 + 9.79). The 
participants consisted of 100 males and 250 females. Also, 
they were divided into two groups: groups I and II. Specifi-
cally, group I (health care workers group) consists of 200 
students studying in the medical department of Baquba te-
chnical institute and workers in Diyala hospitals ). Group 
II (other domains Workers) includes (100) participants who 
work in several domains. Similar to previous studies, a 
questionnaire was used to collect the data for this study.

Measures
Similar to previous works, as listed in table 1, a self-ad-

ministered questionnaire was used to measure participants' 
knowledge and awareness of Liver Fibrosis and HCV. In 
this study, two microbiologist experts (from the microbiology 
division in the Medicine and Education for Pure Science Co-
lleges) confirmed this questionnaire's validation. The Arabic 
language was used to write the questionnaire; then, it was 
translated to English. To collect the data, the questionnaire 
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was categorized into two parts: 
1.     Demographic characteristics.
2.     Ten questions related to the knowledge of HCV 

infection and liver fibrosis, the questions evaluating knowle-
dge were "Yes / No / Don't know patterns" shown in table 2 .

Regarding the residency among urban participants, Ta-
ble 7 shows knowledge about HCV and Liver fibrosis in Q2, 
Q4, Q5, Q6, Q7, Q8, and Q10 was more significant than in 
rural participants (P<0.05).

Discussion
To the best of our knowledge, this evaluation is the first 

study conducted in Diyala society to determine knowledge 
and awareness about Of Chronic Hepatitis C and Liver Fi-
brosis among Health Care Workers and other domains of 
Workers. As listed in table 2, according to Original Bloom's 
cut-off Points24, the outcomes revealed good knowledge 
and awareness about HCV, Liver Fibrosis, infection trans-
mission, risk factors (alcohol drinking), and vaccines. In par-

Saja Mohammed Mohsen and Ghanim Hussein Majeed
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Table 1. Show the Demographic characteristicst.

Table 2. Ten questions related to the knowledge of HCV infection and liver fibrosis.
Procedure

As a cross-sectional study, this work was conducted in 
Baqubah-Diyala province from February / 2021 to January 
/ 2022. A face-to-face interview was conducted. Before the 
discussion started, all the participants in this work gave prior 
approval. After the conversation, the contributors received 
information about HCV infection and liver fibrosis.

Data Analysis
SPSS software 22nd edition was adopted to perform the 

statistical analysis. The percentage test used the correct 
answer only to compare different variables.

Results
Three hundred and fifty ( 350 ) members joined in this 

research. Table 3 illustrates the members' quantitative star-
ting point data: mean age, sex, groups and residence. 

Table 4 lists the quantitative results of evaluating parti-
cipants' liver fibrosis HCV infection knowledge levels.

The results show higher knowledge about HCV, Liver 
fibrosis, vaccine, and transmission was noticed among wo-
men compared to men with a statistically significant diffe-
rence (P < 0.05) in table 5.

Among health care and other domains Workers, Table 
6 compares the percentage knowledge (regarding the resi-
dency) of HCV and liver fibrosis in Q1, Q2, and Q5 only with 
a statistically significant difference (P < 0.05).

ticular,170 (48.6%) participants said they had heard about 
HCV. Despite few real works assessing the awareness of 
hepatitis C in specific populations, the literature states that 
knowledge about HCV is poor. In a cohort of 3,768 females 
who were or had at risk for infection of HIV, about (1/4) of 
those with chronic HCV infection were not aware of their in-
fection status25. Black and younger females were less likely 
to be mindful of the status of their HCV infection.

In contrast, females with a history of injection drugs, 
past alcohol treatment, or increased liver enzyme (alanine 
aminotransferase) were more likely to be aware that they 
were positive for HCV infection. Most participants had very 
high knowledge about HCV transmission, where 266 (76%) 
of them correctly answered. These outcomes agree with 
Stein et al. (2001) survey conducted on 306 former IDUs 
about their knowledge of liver disease risk, HCV transmis-
sion, and infection status26. By sharing contaminated need-
les and blood, the authors determined that about all the 
participants know about how HCV is transmitted. 82% were 
HCV seropositive among people who did not know their test 
results or had not been tested. As in other surveys, 1/3 of 
participants stated that seronegative were seropositive, de-
monstrating that self-reported infection status is unreliable. 
In the next ten years, 81% of the respondents anticipated 
their risk of developing liver disease (specifically cirrhosis) 
at 50% or greater. The authors in (35,36) reported on heal-
thcare providers' knowledge of HCV transmission. Most 
healthcare providers identified the main transmission rou-
tes in the studies as sharing needles while injecting drugs, 
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exposure to blood during sexual activity, and blood transfu-
sions35,36. In hemodialysis clinics in Italy, 12% misbelieved 
kissing in one of the methods that contributed to HCV trans-
mission, 19% of nurses did not know HCV transmitted that 
getting in tattoo work35.

Only 254 (72.6%) of the participants' respondents knew 
that Is Hepatitis C virus cause Liver Fibrosis. The public's 
knowledge about HCV's natural history27,28,33 has been pu-
blished in eight works. In two Canadian works, 83–90% of 

participants believed that someone with HCV is unaware 
of an existing infection30,32. Likewise, about (57%) of US 
baby boomers believed that liver cancer results from HCV 
infection. Additionally, (61%) stated that no symptoms could 
be presented to anyone infected with HCV27. Another work 
published previously stated that (1/3) of MSN believed that 
anyone infected with HCV could lead to liver failure (37%) 
and liver cancer (31%)33.

In contrast, a study has been conducted on immigrants 

Knowledge and awareness of chronic hepatitis C and liver fibrosis among health care personnel and other domains in Iraq

Table 3. Baseline data of participants.

Table 4. Knowledge Of Chronic Hepatitis C and Liver Fibrosis among participants.
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from Asia stated that there is uncertainty about the natural 
history of HCV and confusion about the different categories 
of hepatitis infections33. This research demonstrated that 
females have limited knowledge and awareness that HCV 
infects limited age groups; only 59(16.9%) correctly answe-
red. Concerning the vaccine for prevention, 181 (51.7%) of 
participants correctly responded that the vaccine is availa-
ble to prevent the disease. The authors in (29,31,34) found 
a misconception about vaccine availability to avoid infection 
among the general public. (1/2) of the participants inter-
viewed in a Candian study knew about the vaccine availabi-
lity to prevent the infection30. Similarly, 60% of African-Ame-
rican baby boomers and 42% of American baby boomers in 
two US studies knew about HCV prevention by vaccine27,29.

Compared with rural participants, the urban showed 
high knowledge about HCV history, vaccine, type of vi-
rus, transmission, liver cancer, and alcohol drinking with 
statistically significant differences (P). Assessing high-risk 
populations (such as incarcerated or indigenous peoples) 

will likely be included in future works with consistent and 
clear definitions of knowledge and awareness. Additiona-
lly, adopting assessing factors associated with differences 
in knowledge and awareness (e.g., socioeconomic status). 
Future knowledge translation and exchange products are 
the main targets of further studies on healthcare providers' 
knowledge of the infection. Therefore, there is a need to 
increase the general public's knowledge and awareness of 
HCV with healthcare providers to support the discussion 
of considering HCV tests. This study's obtained gaps and 
findings can help public health campaigns and future inter-
ventions for HCV.

Conclusions
This work showed inadequate knowledge and awa-

reness about HCV, Liver fibrosis, transmission, and vac-
cine (especially the other domains Workers) among study 
groups. Such as Liver fibrosis, HCV infection, and its com-

Table 5. The effect of sex according to the answer to the question –yes (percentage).

Table 6. Percentage comparison among healthcare and other domains Workers according to their yes responses.
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plications negatively affect all humans. Accordingly, scree-
ning programs and Education are crucial to avoiding HCV 
infections.
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Evaluating the clinical significance of RBP4, PAI-1, and some trace elements 
in women with Polycystic Ovary Syndrome
Adnan J. M. Al-Fartosy1*, Nadhum Abdul Nabi Awad1 and Amel Hussein Mohammed2

Abstract: To assess and compare clinical, hormonal, and metabolic factors with blood levels of RBP4, PAI-1, and trace 
elements in women with and without polycystic ovarian syndrome (PCOS). A cross-sectional clinical investigation was 
undertaken. From December 2020 until January 2022, samples were taken at the Basrah Hospital for Obstetrics and 
Children's infertility center. Significant changes (p< 0.05) were in HOMA-IR, E2 and Ts. Levels of PAI-1, RBP4, AMH, LH, 
LH/FSH, PRL and Cu were significantly (p<0.01) increased, and levels of Se, Zn, Mg and E2/T were significantly (p<0.01) 
decreased, between the patient (1o PCOS and 2o PCOS) and control groups, the QUICKI level did not differ significantly 
(p>0.05). Compared to the control group, FSH levels were especially (p<0.05) higher in non-obese PCOS patients and 
lower in obese PCOS patients. Area under the receiver operating characteristics (ROC) curve (AUC) results indicate RBP4 
and PAI-1 may be more effective predictors biomarkers for PCOS in expectant women. While trace elements might be 
considered a protective factor in the emergence of PCOS, metabolic abnormalities and IR in PCOS-affected individuals 
are associated with the levels of RBP4 and PAI-1, which appear to be a more acceptable diagnostic marker in the early 
prediction of PCOS.

Key words: Polycystic Ovary Syndrome, RBP4, PAI-1, Trace elements.

ARTICLE / INVESTIGACIÓN

Introduction
A diverse hormonal and metabolic condition with only 

a partially understood pathophysiology, polycystic ovarian 
syndrome (PCOS) is the most prevalent endocrinopathy 
among women of reproductive age, with a frequency of up 
to 15%. In contrast, patients with PCOS who lost 5-7 % of 
their basal weight showed improvements in insulin resistan-
ce, hyperinsulinemia, and hyperandrogenism, which appear 
to be key factors in at least some causes of PCOS pathoge-
nesis. Therefore, the pathogenesis of PCOS in women may 
still be largely unknown. Still, it has primarily been linked 
to increased anti-Mullerian hormone (AMH) levels brought 
on by oligo-ovulatory cycles or a folliculogenesis disorder, 
which results in increased preantral and small antral follicle 
counts1.

Insulin resistance is a biological misunderstanding in 
which the body's insulin hormone receptors on cell mem-
branes do not respond to insulin as intended, preventing 
blood glucose from entering cells and causing a hypoglyce-
mic reaction. Reduced insulin hormone's capacity to control 
and signal changes in glucose levels in the blood may lead 
to insulin resistance due to the pancreas pumping out high 
insulin dosages to get the glucose out of circulation and into 
cells2.

Whether PCOS or concomitant obesity is to blame for 
insulin resistance is still debatable. Any adipose tissue dys-
function may be the primary source of the observed IR and, 
as a result, the metabolic and cardiovascular effects of the 
illness. Additionally, some studies suggest that PCOS may 
cause changes in adipocyte function that affect adipokine 
release1.

Retinol-binding protein 4 (RBP4) is an adipokine relea-
sed by the liver and adipose tissue and is a member of the 
lipocalin protein family. Its primary function is transporting 
vitamin A (retinol) from the liver to the peripheral tissues. 
By attaching to cell surface receptors or acting through 
retinoic acid on retinoic acid receptors and retinoic acid-X 
receptors, RBP4 can affect peripheral tissues3. Human 
plasminogen activator inhibitor-1 (PAI-1) is an inhibitor of 
tissue-type and urokinase-type plasminogen activators (tPA 
and uPA), which turn plasminogen into plasmin. Because of 
its capacity to suppress the fibrinolytic activity of tissue-type 
plasminogen activator (tPA), which produces active plasmin 
from plasminogen and subsequently eliminates fibrin, PAI-
1 is a key regulator of the endogen. Also, it is an essential 
member of the serine protease inhibitor superfamily, known 
as Serpin E-1; synthesized by many tissue and cell types, 
free PAI-1 is relatively inactive in its free form and readily 
converts into its latent state4.

The present study examined and compared the asso-
ciation of insulin resistance with mentioned adipokines and 
trace elements as a clinical predictor for the development 
of POCS among obese and non-obese women in Basrah 
province (southern Iraq).

Materials and methods 

Study Design and Subjects Recruitment
This study is a clinical case-control trial. Samples were 
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collected between December 2020 and the end of January 
2022 from the "infertility center" at Basra Hospital for Obs-
tetrics and Children in Basra Governorate, Iraq. Patient 
samples from a private clinic were also obtained. Women 
patients with polycystic ovarian syndrome totaled 124 indi-
viduals (PCOS) 60 patients with primary (couples with no 
prior pregnancies for at least a year after marriage; 28 were 
obese, and 32 were non-obese); 64 women with secondary 
(previously pregnant couples) but the pregnancy may not 
have been successful due to miscarriage, ectopic pregnan-
cy, and other reasons; 31 obese and 33 non-obese); and 
56 normal ovulatory women (fertile women presenting at 
the hospital with a genital prolapsed and history of at least. 
According to the American College of Obstetricians and Gy-
necologists criteria, the patients are already PCOS women5.

Inclusion Criteria
The participants were all from Basrah (Souther of Iraq). 

The sample populations consist of married women who 
have been childless for one year and have not used con-
traception while living with their husbands. Volunteers who 
voluntarily volunteered to take part in the study served as 
the controls. It had regular menstrual cycles (26–30 days), 
had not taken oral contraceptives for at least the previous 
three months, and showed no symptoms of PCOS or other 
clinical indicators of hyperandrogenemia. Participants aged 
18 to 45 for patients and 20 to 45 for healthy controls. Each 
participant signed a consent form after receiving complete 
information.

Exclusion Criteria
Diseases that affected the metabolic status and re-

search eligibility were exclusion criteria. Women with endo-
metriosis, uterine fibroids, breast cancer, epilepsy, migra-
ines, and hormone-dependent cancers were not allowed 
to participate. Additionally, patients receiving estrogen 
replacement treatment and those with hyper- and hypo-
thyroidism, diabetes, psychiatric illnesses, and significant 
diseases involving heart, liver, and kidney malfunction were 
eliminated.

Samples Preparation
After a 12-hour overnight fast and 30 minutes of rest 

in the supine position, the morning blood samples (10 ml) 
were taken. All samples were taken between days two and 
three of the menstrual cycle and separated into two parts. 
The first part (1 ml) was placed in polypropylene tubes con-
taining EDTA and gently shaken to be utilized to determine 
Se concentration. The remaining material was transferred 
to an untreated plain tube, which could clot for 30 minutes at 
room temperature. The serum was extracted from the blood 
by spinning it at 402 x g for 10 minutes after it had clotted. 
The recovered serum was utilized right away to identify the 
study's variables, while the rest was kept in deep freezing at 
(-20 ºC) until it was used.

Biochemical Quantification
Blood samples from the controls and PCOS patients 

were examined for biochemical markers using the following 
protocols: Body mass index was calculated as the following 
formula [BMI (kg/m2) = Wt in kg / Ht in m2]6. The (Abno-
va-KA0831/Taiwan) kit was used to estimate serum gluco-
se. The quantitative insulin sensitivity check index [QUIC-
KI=1-(Log (insulin, μIU/mL) + Log (glucose, mg/dL)] and the 
homeostasis model assessment [HOMA-IR=insulin (μIU/

mL) × glucose (mg/dL)/405] were used to estimate insulin 
resistance (IR)7. The Insulin was estimated by kit (Abno-
va-KA0921/Taiwan), (BT-Lab, Shanghai- E1206Hu/China) 
kit was used to measure serum RBP4 level, and the (BT-Lab, 
Shanghai- E1159Hu/China) kit was used to measure serum 
PAI-1 level. The anti-Mullerian hormone was estimated by 
kit (E-EL-H0317/USA), Follicle stimulating hormone was 
estimated by kit (Abnova-KA0213/Taiwan), the Luteinizing 
hormone was estimated by kit (Abnova-KA0214/Taiwan), 
Testosterone was estimated by kit (Abnova- KA0236/Tai-
wan), and Estradiol was estimated by kit (Abnova-KA0234/
Taiwan), Prolactin was estimated by kit (Abnova- KA0217/
Taiwan). All of ELISAs kits were solid phase based on the 
sandwich principle. While serum copper (Cu) was measu-
red using the 1TAA500-PG flameless AAS (PG Instruments, 
Leicestershire, England), serum magnesium zinc (Zn) and 
(Mg) concentrations were measured using the GBC 933 
Plus flame atomic absorption spectrometry (AAS) (GBC, 
Braeside, Australia), and selenium (Se) in whole blood was 
measured using the hydride generation method AAS (PG 
Instruments, Leicestershire, England)8,9.

Statistical analysis
Statistical analysis was performed using SPSS version 

26 (IBM Corporation, Armonk, NY, USA). The data were 
distributed normally, and the comparison between groups 
was analyzed using the analysis of variance followed 
by Dunnett's t-test to find the statistical significance. The 
ROC curve, which is formed by graphing sensitivity (y-axis) 
against 1- specificity (x-axis) and calculating the area un-
der the curve (AUC), was used to calculate the sensitivities 
and specificities, as well as the 95% confidence interval. p< 
0.05 was considered statistically significant, p< 0.01 highly 
substantial, and an AUC value near 0 (or 1) implies a strong 
diagnostic value; the values of one group are mainly greater 
(or lower) than the values of the comparison group in this 
circumstance.

Results
Table 1 summarizes the overall demographics of all the 

women volunteers who participated in this work. 
As indicated in Tables 2 to 4, the findings showed that 

patients with 1ºPCOS and 2ºPCOS (of both groups of obe-
se and non-obese) HOMA-IR (p< 0.05), AMH (p< 0.01), LH 
(p< 0.01), LH/FSH ratio (p< 0.01), E2, Ts (p< 0.05), PRL (p< 
0.01), PAI-1 (p< 0.01), RBP4 (p< 0.01), and Cu (p< 0.01) 
were all significantly higher than the control group. Further-
more, patients with PCOS had especially (p<0.01) reduced 
Se, Zn, Mg, and E2/T ratio levels. In contrast, QUICKI levels 
between the patients (1ºPCOS and 2ºPCOS) and control 
groups were not statistically different (p>0.05), as illustrated 
in Tables 2 to 4.

As shown in Table 3, however, our findings revealed that 
FSH levels were significantly (p<0.05) higher in non-obese 
PCOS patients and lower in obese PCOS patients as com-
pared to the control group. 

The ROC (receiver operating characteristic) curve's 
area under (AUC) results obtained indicate that RBP4 and 
PAI-1 could potentially be used as greater predictive bio-
markers in patients women with 1º PCOS (AUC; for obese= 
0.909, 1.0 and for non-obese= 0.866, 0.990, respectively) 
and 2º PCOS (AUC; for obese= 0.905, 1.0 and for non-obe-
se= 0.823, 1.0, respectively), as illustrated in Figure 1.
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Table 2. Levels of Insulin Resistance Parameters.

Table 1. The main demogra-
phic and clinical characteristics 
of the study population.

Table 3. Levels of RBP4, PAI-1, AMH and some endocrinological hormones in women of healthycontrol and PCOS pa-
tients.
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Discussion
Infertility is the inability to become pregnant after 12 

months or more of unprotected sexual activity. As a result, 
it might be initially assessed after a year of trying to con-
ceive8. The inhabitants of urban and rural areas differ sig-
nificantly in several ways, including those related to food, 
genetics, social, psychological, environmental factors, po-
llution, and other environmental and environmental factors. 
On the other hand, workplace demands could impact wo-
men's psychological health. Additionally, tense household 
circumstances, including childrearing and marital relations-
hips, aggravate the oxidant/antioxidant status issue10.

A significantly elevated level of RBP4 in women with 
PCOS may imply a strong correlation between visceral obe-
sity, high levels of circulating and adipose tissue RBP4, and 
insulin resistance. According to certain studies, the amounts 
of RBP4 in the blood may be directly linked to how sex 
hormones affect adiposity expression and secretion. Addi-
tionally, RBP4 levels have demonstrated a substantial co-
rrelation with serum levels of Testosterone, DHEA-S, FSH, 
and LH in patients with PCOS11. Hyperinsulinemia, insulin 
resistance, a higher risk of glucose intolerance, diabetes, 
particularly type 2, and an increased incidence of lipid-re-
lated abnormalities are all characteristics of PCOS women. 

Although the mechanisms generating PCOS in women are 
unknown, insulin resistance may play a crucial role in its de-
velopment. In addition, the prevalence of hyperinsulinemia 
in women with PCOS patients was previously confirmed, in-
dependent of obesity1. Contrarily, obesity in PCOS-afflicted 
women may cause insulin resistance or a greater level of 
blood insulin, which directly contributes to increased serum 
RBP4. Previous research has suggested that circulating 
RBP4 levels may be correlated with the degree of insulin re-
sistance in obese individuals and with the metabolic syndro-
me's symptoms, such as high body mass index, waist-to-hip 
ratio, serum triglyceride levels, systolic blood pressure, and 
decreased levels of HDL cholesterol12. The accumulation of 
Tg in the liver or ectopic fat, which results in hypertrigly-
ceridemia and hyperinsulinemia, prompts RBP4 synthesis 
and secretion in the liver or ectopic fat and serves as a sign 
of infertility, according to a theory that suggests impaired 
free fatty acid metabolism may be a significant factor in 
controlling RBP4 levels13. Additionally, markedly high levels 
of RBP4 may impede insulin-stimulated glucose uptake in 
muscle and enhance hepatic glucose synthesis in PCOS 
women. They may also boost hepatic gluconeogenesis by 
stimulating phosphoenolpyruvate carboxykinase14.

Insulin resistance may cause PCOS patients' sig-
nificantly increased serum levels of (PAI-1) in obese and 
non-obese PCOS. According to several research, the re-

Table 4. Levels of essential trace elements in women of healthy control and PCOS patients.

Figure 1. Receiver operating characteristic curve (ROC) for serum RBP4 and PAI-1 levels in obese and non-obese pa-
tients women with (A) primary and (B) secondary PCOS.
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lationship between PAI-1 and IR in PCOS-affected women 
patients is independent of body mass and likely reflects in-
sulin-stimulated hepatic PAI-1 production4. The association 
between polycystic ovaries and recurrent miscarriage may 
be explained by one of the key processes that involves a 
markedly high level of PAI-1. Women with PCOS frequently 
exhibit hyperandrogenism, which can inhibit the formation 
of pores and prevent ovulation. This condition could be 
brought on by an imbalance in plasminogen levels, which 
causes theca (interstitium) enlargement and sets off a chain 
of events that perpetuates the production of the hormone 
testosterone in men15. The etiology of ovarian dysfunction, 
which eventually leads to disrupted and disordered endo-
thelial, metabolic, and reproductive processes, may be ex-
plained by considerably higher levels of PAI-1 in patients 
with PCOS. The overproduction of PAI-1 brought on by the 
insulin-driven decrease in the amount of plasmin accessi-
ble for extracellular proteolysis may also contribute to folli-
culogenesis failure in PCOS patients and ovary patients16. 
Additionally, clinical strategies designed to block PAI-1 and 
lower insulin resistance may be essential to reestablish pro-
teolytic balance in several tissues that have been damaged, 
such as the ovary, to result in correct ovulation, treatment 
for PCOS prevention to improve patient fertility, and preven-
tion of its complications that lead to various cardiovascular 
disease, multiple menstrual irregularities, and infertility in 
PCOS17.

Insulin resistance is a biological misunderstanding 
when the cell membrane insulin hormone receptors do not 
respond to insulin as expected. As a result, blood glucose 
cannot enter cells, resulting in a hypoglycemic response. 
To move the glucose out of the blood and into cells, the 
pancreas must produce high insulin dosages, which redu-
ces the hormone's capacity to control and communicate 
variations in blood glucose levels and may lead to insulin 
resistance18. The mechanisms for dramatically increased 
insulin resistance in patients with PCOS seem too complex; 
thus, before starting treatment, it is crucial to understand 
how insulin functions. The insulin hormone has a cell surfa-
ce receptor with a similar structure to the insulin-like growth 
factor-1 (IGF-1) receptor that it may bind to. It increases 
the translocation of the insulin-responsive glucose transpor-
ter 4 (GLUT4) from intracellular vesicles to the cell surface 
in tissues, stimulating the tissue cells to take up glucose. 
Phosphatidylinositol 3-kinase may be necessary for sharing 
and mediating this pathway for it to exist (PI3-K). However, 
because it can activate a cascade of enzymes, including 
serine/threonine, Raf, MAPK, and MAPK-ERK1/2 of the 
non-classical models, the MAPK-ERK pathway is involved 
in the growth and differentiation of cells19. The quantitative 
insulin sensitivity check index (QUICKI) was created to im-
prove fasting measures' sensitivity and precision. QUICKI 
and clamp measures show a strong correlation in patients 
with a greater BMI and leanness. A substantial connection 
with HOMA-IR may also be seen because the euglycemic 
insulin clamp method is not feasible globally. In clinical se-
ttings and population-based research investigations, the 
HOMA-IR technique is regarded as the standard gold test 
for assessing insulin resistance20.

Women with PCOS may have lower whole blood Se 
levels due to being exposed to oxidative stress, which is 
known to have a role in the pathophysiology of all known ill-
nesses. The decreased selenium in the blood may indicate 
increased free radical generation and highly active selenium 
or glutathione peroxidase enzyme scavengers. According to 

several scientific studies, selenium is crucial for the repro-
ductive system to function normally, supporting the link be-
tween selenium intake and fertility and procreation-related 
problems9. On the other hand, the pathophysiology of PCOS 
may be heavily influenced by oxidative stress and insulin re-
sistance. In was reported that found a negative correlation 
between the blood levels of selenium and the hormones LH 
and total Testosterone in women with PCOS. This finding 
may suggest that selenium plays a role in the pathogenesis 
of PCOS, which is linked to hyperandrogenism. So, throu-
gh enhanced markers of insulin metabolism and decreased 
oxidative stress, Se supplementation may lead to reduced 
levels of serum DHEA and hirsutism. Numerous earlier in-
vestigations have demonstrated an association between 
high androgen levels brought on by PCOS in women and 
hyperandrogenism, hyperinsulinemia, and insulin resistan-
ce21. Additionally, insulin resistance and hyperandrogenism, 
which contribute to endocrine and biochemical changes in 
women with functional ovarian hyperandrogenism, may be 
directly connected with oxidative stress (FOH). Se may play 
a crucial protective role in the active region of enzyme-ba-
sed antioxidants, including glutathione peroxidase (GPx) 
and thioredoxin reductase (TrxRs). Therefore, decreased 
Se level may induce an increased risk factor of cardiovas-
cular disorder, gestational complications, miscarriages, 
neurodegenerative diseases and increased risk of cancer. 
Women with PCOS are susceptible to infertility, hirsutism, 
increased inflammatory factors and increased biomarkers 
of oxidative stress22. Tumor necrosis factor-a (TNF-a), nu-
clear factor-kappa b (NF-jb), and interleukin-1 (IL-1) are a 
few examples of inflammatory cytokines that are prevented 
from being produced and active by selenium, according to 
numerous research (IL-1 and IL-18). Additionally, the role of 
reactive oxygen species (ROS) in insulin signaling may im-
pact the imbalance of oxidants and antioxidants. Selenium 
may be able to lessen ROS and improve insulin resistance 
due to its significant role as a potent antioxidant9. In con-
trast to a study by Hosseinzadeh et al., who discovered that 
selenium supplementation might exacerbate insulin resis-
tance in PCOS women, earlier research suggested that se-
lenium intake is linked to lower insulin resistance in PCOS 
women21.

The trace elements Zn and Cu play crucial and essen-
tial roles as stabilizers, cofactors in several enzymes, and 
components for healthy and effective hormonal activities. 
Zn can operate as an antioxidant by shielding the sulfhydryl 
groups of various proteins and enzymes from free radicals 
and reducing oxidative stress. In contrast, copper is regar-
ded as a pro-oxidant and oxidant metal in physio-chemis-
try23. One of the trace elements necessary for adequate in-
sulin hormone response is zinc. It is also needed for normal 
insulin hormone synthesis, storage, and release. In addi-
tion, when zinc binds to the insulin receptor, it may have an 
insulin-like effect8. Therefore, acute zinc shortage brought 
on by oxidative stress may result in severe abnormalities 
during the per-ovulatory phase that affects egg maturation, 
cumulus expansion, and ovulation, as well as explain why 
PCOS patients have higher insulin resistance21. On the 
other hand, higher Cu concentrations in PCOS-affected 
women's serum may directly impact infertility rates by lowe-
ring progesterone levels, which may lead to anovulation, 
implantation failure, or luteal phase deficit. Furthermore, it 
is unclear from this research whether elevated copper le-
vels are linked to undiagnosed inflammatory diseases. Ce-
ruloplasmin, regarded as a protein of the acute phase, may 
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also raise serum copper levels while lowering zinc levels9. 
This may suggest that a deficiency in serum copper and 
zinc may be the primary factor causing infertility. Elevated 
levels of this element may harm fertility in a variety of ways. 
For instance, excessive copper levels may disrupt neuro-
nal signaling in the central nervous system (CNS), essential 
for neuroendocrine fertility regulation23. Second, the high 
serum Cu concentration emphasizes how vital zinc is for 
controlling ovulation. Therefore, a markedly higher serum 
Cu level and a significantly lower serum Zn level in pregnant 
women may hurt fetal brain development and result in mi-
nor birth abnormalities. In addition, zinc must be consumed 
because it is a metal cofactor for many different enzymes 
(amine oxidase, copper-dependent superoxide dismutase, 
cytochrome oxidase, and tyrosinase). The enzyme Cu / Zn 
superoxide dismutase, which reduces superoxide's toxicity 
by converting it to hydrogen peroxide and oxygen, contains 
Cu as well21. Therefore, a stable balance between the co-
pper-zinc components is responsible for the effectiveness 
of enzyme function (SOD). Because of enzyme failure, the 
imbalance in the copper-to-zinc ratio may raise the ratio of 
dangerous free radicals in the body, which could cause se-
rious harm to cell membranes and walls22. In our study, the 
PCOS group's copper/zinc ratio was noticeably higher than 
that of the control group. Furthermore, this ratio imbalance 
may be a significant factor in the disruption of ovarian func-
tion, as well as in the lack of follicle maturation persistence, 
growth of the formation of dominant follicles, and opposition 
to follicle decay, which may also result in anovulation in poly-
cystic ovarian syndrome9. The impact of obesity is another 
explanation for our findings, higher Cu levels in PCOS. Kur-
doglu et al. showed a negative association between copper 
levels and BMI, but this finding is only valid for PCOS-posi-
tive non-obese women. The BMI of PCOS-afflicted women 
was 28.4 kg/m2, substantially higher than the BMI of the 
control group (25.6 kg/m2). However, Li et al. showed no 
appreciable difference in copper content if BMI was greater 
than 25 kg/m2 23. Compared to the healthy control group in 
the current study, the level of Cu in obese and non-obese 
PCOS patients was significantly significant. Additionally, the 
obesity shown in some cases may be a symptom of the me-
tabolic syndrome seen in PCOS patients8. More research is 
needed to further understand how zinc or copper contribute 
to PCOS pathogenicity. This research must consider mat-
ched cases and controls for BMI, measure oxidative stress 
levels, and assess dietary behavior21.

Women with PCOS demonstrated a statistically signi-
ficant decline in serum magnesium levels as compared to 
healthy participants in the current investigation. There have 
been several research on the physiologic processes, patho-
logical conditions, and therapeutic uses of this necessary 
metal, including the following: To maintain the structure of 
ribosomes, nucleic acids, and some proteins-all of which 
are essential for good health-magnesium, a trace element 
that is eaten with food or water, is also a crucial cofactor 
for numerous enzymes involved in glucose metabolism. Se-
cond, Mg is thought to have two key functions in biological 
systems: (i)  it can compete with calcium for binding sites on 
proteins and membranes; and (ii) it can form chelates with 
significant intracellular anionic ligands, including adenosine 
triphosphate (ATP)8. (iii), the intracellular Mg plays a cru-
cial role as a cofactor for several enzymes involved in the 
metabolism of carbohydrates, particularly those involved 
in phosphorylation events like tyrosine kinase. Magnesium 
contributes significantly to the creation of metal-phosphate 

complexes, which may play a crucially important role by tri-
ggering the biocatalysts involved in converting triglycerides 
and glucose21. Infertility, spontaneous miscarriages, conge-
nital abnormalities, preeclampsia, placental abruption, pre-
term rupture of membranes, stillbirths, and low birth weight 
have all been linked to decreased levels of trace elements 
like Mg22. In addition, lower Mg levels can paradoxically 
lower the risk of oncogenesis or protect against it. Mg is 
said to be essential for the cell cycle, and its lack plays a 
vital role in the development of precancerous cells. On the 
other hand, too much magnesium can harm the growing 
fetus, the liver, the kidneys, and the brain23. In this study, 
reduced blood Mg levels in PCOS patients may be related 
to the prevalence of different metabolic syndrome symp-
toms or reproductive phenotypes in PCOS-afflicted women 
of reproductive age, which may increase our understanding 
of the pathophysiology of PCOS. Therefore, doing dietary 
research and interventional trials using magnesium supple-
ments becomes sensitive. Despite prior reports of lower 
serum Mg levels in obese, healthy individuals, we could not 
detect any differences in serum Mg concentrations between 
obese and non-obese patients and women with PCOS. The 
variations may explain this mismatch in eating habits among 
these various populations. Reduced magnesium absorption 
as a result of a larger intake of fat and less fiber may be 
one of the most significant and likely causes of decreased 
serum Mg in obese PCOS women24.

Conclusions
From this study, it can be concluded that blood levels of 

RBP4, PAI-1, and trace elements (Se, Zn, Cu, and Mg) are 
linked to BMI, metabolic abnormalities and IR, and physical 
activity in women with PCOS living in Basrah, Iraq. Consi-
dering the multivariate regression analysis, RBP4 and PAI-
1 seem to be better diagnostic indicators for PCOS early 
detection, while trace elements may operate as a preventi-
ve factor, particularly in people with central obesity. Howe-
ver, more research involving larger sample sizes should be 
carried out to determine the diagnostic relevance of other 
biomarkers for the early-stage detection of PCOS and the 
efficacy of treatments for female infertility issues.
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Diagnostic and serological study of Breast Cancer in women in Maysan 
Province, Iraq
Raed Madhi

Abstract: The current study was designed to examine the association between breast cancer grading and levels of CA15-
3 was studied in addition to the correlation between ABO blood groups and breast cancer. The study involved (140) breast 
cancer women, and (140) blood samples were collected from healthy women who served as control. The total patients 
were divided according to their ages into three groups (30-39), (40-49) and (≥50), and ABO blood groups. Moreover, the 
grades of breast cancer were divided into three groups, and their correlation with serum CA15-3 levels was studied. The 
current study shows a significant correlation between breast cancer grading and levels of serum CA15-3 antigen. The 
study also showed that breast cancer is elevated with age. The results demonstrated a great association between the 
ABO blood groups and breast cancer. Blood group type (A) recorded the highest frequency and percentage (42.14%) of 
patients with breast cancer. The non-A-blood type (O, B and AB) percentage was as follows (32.14%, 19.29% and 6.43%, 
respectively). Thus, monitoring breast cancer occurrences in women with blood group A early could be an and excellent 
strategy to control and facilitate the event of breast cancer.    

Key words: Breast cancer, CA15-3, blood groups, breast cancer grading.

ARTICLE / INVESTIGACIÓN

Introduction
Breast cancer is one of the most common cancers and 

the second most commonest that causes cancer death in 
women. It is well known that breast cancer initiates in breast 
tissue, which consists of lobules for milk production and 
ducts that link the lobules to the nipple1. Breast cancer can 
penetrate the duct or gland walls to infiltrate the surrounding 
fatty tissue of the breast and eventually invade other parts 
of a woman's body1. Many risk factors have been identified 
to be correlated with breast cancer occurrence, such as fa-
mily history, obesity, age, diet and environment2. It has been 
shown that breast cancer has a strong association with age 
and that the occurrence of breast cancer was increased in 
the age group >452.

Different approaches exist to detect and monitor breast 
cancer incidence and progression. For instance, a breast 
cancer diagnosis can be seen using blood tumor markers, 
such as cancer antigen CA15-3 or genetic profiles. CA15-3 
has been found to be promising for breast cancer diagno-
sis3,4.

ABO blood antigens are carbohydrates that are enco-
ded by one gene with three alleles. These antigens are ex-
pressed on the erythrocytes surface2. Based on the presen-
ce or absence of erythrocyte surface antigens, ABO blood 
types are classified into four phenotypes: A, B, AB and O5. 
It has been shown that ABO blood type is associated with 
several diseases such as Hepatitis-B6, vascular diseases7, 
stomach and duodenal ulcer8, cancer9 and diabetes mellitus 
types210. Moreover, ABO blood type has also been docu-
mented to be associated with cancer occurrence, such as 
pancreatic cancer11-13. Indeed, antigens of blood types have 
been found to have an essential role in various conditions 
such as cell signaling, cell adhesion, tumorigenesis and me-

tastasis14. Previous studies have shown that A antigen has 
similar properties to antigens, A like-antigens, expressed by 
tumor cells15. This could explain why people with A blood 
type are more susceptible to cancer. This study is aimed 
to study the association between serum CA15-3 antigen 
and further confirm the potential connection between blood 
groups and breast cancer in women.

Materials and methods 

Sample collection and study design
The present study was implemented in Maysan pro-

vince/south of Iraq[R1] . The authorization approval for this 
study was obtained from Maysan Health Department.

The study included 140 breast cancer patients who at-
tended the AL-Shefaa oncology center in Maysan. The spe-
cialist medical staff diagnosed breast cancer according to 
clinical examinations, evaluations of levels of serum cancer 
antigen 15-3 (CA15-3), and breast biopsy. Moreover, (140) 
blood samples were harvested from healthy women and 
served as control.  

CA15-3 measurement
The levels of CA15-3 were measured in the serum of 

patients and the control group using a commercial kit (EIA-
3941, DRG, Germany) and based on the manufacturer's 
instructions.

Histological examination
A breast biopsy was performed in suspected women 
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with breast cancer for further diagnosis confirmation. Tissue 
samples were fixed in formaldehyde phosphate buffer[R2] 
(4%). After dehydration and paraffin embedding, samples 
were stained (H&E) and examined under light microscopy. 
The grade of breast cancer was evaluated by using a stan-
dard protocol16.

Identification of ABO blood groups
The conventional slide agglutination method was used 

to determine blood group phenotypes (A, B, AB, and O) and 
according to agglutination reactions that were carried out 
between blood group specific anti-sera and blood group an-
tigens on the cell.

Statistical analysis
Statistical analysis was carried out using Chi-square 

and T-tests that were analyzed by SigmaStat program 10.0. 
Data are introduced as mean values ± standard error of the 
mean.  Statistical significance between the groups was pre-
sented as P < 0.05.

Results

Age distribution
The number of patients was exceptionally high in the 

age group (≥50) years in percent (44.16%), followed by the 
age group (40-49) years (35%) and then (20.84%) in the 
age group (30-39) as summarized in table (1).

Levels of CA15-3 antigen in breast cancer and control
CA15-3 antigen has been using commonly as an in-

dicator for breast cancer diagnosis17. In this study, breast 
cancer diagnosis of 140 patients and control  wasidentified 

based on serum CA15-3 antigen (Figure1). The results 
showed a significant augmentation in the levels of serum 
CA15-3 antigen in patient group as compared with healthy 
group (Figure1).

CA15-3 levels and breast cancer grading
Diagnosis of breast cancer was also confirmed by 

using another approach, which was histopathological exa-
minations. It was found that tissue architectures and uni-
form cells in the grade 1 tissues sample are similar to the 
normal breast tissue (Figure 3). However, tissue architectu-
res and cells in grades 2 and 3 had different features than 
normal cells. For instance, histological changes in grade 2 
show a moderate variability in tissue architecture, cell size, 
and shape. In addition, histological examinations of grade 
3 showed great destruction in tissue architecture and an 
apparent variation in cell shape and size (Figure 3). Moreo-
ver, this study examined the correlation between the CA15-
3 antigen and breast cancer grading. The results found an 
association between serum CA15-3 antigen levels and the 
grades of breast cancer (Figure 2), which indicated that 
serum CA15-3 antigen could be used as an indicator even 
for early diagnosis.

Distribution of ABO blood groups in patients and 
controls

The overall distribution ratio of blood groups (A, O, B 
and AB) of 140 patients was (42.14%, 32.14%, 19.29%, and 
6.43%) corresponding to blood groups A, O, B and AB, res-
pectively. In contrast, the distribution ratio of blood groups 
in control subjects was (28.57%, 25%, 39.29% and 7.14% ) 
corresponding to groups A, O, B, and AB, respectively. The-
se findings revealed that blood group A has a significant 
connection with the occurrence of breast cancer compared 
to the other blood groups, table (3-3 and 4).  

Raed Madhi
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Table 1. Age distribution of patients and controls.

Figure 1. Levels of serum CA15-3 measure-
ments. The black box represents patients with 
breast cancer. Grey box represents control 
groups. Data represent means ± SEM. #P 
<0.05 versus control.
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Figure 2. The percentage of 
CA15-3 antigen and breast can-
cer grading. Blue line represents 
grade 1. Red line represents 
grade 2. Green line represents 
grade 3. Data described as 
percentage; comparisons be-
tween groups were done using 
Chi-square test. P-value £ 0.05 
used as a significant levels be-
tween the groups.

Table 2. Association between CA15-3 and breast cancer grading.

Table 3. Blood group dis-
tribution of patients and 
controls.

Table 4. Statistical di-
fferences between ABO 
blood groups in breast 
cancer patients using the 
Chi^2 test.

Discussion
Serum CA15-3 antigen has increased significantly in 

patients with breast cancer18. The findings found that serum 
CA15-3 antigen levels are associated with breast cancer 
grades (Figure 2). Moreover, A blood type has been shown 
to have a great connection with breast cancer incidence 

compared to non-A blood types. Therefore, serum CA15-3 
antigen could be a useful independent indicator in breast 
cancer patients. In addition, these findings indicate that mo-
nitoring the occurrence of breast cancer in women with A 
blood type, especially in young women, could be a valuable 



4

strategy to control breast cancer occurrence.                                   
It is well established that CA15-3 antigen has been used 

as a marker for different types of cancer. Moreover,  CA15-3 
antigen has been identified to express breast cancer cells 
[R4] at higher levels than the standard17. The present study 
found that serum CA15-3 antigen levels increased signifi-
cantly in the patient's group compared to the healthy group 
(Figure 1). Moreover, the current findings explored the co-
rrelation between serum CA15-3 antigen and breast can-
cer grading. It was found that serum CA15-3 antigen has a 
significant correlation with the grades of breast cancer[R5] 
(Table 2). The findings agree with the previous study by 
Hashim, Z. M et al.17. The current results could confirm that 
identifying serum CA15-3 antigen could be a practical diag-
nostic approach for early breast cancer diagnosis.

It is well known that cancer can occur at any age; howe-
ver, many cancer types become common after humans get 
older. It has been shown that breast cancer incidence has 
a strong association with age19. The present study revealed 
that patients with breast cancer fall in the age group ≥50 
years (Table 1), which gives a clear idea that age is more 
likely to be associated with breast cancer incidence. In line 
with that, a previous study has shown that breast cancer 
incidence increases with age20. Moreover, El- Zaemey et al., 
2012, have found that breast cancer has a high incidence 
at age 50 years21. It has also been shown that age might 
be one of the risks of breast cancer occurrence and could 
be increased at age (60) years or even older22. It is assu-

med that the reason beyond this might be an increase in the 
point mutation in the genetic material of DNA, which causes 
abnormal changes in the chromosome of the cell. Further-
more, it has shown that breast cancer occurrence rates did 
not elevate in women under age (40). Still, Ductal Carcino-
ma "in situ" (DCIS) augmented in women of all ages during 
the same period21. Another explanation is that estrogen le-
vels would be higher in women who start menstruation early 
and reach menopause at a late age compared to those with 
a late menarche or early menopause23. Moreover, another 
risk associated with breast cancer development is the age 
at first pregnancy. For example, the risk of breast cancer is 
suspected to be reduced in the first full-term pregnancy at a 
relatively early age compared to those who never have chil-
dren or those who have their first child relatively late in life24.   

The ABO types are an essential part of transfusion me-
dicine but have been shown to be associated with various 
diseases2. For example, it has been documented that blood 
group A people are more susceptible to Pseudomonas 
aeruginosa and smallpox9. The present study identified that 
the occurrence of breast cancer was significantly higher in 
patients with blood group A, compared with non – Groups 
(O, B, and AB) as shown in (Table 3). These findings were 
in line with previous studies show that cancer incidences 
are more suspected to be higher in  blood group A people 
compare to non – A groups (O, B , and AB). For example, 
it has found that the percentage of cancer occurrence was 
64%, 22%, 15%, 28%, 13%, and 11%, of salivary gland, sto-

Figure 3. Grades of breast cancer. Hematoxylin & eosin sections from breast tissue of women who had breast cancer. 
Scale bar = 50 μm. A) grade 1, B) grade 2, C) grade 3.

Figure 4. Blood groups 
distribution of patients 
and controls. Percenta-
ge of ABO blood groups 
in controls (Blue line) 
and patients (Red line).

Raed Madhi
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mach, uterus, ovaries, cervix and colon, which were higher 
in blood type A people as compared with type O25. It is belie-
ved that in people with non-A blood type who have tumors, 
their tumors can be with antigens with the same properties 
as A antigens. Tumors with A-like antigens were shown to 
be recognized by anti-A antibodies and subsequently at-
tack the tumors [R6]15. This could explain why people with A 
blood type is more susceptible to tumorigenesis. 

Conclusions
The present findings show a strong relation between 

the levels of CA15-3 antigen and breast cancer grading. 
Moreover, among ABO types, A blood type has a significant 
association with the occurrence of breast cancer in women 
compared to other blood types. Accordingly, A blood type 
has a high risk of breast cancer, so it could be an excellent 
strategy to monitor breast cancer incidence in young wo-
men with blood group A.  
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Assessment of endotoxin levels of water in hemodialysis centers in Iraq
Yasamen Raad Humudat* and Saadi Kadhim Al-Naseri

Abstract: The significance of endotoxin-free, sterile dialysis fluid for long-term, high-quality hemodialysis treatment is 
obvious and highly desired[MF1] . The current study aimed to determine endotoxin for the water quality used in twenty 
hemodialysis treatment centers. Eighty samples (40 x dialysates and 40 x dialysis water) were tested for endotoxin using 
the LAL gel clot method. The results revealed a variation in the quality of the produced water that makes it unaccepted 
compared to the international standard (ANSI/AAMI/ISO-23500). Endotoxin levels were higher than (0.25 EU/ml) in 40% of 
dialysis water and 30% of dialysate water, higher than the recommended international standards. The results conclude that 
systematic water quality monitoring in hemodialysis services is essential for patient safety and health problems.

Key words: Endotoxin, Water quality, Dialysis fluid, LAL test, Hemodialysis patient.

ARTICLE / INVESTIGACIÓN

Introduction
Water quality is critical for hemodialysis because con-

taminants in the water can enter the patient's bloodstream 
and cause significant morbidity and mortality1. Chronic in-
flammation is widespread among dialysis patients but has 
been linked to poor water quality2. To that end, dialysis wa-
ter is extensively pretreated before use, and most dialysis 
machines are equipped with endotoxin-retentive filters. One 
contaminant frequently linked to dialysis water contamina-
tion is lipopolysaccharide or endotoxin, which is released 
primarily from disintegrating gram-negative bacteria GNB3. 
As a result, to prevent the growth of GNB in dialysis sys-
tems, dialysis machines must be disinfected regularly and a 
monitoring program established4.

The inappropriateness of tap water for a long time is 
recognized for hemodialysis treatment. The water utilized 
in hemodialysis centers undergoes additional treatment to 
decrease pollutants to levels required by national or inter-
national standards for dialysis fluids5. Although the water 
treatment stations used in hemodialysis units depend on 
the quality of the drinking water and the uses of the trea-
ted water within the dialysis centers6, the primary water 
treatment for the hemodialysis session is divided into three 
stages. The pretreatment stage's first step removes most 
suspended particulates, organic matter, and cations (sand 
filter, softener, brine tank, and carbon filter). The second 
treatment stage aims to remove any remaining chemical 
compounds and microbiological contaminants (reverse os-
mosis). The third stage, known as post-treatment, seeks to 
ensure that water is distributed to the monitors while consi-
dering that circuit designs with external curvatures encou-
rage water stagnation, which can lead to contamination7.

Recently, the American National Standard Institute 
(ANSI), Association for the Advancement of Medical Ins-
trumentation (AAMI), and the International Organization 
for Standardization (ISO) released recommendations for 
water and dialysis solutions, intending to suggest reasona-
ble procedures for dialysis fluid production and monitoring3. 

Following these guidelines will result in an improvement in 
dialysis fluid quality. Endotoxin concentration is expressed 
as Endotoxin Units (EU). Endotoxin content in dialysis water 
(reverse osmosis water) must be less than 0.25 EU/ml, whi-
le the maximum guideline concentration in dialysate water 
is less than 0.5 EU/ml. In ultrapure dialysate, the guideline 
concentration is 0.03 EU/ml8. Iraq has no national standard 
for dialysis fluid quality; therefore, the above international 
criteria will be used to audit and monitor endotoxin content 
and water quality used to prepare dialysis fluid . This natio-
nal study aimed to determine the endotoxin level in dialysis 
water and dialysate in Iraqi hemodialysis centers.

Materials and methods 

Work strategy and sampling
The hemodialysis water examined in this study were 

samples collected for endotoxin analysis during 2021-2022 
in 20 Iraqi hemodialysis centers. A total of 80 water samples 
were analyzed; 40 were examples of dialysis water (reverse 
osmosis) and 40 samples of dialysate water.

The samples were collected in a sterile, endotoxin-free 
bottle (100 ml) pre-prepared before sampling in the labora-
tory. Samples were transported immediately on the same 
day to the laboratory for testing.

Endotoxin test
Limulus amoebocyte lysate (LAL) and a gel clot were 

employed to quantify endotoxin in the dialysis fluid. The 
sensitivity of the measuring kit is (0.015 EU/ml and 0.06 
EU/ml)9. The examination process includes mixing 0.1 ml 
of dissolved LAL reagent into the appropriate reaction tube, 
adding 0.1 ml of the sample, and incubating it using a water 
bath at 37 ± 1 °C, 60 ± 2 minutes without subjecting it to 
vibration. When incubation is complete, tilt the tube through 
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180° immediately but gradually. If a gel forms and maintains 
its integrity without deformation or collapse, the result is po-
sitive; if no gel forms, the effect is negative. Samples were 
analyzed twice using different dilutions.

Statistical analysis
Data analysis was done with Microsoft Excel 2010.

Results
Figures 1 and 2 showed hemodialysis centers' endo-

toxin levels in dialysis water (n=40) and dialysate (n=40). 
Endotoxin levels ranged (from>0.03- 0.5 EU/ml  (in dialysis 
water and )<0.015 - 0.5 EU/ml) in dialysate samples. The 
level of endotoxins was >0.25 EU/ml in samples of dialysis 
water (n=24) and dialysate (n=22) samples. Overall, the en-
dotoxin level was less than 0.25 EU/ml in 60% of the dialy-
sis water samples and 70% of the dialysate samples. As a 
result, only those samples complied with the (ANSI/AAMI/
ISO) best practice requirements for pure dialysis fluid. Only 
five Iraqi hemodialysis centers complied with the definition 
of the (ANSI/AAMI/ISO) best practice limits for ultrapure 
dialysate.

The dialysis water and dialysate were of poor quality 
(the level of endotoxin was more significant than 0.25 EU/
mL) in 40% and 30% of hemodialysis centers, respectively.

Discussion
The current study is a national survey of the quality of 

dialysis fluid. Iraq had more than 20 hemodialysis centers in 
2021 (according to the Iraqi annual statistical report)10. The 
first attempt to study the quality of dialysis fluid in Iraq was 
conducted by Al-Naseri et al. It was a small study looking for 
endotoxin levels in dialysis fluids11.

The results showed high in 50% pure dialysis and 
13% ultrapure hemodialysis water. These endotoxin levels 
did not comply with international guidelines8. This result is 
consistent with the results of Penne EL et al. 200912 who 
confirmed that the ultrafiltration technology might generate 
online dialysis fluids for an extended period while maintai-
ning consistent quality.

Endotoxin levels in dialysis fluid indicate that the water 
treatment procedure may be a source of endotoxin con-
tamination13. It would be necessary to change the water 
treatment unit's architecture to include a different phase of 
controlled ultrafiltration that produces sterile, pyrogen-free 
fluids suited for infusion.

Excess endotoxin in dialysis fluid from Gram-negative 
bacteria can produce pyrogenic responses and septicemia2. 
As a result, endotoxin in treated water is a cause for worry 
in hemodialysis institutions and should be considered when 
assessing the quality of hemodialysis water. This might be 

Yasamen Raad Humudat, and Saadi Kadhim Al-Naseri
Volume 8 / Issue 1 / 38     •     http://www.revistabionatura.com

Figure 1. Endotoxin levels in dialy-
sis water of several hemodialysis 
centers in Iraq.

Figure 2. Endotoxin levels in dialy-
sate of several hemodialysis cen-
ters in Iraq.



3

viewed as a potential restriction, given the study's primary 
goal was not to evaluate clinical symptoms of endotoxemia 
and inflammatory reactions, which could be investigated 
further in future studies. This problem was previously ad-
dressed in determining the level of endotoxin in hemodialy-
sis patients and its function in generating inflammation14-16. 

Conclusions
Dialysis water should consider a medicinal product by 

nephrologists. Furthermore, every effort should be taken to 
guarantee a high-quality liquid. To avoid the formation of 
bacterial endotoxins, regular disinfection of the entire fluid 
path is essential, and endotoxin testing should be included 
in the standard quality control survey.
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Isolation and identification of intestinal  parasites from Goats in some 
areas of Wasit Province, Iraq
Zainab A.Makawi

Abstract: The current study was conducted on goats in various parts of Wasit Province, Iraq, from November 2021 to 
April 2022. The study aims to find and identify intestinal parasites (IPs) in goats in Wasit province. The goat's fresh fecal 
specimens (n=180) include cysts, eggs, oocysts, trophozoites and larval stages. One hundred eighty sheep feces samples 
were collected, and more than one parasite was isolated from one sample (mixed infection). According to the data acquired, 
the overall prevalence of intestinal parasites in goats was 52.77 (95 samples). In the current investigation, eleven distinct 
(IPs) species with infection rates were identified, including Toxocara vitulorum (Goeze, 1782) (16.66 %), Cryptosporidium 
sp.( Tyzzer, 1907) (11.11%), Amoeba sp. (8.8%), Giardia sp.( Künstler, 1882) (8.8%), Trichostrongylus sp.( Looss, 1905) 
(8.33%), Cyclospora sp. (Schneider, 1881) (5.55%), Dicrocoelium dendriticum synonym (Distoma dendriticum) (Rudolphi, 
1819) (5%),  Paramphistomum cervi (Zeder, 1790) (4.44%), cercaria larva (2.22%), Balantidium coli (Malmsten, 1857) 
(1.66%),  filariae form larvae (1.66%), respectively. This may be the result of infection with various parasites due to the use 
of Conventional and unsanitary management systems

Key words: Intestinal  Parasites, Goats, Toxocara vitulorum, Cryptosporidium spp.
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Introduction
The domestic goat was one of the first animals that 

humans domesticated. They are found all across the pla-
net, with higher abundance in tropical and dry zones1. Gas-
trointestinal parasitism is one of the most severe diseases 
affecting goats, particularly nematode infections, among the 
most significant health issues limiting the animal's produc-
tivity2,3. However, parasites such as trematode (fluke) and 
cestode (tapeworm) may also contribute to harmful worm 
burdens in animals4. Protozoan infections such as amoe-
biasis, giardiasis, and coccidiosis have been documented in 
Thailand, Costa Rica, and India5,6. The distribution of most 
parasitic diseases has been linked to environmental condi-
tions and vector abundance. Gastrointestinal parasites are 
ubiquitous in temperate and tropical regions but are more 
prevalent in warm areas with inadequate sanitation and low 
living standards7. The diversity of parasites affects animal 
health and causes substantial economic losses to the ca-
ttle business. It poses a major health risk and a barrier to 
small ruminant productivity because of the related morbidi-
ty, mortality, treatment costs, and control measures8. Small 
ruminant nematode infections cause low production due to 
stunted growth, poor weight increase, and poor feed con-
sumption9. However, the few available studies on isolating 
intestinal parasites in goats are uncommon in some areas 
of Wasit Governorate. As a result, the current study aimed 
to verify the isolation and identification of infection of goats 
with intestinal parasites raised in these areas.

Materials and methods 
This survey was carried out in Wasit province between 

November 2021 till April 2022. Fecal samples (n=180) of 
goats were collected and preserved in transparent, clean, 
dry, tight-cover sampling containers. Each container was 
tagged with the relevant data, such as number, time, and 
date, and maintained in an ice box before being moved to 
the Natural History Research and Museum Center at the 
University of Baghdad. The samples were examined mi-
croscopically, and parasite data were recorded and main-
tained at 4 C° until the laboratory exams were completed 
within 24 hours. The collected fresh feces specimens were 
tested individually for identifying intestinal parasites utilizing 
concentration methodology by employing Sugar/salt solu-
tion and sedimentation protocol, as reported by (10, 11). 
In brief, direct smears for eggs/oocysts/ trophozoites were 
prepared, as well as a sedimentation protocol for eggs and 
helminths and a flotation method (Scheathers solution) for 
the detection of nematode eggs and protozoan oocysts.

Results
The overall prevalence of intestinal parasites in goats 

was 52.77 % over the study period (95 of 180). In Al-Suwai-
ra, the infection rate was 55 percent, while in Al- Shaihe-
miyh, the infection rate was 50 % (Table 1). This shows 
the eggs, cysts, oocysts, and larvae of intestinal parasites 
found in this investigation (Table 2) (Figureures 1 to 11 ). 
It included the following: Toxocara vitulorum (16.66%), 
Cryptosporidium sp. (11.11%), Amoeba sp. (8.8%), Giardia 
sp. (8.8%), Trichostrongylus sp. (8.33%), Cyclospora sp. 
(5.55%), Dicrocoelium dendriticum (Distoma dendriticum) 
(5%), Paramphistomum cervi (4.44%), cercaria  (2.22%), 
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Balantidium coli (Malmsten, 1857) Stein, 1863 (1.66%),  fi-
lariae form larvae (1.66%), respectively. The infection rate 
with intestinal parasites, according to months recorded hi-
gher infection rate was (70%) in April, while the lower infec-
tion rate was (33.33%%) in December (Table 3). Analysis 
of the data based on sex revealed females higher infection 
rate than males, as recorded in females (54.63%) and ma-
les (50.60%) (Table 4). The data on mixed intestinal parasi-
te infections shows that most investigated goats had mixed 
conditions (Table 5). Generally, the highest double illnesses 
among ( Toxocara vitulorum +  Cryptospordium sp ) with a 
rate (of 2.22%), while the lowest mix infection was recorded 
between ) Toxocara vitulorum + Giardia sp) with a rate (of 
1.11%).

Discussion
Out of the 180 goat fecal samples were collected 

(one sample for each animal). From the goats examined, 
95 (52.77%) were found positive for one or more parasi-
tes from Wasit province. The overall higher prevalence of 
intestinal parasite infection in the areas studied could be 
attributed to lower host immunity as a result of malnutrition; 
grazing of young and adult animals together in poorly drai-
ned land provide an ideal environment for the transmission 
of endoparasite eggs to build up a clinical infestation of the 
host; this finding is consistent with the findings of many 
other researchers12,13.
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Table 3. The pre-
valence rate with 
intestinal parasi-
tes according to 
months of study.

Table 4. The pre-
valence rate with 
intestinal parasi-
tes according to 
the gender of the 
goat.

Table 5. Preva-
lence of mixed 
infection intes-
tinal parasite in 
goat.

Table 2. The prevalence rate with intestinal parasites isolated from 180 fecal samples of goats.

Table 1. The pre-
valence rate of 
intestinal para-
sites in goats in 
the area.
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Figure 3. Cyst of Giardia sp.  Figure 4. Egg of Toxocara vitulorum.   

Figure 5. Egg of Paramphistomum cervi.   Figure 6. Egg of Distoma dendriticum.  

Figure 1. Oocyst of Cryptosporidium sp.   Figure 2. Cyst of Amoeba sp.   

Figure 7. Egg of Trichostrongylus sp.   Figure 8. Oocysts of Cyclospora sp.  
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Figure 9. Cyst of Balantidium coli.   Figure 10. Cercaria larvae.   

Figure 11. Filariae.   
According to the data, the prevalence rate of infection 

with an intestinal parasite is high. It included: Toxocara vi-
tulorum (16.66%), Cryptosporidium spp (11.11%), Amoeba 
sp (8.8%), Giardia sp (8.8%), Trichostrongylus sp (8.33%), 
Cyclospora sp (5.55%), Dicrocoelium dendriticum (Distoma 
dendriticum) (5%), Paramphistomum cervi (4.44%), cerca-
ria larva (2.22%), Balantidium coli (1.66%),  Filariae form 
larvae (1.66%), respectively. This study agreed with (14), 
who found the highest prevalence of Gastrointestinal para-
sites in goats (91.55 %) in Kirkuk province, Iraq. And (15) 
found that infection of goats with gastrointestinal parasites 
was (81.81 %) in Diyala Province, Iraq. In the current study, 
the lowest infection rate was observed in December (33.33 
%), while the highest was in April (70 %). This study is si-
milar to others8,16,17, which found that the wet months had a 
higher incidence of infection than the winter months. Maybe 
a related reason is that reduced grazing hours also redu-
ce the chances of contact between the host and parasites, 
leading to lower prevalence in the winter season. Further, 
inclement environmental conditions in winter resulting re-
duced egg production. According to sex this study recorded 
infection in females more than in males, agreed with (18), 
who attributed this variation to a physiological status like 
pregnancy/ lactation, which causes a dip in natural body 
resistance in goats against parasites. While (19)  and (16) 
also reported a higher prevalence of gastrointestinal para-
sites in females than in males. (20) and (21), on the other 
hand, demonstrated that animal sex did not affect the pre-
valence of gastrointestinal parasites in small ruminants. In 
contrast to the current findings, (22) found that males had 
a higher prevalence and intensity of infection than females. 
The presence of mixed infection with the gastrointestinal 
parasites in this study has previously been reported in these 
animal species13-15,23. Perhaps the reason is that goats are 

managed in Conventional systems in which large numbers 
of animals are routinely kept together. This could be due to 
increased pasture contamination or to poor sanitation and 
reduced immunity. This may increase the prevalence of in-
testinal parasites among the animals.

Conclusions
The current study identified several species of intestinal 

parasites found in goats in Wasit province. This is a signi-
ficant issue for livestock. As a result, a serious strategy is 
needed to prevent the spread of more intestinal parasites 
among local goats And other animals (sheep & cattle) be-
cause many parasites may be transmitted between these 
animals. Furthermore, studies on intestinal parasites in va-
rious parts of the country are needed to assess their impor-
tance as a source of health hazards. To reduce the parasite 
burden, some control measures for gastrointestinal parasi-
tes in small ruminants must be implemented. Grazing fields 
should be kept clean and free of animal feces and urine. 
Education of goat owners on the process of transmission 
and the influence of these parasites on farm animal produc-
tivity should be done regularly.
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Cost and performance analysis of efficiency, efficacy, and effectiveness of 
viral RNA isolation with commercial kits and Heat Shock as an alternative 
method to detect SARS-CoV-2 by RT-PCR
Luis Enrique Calvo Chica1, Fabian Aguilar-Mora1,2, Lenin Javier Ramirez Cando3, Carolina Proaño-Bolaños1, Andrea Carrera-Gonzalez1*

Abstract: In late 2019 a new virus reported in Wuhan, China, identified as SARS-CoV-2, rapidly challenging the healthcare 
system worldwide. The need for rapid, timely and accurate detection was critical to the prevention of community outbreaks 
of the virus. However, the high global demand for reagents during the years 2020 and 2021 generated a bottleneck in kits 
used for detection, significantly affecting developing countries and lagging their ability to diagnose and control the virus in 
the population. The difficulty in importing reagents, high costs and limited public access to the SARS-CoV-2 detection test 
led to the search for alternative methods. In this framework, different commercial nucleic acid extraction methodologies 
were evaluated and compared against heat shock as an alternative method for SARS-CoV-2 detection by RT-PCR to 
determine the diagnostic yield and its possible low cost compared to other methodologies. Nasopharyngeal samples 
were used where the diagnostic efficiency of the alternative method was 70 to 73%. The evaluation of the discriminatory 
efficacy of the technique took the sensitivity and specificity to establish its cut-off point, being 0.73 to 0.817, which allows 
discrimination between COVID-19 positives and negatives; as for the diagnostic effectiveness expressed as, the proportion 
of subjects correctly classified is between 80 and 84%. On the other hand, in terms of the costs necessary to carry out the 
detection, the alternative method is more economical and accessible compared to the commercial methods available in this 
comparison and evaluation, being possible its implementation in developing countries with high infection rates, allowing 
access to the diagnostic test with a reliable and low-cost method.

Key words: COVID-19, RT-PCR, Viral RNA.
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Introduction
Coronaviruses (CoV) are part of Coronaviridae family 

with unsegmented single-stranded positive RNA genome 
belonging 26 to 36 kb length with wide host range, inclu-
ding humans1-3. In the history of humankinds have expe-
rienced previus infection, during the 1960s CoV-virus have 
been describe beta-coronavirus like OC43-CoV and HKU1-
CoV, and alfa-coronavirus like 229E-CoV and NL63-CoV. 
Currently are endemic, causes of common colds and mild 
respiratory infections4. In the last two decades, two be-
ta-coronavirus caused of respiratory illnesses have been 
monitored, be-tween 2002/2003 the severe cute respira-
tory syndrome-related human coronavirus 1 (SARS-CoV), 
and 2012 the middle east respiratory syndrome-related 
coronavirus (MERS-CoV) both of them produced severe 
respiratory syndrome3,5-7. The novel coronavirus SARS-
CoV-2 was reported in Wuhan, China, in December of 2019. 
SARS-CoV-2 cause COVID-19 challenged the health pu-
blic system worldwide and genetic sequencing of the virus 
suggest that SARS-CoV-2 closely linked to SARS-CoV-1, 
affecting more than 180 countries8-10. The most widely used 
test for detection of SARS-CoV-2 fall into nucleic-acid test, 
as a multistep that involves, nasopharyngeal swab sample 
collection, isolation of viral genetic material and Reverse 

Transcriptase Polymerase Chain Reaction (RT-PCR)10-13.
During the first few weeks of the COVID-19 pandemic, 

the global demand for nucleic acid extraction kits and re-
quired reagents had already in short supply, making them a 
limiting source for SARS-CoV-2 testing due to those kits are 
mainly produced in industrialized countries, which means 
a disadvantage in the access to COVID-19 testing. Conse-
quently, being a challenge for middle and low-income coun-
tries in need of improving SARS-CoV-2 testing fueling the 
development of alternative SARS-CoV-2 RNA isolation me-
thods and protocols10,12-16. Most European countries and the 
United States have to deal with the accelerated growth of 
infections and enormous pressure on their health systems, 
where cases started to grow exponentially17.

In the case of Latin American countries, their first cases 
were registered between the end of February and the begin-
ning of March 2020, with Brazil reporting the first cases in 
the region. COVID-19 poses a significant risk in Latin Ameri-
can countries because countries share many economic, po-
litical and health system similarities in controlling COVID-19 
outbreaks and deaths17-19, but the number of IUC beds,pre-
pared medical workers and the robust or fragile public heal-
th system between each country created a framework of 
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differences of how control the outbreaks of COVID-1918-20. 
During the implementation of COVID-19 prevention and 
control measures, the nature and stringency of the response 
varied from each country based on closed international bor-
ders and declaring a national health emergency to ordering 
a curfew. Despite measures taken in response to the first 
cases of COVID-19 in Latin America, widespread testing is 
a crucial strategy to control the spread of the pandemic19,20. 
The need for rapid and accurate detection of SARS-CoV-2 
was critical for the prevention and control of communitarian 
outbreaks. For this reason, the immediate availability of the 
complete genome of SARS-CoV-2 allowed the develop-
ment of diagnostic kits employing the Reverse Transcription 
Polymerase Chain Reaction (RT-PCR) for specific regions 
of the SARS-CoV-2 genome1,8,21,22. The standard molecular 
method was developed based on the US Center for Disease 
Control and Prevention (CDC), Charite and World Health 
Organization (WHO), based on the amplification of specific 
regions of viral gene N, E and RdRp and the purified RNA 
isolated from the nasopharyngeal sample10,23-25.

Nevertheless, the increasing number of tests that were 
performed worldwide has created a high demand for rea-
gents necessary for SARS-CoV-2 detection, mainly during 
March-July of 2020In addition, the high need for these re-
agents has caused a shortage of this product, forcing the 
public and private health sector in Latin America to prioritize 
test only for people who have symptoms and signs of CO-
VID-19 increasing the bias, to be left behind in COVID-19 
diagnosis and control21,26-28.

Several commercial SARS-CoV-2 RT-PCR protocols 
employ manual extraction kits to isolate viral RNA from 
nasopharyngeal swabs23,29,30, whereby an accurate extrac-
tion, recovery and quantification determine the efficacy of 
RT-PCR detection8,31. The more common methods for vi-
ral isolation are (1) silica-based membrane13,32, also called 
solid-phase RNA extraction; (2) organic extraction using 
phenol-guanidineIsothiocyanate (GITC) and (3) magnetic 
beads12,33. All these methods allow cell and viral lysis using 
registered reagents by trademarks, which has made them 
a limiting resource for SARS-CoV-2 diagnosis, mainly in the 
peaks of contagious in the middle of 2020 and 202112,34.

The virus's rapid spread in Latin America and the high 
cost of COVID-19 tests due to shortage of supplies and re-
agents limits testing access. In March 2020, the cost of the 
RT-PCR test in Ecuador was between 80 to 120 USD. Later, 
in June 2021, the cost was reduced to 45 USD35,36. This 
value of 45 USD, according to Trudeau, represents 4.2% of 
the average monthly income of a middy-class person who 
would be willing to pay in Latin America in latent demand 
for COVID-19 tests, concerning other countries where the 
charges made by private's labs at the beginning of the pan-
demic scale of up to $70 in Brazil, $140 in Chile, $80 in 
Colombia and $137 in Uruguay20,37.

Laboratories across the globe face constraints on equi-
pment and reagents during the COVID-19 pandemic. Here, 
we compare and evaluate a simple approach causing lysis 
to the cells by heat shock and using the solution directly 
to RT-PCR9,21,38. This methodology could be an alternative 
to perform a reliable and rapid diagnosis of SARS-CoV-2, 
compared with the CDC RT-PCR gold standard that takes 
about 3 hours to complete, particularly for developing coun-
tries where all needed reagents for diagnosis must be im-
ported10. These approaches can help to access public or 
private COVID-19 tests at reasonable prices; however, the-
se data reflected the problem of price variability over time 

due to high demand and importation paperwork for reagents 
and kits for testing in a developing country.

Nucleic acid extraction typically involves three general 
steps: cell lysis, separation of RNA/DNA from other macro-
molecules such as DNA/RNA, proteins, and lipids, followed 
by RNA/DNA elution34. Several commercial SARS-CoV-2 
RT-PCR protocols employ manual extraction kits to isola-
te viral RNA from nasopharyngeal swabs24,35,36, whereby an 
accurate extraction, recovery and quantification determine 
the efficacy of RT-PCR detection9,37. The more common me-
thods for viral isolation are (1) silica-based membrane14,38, 
also called solid-phase RNA extraction; (2) or-ganic extrac-
tion using phenol-guanidineIsothiocyanate (GITC) and, (3) 
magnetic beads13,39. All these methods allow cell and viral ly-
sis using registered reagents by trademarks that has made 
them a limiting resource for SARS-CoV-2 diagnose mainly 
in the peaks of contagious in middle of 2020 and 202113,40.

The most common method for nucleic acid extraction 
uses Silica-based membrane technology, which relies on 
the ability of silica particles to adsorb DNA/RNA molecules 
under certain analytical conditions, and then eluted RNA 
precipitation using elution special buffers or nuclease-free 
water11,34,38. Another technique for RNA isolation requires 
the use of magnetic particles, that has several advantages 
based on (a) hydrogen-binding interaction with an underi-
vatised hydrophilic matrix, typically silica, under chaotropic 
conditions, (b) ionic exchange under aqueous conditions by 
means of an anion exchanger, (c) affinity and (d) size ex-
clusion41. Although there are numerous ways to extract and 
isolate RNA, most labs gravitate toward using organic ex-
tractions or com-mercially available kits. Acid guanidinium 
thiocyanate-phenol-chloroform is ongoing used to obtained 
nucleic acids, where the pH will determine the separation 
of nucleic acids and proteins. Polar RNA will remain in the 
upper polar phase, DNA will accumulate in the interphase 
and de-natured proteins will dissolve in the lower organic 
phase34,42-44. In the face of shortage of kits, re-agents and 
consumables; it is clear that a huge effort needs to be made 
to scale up current COVID-19 testing, thus is needed to 
evaluate alternative protocols, reagents, and approaches to 
allow a good nucleic-acid isolation for molecular detection 
of SARS-CoV-2. One of these ap-proaches used is heat-
shock technique, that allows free-RNA extraction without 
purification that can be used directly in RT-PCR. 

Considering the context of developing countries, high 
selling prices and access limitation to the public health sys-
tem, our aim was to evaluate and compare the efficiency, 
efficacy and effec-tiveness of using commercial kits with the 
heat shock as method for extraction of genetic material for 
molecular detection of SARS-CoV-2 by RT-PCR, in order to 
propose a low-cost and reliable method.

Materials and methods 
The samples were obtained from the project "Molecu-

lar diagnosis of SARS-CoV-2 in suspected COVID-19 sam-
ples from the Amazon region". In which the guidelines The 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) and the Ecuadorian law of data 
protection were foll dological analysis. The samples were 
employed after the diagnosis report was released to the 
MSP personnel.owed to carry out this observation, wherein 
no patient data have been included since it is a method.
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Samples collection
A nasopharyngeal swab was the reference sampling 

method used to detect SARS-CoV-2, collected by health-
care personnel using synthetic fibber swabs according to 
World Health Organization (WHO) general guidelines for 
respiratory sample collection. The samples were stored in 2 
mL microtubes with 700 µL of Tris-EDTA buffer, pH 8.0 (46). 
Samples were received from Molecular Biology and Bioche-
mistry laboratory at Universidad Regional Amazónica Ikiam, 
the inclusion/exclusion criteria for samples reception were: 
(1) transportation at 4 °C, (2) triple sealing for samples (co-
llection tube with biofilm in caps, bio-safe bag and external 

box), (3) epidemiological information of patients, and (4) the 
samples should not be spilled. 

Viral RNA extraction methods
Viral RNA extraction was performed using five different 

commercial kits, based on their four other technologies, 
following manufacturers' instructions with minor modifica-
tions. A total of 72 samples were selected (Figure 1). The 
five commercial kits were classified according to the purifi-
cation method used to isolate viral RNA (Table 1).

The kits were named A, B, C, D, E and F. 35 samples 
were used with kits A, B and C, while 37 were analyzed with 
kits D, E, and F. One negative control (nuclease-free water) 

Cost and performance analysis of efficiency, efficacy, and effectiveness of viral RNA isolation with commercial kits and Heat Shock as an alternative 
method to detect SARS-CoV-2 by RT-PCR

Table 1. Description of commercial kits to isolate viral RNA according to manufacturers' instruction.
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was included in each group.

Quantification of viral RNA by Spectrophotometry
The total RNA isolated with the different methods was 

analyzed to determine the concentration and purity with Na-
noDrop™ One/Onec Microvolume UV-Vis Spectrophotome-
ter (Thermo Fisher Scientific, USA). The concentration was 
obtained in ng/µL of RNA, and purity was calculated using 
the optical density (OD) ratio at wavelengths of 260/280 and 
260/230 (Figure 1). The values used for OD260/280 ran-
ged from 1.8 to 2.0, a good indicator of good-quality RNA, 
and for OD260/230 in the same range. If these values were 
out of the range were considered an indicator of organic or 
chaotropic agents' contamination.

peated sampling from same patien 11,49 The samples were 
analyzed by duplicate and triplicate using probability odds 
conversion for positive likelihood ratio (LR+) [1]. 

Real-time Retro-Transcriptase Polymerase Chain 
Reaction (RT-PCR) to detect of SARS-CoV-2

RT-PCR of 72 viral RNA samples was carried out using 
a commercial one-step detection kit for 2019 Novel Coro-
navirus (2019-nCoV) RNA (PCR-Fluorescence Probes) by 
Da An Gene© (Da An Gene Co., Ltda, of Yat-sen Univer-
sity, China) following manufactures' instructions on CFX96 
BioRad Touch Real-Time PCR Detection System2,49,50. Ac-
cording to the approval of the Chinese Center for Disease 
Control and Prevention, ORF1ab and N genes were the am-
plification target regions for SARS-CoV-2 released by WHO 
to detect SARS-CoV-2 using the PCR kit51-54. In addition, 
this kit includes an endogenous internal standard detection 
system, which is used for monitoring RNA extraction and 
PCR amplification, thereby reducing false negative results. 
The analytical sensitivity of Da An Gene (2019-nCoV) RT-
PCR, according to the manufacturer's instruction, was 500 
copies/mL as the Limit of Detection(LoD). This kit does not 
have cross-reaction with other pathogens, including SARS 
and MERS coronavirus being Open Reading Frame 1ab 
(ORF1ab) and Nucleocapsid protein (N) target genes in 
SARS-CoV-21,55-57.

Cost analysis
For this report, Activity-Based Costing Model (ABC Mo-

del) was performed to analyze the cost of five commercial 
kits evaluated, including the Heat-Shock reaction (58,59). 
This analysis was based on elemental material needed to 

Figure 1. Schematic overview of SARS-CoV-2 RNA extraction and RT-PCR testing procedure. 1). Sample collection. 2). 
Extraction processes (a.) Silica-based membrane extraction. (b) Magnetic beads extraction. (c.) Mono—phasic organic 
extraction. (d.) Heat-Shock RNA process. 3). RNA quantification. 4). RNA Amplification by RT-PCR.

Heat-Shock of nasopharyngeal swabs samples (kit F)
An alternative extraction method was evaluated in this 

report, which consisted of an RNA ex-traction using Heat-
Shock. The method was performed using stablish samples 
maintained in re-frigeration at -20 °C, thawed to 4 °C and 
homogenized, were taken 10 µL of nasopharyngeal swab 
sample which was heated 95°C for 10 min and then at 4 
°C for 10 minutes, until the RT-PCR procedure10,45-48. To 
analyze the alternative method, Bayes’ theorem was used 
to determine the likelihood of sample to be positive, and 
can be evaluated with Bayesian probability formalism for re-
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conduct an RT-PCR response considering direct and in-
direct costs necessary for the process and their outcome 
interpretation.

The analysis of the total cost to detect SARS-CoV-2 
was established considering (1) direct cost, the raw mate-
rial (supplies and additional reagents), lab workforce, equi-
pment depreciation, and Personal Protection Equipment 
(PPE). The cost was obtained through quotes and invoices 
requested during the years 2020 and 2021.

Statistical analysis
Data such as RNA concentration were represented 

through the median and interquartile range (IQR), while 
RNA purity was expressed through the Mean and Standard 
Deviation (SD) of the optical density (OD) ratio. A non-pa-
rametric ANOVA-like Friedman test was applied to analyze 
the RNA concentration and purity used to detect differences 

criterion for choosing the "optimal cut-off" value for diagnos-
tic tests61,64,65. Finally, a p-value < 0.05 is considered statisti-
cally significant in all statistical analyses assessing the kits' 
effectiveness in isolating SARS-CoV-2 nucleic acids.

For the alternative method to obtain viral RNA (Heat-
Shock), Bayes' theorem was used to calculate a posteriori 
probability based on the confusion matrix results. The idea 
of a good screening test is a high degree of true positives, 
high specificity, and a permissive number of false positives. 
Bayes' theorem allows the provider to convert the results of 
a test to probability60,66. The prevalence, in this calculation, 
would act as the pre-test or prior probability of disease and 
combined with the Positive Predictive Value (PPV) would 
generate a post-test probability for any patient (all-comers) 
regardless of the individual's risk. Finally, to study the cost 
necessary to perform a RT-PCR a Multidimensional Scaling 
was implemented to create a map, which displayed the rela-
tive position of variables, given a proximity matrix67.  

Results

RNA Quantification
The RNA extraction yield was calculated based on the 

median, and visually comparable in Figure 2. The latter was 
expressed on the mean ratio (OD260/280) as it is represen-
ted in Table 2 and Figure 3, where the Friedman test was 
used to analyze concentration and purity comparing diffe-
rences of independent but repeated and related variables 
measure. The average concentration of the straight set of 
RNAs for kit A shows values between 10.91 and 96.87 ng/
μL and a low-value range of 6.75 to 6.91 ng/μL; kit B values 
between 45.09 and 162.57 ng/μL, while for an unpurified 
set of RNAs no presented outcome; kit C values between 
10.914 and 327.56 ng/μL, while the unpurified set of RNAs 
presented with a range between 2.988 and 8.945 ng/μL; 
kit D values between 16.02 and 615.13 ng/μL, while for an 
unpurified set of RNAs no presented outcome, and finally 
for kit E values between 14.95 and 160.66 ng/μL, while for 
an unpurified set of RNAs no given outcome. In the case of 
kit, F was excluded because it was not purified and concen-
trated. In our study, the quantity and purity were estimated 
in 72 samples which were used for all five kits considered 
for comparison.

The Friedman test was used to analyze concentration 
and purity; Friedman compares independent variable diffe-

between each extraction methodology.
Accuracy [2], Sensitivity [3] and Specificity [4] were esti-

mated for diagnostic efficiency as indexes using a confusion 
matrix approach60-62. The confusion matrix and confidence 
interval (95%) were calculated using a diagnostic test eva-
luation software MedCalc version 20.027 (MedCalc Softwa-
re Ltd, Ostend, Belgium). ). The classification accuracy for 
SARS-CoV-2 was assessed by the ROC (Receiver Opera-
ting Characteristic) curve, which is a useful graphical tool to 
evaluate the performance of a binary classifier as its discri-
mination threshold is varied, analysis based on sensitivity 
as a function of 1-specificity of a diagnostic test, to evaluate 
the performance of a binary classifier as its discrimination 
threshold is varied examining the biomarker's discrimina-
tive efficacy61,63, based on how True Positive Rate (TPR) 
and False Positive Rate (FPR) changes in the classifica-
tion threshold is varied between infected and non-infected 
groups.

To summarize and understand the overall discriminati-
ve efficacy of the test, the Area Under the Curve (AUC) was 
used to evaluate the discriminatory effectiveness following 
the criteria: AUC ranges from 0 to 1, and an AUC of 0.5 su-
ggests no discrimination ability61. Although AUC is the most 
commonly used global index for diagnostic accuracy, the 
Youden Index, with a range similar to AUC, can provide a 

Table 2. The median yield of viral RNA concentration and mean A260/280 OD ratio purity of extracted RNA by six extrac-
tion kits.
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rences for experimental designs involving repeated/related 
measures. The Friedman test analyzed the observed di-
fference between different kits, and a p-value < 0.001 was 
considered statistically significant. The concentration and 
purity of each kit were significantly different from those of 
the others (Figures 3 and 4).

Heat-Shock inactivation (kit F) analysis
As mentioned above in methodology to evaluate the 

obtention of nucleic acid using an alternative method called 
kit F (Heat shock) and use in RT-PCR amplification. Positi-
ve Likelihood ratio (LR+) was calculated (LR+= 10.45), and 
Bayes' theorem uses the LR+ to facilitate the interpretation 
of a test for a given individual regardless of prevalence by 
assigning prior probabilities/odds to determine post proba-
bilities/odds for a given data point, in this case, the LR+.

The reach of Bayes' theorem was set in three sceneries: 
low, moderate, and high pre-test probability of COVID-19 
infection according to the exposure grade. To understand 
the Bayes' theorem, statistical approaches were used, whe-
re Individuals in a presumed low prevalence environment 
would constitute a low pre-test probability between 10–20% 
of COVID-19 infection, whereas an individual with cough 
and fever with known cases of COVID-19 may be assigned 
a moderate pre-test probability 40–60% of disease. A high 
pre-test probability of 80–90% of COVID-19 may include all 
known symptoms, with known close contact with confirmed 

COVID-19 and an estimated probability pre-test of 22.9% 
based on data on the prevalence of COVID-19 in the popu-
lation of Ecuador. For each of these individuals, a positive 
RT-PCR test result will have different implications, namely 
post-test odds (which can be converted to a probability for 
ease of interpretation).

To obtain the pre-test probabilities, LR+ needs to be 
converted into odds (because LR+ is a ratio of odds) and 
then to be reverted to possibilities; table 3 and Figure 4 pro-
vide a visual gauge of how a LR+ (10.45) changes post-
test probabilities based on disease prevalence and a priori 
probabilities.

RT-PCR analysis
The Da An Gene© kit detects the open reading frame 

1a and 1b gene from the region ORF (ORF1ab) and the 
nucleocapsid protein (N-gene). To validate the results for 
RT-PCR, the negative control NC (ORF1ab/N) did not show 
curve for ORF1ab and N genes, but showed an amplifica-
tion curve for RNAse P gene as internal RT-PCR control, 
and Ct value under 35 cycles. Positive control PC (ORF1a-
b/N) showed amplification curves for ORF1ab and N genes, 
as well as for RNAse P gene as internal control.

To test positive for SARS-CoV-2 in a sample, the result 
of RT-PCR amplification for ORF1ab gene, N genes, and Ct 
values need to be under 40 cycles. If the Ct values are up 
40 cycles for ORF1ab and N genes, a negative result was 

Figure 2. Box-plot of RNA concentra-
tion. The use of Friedman's test for con-
centration was based on the fact that the 
data failed the ANOVA-MR test. Com-
parison with each kit shows data with 
low-dispersion, obtained values that not 
exceeded in general 100 ng/µL of nu-
cleic acid concentration. Atypical data 
are seen in all kits; however, kits C (*) 
and D (ᵒ) show extreme outliers compa-
red to each other.   

Figure 3. Box-plot of Optical Density. 
For OD data analyzes, based on the 
data analysis of concentration, Fried-
man's test was chosen to visualize the 
differences between the purity of RNA 
obtained during the extraction process. 
Kit A and B shows highest disperse in 
the interquartile range of the values of 
each group compared with kit C, D and 
E, which shows a similar box, low-dis-
perse data and similar mean. In addi-
tion, kit B shows extreme outliers, but 
the nucleic acid purity ratio is better. On 
the other hand, kit C (•) shows stable va-
lues of purity but presents a low outlier 
compared with kit D and E.   
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Table 3. Bayesian probabilistic formalism of positive likelihood ratio (LR+) post-test probabilities for low, moderate and 
high prevalence of COVID-19.  

Figure 4. The Fagan nomogram was used to provide a 
visual estimate of post-test probabilities based on SARS-
CoV-2 prevalence and the capacity of evaluate for duplica-
te and triplicate the samples using heat shock to improve 
the estimation of a patient's risk of having or contracting the 
disease when testing positive based on disease prevalen-
ce and a priori probabilities. Prevalence, in this graphic and 
calculation, act as pre-test odd (1.3) or prior pre-test pro-
bability (57.14%). For the positive test (blue line), the LR+ 
was approximately 11 (CI: 1.55 -71), and for the post-test, 
probability was 94% (odds: 14.7) with CI: 67% -99%. On 
the other hand, for the negative test (red line), the LR- was 
0.32 (CI: 0.16 – 0.64), the post-test probability was 30% 
(odds: 0.4) with CI: 18% - 46%.

Cost and performance analysis of efficiency, efficacy, and effectiveness of viral RNA isolation with commercial kits and Heat Shock as an alternative 
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considered. In addition, in both cases the internal control 
(RNAse P gene) must be presented in amplification curves 
in RT-PCR. The hole detection time was ap-proximately 90 
minutes.

For diagnostic test validation, confirmation of the pre-
sence of a disease is important but along with that ruling out 
the presence of disease in healthy patients, being neces-
sary to care aboid cross contamination of sample and add 
a control the extraction prior to amplification to reduce false 
positive an false negatives. Common metrics like accuracy, 
sensitivity and specificity was calcu-lated using a confusion 
matrix based on results of True Positives, True Negatives, 
False Positives and False Negatives. Terms to quantify the 
diagnostic efficiency and diagnostic effectiveness expres-
sed as a proportion of correctly classified samples of any 
diagnostic test. Table 4 shows the data obtained and used 
to build a receiver operating characteristic curve (ROC), 
calculate the area under curve (AUC), and Youden index 
based on approach as the classification threshold (optimal 
cut-off point) between the infected and non-infected groups 
represented in Figure 5.

Cost Analysis for SARS-CoV-2 diagnostic test
An excellent way to analyze the different kits that have 

been assessed is multidimensional scaling (MDS), a sta-
tistical method that provides a graphical representation be-
tween objects in multifaceted spaces using distances be-
tween them. In cases where the relations between objects 
are unknown, distances between each other can be calcu-
lated. MDS is a technique of interdependence used when 
any or all of the variables are not dependent and cannot be 
explained by another when they are involved in the mutual 
relationship among all variables.

In Figure 6, MDS represents 6 variables (indicators) 

used in the study of cost analysis between six different 
methodologies of extraction; the indicators were sensitivi-
ty, specificity, direct and indirect cost (for 2020 and 2021), 
concentration [ng/µL] and Optical Density (A260/280). MDS 
stress (Goodness of Fit) has been found as 0.9999804 for 
coordinate 1, and 0.9999804 for coordinate 2, which indi-
cates the correct adjustment of latent coordinates created 
since the original data (indicators), where the grouping and 
distance adjustment of data concerning coordinate 1 and 
coordinate 2 indicates a well similarity between each kit, 
mainly for A, C, D and E by 2020 and considerable similarity 
by 2021. However, in kits B and F, for 2020 and 2021, there 
were significant differences between indicators.  

In terms of cost, the evaluation of supplements neces-
sary for a reaction was divided into direct and indirect costs 
for the years 2020 and 2021. For kits A and C (Silica-ba-
sed), D (magnetic beads) and E (organic extraction), globe 
cost for the reaction was similar during 2020; meanwhile, for 
kit B (silica-based), the cost was highest than all methods, 
values obtained for this evaluation are presented in Table 
5. Finally, for kit F, the reaction cost was cheaper than all 
methods. On the other hand, for 2021, an evident cost re-
duction for all kits is appreciable, where the cost of kits A, 
C, D and E have a clear separation, diverging from each 
other. However, the economic reduction for kit B is irrelevant 
since it is still the most expensive at the commercial level. 
Meanwhile, for kit F the cost for the reaction is more eco-
nomical compared to 2020, a method that can be applied 
for developing countries since its cost allows public access.

Discussion
Around the world, several efforts are being focused on 

Table 4. Comparison of accuracy, specificity and sensitivity for different RNA extraction kits.
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Figure 5. Receiver Operating Characteristic (ROC) curve for different RNA extraction kits. a.) It shows the ROC curve 
for silica-based extraction and heat shock treatment to obtain the cut-off point for the kit. b.) It shows the ROC curve for 
non-column extraction and heat shock treatment to get the cut-off point for kits.

Figure 6. Multidimensional Scaling for different viral RNA extraction kits for 2020 and 2021.

Table 5. Indicators to cost analysis for six different extraction methodologies.
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the fast development of novel and reliable diagnostic tests 
based on nucleic acid kits. However, a severe shortage of 
nucleic acid extraction kits due to the sudden surge in de-
mand, the reduced production capacity, and delays in ship-
ment challenge the global health system, mainly for develo-
ping countries during the first months and the rapid spread 
of COVID-19 in 2020 and 2021. Management of COVID-19 
requires widespread and accessible testing, where the pri-
mary step to be diagnosed is to obtain a purified and con-
centrated viral RNA to be used in the RT-PCR technique to 
detect SARS-CoV-2. US CDC considers this a "gold stan-
dard" technique to its high sensitivity and specificity, signi-
ficantly faster than other molecular available viral detection 
techniques13,68.

Thus, the method used for RNA extraction is the most 
crucial variable, where the extraction efficiency influence 
significantly the yield and quality of RNA; thereby, it repre-
sents an essential variable in detecting the presence of 
the SARS-CoV-2 genome by RT-PCR13. In this way, many 
commercial kits use different methods to allow fast, sensiti-
ve and reproducible detection of viral RNA. Along this line, 
reliable protocols are crucial for those molecular laborato-
ries without automated nucleic acid extraction, where the 
extraction process significantly influences the yield of RNA.

The results obtained from each different kit tested 
showed that the quantification of RNA is an essential step 
before RNA-based essays, where the diagnosis requires 
an accurate RNA quantification to estimate the success of 
the extraction to determine the appropriate amount of ex-
tract for downstream medical applications like RT-PCR for 
the diagnosis of SARS-CoV-231. Preliminary studies report 
that direct-to-test addition of unpurified samples allows for 
SARS-CoV-2 detection of low copy load samples, but may 
decrease test sensitivity, amplification cycle later and dela-
yed detection of viral RNA9,10.

The purpose of many diagnostic processes of SARS-
CoV-2 after nucleic acid extraction is the efficient detection 
and successful amplification of the target region in the vi-
ral RNA using RT-PCR, where an entire, high amount and 
good quality of nucleic acid template to be used fundamen-
tally for the downstream molecular process32. In this study, 
a comparison between the six different methodologies for 
RNA extraction showed variations in the overall performan-
ce based on their other technology, where kits B, D and 
E outcomes obtained show a considerable amount of nu-
cleic acid due to the use of similar required sample volume. 
However, kits A and C presented results of RNA yields de-
creased to kits B, D and C, which show extraction efficiency 
and methodology significantly influence the yield of RNA; 
despite using similar sample volumes, kit C has the most 
variable yield and concentration with significant differences 
in terms of IQR.

In the case of kit F, not having quantified the RNA con-
centration leaves it out of the comparison with the other 
commercial kits, given that being a raw genetic material, 
the generation of interference discriminates the quality of 
genetic material obtained by the heat shock, which would 
be used for amplification. However, doing so could have in-
dicated an approximate concentration of RNA, thus evalua-
ting qualitatively if the heat shock is favorable to obtaining 
quality genetic material.

The commercial kit's wavelength absorbance 
(OD260/280) shows acceptable purity, so values are proxi-
mate to 1.7 – 2.00 and upper 2.2. In this way, kit A and B si-
lica-based membrane extraction present the best purity ra-

tios indicating that the composition of the eluent was RNA. 
In contrast, kits C (same technology as A and B), D and E 
show an acceptable purity ratio but lower for optimal density 
ratios. Although spectroscopy can be used to determine the 
concentration and purity of RNA it lacks the power to deter-
mine the integrity of the RNA, which can affect the RT-PCR 
to detect nucleic acids for SARS-CoV-2 if the viral load and 
yield is not highest, being a considerable variable for CO-
VID-19 diagnosis, and make an agarose electrophoresis to 
view the integrity of extraction would involve an additional 
cost. So, there are clinical and public health implications for 
the detection of samples with low levels of SARS-CoV-2 vi-
ral RNA. Even though, detection of viral RNA by PCR may 
not correlate with live transmissible virus for patients pre-
senting early infection70.   

Due to the rapid spread of SARS-CoV-2, studies have 
tested the use of direct nasopharyngeal samples, indicating 
that the RNA isolation step could be omitted12,38. However, 
this approach results in reduced sensitivity and specificity 
of the downstream RT-PCR process. It may require an ad-
ditional 3 to 7 PCR cycles to reach the detection threshold 
compared to that of reactions with purified RNA2,12, com-
promising the detection of low viral loads. Still, studies re-
ported sensitivity values ranging from 51%38 to 91.4%48 as 
commonly used measures of validity, including specificity. 
Sensitivity refers to its ability to detect a high proportion of 
confirmed cases while yielding few false negative results. 
Meanwhile, specificity, on the other hand, means that a spe-
cific test correctly identifies the actual negative and hence 
yields few false positive cases. Still, this result allowed a 
gap to increase the presence of False positive and false 
adverse claims, which can affect the control of spreading 
COVID-19.

The implementation of alternative methodologies like 
heat shock to obtain free RNA without concentration and 
purification, due to the limited supply chains, could be a 
good way to detect positive cases of SARS-CoV-2. Herein 
we report this approach as direct RT-PCR, which correctly 
identified 80 to 84% (diagnostic effectiveness) of samples 
previously shown to be positive for SARS-CoV-2 by RT-
PCR featuring an RNA extraction. Studies that used a si-
milar technique reported approach diagnostic effectiveness 
of 77.1, 92 and 95% of total positive samples26,49,69 being 
the direct detection without RNA extraction, a reliable alter-
native for commercial kits, especially for kits that based on 
extraction technology is silica membrane. The advantage 
to put of sample to thermal treatment is the exposure of 
viral genome and denatures inhibitors of the PCR; however, 
the exposure sample to high temperatures above 95ᵒC for 
direct RT-PCR (without RNA extraction) may result in the 
dismissal of diagnostic efficiency in comparison to modera-
te temperatures 65-70 ᵒC used in commercial kits which did 
not affe00ct RT-PCR38,70. Also, the use of mild temperatures 
allows a low capacity to affect their ability to discriminate to 
classify the healthy as healthy and the sick as sick, in com-
parison with the use of high temperatures. The Area Under 
the Curve, called AUC is one of the parameters to evaluate 
the discriminatory efficacy, obtaining values of 0.73; howe-
ver, the Youden index can help to determine the highest cut-
off, which determines the sensitivity and specificity together, 
getting a value of 0.817. However, this cut-off point does 
not necessarily determine the most heightened sensitivity 
or specificity that the test could achieve71.

On the other hand, compared to mono-phasic extrac-
tion, where the typical extraction involves three general 
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steps: cell lysis, separation of RNA from DNA, proteins, and 
lipids, followed by RNA concentration which presents a high 
yield than heat shock treatment that can be observed in the 
sensitivity and specificity by RT-PCR39,42. Finally, viral RNA 
extraction using magnetic beads showed similar results with 
single-stage extraction and silica columns; however, when 
RT-PCR is performed, sensitivity and specificity vary consi-
derably despite the beads having a certain affinity for RNA 
and the reagents used being specific.

As for the cost analysis using a multidimensional analy-
sis, a clear difference in prices, concentration and purity 
of viral RNA obtained for the years 2020 and 2021 can be 
seen, where the distance between the variables analyzed 
reflects an increase in direct and indirect costs necessary to 
perform the RT-PCR process. 

Conclusions
In conclusion, for the study presented, the use of alter-

native techniques such as an extraction RNA method prior 
to detection of SARS-CoV-2 can improve laboratory work-
flow. Considering the data, the technique has an acceptable 
diagnostic capacity for patients with a high viral load but a 
poor capacity for patients with low viral loads, we conside-
red that the most significant limitation was associated with 
our inability to evaluate a greater number of samples, which 
could have made it possible to develop a more robust and 
extensible protocol. Presenting a clear disadvantage in this 
process as to diagnostic efficiency and discriminatory effica-
cy. Although this protocol allows the clinician to significantly 
reduce processing time, we believe it should only be used 
in clinical la-boratories where the lack of reagents for RNA 
extraction is a limiting factor, the main objective being to 
ensure the quality of the analysis during patient diagnosis. 
On the other hand, in terms of costs required to perform it, 
there is a clear advantage, mainly for developing countries 
where the costs of important inputs and reagents limit the 
ability to detect SARS-CoV-2 genetic material, and the use 
of the direct sample with RNase inhibitors can also increa-
se the number of samples that can be processed per day. 
In terms of other alternatives technologies for extraction of 
nucleic acid, in this case viral RNA to SARS-CoV-2, low-
tech solutions for COVID-19 supply chain crisis can be the 
implementing self-collected saliva, superficial nasal swabs 
including dry oral swabs without viral transport medium, 
being a prospectal technologies with low-invasive for pa-
tients that can be ap-plicable for develop countries which 
use manual extraction methods. Consequently, dedicated 
biosafety practices need to be implemented to ensure the 
safety of laboratory personnel and reduce the risk of conta-
mination. So that, heat shock technique could be implemen-
ted in cases where the expected positivity rates are high 
(symptomatic patients) representing an efficient alternative, 
to subsequently perform the kit extraction technique only in 
negative samples, which would reduce time and save costs 
considerably in the diagnosis.  
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Tumor necrosis factor (TNF)-α-308 gene polymorphism in children of 
Haemophilia A
Thaer Ali Hussein*, Ali A.H. AL-bakaa, Mohammed Hassan Flaih

Abstract: Hemophilias are the most common X-linked inherited blood diseases that, if not properly treated, can cause 
lifelong debilitations. The challenges and problems in babies differ from that in older kids and adults. Blood loss conditions 
continue to dominate as diagnostic triggers in children, but the locations of blood loss vary with age. The TNF-α-308 gene 
polymorphism in children with moderate to severe hemophilia correlates with genetic background and with the clinical 
phenotype of the cases. This study was a case control conducted in fifty hemophilic and fifty age- and sex-matched healthy 
cases from September 2020 to October 2021. Results; a significant change was found among positive and negative 
inhibitors regarding the number of factors eight exposure days >20 days (in positive inhibitors was 59.3% compared to 
adverse inhibitors 27.8%). Conclusion: The (TNF-)308 gene polymorphism is significantly correlated with inhibitor progress 
in severe Haemophilia A cases. TNF-Alpha gene might be of use as a biomarker as well possible immune response 
modulator in Haemophilia A patients receiving substitute treatment.

Key words: Polymorphism, TNF-α -308Haemophilia, inhibitor, prophylaxis - intracranial hemorrhage and pediatrics.

ARTICLE / INVESTIGACIÓN

Introduction
Haemophilia A (HA) is the most everyday coagulation 

parameter shortage globally, with elevated treatment costs. 
It impacts all ethnic inhabitants, and its prevalence fluctua-
tes between various states but is valued at rates of 3 to 
20 cases/100k people1. According to the World Federation 
of Hemophilia's (WFH) yearly report for 2016, the estima-
ted total number of cases in Iraq with all types of hemo-
philia in 2016. There were 1346 cases, for a prevalence of 
3.7/100,000 people2. Genetically, HA is caused by omitting 
all or part of the factor VIII gene, a point mutation in the 
genes or gene regulation. Major inversions of the tip of the 
X chromosomes, which are adaptive for half of the severe 
degree of such diversity of abnormalities in the factor-VI-
II (FVIII) gene, cause a lack of reduced productions of the 
FVIII molecule, which has no role or decrease of FVIII in 
plasma1. In severe hemophilia, phenotypic changeability is 
well-known.

Cases of HA have mutable clinical phenotypes that co-
rrelate with FVIII plasma levels and other genetic and envi-
ronmental influences. The precise cause of this clinical he-
terogeneity remains unknown. The FVIII gene mutation, on 
the other hand, is regarded as the most critical determinant 
of the clinical phenotype3. TNF is considered a cytokine with 
multiple functions. TNF- is of an essential role in defense 
for the host in contradiction of infections and has a primary 
function in auto-immune disorders. It is also a necessary 
cytokine for the formation of granulomas. TNF-alpha levels 
vary from case to case and are genetically determined. A 
gene encodes TNF-alpha on 6p21, part of the main histo-
compatibility complex (MHC). The third chromosome was 
a highly polymorphic region. Several bi-allelic as (SNPs) 
were found rounding (in or and) the gene of TNF-α. One 

G/A polymorphism is situated at the gene -308 upstream 
and is identified to impact the TNF level. Compared to the 
allele as TNF—308G,  allele A has more excellent transcrip-
tion activities4.

We wanted to look into TNF—308 gene polymorphism 
in children with moderate to severe Haemophilia and see if 
there was a link between genetics and clinical phenotypes.

Materials and methods 

Cases and Methods
This study was a case-control study performed from 

September 2020 to October 2021 for fifty hemophilic ca-
ses& fifty healthy cases of matched age & sex attending 
hematology at Al-Hussein teaching hospital in Nasiriya.

Inclusion criteria: Age group: > 1 month to18 years old, 
moderate and severe hemophilic cases, Haemophilia A was 
sorted regarding the level of serum-FVIII: <1 % of ordinary 
(severe), 1–5% of regular (moderate), and >5%of every day 
(mild) and accept to sign the informed consent form

Exclusion criteria: Rather than Haemophilia and asso-
ciated chronic illness, any associated hematologic disor-
ders.

All cases will be subjected to the following
A- Full history taking including ages, gender, the exis-

tence of parental consanguinities, ages at onset of cyano-
sis, cyanotic conditions and their incidences, blood loss 
manifestation, thrombocytopenia family history, medication 
past, family history of Hemophilia, FVIII activity, FVIII brand, 
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ages of first exposures to FVIII.
B- Complete clinical examination: Physical appearance 

with specific attention to abnormalities of growth, signs of 
anemia,  arterial blood pressure and other vital signs and 
data such as temp, heart & respiratory rates and BP have 
been determined.

C- Investigations: 2 ml of venous blood were gathered 
from all cases and control groups, placed in tubes contai-
ning EDTA, and reserved at -20 °C until DNA extraction. 
DNA was extracted using commercial DNA extracting kits 
and kept at -20°C.

D- Standard approaches: Southerly blot and wide-ran-
ge chain reactions (PCR) have been used to analyze the 
FVIII gene in versional analyzing, PCR and mutation scree-
ning approaches.

E- TNFA polymorphisms: The isolated DNA for the 
polymorphic locations-308 was genotyped for TNF-poly-
morphism using polymerase chain reactions (PCR) and 
a thermal cycler. Polymorphisms were studied using the 
(RFLP) technique and to sites -308 primers specific. The 
TNF-alpha-308G/A (rs-1800629) polymorphism was dis-
covered using a primer as single, which produces a place 
as NcoI recognition in the allele as A; therefore, PCR (107 
bp) absorption with yields of NcoI being two results (87 and 
20 bp). The G-allele is still present. TNF-A amplifications 
were carried out using a thermal cycler. From blood ED-
TA-conserved, TNF-A polymorphisms g-DNA was extracted 
utilizing (Qiagen-genomic tip, Kebo-Lab, Sweden) Kit. The 
polymorphism as TNFA 308GA (rs1800629) was discovered 
using primer being single, which generates a site of NcoI-re-
cognizing in the allele as A; therefore, the PCR ingestion 
(107 bp) along with NcoI (Promega, Germany) yields two 
results (87 and 20 bp). The G-allele is still present. A ther-
mal cycler (Techne, PHC3 Dri block, and Cambridge, UK) 
achieved TNF-A amplification amplifications. For 3.5 hours, 
the digested NcoI samples were exposed to agarose gel 
electrophoresis in three percent Nu-Sieve GTG at 5-V per 
cm.

F- Procedure: Extractions of DNA and polymerase 
chain reactions: DNA was extracted utilizing Gene JET as 
Total Blood DNA Genomic Purifications Mini Kits (Qiagen 
genomic tip, Kebo Lab, Stockholm, Sweden) and kept at -20 
°C. The primer sequence used is depicted in (Table 1). The 
reaction volume was 25l: 5l of DNA at 100ngl, 15.0 l Dream 
Taq Green PCR master mix (thermo-scientific, USA), 0.5 l 
of every primer (25pmoll), and 4.0l H2O. The reaction was 
carried out in a thermocycler TC-100 (Biorad, USA) along 
with the following parameters as cycling: rs1800629: The 
profile of cycling was as follows: 1st denaturation at 940 de-
grees Celsius for three minutes, thirty cycles of 94 degrees 
Celsius for 10 seconds, and appropriate annealing temp. 
Sixty degrees Celsius for 30 seconds, 72 degrees Celsius 
for 30 seconds, and ultimate extensions for 5 minutes at 72 
degrees Celsius. For checking the products of PCR at 107 
bp for rs1800629, ten l of PCR were resolute in agarose gel 
2 percent.

DNA concentration, purity and purity: were measured 
spectro-photometrically utilizing the Thermo Scientific Na-
noDropTM Spectro-photometer (Nanodrop). Following the 
formulations: DNA concentration (g per ml) = (A-260–A-320 
readings) dilution factor 50g per ml DNA yield (g) = total 
specimen volume x DNA concentration (ml). The re-activity 
of every specimen was determined by dividing the average 
specimen OD by the low positive controls average OD. The 
final result was multiplied by the number of units assigned 

to the low positive. After that, samples were labeled being 
negative (less than 20 units), moderately positive (from 20 
to 60 teams) or strongly positive (greater than 60 units).

Statistical analysis: Statistical analysis has been done 
by SPSS-21 (IBM, USA). The normality of data has been 
first examined with one-sample Kolmogorov-Smirnov tes-
ting. Associations among qualitative variables were done 
via Chi-square testing, whereas Fischer exact testing and 
Monte Carlo testing were employed when the expected 
cell count <5. Comparison between both groups was made 
by means of Student t-testing for parametric results and 
Mann-Whitney testing for nonparametric results.

Results
As regards characteristics of studied cases, most of 

them presented with spontaneous bleeding due to minor 
trauma (73.3 percent ). In addition, most patients (84.4 per-
cent) had negative consanguinity and no Haemophilia fami-
ly history (55.6 percent ). Also, the number of factor expo-
sure days < 20 represents 53.3% of cases. The number of 
bleeding episodes per month was < one time per month in 
57.8%. No first exposure to factor 8 was 55.6% in 25 cases 
with age < 18 months. All patients in the study were given 
recombinant factor 8 concentrate therapy on demand at an 
average dose of 30 iu/kg. 26 of hemophilic cases (57.8%) 
had factored 8 activities less than 1%. Moderate Haemo-
philia represents 60% of cases; severe Haemophilia repre-
sents 40%. Table (2)

A non-significant change was found among the studied 
group regarding genotype, but GA distribution was higher in 
the patient group (15.6%) than in the control group (6.7%). 
Regarding alleles, the A-allele distribution was higher in the 
patient group (7.8%) compared to the control group (3.3%). 
Table (3)

There is no significant difference in positive family his-
tory between moderate and severe Haemophilia, but the 
frequency was higher in severe Haemophilia (61.1%) than 
in moderate Haemophilia (33.3%). There is a significant 
difference between average and severe Haemophilia as 
regards several intensive factors 8 treatment; the frequen-
cy was higher in severe Haemophilia (median =8) than in 
moderate Haemophilia (median =5). There is a significant 
difference between average and extreme Haemophilia as 
regards positive consanguinity; frequency was higher in the 
middle than in severe Haemophilia. Table (4)

A non-significant change was found among moderate 
and severe Haemophilia regarding genotype, but GA distri-
bution was higher in the middle than severe Haemophilia. 
Also, the A allele frequency was higher in moderate than 
powerful Haemophilia. Table (5)

A non-significant change was found among positive 
and negative inhibitors regarding genotype, but GA distribu-
tion was higher in positive inhibitors 22.2% than in adverse 
inhibitors 5.6%. Also, A allele distribution was increased in 
positive inhibitors at 11.1%, then in negative inhibitors at 
2.8%. Table (6)

Following logistic regression analysis and adjusting for 
confounding factors, the only independent predictor of po-
sitive inhibitors was the number of factors 8 exposure days 
> 20 days (OR = 3.8) with a 95% CI (1.05-13.7).Table (7).

Thaer Ali Hussein, Ali A.H. AL-bakaa, Mohammed Hassan Flaih
Volume 8 / Issue 1 / 41     •     http://www.revistabionatura.com



3

Tumor necrosis factor (TNF)-α-308 gene polymorphism in children of Haemophilia A

Table 1. Primer sequence and PCR-RFLP enzyme.

Table 2. Cases characteristics re-
garding disease.
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Table 3. Comparing of Genotype among cases and control groups.

Discussion
TNF—308 promoter gene polymorphism was linked to 

various auto-immune diseases, counting systemic rheuma-
toid arthritis, lupus erythematosus, and infections like TB. 
No studies on TNF- gene polymorphisms in TA were dis-
covered throughout the study writing process. During the 
manuscript review process, we came across one report that 
found no TNF- promoter polymorphism in the Han Chinese 
population. As a result, they conducted this pilot report to 
investigate TNF—308 polymorphism in TA, a granuloma-
tous vasculitis with an auto-immune basis that is most likely 
caused by Mycobacterium tuberculosis5. This is why this 
study was chosen to investigate (TNF)—308 gene polymor-
phisms in Iraqi children with moderate to severe hemophi-
lia and to correlate the genetic background with the clinical 
phenotypes of the cases. In Iraq, a single Hereditary Blood 
Disorders Center in every governorate delivers care for the-
se cases, excluding  Baghdad, where three centers exist. A 
case-control study was conducted comprising 50 hemophi-
lic cases& 50 healthy cases of matched age & sex. Total 45 
hemophilic cases and 45 controls were screened for parti-
cipation during this study. There is a non-significant change 
among the study groups regarding age and sex. Regarding 
age, the cases group had a median 6 IQR between 5-10 
compared to the control group, which had a median 5 IQR 
between 3-11. Regarding sex, the majority of both groups 
were males. Our results are supported by the study of Nes-
heli et al.6,7 as they reported that the mean age of cases 
with inhibitors was 10.22 years. Their results revealed that 
the production of inhibitors in young populations was more 
significant than in older ones. It might be because of the 
usage of exogenous FVIII as prophylaxis in some young 
Haemophilia A cases and the deficiency of use of any factor 
on demand in the old cases8,9. However, Astermark et al.,10 
reported that the median age of the studied group was 24 
(3-79)-yrs, and all cases had >100 exposures to FVIII con-
centrates. The present study shows that as regards charac-
teristics of studied patients. Most of them presented with 
spontaneous bleeding due to minor trauma (73.3 percent ). 
Furthermore, most cases (84.4 percent) had negative con-
sanguinity and no Haemophilia family history (55.6 percent 
). Also, the number of factor exposure days < 20 represents 
53.3% of cases. The number of bleeding episodes per mon-
th was < one time per month in 57.8%. No first exposure to 
factor 8 was 55.6% in 25 cases with age < 18 months. All 

cases in the study received recombinant factor 8 concen-
trate therapy on demand at an average dose of 30IU/kg. 
Twenty-six hemophilic cases (57.8%) had factor 8 activity 
less than 1%. Moderate Haemophilia represents 60% of 
cases; severe Haemophilia represents 40%. Taresh et al.11 

who conducted their study in Basra, Iraq, 39.8-% of enrolled 
cases with HA had a severe form of the disorder, and more 
than 33% were >15 years old, while 56% of the cases with 
HB had a mild grade of the disease, and nearly half were 
younger than five years old. Our results are supported by 
the study of Al Tonbary et al.12 as they reported that mode-
rate presentation represents the majority in 17.2%, followed 
by severe presentation in 4.7%. The mean presentation 
symptoms were hemorrhage followed by males' circumci-
sions at 51.4%, trailed by posttraumatic bleeding at 36.1%. 
Unplanned detection was revealed to be shared in females.

However, Astermark et al.10, reported that number of 
124 cases, 75.6% have severe (52 cases with HR, 11 cases 
with LR, 61 patients with no inhibitors), 15.9% were mo-
derate (2 cases with HR, 5 cases with LR, 19 cases with 
no inhibitors), and 8.5% mild (3cases with HR, 4cases with 
LR, 7cases with no inhibitor) HA. In the study in our hands, 
non-significant changes were found among the study groups 
regarding genotype. However, GA distribution was higher 
in-patient group (15.6%) than in the control group (6.7%). 
Regarding alleles, the distribution of the A-allele was high 
in the patient group (7.8%) compared to the control group 
(3.3%). Our results are supported by the study of Zhang et 
al.13, as they reported that in cases of HA, genotypes as 
G/A, G/G, and A/A have been found in 12.8%, 84.3% and 
2.9% resp.; C/C, C/T and T/T genotypes have been found in 
77.2%, 21.4%, and 1.4 %resp. The variance in the genoty-
pe incidences among the study groups was non-significant.

Furthermore, Sandhya et al.14, Three results were 
obtained after enzyme digestion of the PCR products. A 
comprehensive NcoI cut for homozygous TNF- (-308G/G), 
yielding 2 87 and 20 base pair remains; an incomplete cut 
for heterozygous TNF- (-308G/A), producing 3 107, 87, and 
20 base pair remains; and an un-cut homozygous TNF- 
(-308A/A), yielding 107 base pair fragments. The difference 
in genotype distribution of the polymorphism between the 
two groups was not statistically significant. The present 
work shows that there is non-significant change among 
moderate and severe Haemophilia regarding genotype, but 
GA distribution was higher in moderate than severe Hae-
mophilia. Also, A allele frequency was higher in moderate 
than severe Haemophilia. The study of Astermark et al. su-
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pports our results10, They reported that for the current work, 
Hap 2 (Hap 2-2) homozygous was of significantly greater 
hazard of inhibitor progression compared to Hap 1-1, and 
the single variance between such two haplotypes is the un-
common allele being TNFA–308A, which has been linked 
to pathophysiologic roles in definite antibody-mediated au-
to-immune disorders. The correlation along with such allele 
was stronger in the sub-group of cases with HA (OR, 19.2; P 
value.001) being severe, and it was as well found in the co-
llection of seventy-five cases with overturns—which is, in a 
group of cases with a similar hazard for inhibitors emergen-
ce according to the causal FVIII mutations themselves. This 
correlation was more than non-dependent on allele-134 
of IL-10G15. The current work shows that a non-significant 
change was found among positive and negative inhibitors 
regarding genotype, but GA distribution was higher in positi-
ve inhibitors 22.2% than in negative inhibitors 5.6%. Also, A 
allele distribution was more increased in positive inhibitors, 
11.1%, than in negative inhibitors, 2.8%. Following logistic 
regression analysis and adjusting for confounding factors, 
the only independent predictor of positive inhibitors was the 
number of factors 8 exposure days > 20 days (OR = 3.8) 
with a 95% CI (1.05-13.7). Zhang et al.13 reported that cases 
with homo-zygotes for A-allele had an advanced danger of 
inhibitors advance compared to those who weren't (OR = 
7.519, 95% CI = 3.168 - 17.844). Severe HA cases with ho-
mo-zygotes for A-allele had an elevated danger of inhibitors 
advancing compared to those who weren't (OR = 8.163, 
95% CI = 2.521 - 26.434). A non significant change in the 
danger of inhibitors advance among the cases having or not 
(OR = 1.586, 95% CI = 0.729 - 3.450). This can be revealing 

of a causal association of TNFα –308 A/A with inhibitors for-
mations and the elevated incidence connected to the choi-
ce of inhibitors cases (47.0%) for the report in the group of 
MIBS, or to other inherited influences alongside Hap-2 But, 
the opportunity in which the 308A-allele is additionally pre-
dominant in Haemophilia cases with inhibitor compared to 
such without inhibitor and in controls requisites to be asses-
sed in multi-ethnic populations-built groups. The inhibitory 
progression of antibodies in response to exogenous FVIII is 
frequently measured as a Th2-cell-induced immune respon-
se, while TNF- is chiefly associated with Th1 cells. But, the 
cytokine profile obviously shows that inhibitor formations 
are a mixed Th1 and Th2 cell responding, emphasizing that 
TNF- levels can similarly moderate the immune response 
to missing factors in Haemophilia cases. (1). In a study by 
Wilson et al.17, The HLA B8, A1, and DR3 alleles were signi-
ficantly correlated with 17 TNFA –308A. However, while our 
findings strengthen a link among the polymorphism –308A 
and such alleles, no one was additionally common in inhibi-
tors cases in their group, with only B44 being the enriched 
allele of an OR of 2.1—which is analogous to what is defi-
ned through Oldenburg et al.18 (34.5% vs. 16.7%; OR, 2.2).

Conclusions
In cases of severe Haemophilia A, TNFα-308 gene 

polymorphism is significantly correlated with inhibitor pro-
gress. TNF- gene can be a beneficial bio-marker and poten-
tial modulator of immune responding to auxiliary therapy in 
Haemophilia A cases.

Table 5. Relation between 
Haemophilia severity and ge-
notype.

Table 6. Relation between in-
hibitor and genotype.

Table 7. Relation between 
duration for taking OCS and 
gingival index.
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Isolation and molecular identification of washing machine bacteria and 
study of the effect of some detergents on their growth
Amina G.O. Al-Ani, Khansa Mohammed Younis, Sura M.Y. Al-Taee*

Abstract: This study aimed to isolate, molecular identify, and evaluate the antimicrobial activity of the three commercial 
types of household detergents; Persil (P), Arial (A), and Peros (Pe) in both forms of gel liquid and (Tate ) powder and 
antibiotics susceptibility test to assessed against isolates from used washing machines in Mosul city/ Iraq. A total of 46 
bacterial isolates were isolated. Five isolates were designated as Kh-Am1, Kh-Am4 from the Drum part, Kh-Am3, Kh-Am6 
from the Rubber door seal part and Kh-Am5 from Drain dictum; these isolates were selected for molecular identification by 
16S rRNA. The 16S rRNA gene of Kh-Am1, Kh-Am3, Kh-Am4, Kh-Am5 and Kh-Am6. The disc agar diffusion method was 
adopted for each selected isolate using stock and diluted concentrations. After incubation at 37ₒC for 24 hours, inhibition of 
Aerea was recorded. The results showed that the powder and gel form detergent stock solution has more inhibitory efficacy 
for the assayed isolates than dilutions. Susceptibility to antibiotics assay revealed that almost all the selected isolates were 
resistant. Even though infectious strains were not found, opportunistic pathogens were detected. However, because many 
bacteria have been detected in wash water, washing items at home with it may result in microbial contamination.

Key words: Washing machine bacteria, Washing machine environment, Detergents effect on bacteria, Antibiotic 
Susceptibility of washing machine bacteria.

ARTICLE / INVESTIGACIÓN

Introduction
Within the home environment, there are many oppor-

tunities for microbial transmission and laundry service at 
home. Cleaning agents have been used since time imme-
morial to eliminate dust and odour for hygienic or medical 
purposes. These items include a wide variety of items.  

Laundry machines are among the most widely used 
household application for maintaining domestic hygiene. As 
a result of its extensive use, laundry is one of the most po-
pular housework tasks1. The washing drum's technical ro-
tation determines a washing machine's clean efficiency, the 
quantity of cloth with water and cleaners, and the suitable 
washing duration and water temperature2.

Bacteria were decreased but not wholly destroyed 
throughout wash cycles after entering the washing machine 
via contaminated clothing and influent water. In the washing 
machines, the washing process generates a microbiological 
exchange of influent water, microorganisms, biofilm-related 
bacteria and skin – clothing related bacteria3,4. Surviving 
bacteria live inside the washing machine, attaching to va-
rious surfaces or being spread in the wash load throughout 
the wash cycle. Suppose bacteria such as Escherichia coli 
or Staphylococcus aureus are prevalent. In that case, hou-
sehold members may be at risk of complications5,6 describe 
an occurrence in a newborn intensive care unit caused by 
a single species of multidrug-resistant bacteria Klebsiella 
oxytoca ST201, which has only been controlled whenever 
the washing machine was removed. Moreover, the resear-
chers indicated that modifications in washing machine de-
sign and processing are needed to reduce the accumulation 
of water vapor, which might contribute to the establishment 
of bacterial growth.

A detergent(washing powders) is a synthetic surfactant, 
a chemical substance used for Cleaning. Since it includes 
one or more surfactants, a detergent is an efficient cleaning 
product. A disinfectant detergent that effectively kills harmful 
bacteria can help people stay healthy7,8.

Materials and methods 

Isolation of Bacteria
Samples were taken from four different types of was-

hing machines used by other families in Mosul/ Iraq, for 
periods ranging from months to years and where various 
common detergents were used. Briefly, washing machine 
samples were taken from three parts: Rubber door seal  , 
Drum and Drain ditch9. Samples were taken from the pre-
vious four locations of each washing machine using sterile 
swab sticks (BIONOVO, Poland) and then cultured on Tryp-
to Soy Agar (TSA),

Then the plates were incubated for 24-48 hours at 
37°C; the isolates were constantly purified until pure colo-
nies were obtained.

The Gram-staining method was used to determine mi-
crobiological properties. The total quantity of Gram-negati-
ve and gram-positive bacteria and the phenotypic form of 
the cells were determined by using a light microscope after 
preparing slides of isolates.

Five isolates were designated as Kh-Am1, Kh-Am4  
from the Drum part, Kh-Am3, Kh-Am6 from Rubber door 
seal part and Kh-Am5 from the Drain ditch; by analyzing 
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colony appearance and cell morphology, they matched the 
definition of the genera Bacillus and Lactobacillus in Ber-
gey's Manual of Systemic Bacteriology, The 16S rRNA se-
quencing was used for more molecular identification.

Amplification of the 16S rRNA gene and phylogenetic 
trees

The isolates Kh-Am1, Kh-Am3, Kh-Am4, Kh-Am5, and 
Kh-Am6 were cultivated for 24 hours at 37°C using a rotary 
shaker with 250 rpm in falcon tube containing (20 ml) of 
Tryptic Soy Broth (TSB).

Then the G- spin DNA extraction kit was used to ca-
rry out the DNA extraction procedure (intron biotechnology, 
Korea). Using the Maxime PCR PreMix kit approach, the 
genes of 16S rRNA were amplified from the genomic DNA 
of selected isolates by polymerase chain reaction (PCR) 
(i-Taq).

Each reaction of PCR used Taq PCR PreMix (5µl), 
1μl of 10 picomols/µl of each conserved primer 1250 F (5'- 
AGAGTTTGATCCTGGCTCAG- 3') and 1250R (5'- GGT-
TACCTTGTTACGACTT- 3') from IDT (Integrated DNA Te-
chnologies company, Canada) ,  DNA template(1.5µl ) and 
ddH2O (16.5 µl) for a 25μl total volume.

The optimal setting for the cycle of PCR amplification 
for gene detection is mentioned in (Table 1). To determine 
the outcome of PCR interactions in the presence of stan-
dard DNA and to identify the bundle size of the PCR interac-
tion product on the agarose gel, amplification products were 
electrophoresed in a 1 percent (w/v) agarose gel.

PCR Products Purification
The products of the PCR were purified by utilizing the 

PCR kit of QIAquik (QIAGEN) following the manufacturer's 
instructions. To mix the components, five parts of the binding 
buffer were added to one part of the PCR product. The mix-
ture was placed onto a QIAquick spin column after complete 
mixing. The flow-through was removed, and the collecting 
tube was refilled with the column. DNA was cleaned using 
wash buffer  ( 0.75 ml ) and centrifuged  (30 to 60 seconds). 
After removing the flow-through, the tube underwent ano-
ther minute of centrifugation. The column was then placed 
in a centrifuge tube (1.5 ml). 50 mL Elution Buffer solution 
was then added to the central of the QIAquik membrane for 
DNA elution. For a minute, the tube was centrifuged. Finally, 
the PCR product was purified and then sequenced by the 
Macro gene and the Korea Sequencing Service.

Phylogenetic relationships
The sequences of DNA collected have been compared 

to the database sequences of the gene bank (http://www.
ncbi.nlm.nih.gov). By internet bioinformatics tools, BLAST 
(www.ncbi.nlm.nih.gov/BLAST), homolog surveys have 
been performed . Sequences shared the highest similarity 
with Bacillus tropicus Kh-Am1, Lacticaseibacillus rhamno-
sus Kh-Am3, Bacillus subtilis  Kh-Am4, Lacticaseibacillus 
rhamnosus Kh-Am5 and Lactobacillus zeae Kh-Am6. In the 
format of FASTA, all the isolates have been downloaded. 
A maximal likelihood10 Multiple Sequence Comparative via 
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Table 1. The PCR amplifica-
tion cycles under ideal condi-
tions.

Figure 1. Electrophoresis gel 
of 16S rRNA gene amplified 
from isolates Kh-Am1, Kh-
Am3, Kh-Am4, Kh-Am5, Kh-
Am6, Kh-Am7. Lane 1: 1,500 
bp DNA ladder; lane 2: Kh-
Am1 isolate; lane 3: Kh-Am3 
isolate; lane 4: Kh-Am4 iso-
late; lane 5: Kh-Am5 isolate; 
lane 6: Kh-Am6 isolate.
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Log Expectation (MUSCLE) software was used to crea-
te phylogenetic trees with each 16S gene of isolates via 
using matched sequence and MEGA version 7.0 program. 
One thousand bootstrap copies of the original sequences 
have been used to calculate the confidence value for every 
branch. The complete series of 16S rRNA genes were ente-
red into the GenBank database.

Assay of detergents activity

Microorganisms Used in the Experiment
Isolates of  Kh-Am1, Kh-Am3, Kh-Am4, Kh-Am5 and 

Kh-Am6 bacteria were used in the experiment. Before the 
microbiological assay, the isolates were standardized to get 
the cell population of (0.5 Mac Farland standard).

Detergents
The antimicrobial potential of the detergents manufac-

tured by different companies was investigated, and three 
types of detergents: Persil (P), Arial (A), and Peros (Pe) in 
both forms, gel liquid and (Tate ) powder, were used.

Powder (Tate) solution of the three detergent types was 
prepared by dissolving 0.5 g/ml to form the concentrated 
mixture.

(stock solution), five –fold dilutions of all the stock were 
then used for the following tests. Gel detergents from the 
original packages were considered absolute concentration 
(100%), andfive–fold dilutions of all the stock solution Gel 
were then used for the following tests.

Screening for Sensitivity
The disc agar diffusion method was adopted; for each 

isolate, three plates were used. One for the dilutions and two 
for the stock solutions (i.e., duplicated). 1 ml of the bacterial 
suspension for each of the following isolates: - Kh-Am1, Kh-
Am3, Kh-Am4, Kh-Am5 and Kh-Am6 were placed in each 
sterile Petri dish, at 45°C, 19 ml sterile molten Muller-Hinton 
agar was poured into each of the plates that contain the 
suspension isolates. These were thoroughly combined and 
allowed to sit for a while timer: 20 minutes. Boring holes 
were made with a 6 mm cup borer. Each plate was divided 
into parts, each of which was numbered suitably. 50 mL of 
each stock and dilution solution was poured into the dug 
wells. Before incubation at 37°C for 24 hours, the plates 
remained at room temperature for 30 minutes.

The inhibition zone diameters that resulted were calcu-
lated and registered7,11.

Assay of antibiotic activity
The selected isolates were tested for antimicrobial sus-

ceptibility on Mueller–Hinton agar (Merck, Germany) using 
the disk diffusion (Kirby Bauer's) technique. Standard anti-
biotics were used: Penicillin G (P10 U) , Cephalexin (CL30 
mcg) , Ceftazidime ( CAZ 30 mcg), Vancomycin( VA 30 
mcg), Cefixime (CFM 5 mcg) from (Bioanalyse). Amount of 
0.1ml from 1 ml selected isolates suspension: Kh-Am1, Kh-
Am3, Kh-Am4, Kh-Am5 and Kh-Am6, using the 0.5 McFar-
land reference, the concentration was adjusted to roughly 1 
× 108 CFU/mL were spread onto molten Muller-Hinton agar. 
Antibiotic discs were loaded onto the agar. After a 24-hour 
incubation period at 37°C, the diameter of each antibiotic's 
inhibitory zone was measured12.

Results
Swabs for attached microorganisms from the three 

parts of the washing machine were done. Streaking on cul-
tured media plates revealed that the parts of the washing 
machine are filled with a variety of bacterial communities, 
table 2, with gram-positive bacteria dominating. Forty-six 
isolates of bacteria were collected, all of which revealed that 
they were more cultivable bacteria.

Accession numbers for nucleotide sequences
Designated isolates as the Kh-Am1, Kh-Am3, Kh-Am4, 

Kh-Am5, Kh-Am6 and their ribosomal 16S gene sequen-
ces were deposited in the NCBI Genbank database un-
der the accession numbers MW447497.1, MW447499.1, 
MW448431.1, MW448432.1 and MW460243.1 respectively.

Phylogenetic studies of the selected isolates
When the 16S rRNA genes of the chosen isolates were 

amplified and analyzed using a 1 percent agarose gel-elec-
trophoretic method, PCR products were a size of 1500 bp 
(Figure 1). (http://www.ncbi.nlm.nih.gov) the search engine 
performed BLAST analyses on sequences of partial 16S r 
RNA  for each isolate. All of the isolates had 98 to 100 per-
cent sequences compared to those in the NCBI GenBank 
database. Neighbor-joining tree (NJ) for isolation as built-in 
MEGA version 7 (Fig. 2, 3). For each nucleotide position, the 

Isolation and molecular identification of washing machine bacteria and study of the effect of some detergents on their growth

Table 2. Microflora in the washing machine parts:  Rubber door seal, Drum and Drain ditch (imaging for microscope by 
using Gram stain).
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scale represents 0.01 substitution. P. mirabilis (KX898582) 
was used as an outgroup.

For the Bacillus tree (Figure 2), a neighbor-joining tree 
based on the sequences of 16S rRNA gene with the highest 
similarity showed that Bacillus tropicus Kh-Am1 and Baci-
llus subtilis Kh-Am4 were the most closely related to Baci-
llus paranthracis strain MCCC 1A00395, Bacillus nitratire-
ducens strain MCCC 1A00732 and Bacillus tropicus strain 
MCCC 1A01406.

Lacticaseibacillus isolates tree (Figure 3), showed that 
a neighbor-joining tree depending on the highest similarity 
sequences for  16S rRNA gene for Lactobacillus zeae Kh-
Am6 is the most closely related to Lactobacillus zeae strain 
LT678023.1, while Lacticaseibacillus rhamnosus Kh-Am3 
and Lacticaseibacillus rhamnosus strain Kh-Am5 were the 
most closely related to Lacticaseibacillus rhamnosus strain 

19590 and Lacticaseibacillus rhamnosus strain 46 respec-
tively.

Assay of detergents activity
The results of Table (3 )  showed that stock solution for 

powder has more inhibitory efficacy for five isolates than 
dilutions, as stock for Persil powder showed the highest in-
hibition of isolate Kh-Am6 with a diameter equal to 32 mm 
compared to other types, the lowest inhibitory diameter was 
for Kh-Am3 separate with a diameter equal to 13 mm for a 
stock for Ariel. In contrast, all the bacterial isolates showed 
resistance to dilutions for three types of powder detergents.

The results of Table (4) showed that stock solution for 
gel has more inhibitory efficacy than dilutions, as stock for 
Ariel gel showed the highest inhibition of isolate Kh-Am3 
with a diameter equal to 15 mm compared to other types, 

Figure 2. Neighbor-joining phylogenetic tree (1000 bootstrap) by using MEGA7  from (31 )16S rRNA sequences homolo-
gous to that of Bacillus subtilis Kh-Am4 and Bacillus tropicus Kh-Am1, respectively  (indicated by black Circle).

Amina G.O. Al-Ani, Khansa Mohammed Younis, Sura M.Y. Al-Taee
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while all isolates showed resistance against the dilute con-
centration of three types for gel detergents except for Kh-
Am6 at (15) mm inhibition diameter for gel Ariel.

Assay of antibiotic activity
Table (5) shows that Kh-Am1and Kh-Am5 isolates are 

more resistant to the antibiotics used than other isolates, 
the Kh-Am4 isolate is more sensitive to antibiotics, and all 

isolates showed resistance to both CFM5 and CAZ 30 an-
tibiotics.

Discussion
Bacteria that colonies the extreme environment of an-

cient washing machines that have been in use for more 
than five years with commonly used washing machine de-

Figure 3. MEGA7 tool was used to create a neighbor-joining phylogenetic tree (1000 bootstrap) from 30 16S rRNA se-
quences homologous to that of Lactobacillus zeae Kh-Am6, Lacticaseibacillus rhamnosus Kh-Am3 and Lacticaseibacillus 
rhamnosus Kh-Am5, respectively (indicated by black rhombus).

Table 3. Sensitivity (in mm) of Kh-Am1, Kh-Am3, Kh-Am4, Kh-Am5 and Kh-Am6 bacteria to the powder detergents.

Isolation and molecular identification of washing machine bacteria and study of the effect of some detergents on their growth
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tergents were investigated. Using cultivation-dependent 
approaches, swab collection from household washing ma-
chine parts (Rubber door seal, Drum and Drain ditch) was 
picked.

Sample collection sites were carefully selected, as they 
provide surfaces for collecting microbes in addition to being 
in contact with the washing water.

The largest number of isolates were obtained in the 
Drain ditch part, which is evident as it accumulates an 
amount of the washing water, thus forming a moist environ-
ment that helps the growth of microbes. The collected was-
hing water is rich in elements that support the development 
of microbes9.

The three most contaminated parts of the washing ma-
chine are Gram-positive bacteria compared to Gram-nega-
tive bacteria Table (1). The reasons are probably due to the 
ability of some bacteria, such as Bacillus, to form spores, 
ensuring their survival for a more extended period.

Spores are one of the most resistant life forms known 
to date. One of the key factors contributing to these orga-
nisms' resistance to various difficulties, such as chemicals 
and extreme physical conditions, is their distinctive spore 
structure, which can withstand temperatures 40–45 0C hi-
gher than those experienced by their vegetative cells. The 
inner spore membrane, the peptidoglycan cortex, and the 
outer protein coat surround the dehydrated spore core, with 
the cortex playing a crucial role in the preservation of resis-
tance13. Also, some  bacteria  such as Lactobacillus inhi-
bit the growth of gram-negative bacteria14. In contrast, the 
studies of (15,16) mentioned that the negative bacteria are 
prevalent within the washing clothes and dishwasher ma-
chine community as they are more resistant to detergents 

(without bleaching agent), while the Gram positive bacteria 
are more resistant to high temperatures.

A polyphasic taxonomic analysis was used to explore 
five novel Gram-stain positive bacteria. These isolates be-
longed to the Bacillus and Lactobacillus families, according 
to 16S rRNA gene sequence analyses, with over 97 percent 
identity to recognized Bacillus and Lactobacillus species. 
They well-separated branches from species were recorded, 
according to multilocus sequence typing analyses. The nei-
ghbor-joining tree depending on the highest similarty se-
quences for the 16S rRNA gene, showed that the Bacillus 
tropicus Kh-Am1 and Bacillus subtilis  Kh-Am4 were the 
most closely related to Bacillus paranthracis strain MCCC 
1A00395, Bacillus nitratireducens strain MCCC 1A00732 
and Bacillus tropicus strain MCCC 1A01406, all have been 
deposited in GenBank, but represent unpublished data.

Furthermore, a split network tree based on the conca-
tenated sequences of the highest similar 16S rRNA gene 
was performed, and three isolates of the Lacticaseibacillus 
group were divided into two principal clusters: Lactobaci-
llus zeae which Lactobacillus zeae Kh-Am6 was deposit 
and Lacticaseibacillus rhamnosus were Lacticaseibacillus 
rhamnosus Kh-Am3 and Kh-Am5 were the most closely re-
lated.

In this study, results of the detergent's sensitivity (ta-
bles 2 and 3) showed that isolates vary in their response to 
three different types of commercial brands tide (Peros, Ariel, 
Persil ) for both powder and liquid forms. The stock solution 
of the powder and gel for the three types of the wave has 
more inhibitory efficacy for five isolates than dilutions; this 
is consistent with what researcher17 indicated in his study, 
where the maximum microbial growth at the lowest concen-
tration of detergents, and the minimum microbial growth 
was recorded at the higher concentration, as the detergents 
contain several chemicals that enhance their antimicrobial 
properties.

As stock for Persil powder showed the highest inhibition 
of isolate Kh-Am6 with a diameter equal to 32 mm compa-
red to other types, the lowest inhibitory diameter was for 
Kh-Am3 separate with a diameter equal to 13 mm for the 
stock for Ariel. In contrast, store for Ariel gel showed the 
highest inhibition of isolating Kh-Am3 with a diameter equal 
to 15 mm compared to other types; the study of 7 mentioned 
that the Ariel detergent was found to be the most active, in 
concentrated in addition to dilute solutions. Streptococcus 
pneumonia showed the highest inhibition with a diameter 
equal to 29 mm.

All the isolates of this study showed resistance against 
the dilute concentration of three types for powder and gel 
detergents except for Kh-Am6 at 15  mm inhibition diame-

Table 4. Sensitivity (in mm) of Kh-Am1, Kh-Am3, Kh-Am4, Kh-Am5 and Kh-Am6 bacteria to the powder detergents.

Table 5. Antibiotic susceptibility: Sensitivity of Kh-Am1, Kh-
Am3, Kh-Am4, Kh-Am5 and Kh-Am6 bacteria to Vancomy-
cin( VA 30 mcg), Cephalexin (CL30 mcg) , Cefixime (CFM 
5 mcg), Ceftazidime  ( CAZ 30 mcg), Penicillin G (P10 U).
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ter for gel Ariel. Another study of (11) mentioned that the 
effect of detergents does not depend only on the type of 
detergent; it also depends on the period of immersion and 
temperature, in addition to the fact that bacteria can develop 
biofilms since they do so frequently in washing machine18 . It 
is recommended to increase the washing machine program, 
meaning extending the drying, washing and spinning time, 
to get rid of the films and some plankton that may remain 
in the body of the washing machine, which may result in a 
fertile environment for the growth of microbes.

For the antibiotic activity, the study showed that most of 
the isolates were resistant to antibiotics, as shown in Table 
(4); kh-am1 and Kh-Am5 isolates showed resistance to all 
used antibiotics, while the Kh-Am4 isolate was more sen-
sitive to used antibiotics. The high temperatures and conti-
nuous exposure to various types of detergents in washing 
led to the development of antibiotic resistance by stimula-
ting mutations in the genetic material.

(19) stated that the resistance of bacteria to antibiotics 
is due to chromosome mutations or direct transfer of ge-
nes encoding a resistance mechanism. Resistance genes 
can be transferred in various ways, including conjugation 
(mobile genetic elements), transduction or transformation. 
The conjugation between the Bacillus genus and clinically 
relevant pathogens is possible, resulting in the transfer of 
antibiotic-resistance genes20. Perhaps the plasmid transfer 
in the biofilms enhances the resistance of bacteria to anti-
biotics and chemicals because the biofilm community is the 
dominant environment in washing machines21.

The antibiotics used in this study have a common me-
chanism of action: to inhibit the synthesis of the peptidogly-
can layer of the bacterial cell wall. Therefore these antibio-
tics are resistant by one of the two mechanisms, either by 
the enzymatic inhibition in some penicillin-resistant bacteria 
by synthesis of the enzyme beta-lactamase that breaks the 
beta-lactam ring in antibiotics or antibiotic resistance is de-
veloped through a change in the target site (antibiotic site 
of action) such as alteration in penicillin-binding proteins 
(PBP) and thus preventing binding of the antibiotic to the 
active site22.

Conclusions
The study revealed that the washing machine was con-

taminated with gram-negative and gram-positive bacteria, 
with gram-positive bacteria dominating. This could be due 
to some bacteria's ability to form sporulation, which is the 
most life-resistant form of life that can withstand a variety of 
challenges, including chemicals, heat, and other harsh con-
ditions where possible in addition to the Lactobacillus' ability 
to produce anti-growth of gram-negative bacteria, as well as 
its ability to resist temperatures surpassing 40-45° C.

Bacterial isolates had varying levels of resistance to 
both types of detergents, Tate and Gel, and from several 
commercial brands (Peros, Ariel, Persil) and also Perose 
cleaner is better at removing bacteria, then Ariel and Persil.

The stock solution for each powder and gel inhibited the 
bacteria, although all of the isolates were resistant.

Thus, the washing machine cleans the garments rather 
than sterilizes them. It may play a part in providing a sterile 
environment by lengthening the washing time, selecting the 
proper temperature, or selecting the detergent to minimize 
microbial growth in the washing machine environment.

Supplementary Materials
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Calculation of soil pollution indices with elements in residential areas of 
Baghdad city
Rashid K. Al-Dahar1, Adel M. Rabee2*, Riyam J. Mohammed2

Abstract: Estimation of elements: Pb, Zn, Mn, Cd, and Cu, which were conducted seasonally from October-2021 till 
March-2022 in residential areas of Baghdad City using Geoaccumulation index (Igeo), enrichment factor ratios (EF), the 
factor of contamination (CF), contamination degree (Cd), index of pollution load (PLI) and index of potential ecological 
risk (Eif). The overall contamination factor in the research area is limited from low contamination with Cu, Mn, and Zn,  
moderately contaminated to very high contamination with Pb and Cd, while the assessment according to the I-geo index 
shows categories that vary from a slightly polluted to unpolluted by those examined heavy metals. The pollution load 
index indicates that the soils in some residential areas in Baghdad City have high levels of contamination by certain heavy 
metals. According to the EF results, the areas were moderately to significantly enriched with Pb and Cd and minimally 
enriched with Mn, Zn, and Cu. The potential for ecological risk had an irregular distribution, and the overall ecological risk 
level ranged from moderate to low. The PLI depicts the research area's vulnerability to soil heavy metal contamination and 
associated ecological concerns, particularly from lead and cadmium.

Key words: Pollution Index, Enrichment Factor, PLI index, Potential ecological risk.

ARTICLE / INVESTIGACIÓN

Introduction
Soil is the habitat of many organisms, the skeleton of 

the terrestrial ecosystem and the most threatening factor of 
our environment due to the likely influences of various po-
llutants from human actions such as agricultural, industrial, 
etc1. Soil acts as a tank for heavy metals through surface 
complexation, ion exchange and surface precipitation2. Ele-
ments have been the topic of specific interest among pollu-
tants due to their long-standing toxicity when the thresholds 
are exceeded and become one of the major environmental 
problems. These element ions are non-degradable and per-
sistent in the environment3. Thus, the ecological issue of 
sediments and soil pollution by elements has increased in 
interest in the last decades in each developed and develo-
ping country worldwide4. Understanding the levels, degree 
and sources of elements contamination is fundamental for 
managing the environment5.

Various methods of calculation based on the foundation 
of multiple algorithms may lead to a discrepancy in pollution 
estimation; simultaneously, these methods are estimating 
the soil quality or/and ecological sediment geochemistry. 
Thus, choosing an acceptable procedure to estimate sedi-
ment and soil quality is essential for urban planning deci-
sion-making6. This work aims to be a foundation for future 
studies of activities leading up to temporal changes in the 
metal concentrations within the soil of Baghdad City.

Materials and methods 

Study area
Baghdad is the capital of Iraq and covers each side of 

the Tigris River. It lies around longitude 33.35° north and la-
titude 44.45° east. The municipality of Baghdad encompas-
ses 40 administrative units, six in Karkh (west of the Tigris 
River) and eight in Rusafa (east of the Tigris River). The 
area of the municipality of Baghdad is 870 Km2. Baghdad's 
climate is semi-arid, continental and subtropical; cool win-
ters and short springs; hot and dry long summers; few pre-
cipitations, little relative humidity, and high sun brightness. 
The rainfall duration is from December to April, with an an-
nual average of 100 and 180 mm7. The Baghdad area has 
streets with intensive automobile traffic and many industrial 
activities located in this area.

Soil sampling and processing
Soil samples were collected seasonally from Octo-

ber-2021 till March-2022. A control soil sample was collec-
ted from a rural area (Abu-Ghuraib). In contrast, other sites 
represent the urban regions in Baghdad City (Doura, Ame-
riya, Ghazaliya, Jaderia, Adhamiyah, Karadah, Jamia and 
Zafaraniya). Soil samples were taken to a depth of 10 cm 
from each experimental site, taken with plastic tools, and 
then stored using polyethylene sample bags. The samples 
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were oven-dried in the laboratory at 105ᵒC for 24 h and 
passed through a 2-mm sieve. Then these samples were 
digested with a 3: 2: 2 mixture of HNO3- H2SO4 – HCl. The 
digested soil samples were analyzed for their total Pb, Zn, 
Cu, Mn, and Cd concentrations by using atomic absorp-
tion spectrophotometer (Perkin-Elemer model 5000). Whi-
le electrical conductivity, TDS and pH were measured as 
the method mentioned by Tandon8 defined by making (1:2) 
soil and water solution for one hour was placed in a rotary 
shaker. Soil texture has been identified by the soil texture 
triangle method.

Soil pollution indices
To assess elements contamination in soils, some eco-

logical indexes of soil pollution were calculated by using the 
following formulas:

Index of Geo-accumulation (Igeo)
According to Muller,19699 procedure Igeo= log2 (Cn / Bn 

.1.5)
where Cn = Measured concentration of heavy metal in 

soil, Bn= Geochemical background value in average shale 
of element n. The seven proposed descriptive classes for 
I-geo deals are as follows: <0 = practically unpolluted; 0 – 
1= unpolluted to slightly polluted, 1 – 2 = moderately pollu-
ted; 2 – 3= moderately to strongly polluted; 3 – 4= strongly 
polluted; 4 – 5 = strongly to very strongly polluted and >5 = 
very strongly polluted.

Degree of Contamination and Contamination Factor
Values of Cf are proposed to define the factor of conta-

mination which is calculated by the formula9:
CF = C metal / C background value
Where C metal= concentration of metal
C background value= Reference value  for each ele-

ment.

The following terminologies are used to describe the 
contamination factor: CF <1, low contamination factor; 
1≤CF<3, moderate contamination factors; 3≤CF<6, impor-
tant contamination factors; and CF≥6, very high contamina-
tion factor. The degree of contamination (Cd) was defined 
as the sum of all contamination factors. The following termi-
nology was adopted to describe the degree of contamina-
tion (Cd values) for the selected metals. Cd< 6: low degree 
of contamination; 6 = Cd< 12: moderate degree of contami-
nation; 12= Cd< 24: considerable degree of contamination; 
Cd= 24: very high degree of contamination indicating se-
rious anthropogenic pollution9.

Pollution Load Index (PLI)
All sites were estimated for the range of metal pollution 

using the formula submitted by Thomilson et al. 198010.
PLI = (CF1 × CF2 × CF3 ×…× CFn) 1/n
Where n is the number of metals studied (five in this 

study), and CF is the contamination factor calculated as 
described in the equation mentioned above. The PLI pro-
vides simple but comparative means for assessing a site 
quality, where a value of PLI < 1 denote perfection; PLI = 1 
presents that only baseline levels of pollutants are present, 
and PLI > 1 would indicate deterioration of site quality.

The enrichment Factor (EF) is calculated by comparing 
each tested metal concentration with that of a reference me-
tal submitted by Sinex and Helz11. 

Enrichment Factor (EF) = (CX / CFe) sample / (CX / CFe) 
reference soil

Where: Cx/CFe sample of the heavy metal to the Fe ra-
tio in the same sample and Cx/CFe reference is the natural 
background value of the metal ratio to Fe. Iron was chosen 
as a reference element because it is one of the most sig-
nificant parts of soil, and iron is difficult to change by other 
human sources.

Six contamination categories were recognized because 
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the sampling sites7.
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of the enrichment factor. As the enrichment factor increases, 
the anthropogenic origins' contributions also increase. The-
refore, this study used Mn as the reference metal because 
it was found most abundantly in the soil and environment.

Potential Ecological Risk Index (Eif)
The potential ecological risk for a given contaminant 

was calculated according to Hakanson12.
Ei

f = Ci
f * Ti

f
Where Ti

f is the toxic response factor for a given heavy 
metal, Ci

f is the contamination factor.
Ti

f for Pb, Zn, Cu, Mn and Cd are 5, 1, 5, 5 and 30, 
respectively. The potential ecological risk of heavy metals is 
classified into five levels, according to the values of Ei

f:< 20 
→low, 20-40 → moderate, 40-80 → considerable, 80-160 
→ high and > 160 →very high.

Statistical analyses
All statistical analyses were performed using SPSS ver-

sion 12 for Windows. The significance level was set at P 
≤ 0.05. One-way ANOVA was done to estimate significant 
differences between the concentrations of heavy metals in 
the study area, followed by Tukey's honesty test to compare 
the mean soil contamination levels. Correlation coefficients 
were also tested in this study.

Results and discussion

Soil characteristics and texture
The values of soil textures taken from residential areas 

are given in Table 1.
The texture of most samples is sandy clay loam. Clay 

loam soil has a tremendous nutrient-holding capacity and 
a great water-holding capacity13. Its aeration and permea-
bility might be a little restricted. The soil texture taken from 
Jaderia and Zafaraniya is loam. Loamy soil composes clay, 

silt, sand and organic matter in equally mixed particles of 
different sizes. Loamy soil is porous, which permits the bet-
ter keeping of moisture and air circulation. During this work, 
the pH of the ground was reported to be alkaline (7.1-8.7). 
Charman and Murphy14 recorded that the basic soil pH de-
creases the solubility of all micronutrients (excluding boron, 
chlorine and molybdenum), particularly those of copper, 
zinc, manganese and iron.

However, the minimum values of EC (458 μS/cm) and 
TDS (200 ppm) were found in the Karadah site, and the 
maximum values of EC (2500  μS/cm ) and TDS(1220 ppm) 
were in the Doura site respectively, with significant (p ≤0.05) 
difference reported in all study sites (Table 2). The regions 
of high EC readings are represented by the area of Al-Doura 
that was recorded (1503-2500 μS/cm ).

Elements concentration
The range of elements concentration Pb, Zn, Cu, Mn, 

and Cd in the studied sites are shown in Table-2. 
The lead concentration in different regions ranged be-

tween a maximum value of 220 ppm in the Al-Jaderia site 
during the Summer and a minimum value of 40 ppm in the 
Abu-Ghuraib site during the Winter (Fig.2).

A significant variation (P ≤0.05) in Zn content during 
the investigation period in all the regions, which varied from 
20 ppm in the Abu-Ghuraib site to 115 ppm in the Karadah 
site in Autumn (Fig.3). Regarding Cu, the current study has 
shown that the highest value was 60 ppm in the Doura site 
in the Summer, and the lowest value was 17ppm in the Ad-
hamiyah site during winter (Fig.4). The results of Mn in the 
current study have shown that the highest value was 511 
ppm in the Adhamiyah site during Summer, while the lowest 
mean data was 147 ppm in the Karadah region during Sum-
mer(Fig.5). Among the ten study sites, the Cd content of 
the soil was found to be the highest in the Doura region 
(1.1ppm) in Summer, and the lowest value (0.33 ppm) was 
found in the Zafaraniya site during the Autumn (Fig 6).

Calculation of soil pollution indices with elements in residential areas of Baghdad city

Table 1. Basic statistical data (range and mean) of the soil characteristics measured in the present study.
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Table 2. Basic statistical data of the five elements measured in the present study (Range, mean ± standard deviation).

Figure 2. Seasonal variations 
of  Pb in various residential 
areas of the Baghdad City.

Figure 3. Seasonal variations 
of Zn in various residential 
areas of the Baghdad City.
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The order of the heavy metals in this study is Mn>Pb 
>Zn>Cu>Cd. Manganese is comparatively affluent, with 
an average upper earth crust and a bulk continental crust 
mean of 1400 mg/kg15.

Low concentrations of examined heavy metals were 
recorded in the Abu-Ghuraib site, a rural area, compared 
to other regions that represent urban areas. As well as, the 
metropolitan area has intensive anthropogenic activities, 
and high population density, which means urban surfaces 
collect different sources like industrial discharges, vehicle 

emissions, waste disposal, and other human anthropogenic 
actions16.

Seasonally, the results reflect that the highest concen-
trations of heavy metals were recorded in the Summer, while 
the minimum values were recorded in the winter. This may 
be due to the effect of the rainfall factor. The descriptive sta-
tistics affecting the heavy metals concentrations, taken from 
soils in Baghdad residential areas, displayed the values of 
the heavy metals. Compared with their background values, 
except for Pb and Cd, they were lower and were more than 

Figure 4. Seasonal variations 
of Cu in various residential 
areas of the Baghdad City.

Figure 5. Seasonal variations 
of Mn in various residential 
areas of the Baghdad City.

Figure 6. Seasonal variations 
of Cd in various residential 
areas of the Baghdad City.

Calculation of soil pollution indices with elements in residential areas of Baghdad city
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their background value. This result showed that lead and Cd 
in Baghdad City pollute soils. Similar results were recorded 
in previous studies in Baghdad City17 and Al-Hila City18 in 
Iraq.

The selected sites display a significant difference 
(P≤0.05) between the group means of the elements. A 
significant correlation was found between the contami-
nants of Cu and Mn (r = 0.6), Pb and Cd (r = 0.57). Pb and 
EC(r=0.770). EC and Zn(r=0.540), TDS and Cu (r = 0.880), 
Cu and TDS(r=0.840), Pb and TDS(r=0.868). These results 
suggest that mixed origins of pollution sources include diffe-
rent human activities. Mn, Cu and Zn are of mixed origins of 
pollutants, with Mn being predominant lithogenic and emis-
sions of vehicular characterized by Pb. The comparison 
of the contents of heavy metals in urban soils (residential 
areas) with the rural area (Abu-Ghuraib) reveals that the 
contamination levels of the metals in urban are higher than 
that in rural soils.

Assessment of elements contamination
The actual results of the calculation for I-geo in various 

soil samples are displayed in Table 3. 
Studying geo-accumulation index (I-geo ) values 

showed that the soils in residential areas in Baghdad City 
are unpolluted with Zn, Cu and Mn but slightly polluted with 
lead and cadmium.

Soils in Baghdad City were assessed for another con-
tamination factor: factor of concentration, contamination 
degree, and pollution load index. The results are displayed 
in Table 4. Based on the CF values, the overall contamina-
tion of soils in Baghdad residential areas indicates that soi-
ls were low contaminated with Cu, Zn and Mn, moderately 
contaminated to very high contamination with Pb and Cd.

The degree of contamination varied from 6.3 in 
Abu-Ghuraib to 11.3 in the Jaderia area. The PLI values for 
Pb, Mn, Zn, Cu and Cd were more than 1 in Doura, Ghazali-
ya and Jaderia, indicating a high contamination level. Using 
the contamination factor categories previously described, 
residential areas of Baghdad suffered from a moderate de-
gree of contamination by all heavy metals. The contamina-
tion index highlighted the harm that each element may have 
to the ecosystem and the human body. Alternatively, the po-
llution load index reflected the effects of the heavy metals 
in the soil and stressed the overall environmental impact of 
high concentrations of heavy metals.

In this work, we used the enrichment factor to estimate 
the possible anthropogenic impact and contamination in Ba-
ghdad soils (Table 5).

Therefore, to define the degree of metal contamination 
relatively, comparisons were made to background concen-
trations in the crust of the earth's using Mn as (a reference 
element). This index was used to quantify the pollution level 
and the potential of anthropogenic results in urban soils. Ul-
timately, while the enrichment factor values are rising, the 
anthropogenic sources' contributions are increasing too. 
Suppose the factor of enrichment is more significant than 
unity. In that case, it references that the richness of the hea-
vy metal in the soil might not appear from the background 
of localized ground but from other natural or/and anthropo-
genic sources in urbanized areas, including industrial dis-
charge, vehicle emissions, and other actions19. The results 
of EF indicated that the soils taken from residential areas of 
Baghdad City were moderately enriched to significantly en-
riched with Pb and Cd and minimally enriched with Zn and 
Cu. Mn was chosen as a fixed element that calculated the 
single enrichment index and was ignored in other counting 
methods.

Table 3. Geo-accumulation index (I-geo) values of elements in residential areas in Baghdad City.

Table 4. Contamination Factor, Degree of Contamination and PLI index  values of heavy metals in residential areas of Baghdad City.
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  It is possible to conclude that Pb, followed by Cd, was 
the most critical enriched element in the residential areas of 
Baghdad. It can observe that the values of enrichment fac-
tors significantly higher than one indicate an area of heavy 
metals and do not come from the background of localized 
soil but from other (anthropogenic or/and natural) sources 
in urbanized areas, including industrial discharges, vehicle 
emissions and other actions20. Well, as the presence of a 
large number of private generators. In environmental con-
tamination studies, a popular strategy to assess how much 
soil is affected anthropogenic or naturally with elements is 
to estimate the enrichment factor for metal concentrations 
above uncontaminated background or levels of reference21.

Assessment according to the potential ecological risk 
index

Meanwhile, the soil is contaminated with elements. It 
will be able to enter the body of humans through different 
exposure routes22. High toxic levels of heavy metals in soil 
can cause critical health and ecological risks23,24. The poten-
tial ecological risk index estimated their ecological poten-
tiality and environmental impacts on toxicology in soil. The 
Hakanson potential ecological risk index is based on careful 
consideration of the heavy metals' ecological and environ-
mental effects and toxicology in soils. The Hakanson index 
also provides a quantitative method of directly isolating the 
extent of potential hazards25. According to the ecological 
potentiality risk index, all examined locations have modera-
te potential ecological risk with lead, considerable potential 
environmental risk with cadmium, and low potential ecolo-
gical risk with Zn, Cu, and Mn, respectively (Table 6). The 
chances of each element based on the likely environmental 
risk index were various, especially for the Cd. The possi-

ble reason may be the higher values of toxicity for Cd. The 
potential ecological risk index (RI) values are classified as 
the severe environmental risk for Cd in other Iraqi local stu-
dies26.

Relatively high values for each Cd and Pb, which were 
recorded by the potential ecological risk index, indicate the 
seriousness of these metals and may threaten the people 
of Baghdad. There is a rising environmental interest in Cd 
as one of the most eco-toxic metals that shows a high level 
of adverse effects on soil's biological activity, plant meta-
bolism, and the health of both animals and humans. One 
of the most important symptoms of exposure to cadmium 
(Cd) anemia is resistance to treatment and osteomalacia 
and urinary tract problems, kidney problems, prostate and 
lung cancer, and the loss of sense of smell24. Cd's other 
health complications in humans include kidney dysfunction, 
hepatic damage, and hypertension26. The poisonous (Lead) 
makes combinations with Oxo-groups in enzymes to impact 
practically all steps in the process of hemoglobin synthesis 
and porphyria metabolism. The levels of lead toxicity in the 
human body are connected with seizures, mental retarda-
tion and encephalopathy27,28.

Conclusions
The investigation of soil elements content in the Resi-

dential Areas of Baghdad City indicated that the concentra-
tions of Cd and Pb often exceeded the calculated average 
mean for the world scale of unpolluted soil. The pollution 
indices spatial Potential Ecological Risk Index (Eif) is vital 
for analyzing, treating, and transferring basic environmental 
information to managers, technicians, decision-makers, and 
their partners.

Table 5. Enrichment Fac-
tor (EF) values of heavy 
metals in residential areas 
of Baghdad City.

Table 6. Potential Ecological Risk Index (Eif) values of elements in residential areas of Baghdad City.

Calculation of soil pollution indices with elements in residential areas of Baghdad city
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Long survival of Neisseria meningitidis in freeze-dried cultures maintained 
in potentially unsuitable conditions
Oderay Gutierrez1, Isabel Martínez2, Onelkis Feliciano1, Luis Jerez1, Rafael Llanes1*

LETTER TO EDITOR / CARTA AL EDITOR  

Currently, diagnosis of Neisseria meningitidis in naso-
pharyngeal samples can be made by culture and nucleic 
acid amplification techniques1. In Cuba, molecular diagno-
sis of meningococcal meningitis was introduced at the Na-
tional Reference Laboratory for Neisseria (NRLN), in 2010, 
through a PCR that amplifies a fragment of the ctrA gene 
using the protocol described by Taha, 20002. This gene co-
des for a capsule protein that regulates the adhesion of N. 
meningitidis to the host, and 16 to 28% of meningococci iso-
lates, especially in the nasopharynx, lack this gene2. In con-
trast, the sodC gene, related to the production of superoxi-
de-dismutase of this organism, is less sensitive to antigenic 
variation, hence its importance for molecular diagnosis in 
patients and asymptomatic carriers3. Information on the 
meningococcal carriage is essential for public health poli-
cy4. Still, the high number of invasive meningococci disease 
(IMD) affecting Cuba during the 1980s and the absence of 
molecular tools prevented its accurate microbiological diag-
nosis in carriers5. This study aimed to identify

In Ciego de Avila province, N. meningitidis, by conven-
tional and molecular methods in freeze-dried nasopharyn-
geal cultures of 50 Neisseria spp., recovered from carriers 
during 1987-1988, one of the most affected by a large epi-
demic of IMD in Cuba5. Lyophilized material, which was 
preserved for 30 years, was reconstituted in 2 mL of nuclea-
se-free sterile distilled water (Promega, USA). One millili-
ter was subcultured onto chocolate agar and incubated at 
36.5-37°C for 18-24 hours, with 5-10% CO2, and the other 
milliliter was used to perform DNA extraction. Conventional 
methods used as sugar utilization and Vitek®2 automated 
system (bioMérieux, France) identified Neisseria species.
QIAamp®DNA Mini and Blood Mini method, QIAGEN, Ger-
many made 1 DNA extraction. Two PCR systems were used 
for molecular identification of meningococci, a simple PCR 
test that amplifies a 523 bp fragment of the ctrA gene2, and 
a real-time PCR (rt-PCR) that amplifies a 127 bp fragment 
of the sodC gene3. Serogroup identification of Neisseria 
meningitidis isolates was developed by slide agglutination 
using Remel™ Agglutinating Sera (Lenexa, USA). In addi-
tion, the main serogroups (A, B, C, W135, Y, X) of menin-
gococci were investigated by rt-PCR6, in positive samples 
identified by both simple and rt-PCR systems.

Pharyngeal carriage of N. meningitidis has been con-
sidered a prerequisite for the development of IMD and is 
known to be essential for transmission4. In this study, ten 
isolates (20%) recovered from lyophilized material of na-
sopharyngeal carriers were identified as meningococci by 

culture, the standard gold method for detecting bacterial ca-
rriage7. Nine of ten isolates were serogroup B, which was 
predominant during the epidemic of IMD in Cuba5, and the 
other isolate was non-groupable.

Freeze-drying is more practical for the long-term pre-
servation of

N. meningitidis cultures and optimal conditions for its 
conservation are refrigeration

(2-8°C) or freezing (-30 -70°C) temperatures, ampu-
les are protected from the action of light and placed in an 
environment without humidity8,9. These conditions produce 
good genetic stability of the product, with a longevity of up 
to 20 years8. Moreira et al., in Cuba, obtained a 46.3% of 
survival of N. meningitidis lyophilized cultures after one 
year of storage at 4°C10. Lyophilization is a very complex 
physical process affected by many parameters and varia-
bles such as growth medium, cell concentration, freezing 
rate, lyoprotectant, reconstitution medium, and time11. In the 
current investigation, freeze-dried ampules were stored at 
room temperature and unprotected from light. However, its 
more prolonged survival of 30 years is noteworthy under 
these unsuitable conditions8,9. Recently, Swain et al. de-
monstrated the relatively prolonged survival of the Cuban, 
New Zealand and Norwegian epidemic N. meningitidis se-
rogroup B strains on inanimate surfaces for up to 8 days, 
depending on temperature and humidity, in comparison to 
other meningococci strains belonging to serogroup W135. 
In addition, carriage isolates appeared to survive better than 
invasive isolates, with a statistically significant difference (P 
= 0.002)12.

Some authors recommend molecular tests for the iden-
tification and serogrouping of

N. meningitidis in cultures from carriers and lyophili-
zed material4,11. The end point-PCR results that amplify a 
fragment of ctrA gene detected N. meningitidis in 76% of 
cell suspensions of Neisseria spp. Investigated (Figure 1). 
Meanwhile, the rt-PCR that amplified a 127 bp fragment 
of the sodC gene identified meningococci in 100% of cell 
suspensions (Figure 2), which highlights the capacity of this 
rt-PCR system for the definitive identification of N. menin-
gitidis. There are few studies on using sodC gene in naso-
pharyngeal cultures from carriers3,4. Dolan et al. reported 
that sodC rt-PCR effectively identified 99.7% (624/626) of 
invasive and carriage N. meningitidis strains and was su-
perior to the ctrA rt-PCR assay (71.6% 448/626)3. Jones et 
al. recently investigated three target genes (ctrA, sodC and 
porA) by whole-genome sequencing and rt-PCR. The ctrA 
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gene was absent in a large percentage (58%, 54/93) of ca-
rriage isolates. However, both porA and sodC genes were 
well represented in the carriage collection (99% and 97%)13. 
In addition, Jordens & Heckels reported the development of 
a porA rt-PCR assay that identified several N. meningitidis 
isolates from carriers that were missed by using only the 
ctrA gene7.

In the current study, 68.4% (26/38) of cell suspension 
positive to N. meningitidis by both PCR belonged to sero-
group B, 5.3% was serogroup C, and the remainder (26.3%) 
were non-groupable. Martínez et al., in a longitudinal study 
carried out on meningococci strains corresponding to na-
sopharyngeal carriers of the epidemic (1982-1992) and 
post-epidemic (1993-2002) stage in Cuba, detected a pre-
dominance of serogroup B (67.3%) in the epidemic phase 
and the non-agglutinable strains during the post-epidemic 
stage (70.7%)14. In Colombia, Moreno et al. also report a 
predominance of N. meningitidis serogroup B in carriers15.

The absence of comprehensive information for carriage 
in developing countries limits clarification of the epidemio-

logy of IMD16. In the case of the Caribbean region, in parti-
cular, there is no previous report about the use of molecular 
methods for identifying or seron-grouping N. meningitidis in 
patients or carriers. The current study supports the useful-
ness of molecular tools in future studies of nasopharyngeal 
carriers in the Cuban population. In addition, this genetic 
material is helpful for further genomic characterization of 
Cuban meningococci strains by multi-locus sequence typing 
and/or other sequence methods. Genomic surveillance for 
N. meningitidis is fundamental for understanding pathogen 
evolution and disease epidemiology and can be significantly 
improved using culture-free methods17.

Conclusions
This study represents the first international report about 

a more prolonged survival of N. meningitidis in freeze-dried 
cultures from nasopharyngeal carriers that were kept un-
der potentially unsuitable temperature, humidity and light 
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Figure 1. Amplifying 
Neisseria meningitidis 
ctrA gene in freeze-dried 
cultures of Neisseria 
spp. from carriers using 
a PCR with DNA extrac-
tion shown in 2% agaro-
se gel stained with ethi-
dium bromide, giving a 
523 bp amplicon. Lanes: 
M: 100 bp DNA ladder; 
c+: positive control DNA 
of N. meningitidis ATCC 
26195; lanes 1-4: DNA 
from carriers; c-: negative 
internal control (distilled 
water).

Figure 2. Specific amplification curves for real-ti-
me PCR with TaqMan that amplifies a 127 bp 
fragment of Neisseria meningitides sodC gene 
obtained from freeze-dried cultures of Neisseria 
spp in carriers. The horizontal line is the thres-
hold.
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exposure conditions. The sodC-based rt-PCR assay had 
an advantage over ctrA gene for detecting meningococci in 
cell suspensions of Neisseria spp. from lyophilized material 
obtained during the extensive epidemic of IMD in Cuba in 
the 1980s.  
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Molecular analysis of Fungi: Malasseziarestricta from Felidae
Afkar Muslim Hadi*, Hani Saber Khalif

Abstract: A total of 9 samples of wild cat Felischausfurax (de Winton, 1898) and 13 (11 positives) samples of domestic cat 
Feliscattus (Linnaeus, 1758) belong to Family Felidae. All cats were trapped and used hair and skin scrapings by forceps 
and surgical blades. The areas of the collection were: Mosul province (north of Iraq); Baghdad, Al-Rashidiya, Tharthar, 
Nahrawan, AL-Mahmoudiya (middle of Iraq) and AL-Haretha (south of Iraq). The current study revealed that the sensitive 
and specific PCR assay allowing rapid and reliable identification of Malasseziarestricta by the fragment size amplified 
was 500bp in the ITS1 gene in one sample of wild cats. The current study recorded a new strain of Malasseziarestricta 
that called AF2013 strain "small subunit ribosomal RNA gene, partial sequence; internal transcribed spacer 1", complete 
sequence; and 5.8S ribosomal RNA gene, partial sequence. Which was inserted in GenBank: MW376484.1 from wild cat 
Felischausfurax for the first time in Iraq. Sequencing revealed close matching of the phylogenetic tree to an isolate from 
Korea (CP030254). The compression was performed using NCBI – the based nucleotides website.

Key words: Dermatitis, Cutaneous microflora, fungi, Genotype, Malasseziarestricta.
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Introduction
The taxonomy of Malasseziarestricta (E.Guého, J.Gui-

llot&Midgley) according to GBIF1:
Kingdom: Fungi 
Phylum: Basidiomycota 
Class: Malasseziomycetes
Order: Malassezialess 
Family: Malasseziaceae
Genus: MalasseziaBaill, (1889)
Synonyms: PityrosporumSabour (1904)
The genus of Malassezia includes seven species com-

prising the three former taxa M. furfur, M. pachydermatis 
and M.sympodialis, and four new taxa M. globosa, M. obtu-
se, M. restricta and M. slooffiae2.

Molecular techniques have increased research in this 
field, such that revealed the infection with Malassezia spp. 
to man for over 150 years, and seven new species have 
been added to this genus3.

The skin colonization with Malassezia spp. depends on 
the skin's body site, the host's age, and other comorbid skin 
conditions, as the geographic area. It is found in the highest 
density in sebaceous regions such as the scalp, face, and 
upper trunk. It is seen in higher densities in young adults, 
who tend to have relatively oily skin4.

Malassezia spp. is naturally found on the skin surfa-
ces of many animals, including humans. It can cause hypo-
pigmentation or hyperpigmentation on the trunk and other 
locations in humans5. The knowledge about Malassezia 
spp. has expanded remarkably since the 1990s in dogs and 
cats6. Malassezia furfurwas isolated from cats in 1999 by 
Crespo7.

The epidemiological map of the spread of fungi Malas-
sezia from animals to humans is unclear, as Morris8 indica-
ted that M. pachydermatis was transmitted from pet dogs to 
humans. This is an important indicator that prompts us to re-

search further the transmission of Malassezia spp. from do-
mestic and wild animals. In Poland, along with surveys from 
2008 to 2018 for many groups of animals like dogs, cats, 
rodents, riding horses, birds and other pet animals (reptiles 
and mammals), Bozena9 revealed to fungal species invol-
ved and evaluated the risk of their transmission to humans.

The study aims to spotlight the species of Malassezia-
restrictathat infected domestic and wild cats through mole-
cular analysis for the first time in Iraq.

Materials and methods 

Collection of samples
A total of 9 samples of wild cat Felischausfurax (de Win-

ton, 1898) and 13 (11 positives) samples of domestic cat 
Feliscattus (Linnaeus, 1758 ) of Felidae Family were tra-
pped and used as hair and skin scrapings by forceps and 
surgical blades. The scales were collected in sterile empty 
Petri dishes10. The areas of the collection were: Mosul pro-
vince (north of Iraq); Baghdad, Al-Rashidiya, Tharthar, Na-
hrawan, AL-Mahmoudiya (middle of Iraq) and AL-Haretha 
(south of Iraq).

DNA Extraction
Genomic DNA was isolated from two samples accor-

ding to the QIAamp DNA Mini Kit protocol, QIAGEN.

Primer preparation
Lyophilized primers (Macrogen Company) were dissol-

ved in nuclease-free water to give a final concentration of 
100 pmol/μl as a stock solution. A working solution of these 
primers was prepared by adding 10μl of primer stock solu-
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tion (stored at freezer -20 C) to 90μl of nuclease-free water 
to obtain a working primer solution of 10 pmol/μl. Tables 1, 
2 and 3.

complete sequence; and 5.8S ribosomal RNA gene, partial 
sequence, which inserted in GenBank: MW376484.1 from 
wild cat Felischausfuraxfor the first time in Iraq—fig. 3.

Afkar Muslim Hadi, Hani Saber Khalif 
Volume 8 / Issue 1 / 46     •     http://www.revistabionatura.com

Table 1. Primer preparation as Macrogen Company protocol.

Table 2. Reaction Setup and Thermal Cycling Protocol.

Table 3. PCR Program.
Agarose Gel Electrophoresis was adopted to confirm 

the presence of PCR amplification.PCR products were 
loaded directly. The Ethidium bromide-stained bands in gel 
were visualized using a Gel imaging system. Standard Se-
quencing APPLIED IN KOREA (MACROGEN CORPORA-
TION) BY SANGER USING (ABI3730XL).

Results and discussion
Summary of Data Production: the results of DNA con-

centration for two samples were concluded in table 4.

PCR amplification of two samples, ITS1 and ITS2, as 
in Figures 1 and 2. 

The current study revealed that the sensitive and spe-
cific PCR assay allowing rapid and reliable identification 
of Malasseziarestricta by the fragment size amplified was 
500bp in ITS1 gene in one sample of the wild cat as in Fi-
gure 1. And there is no results shown in the ITS2 gene as 
in figure 2.

Data Analysis
The current study recorded a new strain of Malassezia-

restricta that called AF2013 strain "small subunit ribosomal 
RNA gene, partial sequence; internal transcribed spacer 1", 

Table 3. DNA Concentration (ng/µl).

The current result of recording Malasseziarestricta cat 
indicates that it is a common disease between humans and 
animals, where it was found by Sugita11 revealed that M. 
restrict commonly colonizes both AD (Atopic Dermatitis) 
patients and healthy subjects. And more, Annabelle12 des-
cribed the case of a pediatric oncology patient with splenic 
lesions secondary to Malasseziarestricta. Males and fema-
les are affected by the infection of (PV) PityriasisVersicolor, 
especially individuals between (10-20) years13. No signifi-
cant correlation was reported between economic status; 
type of job; or water source with the infection of Malassezia 
spp.14, which increases the risk.

Awad14 revealed that patients who have contact with 
dogs only were equally exposed to Malassezia spp., which 
reflects that dogs are not only the source of infection. Bond6 

reviewed 18 types of fungus Malassezia and their locations 
between animals and humans and mentioned Malassezia-
restricta only in humans.

Phylogenetic tree
The current sequencing data has reported Malassezia-

restricta from Iraq (MW376484); their host is a wild cat; this 
species revealed close matching on the phylogenetic tree to 
an isolate of Malasseziarestricta strain KCTC 27527 chro-
mosome IV, complete sequence from Korea (CP030254); 
their host is Homo sapiens. On the other hand, it matches 
the isolation of Malasseziarestricta strain Y. H. Yeh I0610 
"small subunit ribosomal RNA gene, partial sequence; inter-
nal transcribed spacer 1", "5.8S ribosomal RNA gene and 
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Figure 1. Results of the 
amplification of ITS1  
gene were fractionated 
on 1.5% agarose gel 
electrophoresis stained 
with Eth.Br. M: 100bp la-
dder marker. Lanes 1-2 
resemble ≈500bp PCR 
products.

Figure 2. No Results of 
the amplification of the 
ITS2  gene were frac-
tionated on 1.5% aga-
rose gel electrophoresis 
stained with Eth. Br. M: 
100bp ladder marker.

Figure 3. BLAST 2 results of sequences revealed to Malasseziarestricta from wild cat in Iraq.
internal transcribed spacer 2 , the complete sequence" and 
large subunit ribosomal RNA gene, partial sequence from 
Taiwan (MK336446) their host is a goat (Ipomoea pes-ca-
prae). Then, it matches the isolation of Malasseziarestricta 
CBS 7877 chromosome V, complete sequence from the 
United Kingdom: Bristol (CP033152); their host is Homo 
sapiens. Fig. 4.13 revealed that the evidence shown by the 

phylogenetic tree showed that all species of Malasseziaspp. 
have high similarity with each other.

Conclusions
The current study spotlighted the species of Malas-

seziarestricta that infected domestic and wild cats by mo-



4

lecular analysis for the first time in Iraq, which was inserted 
in GenBank: MW376484.1 from wild cat Felischausfurax. 
This is a significant result as it proves that the fungus Malas-
seziarestricta is a common infection between humans and 
animals (zoonotic infection) and that cats can play this role.
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Detection of lukf-pv gene in Staphylococcus aureus isolated from pregnant 
women with Urinary tract infection
Hiba Qasim Hameed1, Inas Ahmed Saeed2, Enas Abdalhadi Hussain2*

Abstract: Staphylococcus aureus is a human pathogen as well as commensal bacteria. S. aureus has colonized around 
30% of the human population. This study aimed to diagnose Staphylococcus aureus by molecular techniques, correlate the 
resistance against selected antimicrobial substances with the presence of the lukf-pv gene, and find the sequence of lukf-
pv gene for the isolates obtained to investigate the mutations of those obtained isolates. This study included 60 patients 
diagnosed by the hospital with a urinary tract infection in Teaching Medical City Hospital, Baghdad, and Al-Yarmouk 
Teaching Hospital, between January 2021 and July 2021. The isolates were cultured on a blood agar overnight; then, 
isolates were diagnosed by VITEK as S. aureus. DNA has been isolated from all the included samples. A specific region 
of the 16SRNA gene has been amplified to diagnose S. aureus by molecular techniques. Then possession of the lukf-pv 
gene was tested by PCR, then amplified products were sequenced to detect the mutations within the lukf-pv gene. The 
finding appeared that blood group O+ has the highest rate of bacterial infection, the lowest is O- (1.7%), and the highest 
rate is shown within people not suffering from complicated diseases (65%). Of the 60 isolates, 60 (100%) were confirmed 
by 16sRNA gene amplification and were positive, among which 37 (61.6%)  were lukf-pv positive. Results of the lukf-pv 
gene sequences showed around 501 bits score and 96% compatibility (ID: CP076105.1). The current study showed that 
antibiotics Cefoxitin, Benzylpenicillin, Oxacillin, Clindamycin, Fusidic acid, Rifampicin, Erythromycin, Vancomycin, and 
Teicoplanin had the highest resistance to antibiotics and as follow;100 %, 100 %, 40.54 %, 27.03 %, 27.03 %, 16.22 %, 
13.51 %, and 10.81 %, respectively.

Key words: Staphylococcus aureus, 16sRNA and lukf-pv genes.
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Introduction
Staphylococcus aureus (S. aureus) is a common hu-

man pathogen that causes infections ranging from minor 
skin and soft-tissue infections to life-threatening sepsis. 
It has been linked to significant morbidity and mortality in 
community-acquired (CA) and healthcare-associated (HA) 
infections1,2.

Surface colonization is a significant risk factor for in-
fection; S. aureus colonization of the skin and mucus mem-
branes is estimated in 30% of healthy people, with another 
30% being temporary carriers3. Because of the widespread 
use of beta-lactams in infection treatment, S. aureus can 
acquire methicillin resistance, first in hospitals and, more 
recently, in community strains4.

Several cell surface and secreted virulence factors 
contribute to the pathogenesis of S. aureus. For exam-
ple, panton-Valentine leukocidin (pvl encodes lukS-PV/
lukF-PV genes) is a two-component toxin that causes hole 
development in complement receptors on leukocyte cell 
membranes5. pl-associated S. aureus (pvl-sa) infection is 
most typically associated with community-acquired methi-
cillin-resistant S. aureus (CA-MRSA) infection6; however, 
outbreaks due to pvl-positivity's methicillin-susceptible S. 
aureus (MSSA) strains have been observed in close com-
munity settings7. This study aimed to identify Staphylococ-
cus aureus by molecular techniques by the 16sRNA gene, 

then correlate the resistance against selected antimicrobial 
substances with the presence of the luk gene; this gene has 
been further investigated by sequencing to investigate the 
mutations of those obtained isolates.

Materials and methods 

Sample Collection
The current research included 60 swabs isolated from 

pregnant women suffering from UTI attending Teaching Me-
dical City Hospital, Baghdad Teaching Hospital, and Al-Yar-
mouk Teaching Hospital between January 2021 and July 
2021. The bacteria from all 60 nasal swabs were grown on 
blood agar using the streak way and incubated for 24 hours 
at 37°C. Standard sterile saline was introduced to the test 
tube (3.0 mL). An application stick or sterile brush was em-
ployed to transfer enough pure-crop colonies and suspend 
the isolated colonies in normal saline. McFarland's turbidity 
(0.5-0.63) was adjusted, and Densi ChekTM was employed. 
The transmission tube is then inserted into the matching 
suspension tube, while the test tube is placed in the next 
slot. Suspension cards for bacteria before loading are ino-
culated by a process that cuts the transfer tube and seals it 
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to the incubator. There is room for up to 60 cards or up to 30 
cards. Each card was incubated at 35,5+ 1,0°C for 15 mi-
nutes before being removed from the incubator and transfe-
rred to the optical system for reaction measurements.

Additionally, a single algorithm is used to remove bo-
gus measures from tiny bubbles. Raw data calculations are 
performed and compared for each test to evaluate reac-
tions. The test reaction results are displayed on the VITEK 
2 Compact as "+," "(-)," or "(+)." Test results of an unknown 
organism were compared to the associated database to ge-
nerate a quantitative nearness value for each database ta-
xonomy. Antimicrobial resistance patterns were determined 
using the VITEK-2 AST.

Detection of 16sRNA and lukf-pv gene by Polymerase 
Chain Reaction (PCR)

The 16s rRNA and lukf-pv gene were detected using 
PCR on all S. aureus isolates. For the amplification of 
16sRNA gene, a specific primer has been used; the se-
quence of sense primer, 5′-AACTCTGTTATTAGGGAA-
GAACA-3′ and the antisense; 5′-CCACCTTCCTCCGG 
TTTGTCACC-3′ (8). The reaction mixture has been set to 
25 µl and contains; Taq PCR PreMix 5µl, Forward primer 10 
picomols/µl (1µl), Reverse primer 10 picomols/µl (1µl) DNA 
1.5µl (2ng/µl), and Nuclease – Free Water 16.5 µl. The cy-
cling conditions of amplification were as follows; Initial De-
naturation at 94ᵒC for 5 min, then 30 cycles of Denaturation 
-2 at 94ᵒC for 1min, annealing at 55ᵒC for 1min, and exten-
sion at 72ᵒC for 2min. Then one cycle of extension at 72ᵒC 
for 10min. Amplification of lukf-pv gene was done by using 
the sense primer; 5′- ATCATTAGGTAAAATGTCTGGACAT-
GATCCA-3′, and the antisense primer, 5′-GCATCAAGT-
GTATTGGATAGCAAAAGC-3′ 8. The reaction mixture is 
composed of the same components of 16sRNA except for 
primers. The cycling condition was as follows; Initial Dena-
turation at 94ᵒC for 3 min. Then 35 cycles of Denaturation 
at 94ᵒC for 30 seconds, followed by annealing at 55ᵒC for 
30 seconds, then extension at 72ᵒC for 30sec. Then one 
step of extension at 72ᵒC for 7 min. The Macrogen company 
then sequenced the amplified products.

Results and discussion
The results appeared 60 samples isolated from preg-

nant were diagnosed as S. aureus. It examined the resistan-
ce of 37 isolates against antibiotics studies; according to the 
effects of Viteck, these isolates were resistant to Oxacillin; 
therefore, S. aureus was considered methicillin-resistant. 
The percentage of infection with S. aureus has been classi-
fied according to the patient's job, and the results are shown 
(Table 1). The housewife had the highest rate of bacterial 
illness, 31 (51.7%), followed by 26 Employees (43.3%) and 
3 Students (5%), respectively. The difference between the 
percentage of infection is significant (p<0.0001).

Antigen expression differences between blood groups 
can increase or decrease a host's susceptibility to various 
illnesses. Blood groups can play a direct role in infection by 
acting as receptors or co-receptors for bacteria, parasites, 
and viruses. This study showed that blood group O+ has the 
highest bacterial infection rate, and the lowest is O- (1.7%), 
as shown in table (Table 2).

Hiba Qasim Hameed, Inas Ahmed Saeed, Enas Abdalhadi Hussain
Volume 8 / Issue 1 / 47     •     http://www.revistabionatura.com

Table 1. The percentage of samples distribution according 
to jobs.

Table 2. Distribution of samples according to Blood groups.
The infection rate differed among the different disea-

ses, as shown in table (3); the highest rate is shown among 
people that are not suffering from any complicated disea-
ses (65%), followed by people with blood pressure (13.3%), 
diabetes (11.7) and the lower rate with the Joints infection 
(10%).

Table 3. Distribution of samples according to diseases.
The electrophoresis results of the amplified product 

of the 16sRNA region are shown in figure (1). The results 
showed a clear, sharp band at 756bp for the positive sam-
ples, and the results showed the 37 (61.6%) S. aureus iso-
lates under study have the gene lukf-pv from all 60 isolates. 
In contrast, the results of electrophoresis of the amplified 
lukf-pv gene showed 433bp in Figure 2.

To demonstrate the resistance of bacterial strains 
against the antibiotic, the antibacterial sensitivity of S. au-
reus isolates for 19 antibiotics was tested using the Vitek- 
AST methods, and the results of the current investigation 
revealed that some S. aureus isolates had a clear differen-
ce in the antibiotic resistance utilized in this study (Table 
4). It was observed from the results of the present study 
that the highest resistance to antibiotics was to the anti-
biotics Cefoxitin, Benzylpenicillin, Oxacillin, Clindamycin, 
Fusidic acid, Rifampicin, Erythromycin, Vancomycin and 
Teicoplanin; 100%,100%, 100%, 40.54%, 27.03%, 27.03%, 
16.22%,13.51%, 10.81% respectively.

luk-pvl gene sequences around 501 bits sore showed 
96% compatibility (ID: CP076105.1), as seen in figure (3), 
while varied in 1%. And this percentage of difference inclu-
des 14 variations; two Transition A>G, the first one is 81bp , 
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and the second transition is 105bp.Two Transversion share 
the same changing code, which is T>A and located in (49, 
76 nucleotide), and Three Transversions T>G in locations 
(51, 77,110 nucleotide) , as well as one Transversion G>C 
in location (45 nucleotide), also three deletion C\-,A\-, C\-  
in locations (24,40,44nucleotide), and one Insertion -\G in 
location (9nucleotide).

In the present study, the results showed for S. aureus 
carriers, 61.6% of the isolates were identified as MRSA that 
carried the Luk-pv-1 gene, disagreeing with Hussein et al.9  
the results showed 22.5% in Iraq's Kurdistan Region; this 
agreement with findings of a prior study conducted in Duhok 
in 201610.

In Iran, the prevalence of MRSA was 16 - 35% (6,7). 
The MRSA rate was 10.1% in Jordan11, and 73% in Saudi 
Arabia12; in another study in Iraq that was conducted in rural 
and urban schools, the rates of nasal infection by isolates 
of S. aureus and MRSA  were 17.75% and 10%, respecti-
vely13.

MRSA strains obtained from hospitals in the Nether-
lands had a pvl positive 8% of the isolates carrying the pvl 
gene. In Iran, MRSA, the pvl gene, and MRSA-pvl isolates 
were found in 19-32, and10 %, of the population, respecti-
vely14. In this study pvl prevalence (61.6%) was extremely 
high, but similar to that reported in Ghana (75 %)15, and 
higher than that recorded in Senegal (47 %), elsewhere 
in Africa, and around the world1,3. According to research 
by Akanbi et al.16 Antibiotic resistance in S. aureus varied 
greatly, with the highest rates of resistance to rifampicin and 
clindamycin (80 %), and erythromycin (70 percent) disagree 
with our findings, whereas Oxacillin (73.3%) and cefoxitin 
(76.7%) this agree with our study. Multiple antibiotic-resis-
tant patterns were found in all 37 S. aureus isolates (resis-
tant to three or more antibiotics). In a survey conducted by 
Velasco et al.8, a nasal infections rate of 7.6% for S. aureus 
was detected, which is significantly lower than the prevalen-
ce reported, contradicting our findings agree with those of 
other studies17,18 S. aureus bacteria are resistant to three or 
more antibiotics.

Detection of lukf-pv gene in Staphylococcus aureus isolated from pregnant women with Urinary tract infection

Figure 1. The PCR 
product (756bp) 
of 16sRNA gene 
was electrophore-
sis on 2% agarose 
at 5 volt/cm2. 1x 
TBE buffer for 1:30 
hours. N: DNA lad-
der (1000bp).

Figure 2. The PCR 
product (433bp) of 
lukf-pv gene was 
electrophoresis on 
2% agarose at 5 
volt/cm2. 1x TBE 
buffer for 1:30 
hours. N: DNA lad-
der (1000bp).
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Table 4. The percentages of antibiotic resistance of S. au-
reus isolates

Figure 3. Alignment 
analysis luk-pv-1 gene 
of S. aureus. Query 
symbolizes the gene se-
quence of the sample; 
Subject represents the 
gene sequence by the 
database of NCBI.

Conclusions
It was concluded that Staphylococcus aureus isolated 

from pregnant with urinary infections were resistant to anti-
biotics studied. Thirty-seven isolates were resistant against 
antibiotics studies and resistant to Oxacillin; therefore, S. 
aureus was considered methicillin-resistant. Moreover, S. 
aureus isolates have the gene lukf-pv.
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Introducción
El 31 de diciembre de 2019 en Wuhan-China se re-

portó algunos casos de una neumonía atípica que no fue 
causada por ningún agente etiológico usual1. Se descubrió 
un nuevo agente viral, un coronavirus beta, que se designó 
como coronavirus del síndrome respiratorio agudo severo 
tipo 2 (SARS-CoV-2)2. La OMS lo proclamó pandemia el 

11 de marzo de 2020, y la enfermedad provocada por este 
virus se denominó COVID-193. Las tasas de mortalidad por 
COVID-19 fueron considerablemente altas en América Lati-
na, una región con niveles notables de desigualdad socioe-
conómica, especialmente entre los pobres4. Los recursos 
financieros limitados en los sistemas de salud y las pruebas 
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Farmacovigilancia de los efectos asociados a la vacunación contra el 
SARS-CoV-2 en el personal sanitario de un hospital de atención exclusiva 
de pacientes con COVID-19
Pharmacovigilance of the effects associated with vaccination against SARS-CoV-2 in the 
health personnel of a hospital for the exclusive care of patients with COVID-19

Jorge Luis Vélez-Páez1,2, Yuan Kuonqui-Vera1,3, Juan-Pablo Castelo1,4, Gabriela Rivadeneira-Bonifaz1,4, Cristina Chango-Salas1,5, Jhoa-
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Resumen: El Hospital Pablo Arturo Suárez, ubicado en Quito, la capital de Ecuador, se convirtió en un hospital de 
atención exclusiva para pacientes COVID-19 desde marzo de 2020, y fue uno de los primeros centros en inmunizar 
a su personal con un solo tipo de vacuna, la de Pfizer-BioNTech. Se realizó un estudio de farmacovigilancia en 1304 
trabajadores sanitarios de este centro que fueron inmunizados entre enero y marzo del 2021. Los vacunados tuvieron una 
media de edad de 38,7 años y predominó el sexo femenino (63%).  Reportaron efectos adversos 81 (6%) inmunizados, 
su media de edad fue de 38,8 años y predominaron las mujeres (69%), similar a la población total. Se reportaron 305 
efectos adversos relacionados a las vacunas, de ellos, solo 1 (0,3%) fue grave y requirió hospitalización, el resto (23%) 
fueron no graves. La cefalea, el malestar general, el dolor en el sitio de inyección fueron los efectos más reportados. Los 
resultados obtenidos muestran un paralelismo de lo reportado a nivel mundial sobre la seguridad de las vacunas contra 
el COVID-19 en general y la Pfizer-BioNTech en particular. La relevancia de nuestro trabajo radica en que es uno de los 
primeros reportes de reactogenicidad de esta vacuna en una ciudad de altitud a inicios de la pandemia, en una corte de 
personal sanitario directamente dedicado a la atención de este tipo de pacientes.

Palabras clave: Farmacovigilancia, virus del SARS, vacunación masiva. (Fuente: DeCS-BIREME).

Abstract: The Pablo Arturo Suárez Hospital, located in Quito, the capital of Ecuador, became an exclusive care hospital for 
COVID-19 patients in March 2020. It was one of the first centers to immunize its staff with a single type of vaccine, that of 
Pfizer-BioNTech. A pharmacovigilance study was conducted on 1304 health workers from this center who were immunized 
between January and March 2021. The vaccinated had an average age of 38.7 years, and the female sex predominated 
(63%). 81 (6%) immunized reported adverse effects, and their mean age was 38.8 years; women (69%) predominated, 
similar to the total population. Three hundred five adverse effects related to vaccines were reported; of them, only 1 (0.3%) 
was severe and required hospitalization, and the rest (23%) were non-serious. The most reported effects were headache, 
malaise, and pain at the injection site. The results show a parallel with what has been said worldwide on the safety of 
vaccines against COVID-19 in general and Pfizer-BioNTech in particular. The relevance of our work lies in the fact that it 
is one of the first reports of the reactogenicity of this vaccine in a high-altitude city at the beginning of the pandemic, in a 
court of health personnel directly dedicated to the care of this type of patient.

Key words: Pharmacovigilance, SARS virus, mass vaccination. (Source: MeSH-NLM).
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de diagnóstico insuficientes hicieron que el control de los 
brotes de enfermedades a nivel comunitario fuera una tarea 
ardua, lo que resultó en un alto número de ingresos hospi-
talarios a las unidades de cuidados intensivos5.

La creación de una vacuna avanzó de manera verti-
ginosa y la aprobación para el inicio de la fase 4 de las 
vacunas candidatas contra el SARS-CoV-2 por parte de 
agencias nacionales e internacionales de regulación, ma-
sificó la distribución y administración de las mismas a nivel 
mundial, con la aparición de efectos adversos no observa-
dos en las fases previas. Trombosis autoinmune, síndrome 
de Guillain-Barré, entre otros, fueron eventos notificados4,5.

La farmacovigilancia, es una rama de la farmacología 
que estudia las relaciones causales de los eventos ad-
versos asociados a fármacos y vacunas, que ha tomado 
importancia fundamental notificando e investigando las re-
acciones presentadas posvacunales en tiempos de inmuni-
zaciones contra el COVID-19 a gran escala6.

El Hospital Pablo Arturo Suárez, ubicado en Quito, la 
capital de Ecuador se convirtió en un hospital de atención 
exclusiva para pacientes COVID-19 desde marzo de 20207, 
y fue uno de los primeros centros en inmunizar a su perso-
nal con un solo tipo de vacuna, la de Pfizer-BioNTech.

En el presente trabajo, mostramos las característi-
cas epidemiológicas y la incidencia basada en el reporte 
de efectos adversos relacionados con la vacuna de Pfi-
zer-BioNTech contra el SRAS-CoV-2, en el personal sanita-
rio de este centro, hasta dónde sabemos éste es uno de los 
primeros reportes de reactogenicidad de esta vacuna, en 
una ciudad e altitud,  a inicios de la pandemia, en una corte 
de personal sanitario directamente dedicado a la atención 
de éste tipo de pacientes.

Materiales y métodos 

Lugar
El estudio se realizó en el Hospital Pablo Arturo Suárez, 

exclusivo para la atención de COVID-19 en Quito-Ecuador. 

Diseño del estudio
Estudio de cohorte retrospectivo, con datos secunda-

rios tomados de una base de datos de vigilancia clínica 
epidemiológica de las personas inmunizadas en el hospital.

Población y tamaño de la muestra
Se incluyó en el estudio a todos los pacientes adultos 

que fueron inmunizados con la vacuna de Pfizer-BioNTech 
(única vacuna administrada), desde el 21 de enero hasta el 
19 de marzo del 2021.

Criterios de inclusión
Se incluyó en el estudio a todos los pacientes adultos 

que recibieron las dos dosis completas de la vacuna Pfi-
zer-BioNTech.

Criterio de exclusión
Se excluyeron a los pacientes no inmunizados.

Variables y medidas
Nuestro equipo revisó los registros electrónicos de to-

dos los pacientes vacunados y las fichas de reportes de 
eventos adversos relacionados con la inmunización y se 
obtuvo las variables edad, sexo, comorbilidades, efectos 
adversos reportados.

Análisis estadístico
Realizamos un análisis estadístico descriptivo comple-

to, valores absolutos y relativos de cada variable cualitativa 
y medidas de tendencia central para las variables cuanti-
tativas.

Consideraciones éticas
De acuerdo con los principios bioéticos locales de la 

investigación en humanos, los datos anonimizados y no 
identificables de los registros clínicos, excluidos los infor-
mes de casos, no requieren la aprobación de las juntas de 
revisión internas.

Resultados
Se analizó a 1304 pacientes que fueron inmunizados, 

tuvieron una media de edad de 38,7 años y predominó el 
sexo femenino (63%). Reportaron efectos adversos 81 
(6%) inmunizados, su media de edad fue de 38,8 años y 
predominaron las mujeres (69%), similar a la población to-
tal. (Tabla 1)

En cuanto a las comorbilidades, 60 pacientes (4%) del 
total de inmunizados declararon enfermedades preexisten-
tes, la hipertensión arterial fue la más prevalente, seguida 
de la diabetes y trastornos tiroideos. (Tabla 2)

En los pacientes vacunados que reportaron efectos ad-
versos, cuatro de cada 10 (40%) tenían comorbilidades, la 
HTA, la patología tiroidea como el hipotiroidismo y las neo-
plasias tiroideas; el lupus eritematoso sistémico y la diabe-
tes fueron las enfermedades preexistentes más frecuentes.

Se reportaron 305 efectos adversos relacionados a las 
vacunas en 81 pacientes, de ellos, solo 1 (0,3%) fue grave 
y requirió hospitalización, el resto (23%) fueron no graves. 
La cefalea, el malestar general, el dolor en el sitio de in-
yección, la fiebre y las artralgias fueron los más frecuentes 
reportados. (Tabla 4)
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Tabla 1. Características básicas 
de la población vacunada y que re-
portó efectos adversos.
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Discusión
El personal sanitario inmunizado del Hospital Pablo Ar-

turo Suárez es en promedio adulto joven, con predominio 
del sexo femenino similar a reportes de Argentina donde el 
promedio de edad fue de 40 años y de igual manera predo-
minó el sexo femenino con 68%8, difiere de un gran estudió 
israelí realizado en población general sobre seguridad de la 
vacuna donde de 1,736,832 personas fueron inmunizadas 
con una edad promedio de 38 años, con ligero predominio 
del sexo masculino9.

Las comorbilidades en el presente estudio fueron bas-
tante bajas (4%), en comparación con otros estudios rea-
lizados en población general en las que se encontró una 
condición mórbida preexistente entre el 23 hasta el 44%8-12. 
Sin embargo, la presencia de enfermedades preexistentes 
en los inmunizados que reportaron efectos adversos en 
nuestra serie fue alta (40%), aunque no podemos afirmar 
una relación causal.

Ochenta y un pacientes reportaron efectos adversos 
(6%), un porcentaje bajo comparado con Israel, dónde se 
notificó 70% de reacciones9 o si comparamos con otras va-
cunas como la Novavax que llegó hasta el 79%11; pero alto, 
al compararlo con el reporte de farmacovigilancia realizado 
en Estados Unidos con la vacuna Pfizer en la población 
general en casi dos millones de receptores, en dónde, solo 
4393 (0,2%) reportaron dichos eventos al VAERS (Vaccine 
Event Report System)13. La posibilidad de un subregistro de 
notificaciones en nuestro estudio existe, ya que, al tratarse 
de personal sanitario, es posible, que se hayan automedi-
cado sin buscar otro tipo de atención.

Los efectos adversos más frecuentes en nuestra se-
rie fueron cefalea, malestar general, dolor en el sitio de la 
inyección, fiebre y artralgias, similares a los indicados por 
el fabricante, pero diferentes a otras series como la estu-
diada en Israel, en dónde, se observó frecuentemente lin-
fadenopatías, parestesias, síncope e infección por herpes 
zóster9; por otro lado, se encuentran coincidencias con los 
reportes de la vacuna Novavax, en dónde, los eventos más 
frecuentes fueron dolor en el sitio de la inyección, cefalea, 
mialgias y fatiga12. Consideramos que la heterogeneidad de 
los reportes tiene casusas multifactoriales como la vacuna 
utilizada, la etnia, el tipo de población y la no notificación de 
los mismos, entre otros.

Solo un evento adverso grave fue reportado en nuestro 
estudio (0,07%), un episodio de broncoespamo severo, que 
requirió hospitalización. A diferencia de otras series, como 
la de Estados Unidos con las vacunas de ARN, en dónde 
las reacciones alérgicas eran lo más notificado, reportándo-
se 22 casos de anafilaxia en casi 2 millones de vacunados 
y ninguno requirió hospitalización13, y la de Israel, en donde 
el evento adverso grave más frecuente fue la miocarditis13 

que tuvo hasta el triple de riesgo de presentar esta compli-
cación en el grupo vacunado. En nuestra población no fue 
reportado ninguna complicación cardiaca, los autores de 
dicha publicación israelí sugieren que se presentó con más 
frecuencia en hombres jóvenes, en nuestro estudio el rango 
de edad fue bastante similar, sin embargo, no se registró 
dicha complicación; existió una persona en nuestra serie 
que presentó taquicardia que se resolvió espontáneamen-
te, pero no tenemos datos si existió evaluación médica para 
descartar asociación con miocarditis.

Farmacovigilancia de los efectos asociados a la vacunación contra el SARS-CoV-2 en el personal sanitario de un hospital de atención exclusiva de pacientes con COVID-19
Pharmacovigilance of the effects associated with vaccination against SARS-CoV-2 in the health personnel of a hospital for the exclusive care of patients with COVID-19

Tabla 2. Comorbilidades 
en pacientes vacunados

Tabla 3. Comorbilidades 
en los pacientes vacuna-
dos que reportaron efec-
tos adversos.



4

Tabla 4. Frecuencia y gravedad de los 
efectos adversos reportados en los 
pacientes vacunados.
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Conclusiones
Hay varios estudios que se han publicado sobre facto-

res de riesgo y biomarcadores de mortalidad en pacientes 
con COVID-19 que habitan en altitud 14-20; sin embargo, 
éste estudio es relevante ya que es uno de los primeros 
reportes sobre la reactogenicidad de la vacuna de Pfi-
zer-Biontech, en una población específica que habita en 
elevada altitud a inicios de la pandemia por SARS-CoV-2. 
La farmacovigilancia de la inmunización con esta vacuna 
en nuestro centro de atención COVID-19 exclusivo, arrojó 
un porcentaje de 6% de eventos adversos, la mayoría leves 
y sin ningún evento fatal lo que habla de la seguridad de las 
vacunas de ARN mensajero. 
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Neutralizing antibodies as a correlate of protection against classical 
swine fever in Porvac® vaccinated pigs
Marisela Suárez-Pedroso1*, Yusmel Sordo-Puga1, María Pilar Rodríguez-Moltó1, Paula Naranjo-Valdés2, Danny Pérez-Pérez1, Iliana Sosa-Teste3, 
Carlos Montero-Espinosa1, Yohandy Fuentes-Rodríguez1, Talía Sardina-González1, Elaine Santana-Rodríguez1, Milagros Vargas-Hernández1, 
Ayme Oliva-Cárdenas1, Nemecio González-Fernández4, Eddy Bover-Fuentes4, Carlos A. Duarte1, Mario Pablo Estrada-García1

Abstract: Porvac is a classical swine fever (CSF) subunit vaccine. It is safe and induces a robust neutralizing antibody 
response, sterilizing immunity, and early protection, and it prevents vertical transmission in pregnant sows. The methodology 
to approve Porvac batches is a challenging experiment in pigs with a virulent CSF virus strain. However, there is an ethical 
reason to reduce, at minimum, the use of animals in these lethal experiments. The knowledge indicates that neutralizing 
antibody titers in the blood could be a good correlate of protection. The results of 22 challenge experiments involving 116 
Porvac vaccinated and 38 unvaccinated animals were analyzed. All vaccinated animals remained free from CSF clinical 
signs and pathological lesions and were negative for viral isolation after the challenge. In contrast, all unvaccinated pigs 
developed clinical and pathological signs of the disease and had to be euthanized eight days post-challenge. All vaccinated 
pigs exhibited high neutralizing antibody titers, with a geometric mean value of 1: 5153. The lower titer registered was 1: 
800. A complete correspondence between neutralizing antibody titers and protection was demonstrated. These results 
support substituting the viral challenge test for the neutralizing peroxidase-linked assay in the release of Porvac® batches.

Key words: Classical swine fever, virus, subunit vaccine, viral challenge, neutralizing antibodies.

ARTICLE / INVESTIGACIÓN

Introduction
Classical Swine Fever (CSF) is a highly contagious 

and devastating viral disease with a severe socio-econo-
mic impact on the pig industry worldwide1. The etiological 
agent, CSF virus (CSFV), is icosahedral and enveloped po-
sitive-stranded RNA virus member of the Pestivirus genus 
of the Flaviviridae family2.

In endemic areas, vaccination using modified live vac-
cines (MLV) is mainly directed to limit the effects of the di-
sease or as a first step within a general program for the 
control and eradication of the virus3. However, MLV can't 
discriminate between infected and vaccinated animals, re-
quire a cold distribution chain, and maternal-derived neu-
tralizing antibodies compromise its immunogenicity in the 
piglets4. These drawbacks have limited the application of 
MLV in disease-free regions. Several subunit vaccines have 
been developed to substitute MLV, but they show a late on-
set of protection compared to MLV and provide incomplete 
protection against vertical transmission3,5-7.

Porvac® is a novel subunit marker vaccine against 
CSFV. It is based on a chimeric antigen (E2-CD154), com-
prising the E2 protein of CSFV and the molecular adju-
vant CD154. This vaccine has been safe and capable of 
inducing an unusually rapid onset of protection against a 
challenge with a highly pathogenic CSFV strain, similar to 
the one described for MLV8-10. The animals immunized with 

Porvac® develop high neutralizing antibodies (NAb) titers 
and cell-mediated immune responses. Furthermore, the ad-
ministration of Porvac® to pregnant sows interferes with the 
transplacental transmission of the virus11.

Porvac® has been registered in Cuba since 2017 (Sa-
nitary Registry 763) and has currently been used in large 
state-owned pig production units, genetic units, and small 
private farms. A potency test, consisting in the challenge 
of the vaccinated animals with 105 PLD50 of a highly viru-
lent strain, has been established to release the batches of 
Porvac®. This test has been previously used in the batch 
release process for MLV12,13. However, it involves suffering 
for control animals, which would have to die to ensure vac-
cine quality. Furthermore, it requires the handling of large 
amounts of virus, and, therefore, special contention facilities 
are needed to avoid dissemination of the virus, increasing 
the costs of quality control.

As stated in the last edition of the Manual of Diagnostic 
Tests and Vaccines for Terrestrial Animals14, the efficacy of 
veterinary vaccines should be demonstrated through accu-
rate statistical analysis of the host species. Nevertheless, 
challenge experiments in the final species may be unne-
cessary if data on the predictive value of serological tests 
are available. Wherever possible, applying procedures to 
replace, reduce and refine (the three R rule) the animals in-
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volved in such studies should be encouraged. The potency 
tests required for the approval of each vaccine batch must 
correlate with the vaccine's efficacy in the host species15.

Previous work has established that neutralizing anti-
body (NAb) titers are a good correlate of protection against 
CSFV in swine. A NAb titer equal to or higher than 1:50 
is considered protective16-18. In line with these experimental 
data, the chapter of the OIE Terrestrial Manual about pro-
tein subunit vaccines based on the CSFV E2 protein recom-
mends that the induction of specific anti-E2 antibodies in 
vaccinated pigs can be used to confirm the potency of each 
batch once the title has been correlated with the results of 
the efficacy test14.

Therefore, this study aimed to demonstrate the co-
rrespondence between the NAb titers in the serum of Por-
vac-vaccinated animals and protection from lethal viral cha-
llenges. The final goal is replacing the viral challenge test 
for the neutralizing peroxidase-linked assay in the routine 
release of Porvac® batches.

Materials and methods 

Vaccine
Five batches of the Porvac® were evaluated (P51031, 

P61011-1, P61021-1, P71011-1, P81011-1). Each 2 mL 
dose contains 50 μg of E2-CD154 antigen (25 μg/mL) in 
MontanideTM ISA 50V2 oil adjuvant (SEPPIC, Paris). The 
vaccine was kept at 2-8 C until use. Vaccination and viral 
challenge were repeated every six months for some bat-
ches, which increased the number of animals evaluated in 
this analysis to a total of 116 vaccinated animals and 38 
unvaccinated control animals.

Experimental animals
Nine weeks old Crossbred Duroc/Yorkshire swine (25-

30 Kg) (CENPALAB, Cuba), belonging to an unvaccinated, 
CSF-free herd, were used. A total of 154 animals were 
used, 116 were vaccinated with Porvac®, and the other 
38 were used as unvaccinated controls for the challenge. 
The animals were housed in separate experimental boxes, 
following the animal welfare regulations and standards es-
tablished by the Animal Health Department of the Ministry 
of Agriculture in Cuba. Vaccination/challenge experiments 
were conducted under appropriate high containment facili-
ties, following the animal welfare regulations and standards 
according to EU Directive 2010/63/EU and Good Clinical 
Practices14. The Ethical and Animal Welfare Committee of 
CENPALAB, Cuba, approved and supervised the protocols.

Vaccination and challenge schedules
A two-dose vaccination schedule was conducted, with 

21 days interval between injections. A volume of 2 ml was 
administered intramuscularly in the neck. The animals were 
challenged between 8 and 10 days post-vaccination (dpv) 
with 105 PLD50 of the highly virulent CSFV "Margarita" stra-
in, belonging to subgenotype 1.419,20, by intramuscular injec-
tion in the neck.

The clinical signs compatible with CSFV infection in 
the animals after viral challenge were scored from 0 to 18, 
according to Mittelholzer et al.21, with some modifications. 
The changes consisted of eliminating three parameters 
(body tension, body shape, and breathing), and adding the 
rectal temperature. The pigs were visually inspected for at 

least 15 minutes per day before and during the feeding and 
cleaning of the boxes. A dairy registry was filled for each 
animal with all the relevant clinical signs (rectal tempera-
ture, dullness, anorexia, prostration, constipation, diarrhea, 
cutaneous hyperemia, posterior paralysis and paresis, con-
junctivitis, unsteady gait, convulsions, lack of response to 
stimulus, and presence of cutaneous or mucosal lesions. 
For ethical reasons, control animals were euthanized ei-
ght days post-challenge (dpc) when they reached clinical 
scores higher than 10. Vaccinated animals were evaluated 
until 21 dpc. The macroscopic anatomopathological analy-
sis was conducted immediately after the sacrifice. Samples 
from the spleen and tonsils were collected in some cases. 
Some of these samples were processed for virus detection 
through the viral isolation technique (VI).

The challenge test for Porvac® includes several accep-
tance criteria, which are listed below:

●      All control animals must get the disease severely 
or die after the challenge.

●      More than 80 % of the animals vaccinated with the 
full schedule must show clinical protection.

●      No vaccinated animal must develop a fever (tem-
perature above 40 ºC) for 3 or more consecutive days.

●      After the viral challenge, vaccinated animals should 
be free from CSF-compatible macroscopic lesions.

Blood samples
Blood samples were taken in the presence or absence 

of an anticoagulant. Whole blood and serum samples were 
stored at -70 °C or -20 °C, respectively, until their use for vi-
rus isolation or antibody detection. The samples were taken 
on day 0 (before vaccination), day 21 (after one immuniza-
tion), at 28-30 days (7-10 days after the second administra-
tion), and 7 and 21 days after the challenge.

Cell line
The PK-15 cell line (ATCC CCL-33TM) was used for 

the Neutralizing Peroxidase Linked Assay (NPLA)22 and vi-
ral isolation23. A cell culture-adapted variant of the highly vi-
rulent CSFV strain Margarita, gently provided by the Centro 
Nacional de Sanidad Agropecuaria, Mayabeque Cuba, was 
used in NPLA.

CSFV NAb detection (NPLA test)
NAb titers in the serum were determined by the Neu-

tralizing Peroxidase Linked Assay (NPLA)22. Titers were 
expressed as the reciprocal of the higher dilution of serum 
that neutralized 100 TCID50 of Margarita strain in 50% of 
the culture replicates. The virus was detected by incubation 
with the anti-E2 Mab CBSSE2.3 (CIGB-SS, Cuba) conjuga-
ted to horseradish peroxidase, followed by 3-amino-9-ethyl 
carbazole substrate and hydrogen peroxide.

Viral isolation
For viral isolation, organs of vaccinated and control 

animals were taken at sacrifice, and blood samples at di-
fferent post-challenge moments. One cubic centimeter of 
each organ was macerated in a mortar with 1 mL of DMEM 
medium. The macerated material was suspended in 4 mL 
of DMEM medium and allowed to stand for one hour at 
room temperature, then centrifuged for 15 min at 1200 g. 
The supernatant was collected and stored at -70 °C. Two 
successive passages of this supernatant were made in the 
PK15 cell line (ATTC CCL-33). After the last incubation, the 
cells were fixed with heat. The presence of CSFV antigens 
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in the cells was detected by incubation with the anti-E2 Mab 
CBSSE2.3 (CIGB-SS, Cuba) conjugated to horseradish pe-
roxidase, followed by 3-amino-9-ethyl carbazole substrate 
and hydrogen peroxide.

Statistical analysis
The software GraphPad Prism v6.0 (GraphPad Softwa-

re, Inc., La Jolla, USA) was used for statistical analysis. The 
geometric mean (GM) of the NAb titers and the confidence 
intervals of the GM were calculated for each vaccine batch 
and all vaccinated animals after one or two administrations 
of the vaccine. The Kolmogorov-Smirnov test and varian-
ce homogeneity determined normality by the Levene test. 
Mann-Whitney test was used to compare the NPLA titers 
between two experimental groups and the Kruskal-Wallis 
test, followed by the Dunn test, was applied to compare the 
GM of the NAb titers among several experimental groups.

Results and discussion

NAb response in Porvac® vaccinated animals
The 116 Porvac-vaccinated pigs seroconverted after 

the first administration of the vaccine (Figure 1). The GM of 
the NAb at day 21 after the first immunization was 1: 358.6, 
and the GM's lower and upper 95% confidence intervals 

(CI) were 302.3 and 425.4, respectively. The lowest NAb 
titer observed was 1:10 (in only one pig), and the highest 
was 1:1600.

A strong anamnestic response was observed after the 
second immunization (Figure 1). The GM of the NAb titers 
increased to 1: 5217, with CI of 4571 and 5954. Those NAb 
titers are significantly higher than those observed after day 
21 after the first immunization (Mann-Whitney, p = 0.0001). 
The lowest individual NAb titer was 1:800, and the highest 
was 1:25600. Moreover, 78 % of the NAb titers were more 
increased than 1:3200.

The frequency distribution of the NAb titers at 21 and 
28 dpv is presented in Figure 2. The marked differences 
between one and two doses of Porvac® are evident. From 
these results, and based on the published data that indica-
te that a NAb titer of 1:50 is sufficient to protect pigs from 
CSFV challenge16-18, it is possible to predict that all animals 
should be protected after the challenge experiments.

Even after a single immunization, only one animal out 
of 116 showed NAb titers below the protective threshold. 
Therefore, it is very likely that the protective status of the 
animals can be achieved after only one dose in the 99.14% 
of vaccinated animals. This is an advantageous property 
for a vaccine that is intended to be applied in an endemic 
region where a rapid onset of immunity is needed. Other re-
combinant subunit vaccines have conferred only incomplete 
protection after one administration18,24,25.

Neutralizing antibodies as a correlate of protection against classical swine fever in Porvac® vaccinated pigs

Figure 1. NAb titers in Porvac® vaccinated pigs. 
The X-axis scale is log2. Dpv: days post-vaccina-
tion. NAb was measured at 21 dpv (1 immuniza-
tion) and 28 dpv (2 immunizations). n = 116. Hori-
zontal lines represent the geometric mean of each 
group. Significant statistical differences were found 
between the two groups (Mann-Whitney, p = < 
0.0001).

Figure 2. Frequency distribution 
of the NAb titers in pigs with 1 or 
2 immunizations with Porvac®. 
Dpv: days post vaccination, 21 
dpv (1 dose), 28 dpv (2 doses), 
n = 116.
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The five batches of Porvac® studied induced similar 
levels of NAb

Figure 3 shows the NAb titers induced by the five bat-
ches of Porvac looked at 28 dpv. No statistically significant 
differences were observed among the five batches (Krus-
kal-Wallis, p = 0.4207). These results demonstrate the ro-
bustness and stability of the Porvac® production process.

All Porvac vaccinated pigs were protected against the 
CSFV challenge

All 22 independent challenge assays fulfilled the suc-
cess criteria established for the test. All 116 vaccinated ani-
mals were protected from the viral challenge. They remain 
with good health status and appetite and without clinical sig-
ns of the disease. All pigs gain weight during the post-cha-
llenge period. Even the pig with the lowest NAb titer on the 
day of the challenge (1:800) was fully protected. The ma-
croscopic examination of the main target organs conducted 
after the sacrifice at 21 dpc showed no pathological lesions 
in the vaccinated animals.

95 % of the vaccinated animals show typical tempe-
rature values after the challenge. The average temperatu-
re of the animals during the 21 dpc, did not exceed 39.6 
ºC, within the physiological values for species26 (Figure 4). 
Temperature values above 40 ºC were observed in 6 out 
of 116 animals in the study (5%) in punctual days after the 
challenge. However, the vaccines passed the test since the 
acceptance criterion established that temperature must be 
above 40 ºC for 3 consecutive days to be considered as re-
levant fever. Therefore, these transient temperature increa-
ses were supposed to be related to other punctual health 
issues in the animals.

Moreover, all samples from vaccinated animals 
analyzed in these studies were negative for viral isolation. 

These results correspond with o the animals' good health 
after the viral challenge and the examination of the target 
organs after the necropsy.

In contrast, control animals experience a rapid rise in 
the rectal temperature (Figure 4) and CSF-compatible cli-
nical signs from 3 dpc. In this group, the temperature rai-
sed sustainably above 40 ºC up to values above 41.4 ºC. 
From six dpc, a marked deterioration in the animal health 
was observed (>10 points in the clinical score), therefore, 
all control animals were sacrificed at 8 dpc to avoid unne-
cessary suffering. The pigs suffered diarrhea, conjunctivitis, 
respiratory disorders, anorexia, ataxia, and prostration due 
to severe nervous symptoms. Figure 5 shows the time cour-
se of the clinical score in vaccinated and control animals 
after the viral challenge.

Moreover, CSF-compatible macroscopic lesions were 
also observed in the target organs. Histological examination 
of the immune system in unvaccinated animals exposed to 
the virus shows peripheral and local depression (lymphope-
nia in the spleen, mesenteric lymph nodes, and Peyer's pat-
ches in the ileum). An inflammatory reaction (diffuse and 
perivascular) in the central nervous system with the predo-
minance of lymphocytes at the cortex level and meninges 
was observed in the control animals evaluated. These le-
sions corresponded with this group's clinical score and the 
disease's development.

Finally, and in agreement with the lesions found in the 
target organs, 100 % of blood samples and organs analyzed 
from control pigs were positive for viral isolation.

These findings confirm that the viral challenge was 
effective in all the independent experiments conducted and, 
therefore, the high NAb titers developed in Porvac® vacci-
nated pigs conferred full protection against a lethal CSFV 
challenge. NAb are capable of sequestering the virus outsi-

Figure 3. NAb titers induced by five production batches of Porvac. NAb titers were measured at 21 dpv (1 dose) and 28 
dpv (2 doses). Horizontal lines represent the geometric mean of each group. Batches: P51031, n=37; P610111-1, n=32; 
P61021-1, n=26; P71011-1, n =11; P81011-1, n=10). No significant differences were found among the different batches 
after one or two immunizations (Kruskal-Wallis p>0.05).
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de the target cells and arresting its multiplication.
Table 1 summarizes the results of the 22 challenge 

experiments conducted. There is an absolute correspon-
dence between the presence of CSFV NAb in the serum 
of Porvac® vaccinated animals and protection against the 
viral challenge. Taking together, these results demonstrate 
for the first time that NAb elicited by immunization with Por-
vac® is a good correlate of protection against CSFV infec-
tion, as reported by other authors for MLV or other subunit 
vaccines in vaccinated/challenge animals.

Therefore, a potency test consisting of vaccinating pigs 
with Porvac® and measuring the NAb titers with the NPLA 
test can be proposed as a surrogate for the viral challenge 
experiment.

A NAb titer of 1:400 could be established as a cutoff 

value for approval of the production batches. This value is 
well above the 1:50 titer proposed by others as the cutoff for 
protection, implying a safety margin for a vaccine intended 
to be used in CSFV-endemic regions.

The following acceptance criteria would be considered 
for each production batch:

●      All animals must develop NAb titers equal to or hi-
gher than 1: 400 after completing the vaccination schedule 
(21-day interval between the two doses)

●      The geometric mean of the NAb titers of all vacci-
nated animals must be greater than 1: 1000.

By eliminating the viral challenge, the suffering of the 
animals will be reduced, as well as the risk of dissemination 
of the high-virulence strain used. The duration of the test 
and the costs will also be reduced.

Figure 4. Time course of the average body temperature after the challenge. The average temperatures in the five groups 
of animals vaccinated with different batches of Porvac® and in control animals are represented. Vaccinated pigs were 
monitored during 21 dpc. All control pigs were euthanized at 8 dpc. dpc, days post challenge.

Figure 5. Time course of the clinical 
score after the challenge. The avera-
ge clinical scores in vaccinated and 
control animals after the challenge 
are represented. Vaccinated pigs 
were monitored for 21 dpc. All control 
pigs were euthanized at 8 dpc. dpc, 
days post challenge.

Neutralizing antibodies as a correlate of protection against classical swine fever in Porvac® vaccinated pigs
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Table 1. Summary of the challenge experiments with Porvac® vaccinated pigs.

Discussion
In Colombia, approximately 176,000 cultivated hecta-

res benefit 52,000 families in 422 municipalities of 30 de-
partments, 

Monte Carlo Simulation Analysis (MCS)
After structuring costs, the most influential cost com-

ponent was direct labor, representing 53% of the total cost. 
The cost of culture media was 12% of the total, IMC repre-
sented 5%, and operating expenses, including administrati-
ve expenses and infrastructure, were 30% (Figure 2). 

Conclusions
In summary, a complete correspondence between the 

neutralizing antibody titer in the sera of Porvac© vaccina-
ted pigs and protection from CSFV challenge have been 
demonstrated in a large set of experimental data. These 
results support substituting the viral challenge test for the 
neutralizing peroxidase-linked assay in the release of Por-
vac© batches. By eliminating the viral challenge, the suffe-
ring of the animals will be alleviated, as well as the risk of 
dissemination of the high-virulence strain used in those ex-
periments. The duration of the test and the associated costs 
will also be reduced.
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Role of Vitamin D in the diagnosis of acute Myeloid Leukemia
Noor Thair Tahir1, N. A Thamer2*, Noah A .Mahmood3

Abstract: A range of hematological and biochemical markers have been investigated in Acute Myeloid Leukemia (AML) 
patients to determine the relationship between cancer growth and metabolic problems. This study aimed to determine the 
effects of vitamin D deficiency in Iraqi patients with acute myeloid leukemia who had recently been diagnosed. There was 
a significant inverse correlation between the total serum cholesterol (TC) level of acute myeloid leukemia (AML) patients 
group [(148.77±12.2) for males, (165.29±9.64) for females] and the control group [(164.50±7.26) for males, (180.05±7.31) 
for females], also an inverse correlation between high-density lipoprotein (HDL) level of acute myeloid leukemia (AML) 
patients group [(46.00±2.04) for males, (46.18±1.08) for females] and control group [(54.25±1.86) for males,(51.94±1.37) 
for females]. A significant difference was between the serum triglyceride (TG) level of acute myeloid leukemia (AML) 
patients group [(128.71±13.07) for males, (152.48±10.6) for females] and control group [85.12±11.30) for male, 
(90.50±10.90) for females], also between vitamin D level of acute myeloid leukemia (AML) patients group [(17.23±1.18) 
for males, (12.96±0.74) for females] and control group [(42.62±1.43) for males, (40.76±0.82) for females]. A statistically 
significant difference was between the serum calcium levels of individuals with acute myeloid leukemia [(8.99±0.32) for 
males, (8.91±0.23) for females]   and the control group [(13.13±1.16) for males, (10.73±0.28) for females].   AML patients 
can benefit from vitamin D treatment, according to a pairwise analysis of receiver operating characteristic (ROC) curves. 
The above results are related to concluding that Vitamin D can be utilized as a diagnostic test for AML patients.

Key words: Acute myeloid leukemia (AML), Hypereosinophilia, ROC curve, hypocholesterolemia, vitamin D.

ARTICLE / INVESTIGACIÓN

Introduction
Leukemia is a type of cancer that affects the blood and 

blood-forming tissues, such as the bone marrow and the 
lymphatic system. Several risk factors for leukemia have 
been identified, including smoking, a genetic disorder such 
as Down syndrome, exposure to a large amount of radiation 
or exposure to specific chemical compounds such as ben-
zene, certain chemotherapy used to treat previous cancer, 
and having a family history of leukemia1. Chronic leukemia 
progresses more slowly than acute leukemia. Patients have 
a higher proportion of mature cells. In acute leukemia, the 
immature cells are rapidly advancing, and these cells can-
not perform their normal functions2. Malignancy myeloid 
cells lead to myeloid leukemia, whereas that including T 
and B lymphocytes leads to lymphocytic leukemia3. Acute 
myeloid leukemia (AML) is a cancer that develops when 
long-lived myeloid blasts in the bone marrow and peripheral 
blood undergo unchecked transformation and proliferation. 
Normal cells are replaced by malignant ones, lowering the 
number of healthy cells4.

Lipid metabolism disorders are characterized by ano-
malies of lipids and lipid metabolites occurring mostly in 
plasma and other tissues, which cause genetic or acquired 
factors5. Several related genes, hormones and enzymes or-
ganize the level of lipids. Abnormalities of these factors lead 
to lipids metabolism disorders, which cause cardiovascular 
disorders, metabolic diseases and cancers6. Different stu-
dies have indicated that abnormal levels of lipids are closely 
related to carcinogenesis and cancer metastasis. Malignant 

cancer cell proliferation requires high energy to transform 
and accelerate, leading to lipid metabolism alterations7. 
Some studies showed a decrease in plasma lipid levels in 
patients with cancer. This may result in increased utilization 
of blood lipids by malignant cells as a competing factor8. 
Despite these positive correlations between hypercholeste-
rolemia and carcinogenesis, some epidemiologic observa-
tions suggest no association exists between cholesterol and 
cancer progression9.

Different studies have reported a relationship between 
Vitamin D deficiency and AML10. An inverse relationship 
exists between circulating vitamin D levels and malignancy 
for colorectal11 and breast cancer12. This research sought 
to determine the levels of lipids, high-density lipoprotein 
(HDL), calcium, vitamin D, and various aspects of the he-
matological picture in newly diagnosed Acute Myeloid Leu-
kemia (AML) patients in Iraq, with the ultimate goal of impro-
ving treatment outcomes.

Materials and methods 
This study proceeded at the National Center for Hema-

tology of Al-Mustansiriyah University in Baghdad from April 
2019 until November 2019. This research enrolled 55 newly 
diagnosed AML patients before any specific medication was 
administered. Their ages ranged from (33-80) years and 
were compared to 26 healthy people who served as a con-
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trol group. Body mass index was determined as weight in 
kilograms divided by the square of height (kg/m2). Before 
starting therapy for AML, blood samples were taken from 
patients at diagnosis and before they were treated for AML. 
The separated serum was used for total cholesterol, trigly-
cerides and HDL measurements by Auto Analyzer Kenza 
240 TX ( Biolabo, France). Vitamin D3 was determined 
by a mini vidas analyzer (biomerieux, France). Serum Ca 
was measured by the easy kit analyzer. (Beckman Coulter, 
Ireland) were used to analyze the Complete Blood Count 
(CBC).

Statistical Analysis
SAS was used to analyze the data statistically (Sta-

tistical Analysis System - version 9.1). To determine if the-
re were any statistically significant differences between 
means, a one-way ANOVA and the Least Significant Diffe-
rences (LSD) post hoc test were used. The p-value (P < 
0.05) is regarded as statistically significant when it is less 
than one. The receiver operation characteristic (ROC) cur-
ve was used to determine the validity of markers as indica-
tors of illness in a particular population. The area under the 
curve (AUC) of the features was calculated and compared 
(AUC). The analysis was completed with the help of the 
Med Calc software13,14.

Results
This study reported different parameters for patients 

with AML compared with the control. In table (1), some of 
the baseline characteristics showed no change in an age 
when compared between patients and controls; there were 
increases in the weight of male patients and base mass in-
dex. Moreover, some of the hematological studies showed 
no change in values of Red blood cells (RBC), Basophils 
but increased Eosinophil values when compared between 

patients and controls.
Table 2 determined total serum cholesterol, triglyceride, 

high-density lipoprotein lipids, serum calcium and vitamin D 
for AML compared with the control. There was a decrease 
in TC, HDL,D 3 and calcium, while there was an increase 
in TG.

Figures 1 (A and B) illustrate the receiver operating cha-
racteristic curve (ROC) for calcium (A) and vitamin D (B).

Figure hows the area under the curve (AUC) for vitamin 
D and calcium. While in table 3 shows the AUC, standard 
error (SE) and confidence interval (CI) for vitamin D and 
calcium.

Discussion
There was no statistically significant difference in age 

between the patients and the control group. However, the-
re was a statistically significant difference in male weight 
between the control and the patients (Table 1) and a signi-
ficant difference in BMI among males and females. Being 
overweight was related to raised risk of AML. Adipose tissue 
is one of the active and complex endocrine organs. Recent 
studies highlighted the bidirectional interactions, based on 
adipokines and lipids, between white adipose tissue and tu-
mors and their role in cancer progression (later, "adipose 
tissue" will refer to white adipose tissue). In addition, adi-
pocyte-secreted factors have been shown to regulate the 
expression of genes associated with cancer progression 
(adhesion, invasion, angiogenesis, signal transduction and 
apoptosis) in non-cancerous mammary cells suggesting a 
role in cancer initiation15; they may also participate to the 
leukemogenesis of AML16.  

Hypereosinophilia is classified to Primary (Chronic eo-
sinophilic leukemia, Familial eosinophilia, Clonal hypereosi-
nophilia, and Idiopathic hypereosinophilia) and secondary 
(Infections, autoimmune diseases, allergic diseases, drugs 

Noor Thair Tahir, N. A Thamer, Noah A .Mahmood
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and Malignancies)17. Through search in articles, we found 
similar results were matched with our results18,19. Many sur-
veys have been performed considering the serum lipids ab-
normalities20; in table 2, no statistically significant variations 
in plasma total cholesterol, triglycerides, or high-density li-
poprotein were detected between men and females, neither 
for AML patients nor controls. There was a considerable de-
crease(p˂0.05)  in cholesterol and HDL, whereas triglyceri-
des value a significantly elevated(P˂0.05)  when compared 
with males between( patients and controls) and females 
between (patients and power). This results in agreement 
with the other findings21. Different researchers explained the 
relation between hypocholesterolemia and the stage of ma-
turation of leukemic blast cells in acute myeloid leukemia22. 
The elevated LDL receptor in AML patients was caused by 
hypocholesterolemia23. Several research has been conduc-

ted to characterize HDL's potential to boost proliferation, im-
migration, and survival in cancer cell cultures24. According 
to many studies, HDL-C is related to an increased risk of 
cancer because it continues to provide extra cholesterol to 
and fuel the development of the tumor25.

In this study, we found a low level of Vitamin D in newly 
diagnosed AML patients before the beginning of their treat-
ment. In the Middle East, different factors cause Vitamin D 
deficiency, such as Low exposure to sunlight,  lack of Vita-
min D  in food, the nature of clothes, type of skin, and lack 
of complements26. But, recently, the use of Vitamin D su-
pplements has obtained great interest among older adults; 
they essentially have sufficient levels of Vitamin D27. Diffe-
rent epidemiological and experimental studies support that 
Vitamin D deficiency has increased the risk of developing 
several cancers28. Various studies have indicated that Vita-
min D can usually modify several critical cellular methods, 
involving suppression of carcinogenesis by creating cellular 
differentiation, suppression of proliferation and promoting 
apoptosis29,30. Vitamin D has other significant effects, such 
as inhibiting tumor angiogenesis, invasion and metastasis31.

On the other hand, a previous study showed a positive 
correlation between low vitamin D levels and higher BMI or 
obesity32. Hypocalcemia is unusual in hematoma malignan-
cy. Various factors, including low albumin, inadequate nutri-
tion, low vitamin D, low magnesium, or persistent respira-
tory alkalosis, may cause it. In tumor lysis, increased serum 
phosphorous may cause calcium-phosphate deposition, de-
creasing serum calcium33. Figures 1 (A and B) illustrate the 
receiver operating characteristic (ROC) curves. Generally, 
the ROC curve measures a test's effectiveness by establi-
shing appropriate cutoff points. The graph depicts calcium 
sensitivity, and specificity (A) was 64.2. % and 88.0%, then 
sensitivity and specificity for vitamin D (B) were 100.0% and 
100.0%, respectively.

Table 3 shows that AUC for vitamin D was 1.000 (95% 
CI = 0.954–1.000), and AUC for calcium was 0.826 (95% 
CI = 0.724 –0.903). The AUC is a standard measure of the 
accuracy of a diagnostic test. Tests are often classed ba-
sed on the area under the ROC curve (figure 2). The bigger 
the AUC, the higher the test's total score. The positive and 
false favorable rates for the vitamin D test ( figure 1) are 
greater than those for calcium test A at all cutoffs, making 

Role of Vitamin D in the diagnosis of acute Myeloid Leukemia

Figure 1. ROC curve for identifying optimal calcium (left) and vitamin D (right) cutoff points.

Figure 2. The ROC curves with different areas under the curve.

Table 3. AUC, SE and CI for vitamin D and calcium.
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it the better choice. The AUC for vitamin D is larger than 
the area under the curve for the calcium test. The pairwise 
comparison of the ROC curves revealed a statistically sig-
nificant difference (P= 0.0002) for vitamin D and calcium 
parameters. In a paired ROC analysis, the vitamin D mea-
sure was shown to be more discriminatory than the calcium 
measure. A perfect test has an AUC of 1.0. So that vitamin 
D is an ideal test for diagnostic AML patients than calcium. 
Recently, cancer disease can be diagnosed by PCR, such 
as CML34 and Adenocarcinoma35,36. This molecular techni-
que was also employed to diagnosis different microorganis-
ms that caused pathogenicity in human such as Clostridium 
perfringens37, Brucella melitensis38, Proteus vulgaris39,40, 
Staphylococcus aureus41, Pseudomonas aeruginosa42,43 , 
and Toxoplasma spp44,45.

Conclusions
The pairwise comparison among the ROC curves for 

vitamin D and calcium showed that the vitamin D measure 
was more discriminative than calcium. So vitamin D is a per-
fect test for early diagnosis of AML patients.
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Studying the toxicity of polluted water with polyaromatic hydrocarbon 
compound (Anthracene) by using micronucleus assay in fish
Milad A.Hussein, Estabraq N, Abdul Lateef, Sarab R. Mustafa, Noor Nihad Baqer*, Suha A. Ali, Maha M Taen, Nora Saheab

Abstract: Polycyclic aromatic hydrocarbons mainly originate from the incomplete combustion of fossil fuels such as 
petroleum, natural gas and coal. Also, biomass burning has attracted much attention due to its mutagenic, allergenic 
and carcinogenic properties. Anthracene, a three-ringed polycyclic aromatic hydrocarbon, is widely known as a common 
hazardous ubiquitous environmental pollutant. Anthracene is used to make dyes, plastics and pesticides. The present study 
aims to evaluate the risks of Anthracene to fish using a micronucleus (MN) assay; the test has been used successfully as 
a mutagenic assay. Ninety fishes were adapted and acclimated to the laboratory conditions for one week before starting 
the experiment, then were exposed to (7.5mg/L, 10mg/L, and 12.5mg/L) of Anthracene for 72 hours. Results demonstrated 
that the LD50 of Anthracene in fish was (10 mg/L). Based on the values of LC50, the fish were then exposed for 72 h to 
three concentrations of sub-lethal Anthracene (2.5 mg/L, 5 mg/L and 7.5 mg/L) and control (0.00 mg/L) after (72 hours, 
10 days, 20 days). Peripheral blood samples smears were collected from each group, the sample was stained by Giemsa 
stain, and frequencies of MNs were counted. The study showed an increase in micronuclei with concentration and period. 
In conclusion, it can use of the micronucleus assay in erythrocytes of fish as a sensible index for the assessment and 
evaluation of aquatic environmental pollution.

Key words: PAH, Anthracene, Micro nucleus assay, Carp.
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Introduction
Polycyclic aromatic hydrocarbons (PAH) are a group of 

hydrophobic organic compounds that are widespread po-
llutants. Crude oil drops out, industrial, refinery activities, 
and civil wastes are essential sources of (PAH) in aquatic 
ecosystems.PAH are potentially carcinogenic agent1 and a 
significant interest because of widespread contaminants in 
coastal and freshwater zones2. PAH contamination is signi-
ficant near industrialized areas3.

Anthracene (C6H4.C2H2.C6H4) is a rigid polycyclic aro-
matic hydrocarbon with a low molecular weight derived 
from coal tar consisting of three fused benzene rings. An-
thracene, Para naphthalene, is a Green Oil that accompa-
nies naphthalene in the final steps of coal tar percolation. 
Anthracene is used in the artificial production of the red dye 
alizarin. It is also used in insecticides, coating materials 
and preservatives of wood. Moreover, Anthracene is color-
less but exhibits blue fluorescence under ultraviolet light. 
If Anthracene is released into water, it will be expected to 
absorb particulate and sediments strongly. It was not hy-
drolyzed but may be bio-concentrated in aquatic organis-
ms, which causes loss or reduction of microsomal oxidase 
(this enzyme enables the rapid metabolism of polyaromatic 
hydrocarbons). It undergoes immediate photolysis close to 
the surface of natural waters and maybe follows significant 
biodegradation based on laboratory experiments. Besides, 
industrial and agricultural activities have raised pollution in 
the aquatic environment, which is contaminated by different 
chemicals toxic from the discharge of waste waters and 
agriculture; these are accountable for several effects on the 

organisms, including humans4. PAHs are absorbed by the 
fish body surface and via the gills. It also enters through 
food intake or contaminated materials5.

Fish are an excellent topic for studying the mutagenic 
and/or carcinogenic possibility of contaminants in water 
samples since they can metabolize, concentrate and store 
waterborne pollutants6. Since fish often react to toxicants 
in a similar way to higher vertebrates, they can be used to 
screen for chemicals that are potentially teratogenic and 
carcinogenic in humans. The main application of fish used 
as a test model is to mark the distribution and effects of 
chemical contaminants in the watery environment7. Micro-
nucleus assay was viable to freshwater and marine fishes 
and showed that gill cells are more sensitive than hemato-
poietic cells to micronucleus-inducing agents. The micronu-
cleus assay is an in vivo and in vitro short-time screening 
procedure that is openly used to discover genotoxic effects. 
It is one of the most straightforward, dependable, low ex-
penses and fast screening systems8. The MN test, one of 
the most common tests of environmental genotoxicity, has 
served as an indicator of cytogenetic hurt9. Micronuclei are 
cytoplasmic chromatin masses with the appearance of sma-
ll nuclei that emerge from chromosome fragments or intact 
total chromosomes lagging in the anaphase phase of cell 
division. Their existence in cells reflects structural and nu-
merical chromosomal aberrations arising through mitosis10. 
These compounds may create hepatic lesions and physio-
logical and biochemical disorders in fish. Contaminated fish 
may then be used to bio-observe the existence and impor-
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tance of these pollutants. The present study aims to evalua-
te the risks of Anthracene to fish by using a micronucleus 
(MN) assay,

Materials and methods 
There are 90 fish of common carp (Cyprinus carpio) 

ranging between 7-9 cm in total length and 60-80 gm. in 
body weight, with no visible signs of disease or morbidity. 
Fish were kept in an aquarium with aerated tap water; they 
were fed on commercial feed and adapted to laboratory 
conditions for one week before the experiments were com-
plete.

The experiment was conducted in a 20 L aquarium and 
gently aerated tap water. A set of 10 fish specimens were 
randomly exposed to anthracene concentrations (7.5, 10.0 
and 12.5mg/L); after 72 h, the value of LC50 of Anthracene 
for C. carpio was specified as 10.0 mg/L.

Based on the LD50 values, the fish were then exposed 
for 72 h to three concentrations of sub-lethal Anthracene 
(2.5mg/L, 5mg/L and 7.5 mg/L) and control (0.00 mg/L). The 
mortalities did not occur in all groups following the period 
of exposure. After 72 h (Acute exposure), the water was 
exchanged, and the blood was collected from the caudal 

vein for a micronucleus test after 72 hrs, 10 and 20 days of 
the experiment. Statistical analysis was performed by using 
Excel word 2019

Micronucleus Test
The smear of peripheral blood pulled from the caudal 

vein by a syringe coated with heparin was prepared, and 
well-dried slides were stained with 10% Giemsa stain solu-
tion for a half hour following the method of (11). (1000 cells/
slide) for micro-nuclei were scored.

Results
The results of this study showed that the MN was in-

creased, correspondingly with the increasing anthracene 
concentrations (2.5%, 5%, and 7.5%) than that control 
group in all the anthracene concentrations (Figure 1).

Micronucleus was calculated in the acute group (after 
72 hrs), and the chronic group (after 10 and 20 days of the 
experimental period) showed an increase of micronuclei 
with the increase in concentration, and also when compa-
red within the group according to the period of exposure as 
in Figure (2,3,4,5).

Milad A.Hussein, Estabraq N, Abdul Lateef, Sarab R. Mustafa, Noor Nihad Baqer, Suha A. Ali, Maha M Taen, Nora Saheab
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Figure 1. The number 
of micronuclei at diffe-
rent times and concen-
trations of Anthracene 
(mg/L).

Figure 2. Normal red blood cells without micronuclei.

Figure 3. Micronuclei in Red Blood Cells of Fish
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Discussion
The results agreed with the development of Carlos et 

al.12, who observed an increase in clastogenic accidents, 
and submission of the formation of MN when considering 
nuclear alterations and micronuclei together; group xeno-
biotic exposure and controls were significantly different.

Micronuclei occur due to exposure to different concen-
trations of benzene and Anthracene. The effect of these 
structures on the chromosome to form chromosome frag-
ments or loss of centromere lead to delay of these frag-
ments in the anaphase stage cell mitosis. After the telopha-
se stage, these chromosome fragments are turned around 
to form  Micronuclei13,14.

Differing from other organisms belonging to the trophic 
chain, fishes are sensitive to relatively small concentrations 
of environmental Pollutants (with the possibility of mutage-
nic effects); thus, fishes are considered excellent bioindica-
tors of environmental biomonitoring15.

MNs assay, initially developed in mammalian species, 
has been widely used to evaluate the genotoxic effect of 
many chemical agents16.

MNs assay can be considered a useful bioindicator of 
genotoxic and cytotoxic effects of contaminants in aquatic 
organisms17-20.

The results showed the importance of MNs assay in 
mutagenic altered assessment in fishes, which can be used 
as sentinel organisms to indicate the potential for human 
exposure to genotoxic chemicals in drinking water. The 
concentrations of contaminants in fish reverse the situation 

of contamination of the environment, and thus, the obser-
ved levels of total PAHs in fish indicate high levels of PAHs 
contamination. However, the Consumption rate of 1 g/day 
appears to be protective from the carcinogenic effects of the 
PAHs levels. This is because the (Predicted Environmental 
Concentration) PEC values associated with a consumption 
rate of 1 g/day are found to be less than the screening va-
lue21.

The present study showed that high PAH levels affect 
the health of fish and, thus, consumption of these fish may 
cause a significant health risk. 

Conclusions
The present study showed that high PAH levels affect 

the health of fish and, thus, consumption of these fish may 
cause a significant health risk. It can use the micronucleus 
assay in erythrocytes of fish as a sensible index for asses-
sing and evaluating aquatic environmental pollution.
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The inhibitory effect of some plant essential oils on the growth of some 
bacterial species
Mohammed Abdullah Mahmood1,  Shaker Gazi Gergees2, Alaa Taha Younis AL-Hammadi1*

Abstract: This research is aimed at investigating the inhibitory essential oils activity of thyme, clove, cinnamon, ginger and 
garlic plants against some positive and negative gram pathogenic bacteria (Escherichia coli, proteus spp., Staphylococcus 
epidermidis, Staphylococcus aureus) by using the disk diffusion method And compares this activity with the activity of 
standard antibiotics, then study the synergistic and antagonistic effect between these essential oils with the antibiotics used 
against these bacteria. The results represented the effectiveness of all essential oils on the studied bacteria to varying 
degrees, except the clove oil, which doesn't show any inhibitory effect on E.coli and S.epidermidis. In contrast, cinnamon 
oil had the most inhibiting impact on all the bacteria studied. While garlic and ginger oil showed the lowest Inhibitory, thyme 
oil showed a strong inhibitory effect on E.coli and a moderate effect on other studied bacteria. Also, the results showed the 
synergistic effect between most essential plant oils and most antibiotics against most bacterial strains. The antagonistic 
effect was between essential oils with a few studied antibiotics toward some bacterial strains.

Key words: Plant, essential oils, bacteria, the inhibitory effect.

ARTICLE / INVESTIGACIÓN

Introduction
The essential oil has been used medically throughout 

history to treat various disease infections over a long period, 
such as skin treatment, burns, cancers and other diseases. 
The widespread interest in the use of essential oils has 
emerged in the modern with the emergence of the depart-
ment of aromatherapy as an alternative medicine based on 
other compounds and oil that has shown good treatment 
effects, The emergence of bacterial resistance to conven-
tional antibiotics and drugs have led other researchers to 
search for alternative therapeutic biocidal Sources against 
different pathogenic bacteria1.

The antimicrobial activity of essential oils (Eos) has 
been known through research and tested in vitro towards 
a wide range of pathogens; these oils are secondary me-
tabolites enriched in chemical  compounds2,3. It has been 
used recently in food preservation and treatment for types 
of cancers4-7. The main components of (essential oils) are 
phenolics, alcoholics, hydrocarbons, aldehydes and keto-
nes which are answerable for medicinal plant biological ac-
tivities. The cell membrane of bacterial cells is the main tar-
get of the mechanism oils8,9. Medicinal plants and their oils 
were used in folk medicine. Naturally, essential oils play a 
significant role in producing plants against pathogens. The 
essential oils contain secondary metabolic substances that 
can inhibit and kill many bacteria, yeasts and molds. The 
bacterial cell membrane is the main target for making these 
oils and other targets in bacteria10. The inhibitory efficacy 
of essential oils against pathogenic pathogens has been 
investigated because of the emergence of multiple resistan-
ces to these pathogens to conventional antibiotics, which is 
a significant problem in treating many bacterial diseases11.

People in various parts of the world have historically 

used ginger, thyme, clove, cinnamon and garlic for various 
purposes, so the purpose of this research is to examine in 
vitro behavior of the oils toward two Gram-negative bacterial 
strains and two Gram-positive bacterial strains and study a 
mixing of such essential oils and standard antibiotics in vitro 
action.

Materials and methods 

Essential Oils
Five essential oils were collected from local markets 

equipped by the Itimad Company, Iraq (Table 1). Such oils 
have been selected based on survey literature and used for 
medical purposes.
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Table 1. Essential oils used in this study.
Bacteria isolates

Two types of Gram-negative bacteria (Escherichia coli, 
Proteus spp.), and two types of Gram-positive bacteria (Sta-
phylococcus epidermidis, Staphylococcus aureus). These 
isolates were obtained as pure identifiable isolates from the 
biology department/college of science/ Mosul University. 
The bacteria cultures were stored at 4 ° C in their appro-
priate agar slants and used as stock cultures throughout the 
study. Mueller Hinton agar (MHA).
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Antibiotics
Five disks of antibiotics were used-manufactured by 

Bioanalyses (Turkey). Amoxicillin Clavulanic acid( AMC 
30µg), Ceftriaxone (CTX 30µg), Trimethoprim- Sulphame-
thoxazole (SXT 25µg), Gentamicin  (CN 10µg) and Cipro-
floxacin( CIP 10µg).

The Antibiotics sensitivity test
Antibiotics sensitivity test against studied bacterial iso-

lates was conducted according to the modified method of 
Kirby-Bauer12.

Antibacterial activity of Essential oils Test
The method of diffusion of discs was used in this re-

search. An overnight culture has been calibrated to 0.5 Mc-
Farland requirements 108 CFU/ml for each microbial strain. 
Five hundred μL suspensions were spread out Mueller-Hin-
ton agar (MHA) plates. With aseptic conditions, 10 μL of es-
sential oil was impregnated with empty sterilized filter paper 
disks (6 mm diameter) of five types and placed on the sur-
face of the agar. For 18-24h, the inoculated plaques were 
incubated at 37 ° C. Antimicrobial activity was measured 
against the test species by calculating the inhibition zone 
(mm). Every assay has been repeated 2 times13.

Results and discussion

The Antibiotics sensitivity test
The results of the sensitivity of the (E.coli, Proteus spp., 

S.aureus, and S.epidermidis) to a group of antibiotics were 
shown in Table 2 and Figure 1 (A-D), where contrasts be-
tween these isolates can be noticed in the manner of their 
resistance to antibiotics. 

The antiprogram of different isolates showed that all 
tested isolates were sensitive toward the selected standard 

antibiotics; the antibiotic sensitivity test was performed to 
compare the antibacterial activities of tested essential oils 
with the inhibitory action of antibiotics.

Antibacterial activity of Essential oils
Antibacterial activities of five "essential oils" toward four 

bacterial species are shown in Table 3.
These results showed that the oil of cinnamon exhibits 

superior antibacterial activity toward all bacteria, with inhi-
bition zones (12 to 25 mm). This demonstrated the highest 
antibacterial activities in E.coli (25 mm), and the lowest in-
hibition effect observed in both S.epidermidis (12 mm), as 
shown in Figure 2 (A-D). Depending on the susceptibility of 
the bacteria studied, clove oil produced an inhibition zone 
toward E.coli and S.aureus only (12mm, 7mm), respecti-
vely, as shown in Figure 2 (A-D). In contrast, the location of 
inhibition produced by garlic and ginger essential oils varies 
from (8mm to 12mm). For garlic oil, the lowest inhibitory 
zone was observed against S.epidermidis (8mm), but the 
lowest inhibitory area was E.coli and S.aureus (12 mm), as 
shown in figures( B 1-4); for ginger oil, the lowest inhibitory 
zone was observed against S.aureus (8mm), but the top 
inhibitory zone was showed toward E.coli, and S.epidermi-
dis (12mm) as shown in Figure 2 (A-D) and the inhibition 
zone of essential oil Thyme produced differs from (8mm to 
20mm). The minimal inhibition zone was observed against 
Proteus spp. and S.aureus (8mm). In comparison, the op-
timum inhibition zone was for E.coli (20 mm) as shown in 
Figure 2 (A-D).

In vitro experiments in this study have shown that the 
essential oils of Ginger, Clove, Thyme, Cinnamon and Gar-
lic show antibacterial activity toward the studied bacteria, 
but their activities varied. Many studies on the antimicro-
bial activity of plant compounds toward various types of 
microbes have been released, including food pathogthe-
se14 Clove and Thyme oils demonstrated solid antibacterial 
activity with inhibition zones at (8-20mm) and (7-12mm). 

Mohammed Abdullah Mahmood,  Shaker Gazi Gergees, Alaa Taha Younis AL-Hammadi
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Figure 1. Results of antibiotic sensitivity test. (A): E.coli; (B): proteus spp. (C) S.epidermidis; (D) S.aureus).

Table 2. Result of the stan-
dard antibiotics sensitivity 
test against the bacterial iso-
lates, inhibition zones in mm.

Table 3. Antibacterial activi-
ties of "essential oils" (10µl / 
disc) toward bacterial strains.



3Accordingly, such results consent with15 Clove oil is active 
against foodborne "Gram-positive" bacteria (Bacillus ce-
reus, Staphylococcus aureus, Enterococcus faecalis and 
Listeria monocytogenes). And "Gram-negative" bacteria 
(P.aeruginosa, E.coli, Yersinia enterocolitica, Salmonella 
choleraesuis). And Clove oil had the highest activity with a 
measured inhibition zone (23.7 mm) towards V.cholerae16,17 
the essential thyme oil was reported to have better activity 
against E.coli. Toward results were in agreement with the 
results of (18), which indicated that essential oil of thyme 
exhibited higher activity against S.aureus (20.1 mm), B.sub-
tilis, and S.aureus (Gram-positive bacteria) and were much 
more sensitive than Gram-negative bacteria to the essential 
oils. The combined effect of the compounds results in the 
antimicrobial activities of essential oils.

The "antimicrobial activity" of essential oil of thyme and 
thymol was assessed in other tests, like (19), where the 
substantial activity of thyme toward E.coli and Salmonella 
spp. has been documented. An essential thyme oil antimi-
crobial effect was also recorded toward E.coli and other foo-
dborne bacteria20.

The cinnamon essential oil has shown the best antibac-
terial activity toward whole bacterial species studied; these 
results are by (21), in which cinnamon oil exhibited potent 

activity against bacterial strains selected. And the other 
side, multiple studies showed that cinnamon and clove oils 
have precise and reliable effects on different pathogens and  
bacteria22.

Several studies have shown that oils' activity can be 
attributed to their hydrophobicity as a feature of "essential 
oils" and their components, which allow them to separate 
bacterial cell membrane lipids, challenge the cell well struc-
tures and make them more permeable23. And the exit of cri-
tical ions and molecules will lead to death24.

Aromatogram test for combinations of essential oils 
with antibiotics

Applying Cinnamon oil with all standard antibiotics 
tested, the antimicrobial activity of all antibiotics increased 
against the four bacterial strains tested, as shown in Table 
4 and Figures 3 (A-D).

The application of thyme with all standard antibiotics 
tested led to enhance the antibacterial activities of these 
antibiotics, except the combination with (AMC and SXT) re-
sulted in a decrease in the inhibition zone exerted by the an-
tibiotics when used alone against S.epidermidis as shown in 
Table 5 and Figures 4 (A-D). Toroglu said combining basic 
Thyme oil and standard in vitro antibiotics resulted in an 

The inhibitory effect of some plant essential oils on the growth of some bacterial species

Figure 2. Antibacterial activity of five tested Essential oils. (Th-Thyme, Cl-Clove, Ci-Cinnamon, Gi-Ginger, Ga-Garlic). (A): 
E.coli; (B): proteus spp. (C) S.epidermidis; (D): S.aureus.

Figure 3. (A): Inhibitory activity of Combination between cinnamon oil with tested antibiotics against E.coli. (B): Inhibitory 
activity of Combination between cinnamon oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combi-
nation between cinnamon oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between 
cinnamon oil with tested antibiotics against S.aureus.

Table 4. The antibacterial activities (inhibition zones) of Cinnamon essential oil and its synergistic with antibiotic effects.
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antagonistic effect on bacteria25.
Applying Ginger oil with all tested standard antibiotics 

led to the antagonistic effect of these antibiotics against all 
bacteria tested except the combination of (SXT) against E.
coli, Proteus spp. , and (CTX) against S.epidermidis , S.au-
reus . And (AMC) against Proteus spp., and (CN) against 
S.aureus, which led to a synergistic effect as shown in Table 
6 Figure 5 (A-D).

The combination of Garlic oil with all tested standard 
antibiotics resulted in a synergistic effect against all tes-
ted bacteria except the case of applying this oil with (CXT) 

against E.coli, Proteus spp., which led to a decrease in 
the antimicrobial activity of this antibiotic compared when 
used as alone, also antagonistic effect occurred with (SXT) 
against the S.epidermidis as shown in Table 7 Figure 6 (A-
D).

Applying Clove oil with all tested standard antibiotics 
resulted in a synergistic effect with most antibiotics against 
most tested bacteria except in the case of applying this oil 
with (SXT, AMC) against S.epidermidis only, as shown in 
Table 8 and Figure 7 (A-D).

Table 5. The antimicrobial activities (inhibition zones) of Thyme essential oil and its synergistic with antibiotic effects. Mm

Figure 4. (A) Inhibitory activity of Combination between Thyme oil with tested antibiotics against E.coli. (B) Inhibitory ac-
tivity of Combination between Thyme oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combination 
between Thyme oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between Thyme oil 
with tested antibiotics against S.aureus.

Figure 5. (A): Inhibitory activity of Combination between Ginger oil with tested antibiotics against E.coli. (B): Inhibitory ac-
tivity of Combination between Ginger oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combination 
between Ginger oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between Ginger oil 
with tested antibiotics against S.aureus.

Table 6. The antimicrobial activities (inhibition zones) of ginger essential oil and its synergistic with antibiotic effects. Mm

Mohammed Abdullah Mahmood,  Shaker Gazi Gergees, Alaa Taha Younis AL-Hammadi
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Conclusions
The study shows that combining "essential oils" from 

these medicinal plants with traditional antibiotics has con-
siderable potential for producing and eliminating new an-
timicrobial treatments for many microorganism-caused di-
seases. Based on the results obtained, the essential oils 
function with the standard antibiotics studied. This collabo-
ration could result in new treatment options for infectious 
diseases and increasing drug resistance. More molecu-
lar-based studies of synergistic interaction are required to 

understand the synergistic mechanism, which is fundamen-
tal to ggggggggg pharmacological agents for treating bacte-
rial infections using medicinal plants. The research will also 
focus on finding medicinal plants with synergistic activity in 
that direction.
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Figure 7. (A): Inhibitory activity of Combination between Ginger oil with tested antibiotics against E.coli. (B): Inhibitory ac-
tivity of Combination between Ginger oil with tested antibiotics against proteus spp. (C): Inhibitory activity of Combination 
between Ginger oil with tested antibiotics against S.epidermidis. (D): Inhibitory activity of Combination between Ginger oil 
with tested antibiotics against S.aureus.

Figure 6. (A) Inhibitory activity of Combination between Garlic oil with tested antibiotics against E.coli. (B) Inhibitory ac-
tivity of Combination between Garlic oil with tested antibiotics against proteus spp. (C) Inhibitory activity of Combination 
between Garlic oil with tested antibiotics against S.epidermidis. (D)Inhibitory activity of Combination between Garlic oil 
with tested antibiotics against S.aureus.

Table 8. The antimicrobial activities (inhibition zones) of Clove essential oil and its synergistic with antibiotic effects. Mm

Table 7. The antimicrobial activities (inhibition zones) of essential garlic oil and its synergistic with antibiotic effects. Mm
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Evaluation of serum Interleukin 36 in Iraqi patients with Rheumatoid 
arthritis
Wafaa Talib Mohammed1*, Alia Essam Mahmood Alubadi1, Mohammed Hadi Munshed Alosami2

Abstract: Rheumatoid arthritis is a worldwide inflammatory chronic autoimmune disease with varying severity. Due to 
no definitive cure for this disease, current therapies aim to decrease the pain and slow further damage. The interleukin 
(IL)‐36 cytokine was little known for its role in rheumatoid arthritis; this research aimed to evaluate the serum IL36 levels 
in RA patients compared to healthy controls. This study included 80 patients with rheumatoid arthritis registered at the 
Rheumatology Clinic in Baghdad teaching hospital. The patients were divided into three groups based on the treatments 
received. Group 1 included patients treated with biological therapy (etanercept, adalimumab), Group2 patients with non-
biological treatment (methotrexate hydroxychloroquine and prednisone), Group3 patients without any treatment and 
compared with Group 4  healthy control group. Patients is all groups were assessed for their serum IL-36 concentration; 
the mean IL-36 serum level was significantly higher in three groups of RA patients which include the group of patients 
treated with biological therapy (Enbrel (etanercept) and Humira (adalimumab) means were (1132.41±475.2,), and group 
of non-biological therapy patients (Methotrexate hydroxychloroquine and prednisone) (G2) means was 553.95±307, than 
patients' group without any treatment (G3) means was 1044.01±575.3 compared to the control (341.38±113.1) p-value> 
0.00001. The patient's age and BMI were not significantly different between three groups of patient Rheumatoid arthritis. 
Parameters for this disease also were tested which include RF, CRP, ESR, anti-CCP and disease activity score-28 (DAS 
28), there were significant differences when compared with the control group. IL-36 serum level was significantly higher 
in three groups of rheumatoid arthritis than those in controls, and when compared between three patients groups there 
was less concentration in the non-biological therapy treatment group means was 553.95±307 than in the rest of the 
patient groups,biology tratment, without any treatment, means were (1132.41±475.2, 1044.01±575.3) respectively. This 
study found that Rheumatoid arthritis patients' serum IL36 levels increased, where a non-biologic therapies reduced this 
cytokine. IL-36's pathogenic involvement in Rheumatoid arthritis needs more study.

Key words: Rheumatoid arthritis, IL-36, IL-1,C-reactive protein, RF, ESR and anti-CCP.
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Introduction
Rheumatoid arthritis (RA) is a worldwide inflammatory 

chronic autoimmune disease with varying severity, and due 
to no definitive cure for this disease, the goals of current 
therapies are to decrease the pain and slow further dama-
ge1. Rheumatoid arthritis affects small joints after that, larger 
joints, finally leading the tendons and ligaments weaken, and 
the cartilage and bone of joints are distortion and erosion 
which cause severe pain for a patient, and affects on heart, 
kidneys,  lungs skin, and eyes2. Commonly autoimmune di-
seases are characterized by an excessive immune response 
and cause deterioration of specific or multiple tissues and 
organs3, and generally believed that cytokines implicated in 
each phase of the pathogenesis of RA, such as IL-18, IL-17, 
IL-16, IL-12, IL-10, IL-8, IL-7, IL-6, IL-1, IFN-gamma, etc4. In-
terleukin 36 is an inflammatory cytokine, a member of the IL1 
family, composed of agonists IL36α, IL36β, IL36γ, antagonist 
IL-36 receptor IL36Ra and accessory protein (IL-1RAcP)5,  
chromosome 2 carries the genes of the IL-36 family6, expres-
sed and act on the barrier sites of the body on a variety of 
cells including epithelial ( synoviocytes, keratinocytes, and 
skin, lung, and gut cells) and immune cells (T lymphocytes, 
antigen-presenting cells)7. IL-36 cytokines are regulated im-

mune responses in a specific tissue; the upregulation of IL36 
through  CD80, CD86, MHCII of dendritic cells induces the 
production of several proinflammatory cytokines3 such asI-
L1β, IL6, IL8, IL17, and TNFα and IFNγ in the pathogene-
sis of inflammatory diseases, in lung tissue, joint synovium 
(arthritis), colonic mucosa tissues (bowel diseases)and skin 
lesion8 and may have diagnostic and/or therapeutic relations 
with inflammatory diseases7. In RA patients, IL-36α, IL-36R, 
and IL-36Ra were detected in the synovial tissues and may 
be correlated with its pathogenesis6,8. In the synovium of RA 
patients, IL-36α, IL-36β, IL-36γ, and IL-36Ra are correlated 
and upregulated with the expression of IL-1β, Chemokine li-
gand 3, Chemokine ligands 4 and Macrophage colony-stimu-
lating factor8, detected the IL-36 cytokines in the synovium 
of RA patients which induce production of proinflammatory 
mediators by synovial fibroblasts. Still, there were no effects 
when the blockade of IL-36 receptors in the arthritis of mou-
se models the production of proinflammatory mediators by 
synovial fibroblasts9. Found the circulating IL-36 levels were 
significantly higher among Juvenile Idiopathic Arthritis chil-
dren10. The present study examined the serum concentra-
tion of IL-36 in rheumatoid arthritis patients.
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Materials and methods 
All serum samples of 80 rheumatoid arthritis patients 

(11 males and 69 females) who attended the Rheumatolo-
gy Clinic in Baghdad teaching hospital and diagnosis was 
under the supervision of Dr. Muhammad Hadi Al-Assami, 
Consultant Rheumatologist, according to the revised Ame-
rican College of Rheumatology 2010 criteria, based on 4 
factors which are the distribution of affected joints number 
tender joint and swollen, Serology test results  rheumatoid 
factor (RF), anti-cyclic citrullinated protein antibody (ACCP), 
Acute-phase reactant test results( such as ESR, CRP etc.), 
the duration of symptoms, the score >6weak constitutes a 
classification of RA

Clinicians used criteria to diagnose rheumatoid arthritis. 
Presence of at least one clinical tumor in the participant), 
up to three points are assigned depending11; it was done 
by the consultant medical staff at the clinic, in addition to 
using the kits for laboratory tests to confirm the presence 
of arthritis such as anti-cyclic citrullinated peptide antibo-
dies (anti-CCP) kit (commercially available kits by indirect 
enzyme-linked immunosorbent assay MyBioSource, USA), 
rheumatoid factor (RF) and C-reactive protein (CRP) kits 
(latex slide agglutination tests by Agappe Diagnostics Swit-
zerland GmbH for semi-quantitative detection). The serum 
concentrations of IL-36 were measured by using the Com-
petitive ELISA kit (MyBioSource, USA, sensitivity = 1.0 ng/
ml)) according to the manufacturer's instructions.

Disease Activity Score were measured based on the 
estimation of 28 of joints (DAS28) with the number of swo-
llen joints and erythrocyte sedimentation rate (ESR)(by the 
Westergren method), and it was calculated using the fo-
llowing equation:

DAS 28 = 0.56 × √(tender 28 joint count) + 0.28 × 
√(swollen 28 joint counts) + 0.70 × ln(erythrocyte sedimen-
tation rate (ESR), mm/hr) + 0.014 × general health12-14,

after obtaining all patients' data,  patients were catego-
rized into patients treated with biological treatment(Enbrel 
(etanercept) and Humira (adalimumab)G1(38), non-bio-
logical treatment (Methotrexate hydroxychloroquine and 
prednisone) G2 (26), and without treatment G3 (16), also 
patients identified 2 specific groups: first, patients with po-
sitive anti-CCP test and second, patients who had the ne-
gative anti-CCP test.  While 36 healthy control group G4 
individuals were selected according to strict conditions, they 
didn't suffer from any disease symptoms and were negative 
for CRP, RF, ESR and anti-CCP tests.

Patients and control individuals were obtained under 
the Ministry of Health and Mustansiriyah University appro-
ved protocols, informed consent was obtained from the mi-
nistry of health, and a written all participants acceptance.

Statistical analysis
The statistical analyses were performed using the 

SPSS 20 (2022))Statistical Package For the Social Scien-
ces, also known as IBM SPSS Statistics) analysis of varian-
ce (ANOVA) test to compare various groups with each other 
for numerical variables, which were expressed as mean + 
standard error (SE), and the LSD test was used to calcula-
te the significant differences between the tested mean, the 
letters (A, B, C,  and D for column and a, b, c and d rows) 
represented the levels of significant, highly significant start 
from the letter (A or a) and decreasing with the last one. 
Similar letters mean no significant differences between the 
tested mean; all data showed normal distribution using the 
Shapiro-Wilk test. The categorical variables were expres-
sed as a percentage and used chi-square tests of goodness 
of fit and independence.

Results
The demographic and clinical features of the 80 pa-

tients with rheumatoid arthritis included in this study are dis-
played in Table 1 according to the above-mentioned division 
in the materials and methods. There were no significant di-
fferences observed in the age at sample collection between 
the patients with RA and the healthy control group (P > .05). 
The mean age of the three patient groups: treated with the 
biological treatment group was 43.8±2.3, the non-biological 
treatment group was 46.1±2.2, and the non-treatment group 
was 40.3±3.2 and36 healthy controls with a mean age of 
46.7±2.9 years (Table 1).

The selection of patients, according to what was men-
tioned in the materials and methods, from patients who visit 
a specialized center for rheumatic diseases and who were 
diagnosed according to the revised American College of 
Rheumatology 2010 criteria by specialists and the general 
parameters for this disease also were tested which inclu-
de RF, CRP, ESR, anti-CCP and disease activity score-28 
(DAS 28), and there were significant differences when com-
pared with the control group because the latter was chosen 
with great caution table 2. It excluded anyone who gave a 
positive result to any of those above to confirm that the con-
trol group members were free from RA table 2.

The mean IL-36 serum level was significantly higher 
in three groups of RA patients which include the group of 
patients treated with biological therapy (Enbrel (etanercept) 
and Humira (adalimumab)) (G1), the group of non-biologi-
cal therapy patients (Methotrexate hydroxychloroquine and 
prednisone) (G2), and the patients' group without any treat-
ment (G3) (1132.41±475.2, 553.95±307, 1044.01±575.3) 
respectively, compared to the control (341.38±113.1), (Fig. 
1).
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Discussion
There were significant differences between patients 

with rheumatoid arthritis and normal controls in terms of sex 
(Table I); the ratio of female to male was 6:1 in this study, and 
in general, according to previous studies, women are about 
three times more likely to suffer from this disease, and the 
effect of the disease is also different between the two sexes, 
and this may be due to physiological differences between 
the sexes, such as the difference in hormonal content, the 
difference in behavior, and the role of genes and heredi-
ty15,16. RA can be triggered by the production of autoanti-
bodies (anti-citrullinated protein antibodies ACPA) against 
citrullinated peptides which are distributed throughout the 
whole body that activate MHC class II-dependent T cells 
that induce B cells to produce more ACPA17. The mean IL-
36 serum level was significantly higher in three groups of 
RA patients, these results are in line with a previous study, 
soon published, where it was found that interleukin-36 in-
creases in patients with Juvenile Idiopathic Arthritis10, High 
levels of interleukin36 were observed in patients and mou-
se models with osteoarthritis through joint destruction and 
found that transforming growth factor-beta (TGF-β) recep-
tor type 2 signaling dampened IL-36 signaling in healthy 
joints18, found that IL-36 upregulated in the synovial tissue 
of patients with RA and they added that particularly linked 
to the inflammatory processes in the synovial tissue throu-

gh promotes the expression of proinflammatory cytokines19, 
this confirmed by found that the serum IL-36 higher in SLE 
patients with arthritis than  in those without arthritis20, IL-
36  acts as a proinflammatory by magnifying inflammatory 
responses and triggering further inflammatory mediators 
and causing excessive immune infiltration and tissue da-
mage21,22. Also noted in table 1 interleukin-36 was less con-
centrated in the non-biological therapy (hydroxychloroquine 
and prednisone) treatment group (553.95±307) than the 
rest of the patient groups (1132.41±475.2, 1044.01±575.3) 
figure 1, (methotraxate ,prednisone) decreases inflam-
mation and suppresses the immune system through binding 
with specific nuclear receptors and cause altered gene ex-
pression and inhibition of proinflammatory cytokine produc-
tion23 while hydroxychloroquine treatment prevents trained 
immunity Many causes depend on the severity of the di-
sease, the stage of the disease , the effect of the treatment 
and the dose, the physiological factors, the age24 and this 
confirmed recently by Devarajan and Vaseghi in their study 
that hydroxychloroquine impair host immunity in response 
to SARS-CoV-225 and that demonstrates this results.

According to previous articles, the uses of these two 
treatments lead to a decrease in the production of inflam-
matory cytokines; prednisone has a significant effect on in-
hibiting the immune response through its effect on immune 
cells and also can reduce the concentration of inflammatory 
cytokines26 and hydroxychloroquine is an antimalarial drug 

Evaluation of serum Interleukin 36 in Iraqi patients with Rheumatoid arthritis

Table 2. Laboratory characteristics of the rheumatoid arthritis.

Figure 1. Distribution of serum levels IL 
36 in three patients versus controlIL-36 
concentration in the studied groups; pa-
tients treated with biological treatment, 
non-biological treatment, pre-treatment, 
and control group.
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and, is now used as an immunomodulator agent for rheu-
matic autoimmune disorders, such as primary Sjögren's sy-
ndrome, systemic lupus erythematosus and rheumatoid ar-
thritis through the inhibition of antigen presentation, B- and 
T-cell activation, NOX signaling and rebalances Treg/Th17 
cell ratio and these effects on different immune cells cau-
se decreased in production and release of proinflammatory 
cytokines27,28. 

Conclusions
This study demonstrated that RA patients displayed in-

creasing in serum IL‐36 and it was also found that non-bio-
logical treatments have a role in reducing this cytokine. Fur-
ther studies are needed to explain a more detailed IL-36 
pathogenic role in RA.
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Estado nutricional, comorbilidades y factores de riesgo asociados a la 
seguridad alimentaria y nutricional en niños, Francisco Morazán, Honduras
Nilda Suyapa Barahona Aguilar1*, Maylin Yesenia Alvarado García1, Dayanna Michelle Alvarado Barahona1, María Victoria Zelaya1, 
Manuel Alejandro DelCid Barahona2

Resumen: A nivel mundial 52 millones de niños presentan desnutrición aguda, 155 millones sufren desnutrición crónica, 
mientras que 41 millones tienen sobrepeso u obesidad. En Honduras, el 1.9% de los niños presentan desnutrición aguda, 
19% sufren desnutrición crónica y el 4.5% tiene sobrepeso u obesidad. Es necesario analizar la situación de seguridad 
alimentaria y nutricional (SAN) de las poblaciones, para prevenir las enfermedades crónicas no transmisibles y garantizar 
el derecho humano a la alimentación adecuada. Caracterizar el estado nutricional, incidencia de comorbilidades y factores 
de riesgo asociados a la situación de seguridad alimentaria y nutricional en los niños que asisten a los Centros de 
Desarrollo Integral (CDI). Métodos: Estudio cuantitativo tipo descriptivo transversal realizado entre enero y junio de 2019. 
Se obtuvo una muestra de 170 niños posterior a un tamizaje nutricional de una población de 1,150 niños. La recolección 
de datos se realizó mediante la aplicación de dos instrumentos, instrumento 1 recolectó los datos antropométricos y el 
instrumento 2 recolectó los datos que corresponden a la determinación de la calidad y diversidad de la dieta e índice de 
SAN. El estudio fue socializado en los CDI obteniendo su aprobación, se solicitó consentimiento informado a los padres y 
asentimiento informado a los niños participantes. Resultados: La categorización de la malnutrición fue de: 24.0% (41) con 
desnutrición, 38.0% (64) con sobrepeso y 38.0% (65) con obesidad, con un 61.2% (104) de incidencia de comorbilidades. 
Conclusiones. La prevalencia de la malnutrición fue del 16.0% (179), la calidad de la dieta de los niños es intermedia 
y la diversidad de la dieta se categorizó predominantemente como media. La población infantil con malnutrición reflejó 
inseguridad alimentaria en un 70.0% (119) relacionado a un nivel pobre de acceso a los alimentos y a un consumo 
deficiente de alimentos.

Palabras claves: Calidad dieta, comorbilidades, malnutrición, seguridad alimentaria y nutricional.

Abstract: Worldwide, 52 million children are acutely malnourished, 155 million are chronically malnourished, and 41 million 
are overweight or obese. In Honduras, 1.9% of children are acutely malnourished, 19% are chronically malnourished, 
and 4.5% are overweight or obese. It is necessary to analyze the food and nutrition security (FNS) of the populations, to 
prevent chronic non-communicable diseases and guarantee the human right to adequate food. Goals. To characterize the 
nutritional status, the incidence of comorbidities, and risk factors associated with food and nutritional security in children 
who attend Integral Development Centers (CDI). Methods: Quantitative, descriptive, cross-sectional study carried out 
between January and June 2019. A sample of 170 children was obtained after the nutritional screen of 1,150 children. 
The data collection was carried out through the application of two instruments, instrument 1 collected the anthropometric 
data, and instrument 2 collected the data corresponding to the determination of the quality and diversity of the diet and 
the SAN index. The study was disseminated in the CDI obtaining their approval, informed consent was authorized to the 
parents, and informed assent was to the participating children. Results: The categorization of malnutrition was: 24.0% (41) 
with malnutrition, 38.0% (64) with overweight, and 38.0% (65) with obesity, with 61.2% (104) incidence of comorbidities. 
conclusions. The prevalence of malnutrition was 16.0% (179), the quality of the children's diet is intermediate, and the 
diversity of the diet was categorized predominantly as the medium. The child population with malnutrition reflected food 
insecurity in 70.0% (119) related to a poor level of access to food and deficient food consumption.

Key words: Diet quality, comorbidities, malnutrition, food and nutrition security.

ARTICLE / INVESTIGACIÓN

Introduction
En el año 2019, se estimó una falta parcial o total de ali-

mentos que afecta a 187 millones de personas en América 
Latina y el Caribe en la cual el hambre es la consecuencia 
individual más severa de la inseguridad alimentaria y nutri-
cional (INSAN), que afecta a 820 millones de personas en 

el mundo y a 42,5 millones en Latinoamérica, de las cuales 
11 millones se encontraban en Centroamérica1.

El sobrepeso y obesidad en niños se está convirtien-
do en un problema creciente a nivel mundial, en el cual la 
seguridad alimentaria juega un papel determinante en los 
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resultados nutricionales de los niños2,3. Con este panorama 
alarmante, en la década del 70 surge el concepto de SAN, 
fundamentado en la producción y disponibilidad de alimen-
tos, en los años 80, se introdujo la idea del acceso tanto 
económico y físico de los alimentos. Posteriormente en la 
década del 90, se conformó el concepto actual que incluye 
la inocuidad y las preferencias culturales en el consumo de 
alimentos y finalmente en la actualidad, la SAN es un dere-
cho humano a nivel mundial4. Por lo cual, la agenda 2030 
para el Desarrollo Sostenible reconoce que la población 
mundial debe vivir sin hambre, sin inseguridad alimentaria 
y sin malnutrición, garantizando el acceso a alimentos su-
ficientes, sino también nutritivos que constituyan una dieta 
saludable para la población5.

La situación de seguridad alimentaria a nivel mundial 
se encuentra ligada a factores preponderantes como ser 
los recursos asignados a las políticas y programas naciona-
les de nutrición de madres y niños, factores sociodemográ-
ficos, el empleo, el alcance económico, el acceso a agua 
limpia, saneamiento básico, servicios de salud de calidad, 
el entorno alimentario, la cultura, entre otros6,7.

Considerando la importancia de estos factores, la pre-
misa de que “Una nutrición adecuada contribuye de manera 
fundamental a la realización del derecho al disfrute del más 
alto nivel posible de salud física y mental de niños y niñas”8 
y que la población de Honduras se caracteriza por ser jo-
ven, ya que el 41.9% está representada por niños y adoles-
centes menores de 18 años en los que la desnutrición es 
un problema de gran impacto9, sumado a esto, actualmente 
la población hondureña es afectada por el aumento alar-
mante de la incidencia y prevalencia de las Enfermedades 
Crónicas No Transmisibles (ECNT), las cuales están rela-
cionadas intrínsecamente con la malnutrición y el sedenta-
rismo10,11 y la situación económica del país que influye en 
forma determinante en la disponibilidad, acceso y consumo 
de los alimentos12. Por lo cual, este estudio se enfatiza en 
la prevención, diagnóstico y tratamiento oportuno de la obe-
sidad infantil con el fin de prevenir las comorbilidades, en 
especial el desarrollo del síndrome metabólico en la edad 
pediátrica, influir en las políticas públicas de SAN y en la 
toma de decisiones que beneficien a la población estudia-
da. Para lo cual se caracterizó el estado nutricional de los 
niños que asisten a los Centros de Desarrollo Integral (CDI) 
ubicados en los municipios del Distrito Central y Valle de 
Ángeles, Francisco Morazán, Honduras. Estos centros brin-
dan asistencia social a familias en riesgo social, no cuentan 
con estudios ni datos estadísticos que muestren una ten-
dencia del estado nutricional de su población infantil. En el 
estudio se analizó en su primera etapa el estado nutricional, 
con el fin de categorizar según el tipo y grado de malnutri-
ción presente en los niños. En una segunda etapa el estu-
dio determinó factores de riesgo nutricional asociados con 
el acceso y consumo de alimentos, con el fin de determinar 
la diversidad y calidad de la dieta, y la situación e índice de 
seguridad alimentaria de la población estudiada.

Materials and methods 

Objetivos
Caracterizar el estado nutricional, incidencia de comor-

bilidades y factores de riesgo asociados a la situación de 
seguridad alimentaria y nutricional en los niños que asisten 
a los Centros de Desarrollo Integral (CDI).

Área de estudio
Este estudio se desarrolló en cinco Centros de Desa-

rrollo Integral (CDI) adscritos a iglesias evangélicas con pa-
trocinio de Compassion Honduras, a través de ellos se brin-
da ayuda social y asistencial a niños como a sus familias 
que se encuentran en riesgo social, estos centros se ubican 
en las colonias: Sagastume, 3 de mayo, El Sitio y Aldea El 
Guanábano (municipio del Distrito Central) y el CDI ubicado 
en el sector urbano del municipio de Valle de Ángeles.

Tipo de estudio y muestra
Estudio con enfoque cuantitativo y descriptivo, reali-

zado en el Distrito Central y Valle de Ángeles, Honduras, 
durante una cohorte transversal de enero a junio de 2019. 
La muestra es no probabilística e intencionada, para la se-
lección de esta se partió de una población de 1,150 niños 
en edades de 3 - 18 años, quedando como muestra final un 
total de 170 niños con diagnóstico de malnutrición funda-
mentada en un tamizaje nutricional y posterior a una eva-
luación médica y nutricional.

Recolección de datos
La información se recolectó en dos etapas mediante 2 

instrumentos. En la primera, se recolectó los datos antro-
pométricos para caracterizar el estado nutricional, detalla-
dos en los expedientes clínicos de los niños beneficiarios 
de los CDI. Así mismo, se identificó las características so-
ciodemográficas, manifestaciones clínicas de malnutrición 
y las comorbilidades relacionadas, mientras en la segunda 
etapa, se aplicó el instrumento 2, que incluyó un cuestio-
nario que contenía el registro de la ingesta de alimentos 
durante 24 horas y la frecuencia semanal de alimentos de 
la dieta, dirigido a un familiar de los niños que conformaron 
la muestra seleccionada.

Aspectos éticos
Para la ejecución de la investigación se contó con la 

aprobación y consentimiento de los directores de cada CDI 
y la facilitadora de Compassion Honduras. A su vez, se 
socializó el proyecto de investigación con la facilitadora y 
directores de cada CDI para establecer los mecanismos de 
comunicación para la ejecución del estudio, se obtuvo el 
consentimiento informado de los familiares y el asentimien-
to informado de los niños participantes en el estudio.

Análisis de Datos
ELas medidas antropométricas obtenidas en la primera 

etapa con el instrumento 1 se incorporaron en el software 
OMS Anthro versión 3.2.2, mientras que los datos de ma-
nifestaciones clínicas de malnutrición y las comorbilidades 
relacionadas se identificaron en los expedientes clínicos. 
Los datos recolectados con el instrumento 2 se tabularon 
a través del programa Microsoft Excel versión 2013, para 
realizar el análisis de la información recolectada que co-
rresponde a los factores de riesgo nutricional asociados al 
acceso y consumo de alimentos, se emplearon múltiples 
herramientas: indicadores del Instituto de Nutrición de Cen-
troamérica y Panamá (INCAP), el Puntaje de la Diversidad 
Alimentaria Individual (IDDS) propuesto por la Organización 
de las Naciones Unidas para la Alimentación y la Agricultu-
ra – Food and Nutrition Technical Assistence (FAO-FANTA), 
el Puntaje de Consumo de Alimentos (PCA) y el índice de 
seguridad alimentaria propuesto por el Programa Mundial 
de Alimentos (PMA), con el objetivo de determinar la diver-
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sidad y calidad de la dieta, y la situación e índice de seguri-
dad alimentaria y nutricional.

Results

Caracterización del estado nutricional, incidencia de 
comorbilidades y factores de riesgo asociados

La edad promedio fue de 10 años, siendo la edad pe-
diátrica escolar la más frecuente con un 61.0% (104), con 
rango de edad de 6 – 11 años. El sexo predominante fue 
el femenino con un 55.0% (93) y el nivel de educación con 
mayor frecuencia fue el de primaria con un 68.0% (116). 
(ver tabla 1).

niños con sobrepeso y obesidad, las endocrinas fueron las 
mas frecuentes en ambas, con un 100.0% (64) en sobrepe-
so y con un 100.0% (65) en obesidad. (ver tabla 3).

Las comorbilidades relacionadas con desnutrición, pre-
valeció la enfermedad infecciosa con un 65.9% (27), talla 
baja y trastornos cognitivos con un 63.4% (26). (ver tabla 4) 
En las comorbilidades relacionadas con sobrepeso y obesi-
dad, los desordénes psicosociales prevalecieron como los 
de mayor frecuencia en ambas, con un 31.2% (20) y un 
87.7% (57) respectivamente. (ver tabla 5).

En los Antecedentes Patológicos Familiares (AFP) de 
la poblacion infantil con malnutrición, se identificaron los 
factores asociados categorizandose según el grado de con-
sanguinidad afectado. Se identificó que el 70.0% (119) del 
total de la población de este estudio presentaba al menos 
un antecedente patológico familiar, siendo la Diabetes Me-
llitus (DM) y la obesidad las patologías más frecuentes con 
un 50.4% (60). El grado de consanguinidad afectado con 
mayor frecuencia fue el de primer grado con un 63.0% (75). 
(ver tabla 6).

Situación de la seguridad alimentaria y nutricional y 
factores de riesgo nutricional asociados al accesso y 
consumos de alimentos

Acceso a los alimentos
Las características sociodemográficas de los familiares 

de los niños con malnutrición determinaron que la edad pro-
medio fue de 33 años, el sexo predominante fue el femenino 
con un 94.1% (160) y el nivel de educación más frecuente 
fue el de primaria completa con un 25.9% (44). 68.8% (117) 
de la población se identificó en condición de desempleo, 
con un ingreso económico familiar de mayor frecuencia en-

Estado nutricional, comorbilidades y factores de riesgo asociados a la seguridad alimentaria y nutricional en niños, Francisco Morazán, Honduras

Table 1. Características sociodemográficas de niños con 
malnutrición en edades de 3 – 18 años, Distrito Central y 
Valle de Ángeles, enero – junio 2019. n=170.

Durante el período del estudio se intervino un total de 
1,150 niños, realizándose un tamizaje nutricional de esta 
población, donde se identificó una prevalencia de malnu-
trición del 15.0 % (170) y un 84.4% (971) con normopeso. 
La población con malnutrición que participó en el estudio 
se categorizó en 24.0% (41) niños con desnutrición, 38.0% 
(64) con sobrepeso y 38.0% (65) con obesidad.

La desnutrición se categorizó según el tipo y el grado. 
En relación al tipo de desnutrición se identificó un 36.6% 
(15) desnutrición aguda y un 63.4% (26) desnutrición cróni-
ca. Con respecto al grado de desnutrición, se encontró que 
el 41.5% (17) tenia desnutrición leve, el 46.3% (19) mode-
rada y el 12.2% (5) severa.

El sobrepeso se categorizó según el grado de riesgo 
nutricional que presentaban, siendo que el 29.7% (19) tenía 
riesgo moderado mientras que el 70.3% (45) riesgo alto. 
En relación a la obesidad, se clasificó según el grado, se 
encontró en grado 1 al 32.3% (21), en grado 2 al 44.7% 
(29), en grado 3 al 21.5% (14) y en grado 4 al 1.50% (1). 
(ver tabla 2).

Entre las manifestaciones clínicas de la población in-
fantil con desnutrición predominaron las musculo-esqueléti-
cas en un 92.7% (38) y las neurológicas-cognitivas con un 
65.9% (27). En relación a las manifestaciones clinicas de 

Table 2. Caracterización del estado nutricional en niños 
con 3-18 años, Distrito Central y Valle de Ángeles, enero – 
junio 2019. n=170.
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al ingreso económico familiar y al número de fuentes de 
ingreso, se encontró que el 42.4% (72) tenía un nivel de 
acceso pobre, un 45.3% (77) presentó un nivel promedio y 
el 12.3% (21) restante tenía un acceso bueno.

Consumo de alimentos
En cuanto a la historia diética y nutricional de los niños 

con malnutrición, se identificó que el 46.0% (78) recibió lac-
tancia materna exclusiva durante los primeros 6 meses de 
vida y el 61.0% (104) presentó transgresión alimentaria du-
rante esta etapa pediátrica. Con respecto al registro de bebi-
das y alimentos consumidos, se encontró que el 67.0% (114) 
consumía comida con bajo valor nutritivo, a su vez se identi-
ficó que el método de preparación de alimentos más utilizado 
es la fritura con un 98.0% (168), haciendo uso de grasas 
saturadas en un 53.0% (90) de los niños. (ver tabla 9).

La diversidad de la dieta se categorizó a través del re-
gistro de alimentos y bebidas en 24 horas, en el cual se 
identificó que el 69.4% (118) de la población tenía una dieta 
con diversidad media, el 30.0% (51) con diversidad alta y 
únicamente el 0.6% (1) presentó una diversidad baja. En 
el grafico 1, se detallan los grupos de alimentos consumi-
dos por la población con malnutrición, donde se refleja que 
los grupos predominantes son el grupo de granos, raíces 
y tubérculos con un 100.0% (170) y el grupo de aceites y 
grasas con un 99.0% (168).

Con respecto al factor de riesgo nutricional relaciona-
do al consumo de alimentos, él cual se estimó a partir del 
Puntaje de Consumo de Alimentos (PCA), se identificó la 
frecuencia de ingesta de grupos de alimentos mediante la 
determinación de la moda; de manera que se determinó un 
PCA total de 76 puntos en la población con malnutrición, 
evidenciando un consumo de alimentos aceptable en las 
familias del estudio. (ver tabla 10).

Table 3. Manifes-
taciones clínicas 
según el tipo de 
malnutrición en 
niños con 3-18 
años, Distrito Cen-
tral y Valle de Án-
geles, enero – ju-
nio 2019.

Table 4. Comorbilidades relacionadas a la población 
con desnutrición en edades de 3-18 años, Distrito 
Central y Valle de Ángeles, enero – junio 2019. n=41

Table 5. Comorbilidades relacionadas a la población con sobrepe-
so y obesidad en edades de 3-18 años, Distrito Central y Valle de 
Ángeles, enero – junio 2019.

Table 6. Antecedentes patológicos familiares en la pobla-
ción con malnutrición en edades de 3-18 años, Distrito 
Central y Valle de Ángeles, enero – junio 2019. n=119
tre el rango de L. 4,640 – 9,443 ($188.83 – 384.30) con un 
45.3% (77) y el promedio de número de fuentes de ingreso 
económico fue de un solo ingreso. (ver tabla 7).

Las caracteristicas sociodemográficas de los hogares 
de la población infantil estudiada se encontró que el 52.0% 
(89) de los hogares contaba con acceso a agua potable y 
un 99.0% (168) con acceso a luz eléctrica. Del total de ho-
gares, se identificó que el 86.0% (147) contaban con con-
diciones de habitabilidad, mientras que el 46.0% (78) pre-
sentaron condiciones de hacinamiento con una frecuencia 
predominante de 2 dormitorios por hogar y 5 convivientes 
por hogar. (ver tabla 8).

En relación al acceso a los alimentos que corresponde 
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Table 7. Características sociodemográficas de familiares 
de los niños con malnutrición en edades mayores de 15 
años, Distrito Central y Valle de Ángeles, enero – junio 
2019. n=170

Table 8. Características sociodemográficas de los hogares 
de la población infantil con malnutrición en edades de 3-18 
años, Distrito Central y Valle de Ángeles, enero – junio 
2019. n=170.

Table 9. Historia dietética y nutricional en la población con 
malnutrición en edades de 3-18 años, Distrito Central y Va-
lle de Ángeles, enero – junio 2019. n=170.

La calidad de la dieta de los niños con malnutrición se 
identificó como intermedia, ya que el consumo diario de ali-
mentos se basa en carbohidratos y grasas, con una ingesta 
moderada de proteinas de origen animal y una pobre inges-
ta de alimentos ricos en vitaminas y minerales.

El índice de seguridad alimentaria de la población in-
fantil con malnutrición se estimó a partir del nivel de acceso 
y consumo de alimentos (Figura 2).

Discussion
En este estudio se categorizó la población infantil según 

el tipo y grado de malnutrición, detallando sus característi-
cas desde un enfoque nutricional, clínico, sociodemográfico 
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y epidemiológico. Se identificó que el tipo de malnutrición 
con mayor prevalencia es el sobrepeso y obesidad con un 
75.9% (129), siendo el grupo más vulnerable ya que se en-
contró que el 100.0% (129) tenía manifestaciones clínicas 
endocrinas, las cuales se ven reflejadas en el 43.1% (28) 
que presentó sospecha de resistencia a la insulina, siendo 
esta comorbilidad la de mayor riesgo para el desarrollo del 
síndrome metabólico en la infancia. En congruencia con el 
estudio del estado nutricional y condiciones de vida de ni-
ños y jóvenes rurales, realizado por Salazar y Oyhenart en 
Argentina en el 2021, se evidenció el impacto que agrava 
la situación en salud por las carencias socioeconómicas y 
condiciones epidemiológicas que afectan de alguna mane-
ra u otra los procesos de transición nutricional13,14. De ma-
nera similar, Calceto en su estudio realizado en Ecuador 
en el 2019 llamado relación del estado nutricional con el 
desarrollo cognitivo y psicomotor de los niños en la prime-
ra infancia, destacó que la influencia significativa del factor 
socioeconómico en la malnutrición15.

Estos resultados son alarmantes ya que la población 
estudiada tiene un riesgo elevado de desarrollar comorbili-
dades dentro del grupo de las ECNT en la edad pediátrica. 

Table 10. Puntaje de Consumo de Alimentos (PCA) de 
la dieta de los niños con malnutrición en edades de 3-18 
años, Distrito Central y Valle de Ángeles, enero – junio 
2019.

Figure 1. Diversidad 
dietética de la población 
infantil con malnutrición 
en edades de 3-18 años, 
Distrito Central y Valle de 
Ángeles, enero – junio 
2019.

Figure 2. Índice de se-
guridad alimentaria de 
la población infantil con 
malnutrición en edades 
de 3-18 años, Distrito 
Central y Valle de Ánge-
les, enero – junio 2019.
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En comparación con el estudio de valoración nutricional de 
Deossa, realizado en el 2021 en estudiantes universitarios 
de México, se determinó que las enfermedades como la 
diabetes mellitus (DM), hipertensión arterial (HTA), cáncer 
y obesidad tenían el factor influyente de una conducta ali-
mentaria deficiente hacia una dieta no equilibrada y balan-
ceada independiente del ciclo de vida y que se relacionó 
con el desarrollo de ECNT16.

Contrastado con el estudio de Sánchez en 2017 rea-
lizado en una población con edad pediátrica escolar en el 
municipio de Cienfuegos, Cuba, donde reportó que el 56.4% 
de los niños tenía sobrepeso y obesidad, 41.0% normopeso 
y un 2.6% tenía desnutrición. También encontrándose que 
el 41.0% de los niños con obesidad tenía riesgo de desa-
rrollar síndrome metabólico, ya que presentaron manifesta-
ciones clínicas de resistencia a la insulina y alteraciones en 
las cifras tensionales; y se evidenció que en relación con 
los AFP predominó la obesidad con un 42.0%, la HTA con 
un 44.2% y la DM con un 21.0%17. Dichos resultados son 
similares en tendencia a los de nuestro estudio, donde en-
contramos como AFP predominantes la HTA en un 47.1% 
(56), la DM y la obesidad en un 50.4% (60).

Este estudio evidenció que el 70.0% (119) de la pobla-
ción infantil vivía con algún grado de inseguridad alimenta-
ria, debido a un nivel de acceso pobre a los alimentos en 
el que se identificó que un 66.8% (117) de la población se 
encontraba en condición de desempleo, y un 45.3% (77) 
de las familias contaban con un ingreso económico fami-
liar menor al salario mínimo, oscilando entre el rango de L. 
4,640 – 9,443 ($188.83 – 384.30) y se identificó que el pro-
medio de número de fuentes de ingreso económico fue de 
una sola fuente. Datos que dejan en evidencia lo que Gar-
cía describió en relación con el factor económico versus al 
acceso ante el recurso monetario, en su estudio realizado 
en 2020, donde enfatizó que los factores económicos son 
los de mayor influencia en la seguridad alimentaria y nutri-
cional, identificándose una división social y pobre acceso a 
alimentos de calidad para una alimentación adecuada. Así 
mismo, en su estudio identificó un consumo de alimentos 
caracterizado por una ingesta prioritaria de grupos de ali-
mentos ricos en carbohidratos y grasas, y siendo deficiente 
en alimentos ricos en vitaminas y proteínas, teniendo como 
diversidad dietética predominante la diversidad media con 
un 69.4% (118)18. Comparado al estudio de Mundo en el 
2014, realizado en México en una población de 955 niños 
y sus hogares, en el cual se reportó que el 77.6% de la 
población estudiada vivía en inseguridad alimentaria en 
el hogar, y también se evidenció una diversidad dietética 
media como predominante en la población con un 43.6%19. 
También de manera similar, en el estudio de Sagastume 
realizado en México sobre seguridad alimentaria familiar y 
hogares sustentables de alumnos practicantes de nutrición 
durante la pandemia de Covid-19 en el año 2021, en el cual 
determinó una muestra de 67 familias donde identificó que 
aproximadamente el 91.8% de las familias de los alumnos 
se encontraba en inseguridad y vulnerabilidad alimentaria 
siendo uno de los factores el consumo de alimentos20. Am-
bos estudios evidencian la inseguridad alimentaria en dife-
rentes hogares y poblaciones.

Conclusions
El estado nutricional de los niños se caracterizó con 

una prevalencia de malnutrición del 16.0% (179), predomi-

nando el sobrepeso u obesidad con la presencia de mani-
festaciones clínicas endocrinas que evidencian sospecha 
de resistencia a la insulina, generando un alto riesgo de de-
sarrollar síndrome metabólico en la infancia como comorbi-
lidad incidente relacionada al estado nutricional.

La calidad de la dieta de los niños con malnutrición es 
intermedia y la diversidad de la dieta predominantemente 
se categorizó como media con un promedio de consumo 
de 5 grupos alimenticios, caracterizándose por una ingesta 
deficiente en proteínas y vitaminas, con un alto grado de 
consumo de carbohidratos y grasas, siendo factor de riesgo 
nutricional para el desarrollo de ECNT.

La situación de SAN de la población infantil con mal-
nutrición reflejó inseguridad alimentaria en un 70.0% (119), 
relacionado a un nivel pobre de acceso a los alimentos y a 
un consumo deficiente de alimentos que no garantiza una 
alimentación adecuada y saludable.
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Producción científica de la Universidad Nacional Autónoma de Honduras 
(UNAH) en la revista Bionatura durante el segundo semestre del año 2022
Dely Ramírez1,3, Lilian Sosa2,3* , Santiago Ruiz3

LETTER TO EDITOR / CARTA AL EDITOR  

Las autoridades de la Universidad Nacional Autónoma 
de Honduras (UNAH), desde el año 2019, asumieron el reto 
de colocar a la UNAH dentro del ranking SCIMAGO, siendo 
esta una plataforma que clasifica a las instituciones acadé-
micas de acuerdo a tres conjuntos de datos basados en: 
la investigación (50% de la puntuación final), la innovación 
(30% de la puntuación final) y el impacto social medido en 
base a la visibilidad de las webs (20% de la puntuación fi-
nal)1. El SCImago Journal & Country Rank provee una serie 
de indicadores sobre la calidad y el impacto de publicacio-
nes y revistas a partir de información de Scopus de Else-
vier2.

Scopus es una base de datos de referencias bibliográ-
ficas, citas de literatura, revision por pares y contenido web 
de calidad, con herramientas para el seguimiento, análisis 
y visualización de la investigación3.

Para que la UNAH pudiese entrar en el ranking SCIMA-
GO, se propuso que los investigadores de esta institución 
publicaran al menos 100 artículos en revistas indizadas en 
la base de datos SCOPUS. Para ello, en los años 2020 
y 2021, la Dirección de Investigación Científica, Humanís-
tica y Tecnológica (DICIHT) se planteó entrenar, median-
te programas de capacitación a los investigadores, con el 
objetivo de que estos pudiesen escribir sus resultados de 
investigaciónes cientificas (muchos de ellos derivados de 
tesis de grado y posgrado) en formato paper. Lo anterior, 
en atención a lo establecido en la política de investigación 
científica, desarrollo tecnológico e innovación UNAH 2015 
– 2019, inciso F, punto 44. Esto no solo involucró el entre-
namiento en redacción, también en la busqueda de refe-
rencias bibliográficas que pudieran enriquecer el contenido 
de los manuscritos, surgiendo así, la preocupación por ac-
ceder a la literatura científica de alto impacto puesto que la 
UNAH no cuenta con los suficientes recursos para pagar el 
acceso a bases de datos donde se publican artículos cien-
tíficos. Lo anterior, impedía citar artículos de calidad, por lo 
que fue necesario hacer busqueda de aquellas revistas de 
acceso abierto y de reconocido prestigio.

El acceso abierto debe ser gratuito y sin restricciones 
por parte de todas las personas, especialmente en paises 
como Honduras donde la limitación presupuestaria para in-
vestigar es enorme. El contenido de esta literatura debe ser 
de manera libre y universal, sin costo alguno para el lector, 
a través de Internet o cualquier otro medio. Sin esto, se 
vuelve difícil y hasta imposible investigar y publicar resulta-
dos de calidad. Así mismo, publicar en este tipo de revistas 

genera una mejor visualización por área del conocimiento, 
así como la actividad académica y científica de un investi-
gador, permitiendo que más personas tengan acceso al co-
nocimiento y a la aplicación de estas en la resolución de los 
problemas de la sociedad, mejorando así la calidad de vida 
de los habitantes de un país . Asi mismo, esto conlleva a un 
mayor difusión y numero de citaciones ya que se promueve 
el acceso abierto a la información y se utillizan una variedad 
de herramientas para promocionar y difundir el contenido, 
además tienen un mayor impacto a menor costo benefician-
do aquellos paises que tienen recursos limitados.

Para poner en practica lo anteriormente expuesto, en 
el año 2022, se implementó como estrategia, realizar un 
congreso titulado “Congreso Internacional SCOPUS XIV - 
Congreso de investigación científica, UNAH 2022: a la luz 
de la agenda 2030 para el desarrollo humano sostenible”; 
donde el requisito fundamental para participar era la escri-
tura de al menos un artículo científico que se sometiera a 
una revisión por pares para asegurar la calidad e impacto 
de los mismos.

El congreso se dividió en dos partes: 1. Ciencia, Desa-
rrollo y Vida y 2. Ciencias, Salud y Vida. Esta última contó 
con producción científica que fue publicada en la revista 
Bionatura en el volumen 7, Números 3 y 4.

La revista Bionatura es una revista de acceso abierto 
que se dedica a la publicación de manuscritos sobre temas 
relacionados con todos los aspectos de la biotecnología 
y las ciencias de la vida. Los temas incluyen: Agricultura, 
Bioinformática, Biomedicina, Biociencia, Biotecnología, Epi-
demiología, Inmunología, Insectos, Informe de casos médi-
cos, Microbiología, Micología, Nanomedicina, Nanopartí-
culas, Parasitología, Investigación farmacológica, Plantas 
(Botánica), Contaminación, Polímeros, Virología, tambien 
acepta artículos de revisión sobre los aspectos éticos de 
la investigación biomédica y la práctica clínica (Bioética)5.

En la presente nota al editor se puede ver la clasifi-
cación de la producción científica por carrera (Figura 1) y 
temas de investigación (figura 2) realizada por los inves-
tigadores de la UNAH en la revista Bionatura durante el 
segundo semestre del 2022. Así mismo, se mencionan las 
universidades y/o entes externos nacionales e internacio-
nales que apoyaron a estas publicaciones.

Se publicó un total de veintinueve artículos científicos 
en la revista Bionatura durante el segundo semestre del 
2022, de los cuales, veintiocho se publicaron en el volumen 
número 3 y uno en el volumen número 4.

1 Facultad de Ciencias Económicas, Administrativas y Contables, Universidad Nacional Autónoma de Honduras.
2 Grupo de Investigación en Tecnología Farmacéutica, Facultad de Ciencias Químicas y Farmacia, Universidad Nacional Autónoma de Honduras (UNAH).
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Figure 1. Número de publicaciones de la UNAH en revista Bionatura durante el segundo semestre del 2022 clasificado 
por carreras. IHCIT: Instituto Hondureño de Ciencias de la Tierra (Facultad de Ciencias). DICIHT: Dirección de Investiga-
ción Científica, Humanística y Tecnológica, de la UNAH.

Figure 2. Número de publicaciones por área del conocimiento en la revista Bionatura.
*Cabe destacar que varios de los artículos publicados 

fueron colaboración de dos facultades y/o carreras. Por 
ejemplo, de los 8 artículos que provenían de la Facultad de 
Ciencias Químicas y Farmacia, 1 de ellos fue una colabo-
ración con la Escuela de Microbiología, para hacer un total 
de 5 artículos publicados de esta última carrea. Otro caso 
similar, se dio con los artículos que provenían de la carrera 

de ingeniería agronómica, donde 4 de los artículos publi-
cados se hicieron en conjunto con la facultad de Ciencias 
Químicas y Farmacia, para hacer un total de 12 artículos 
científicos publicados para esta última carrera.

La clasificación, por área temática, de los 29 artículos 
científicos se puede observar en la figura 2. Varios de estos 
artículos pueden sub agruparse, por ejemplo, de los 8 ar-
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tículos del área de investigación farmacológica, 1 de ellos 
habla de la nanomedicina y su aplicación en la parasitolo-
gía. Así mismo, otro artículo del área de investigación far-
macológica se combina con la microbiología. Por otro lado, 
de los 5 artículos del área de la agricultura, todos se com-
binan con la química.

Las facultades que tuvieron más proyección referente 
a las publicaciones científicas fue: la Facultad de Ciencias 
Químicas y Farmacia (12)*, la Facultad de Ciencias con las 
carreras de Microbiología (5)*, Biología (2) y el IHCIT (2).

Los 29 artículos científicos contaron con la autoría de 
investigadores provenientes de universidades nacionales 
como: la Universidad Nacional de Agricultura (UNAG), Uni-
versidad Tecnológica Centroamericana (UNITEC), Escuela 
Agrícola Panamericana (ZAMORANO) y organismos nacio-
nales como: Instituto Nacional de Conservación y Desarro-
llo Forestal, Áreas Protegidas y Vida Silvestre e Instituto 
Hondureño del Café (IHCAFE). También se contó con la 
participación de investigadores de universidades interna-
cionales como: Universidad de Valladolid (UVa), Universi-
dad de la Habana (UH), Universidad de Costa Rica (UCR), 
Universidad Santiago de Compostela (USC), Universidad 
Técnica Particular de Loja (UTPL), Universidad de Barce-
lona (UB) y Queen´s University Belfast. Aquí queda evi-
denciado que los lazos o conformación de redes entre uni-
versidades, genera una mejor conocimiento y producción 
científica con contenido de elevada calidad.

El pago por acceso a los artículos científicos se ha 
convertido en un ¨negocio¨ ya que muchos investigadores 
requieren publicar ¨si o si¨para mantener su puesto de pro-
fesor titular y/o subir de categoria y mantener su ¨status¨, 
lo que los obliga a caer es esta tentadora oferta. Es indis-
pensable contar con revistas de acceso abierto como lo es 
Bionatura Journal ya que su contenido es de libre acceso 
y reconocida reputación, significando un ¨ respiro¨ para la 
comunidad científica evitando pagar hasta 40 dolares para 
leer un artículo, promoviendo la transparencia y la integri-
dad en la publicación científica.

Agradecemos la excelente gestión realizada por Biona-
tura Journal y los lazos generados con nuestra institución.
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Introducción
En los últimas décadas, se ha incrementado el interés 

por la búsqueda de nuevos compuestos naturales con ac-
tividades potenciales para la alimentación y aplicaciones 

tanto biomédica como agrícola por parte de las industrias 
dedicadas al desarrollo de nuevos alimentos funcionales, 
fármacos y fertilizantes1,2. Algunas excelentes candidatas 
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Estudio de la variabilidad en el tiempo y espacio de la actividad antioxidante y 
composición bioquímica de Kappaphycus alvarezii en diferentes densidades 
de siembra
Study of the variability in time and space of the antioxidant activity and biochemical composi-
tion of Kappaphycus alvarezii at different stocking densities

Estefany Lema Ch1, Iván Chóez-Guaranda1,2, Omar Ruíz-Barzola3, Lorena I.Jaramillo4, Ángela Pacheco Flores de Valgaz1,5, Sofie Van 
Den Hende6 and Patricia Manzano1,2,3*

Resumen: Kappaphycus alvarezii es una de las especies de algas más cultivadas en el mundo, debido a su alto contenido 
de compuestos bioactivos con reportes antioxidantes y bioestimulantes. El presente estudio evaluó el efecto de las 
densidades de plantación sobre la composición bioquímica y antioxidante de K. alvarezii cultivada en un sistema de línea 
larga durante las estaciones seca y húmeda, con el fin de proporcionar una base científica para una cosecha óptima. 
Se midieron el contenido de humedad, cenizas, grasa, fibra, auxinas, fenoles, flavonoides, DPPH y ABTS. Los datos se 
analizaron mediante pruebas t, Wilcoxon, Kruskal-Wallis y ANOVA unidireccional. Los resultados mostraron un mayor 
contenido de grasa (2,01 % P.s), fibra bruta (5,21% P.s), contenido total de fenoles (324,09 μg GAE/g P.s) y ABTS (9,32 
μg GAE/g P.s) durante la estación seca. Con respecto a la densidad de plantación, se produjo un aumento significativo del 
contenido en cenizas, fenoles totales y ABTS con una densidad de 10 líneas.célula-1 al mismo tiempo. Los contenidos de 
flavonoides, DPPH y auxina mostraron una tendencia estacional opuesta, alcanzando los niveles máximos en la estación 
húmeda. Este estudio aporta nueva información sobre las condiciones ambientales que pueden provocar cambios en la 
actividad antioxidante y la composición bioquímica de esta especie con vistas al desarrollo de bioproductos para diferentes 
sectores industriales como el alimentario, el farmacéutico y el de los fertilizantes en Ecuador.
Palabras clave: Alga roja, Fenoles, Flavonoides, Antioxidante, Composición bioquímica, Variación estacional, densidad 
de siembra.
Abstract: Kappaphycus alvarezii is a species of algae most cultivated in the world, due to its high content of bioactive 
compounds with  reported antioxidant and biostimulant activities. The present study evaluated the effect of stocking 
densities on the biochemical and antioxidant composition of K. alvarezii cultivated in a long-line system, during the dry 
and wet seasons to provide a scientific basis for optimal harvesting. Moisture content, ash, fat, fiber, auxins, phenols, 
flavonoids, DPPH, and ABTS were measured. Data were analyzed using t-tests, Wilcoxon, Kruskal-Wallis, and one-way 
ANOVA. The results showed a higher fat content (2.01% P.s), crude fiber (5.21% P.s), total phenol content (324.09 μg 
GAE/g P.s), and ABTS (9.32 μg GAE/g P.s) during the dry season. Concerning the stocking density, a significant increase 
in the content of ash, total phenols, and ABTS was evidenced in the density of 10 lines.cell-1 at the same time. On the 
other hand, the content of flavonoids, DPPH, and auxins showed an opposite seasonal trend, reaching maximum levels 
in the wet season. This study provides new information on the environmental conditions that can lead to changes in the 
antioxidant activity and biochemical composition of this species to develop bioproducts for different industrial sectors such 
as food, pharmaceutical, and fertilizer in Ecuador.
Keywords: Red algae; Phenols; Flavonoids; antioxidants; Biochemical composition; Seasonal variation; stocking density.
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son las macroalgas que han sido utilizadas para la alimen-
tación humana en los países asiáticos durante siglos, mien-
tras que en América constituyen un recurso infraexplotado, 
empleado especialmente como materia prima para la in-
dustria de los ficoloides3,4. En el 2019, las algas marinas al-
canzaron los 34,7 millones de toneladas en peso fresco que 
representan el 28,9 % de la producción acuícola mundial 
del total de todas las especies5. Como resultado de la cre-
ciente demanda, las especies de macroalgas comestibles 
se han producido con éxito en los sistema agrícolas como 
las macroalgas pardas a mencionar: Saccharina japónica, 
Undaria pinnatifda y las macroalgas rojas Porphyra capen-
sis, Kappaphycus alvarezii y Gracilaria fusiforme6.

K. alvarezii (Doty) Doty ex P.C. Silva. conocida como 
“cottonii”, es una especie de macroalgas roja originaria 
de Filipinas, que ha sido cultivada con éxito en más de 20 
países desde que la demanda de materias primas de ca-
rragenina aumentó rápidamente por parte de una industria 
que dependía de la explotación de lechos naturales7. Esta 
especie contiene un alto contenido de proteínas, minerales, 
fibra dietética, ácidos grasos poliinsaturados8,9, reguladores 
de crecimiento como giberelinas, auxinas y citoquininas10,11, 
así como otros metabolitos secundarios que han reportado 
propiedades antioxidantes, antibacterianas12,13, antiabéti-
cas y antihiperlipidémicas14 entre otras.

En particular, los antioxidantes se han asociado con la 
prevención o el tratamiento de enfermedades de origen car-
diaco e inmunológico, debido a su capacidad para mitigar el 
envejecimiento celular en el organismo cuando se exponen 
a condiciones de estrés oxidativos2,15. Se ha informado que 
los compuestos antioxidantes extraídos de las algas son 
muy utilizados como materiales biodegradable de empaque 
de alimentos por su propiedades formadoras de películas16. 
Asimismo han sido usados como estabilizadores o conser-
vantes en productos alimenticios enriquecidos con lípidos 
para atenuar el deterioro de su calidad y prolongar su vida 
de anaquel, sustituyendo el uso indiscriminado de antioxi-
dantes artificiales, los cuales se han vuelto controversia-
les, debido a su toxicidad sobre la salud17-19. También se ha 
descrito en la literatura la eficacia de la savia de K. alvarezii 
como bioestimulante o fuentes de potasio empleados en di-
versos cultivos, fomentando su aplicación en las industrias 
alimenticias, farmacéuticas y de fertilizantes20-22.

Considerando una mejor utilización de esta especie es 
importante comprender las variaciones en el contenido y la 
diversidad de los metabolitos de las algas como producto de 
varios factores tales como la temporada, calidad de agua,es-
tado reproductivo, período de cultivo, densidad de siembra, 
profundidad de cultivo y la zona geográfica que pueden esti-
mular o inhibir la biosíntesis de varios nutrientes23-25.

Se han informado cambios estacionales en el perfil quí-
mico y de antioxidantes en K.alvarezii y de otras especies 
de macroalgas cultivadas en diferentes partes del mun-
do8,26-28. Del mismo modo, se ha indicado que el contenido 
de polifenoles, proteínas, lípidos, fibras y carbohidratos se 
ven afectados por los niveles de irradiación UV, temperatu-
ra del agua, precipitación, salinidad y nutrientes29-32.

Dentro de la información resultante de varias investiga-
ciones que abarca la caracterización de compuestos bioac-
tivos de varias algas marinas33, no se ha reportado estu-
dios en Ecuador sobre la influencia que ejerce la variación 
estacional y la densidad de siembra sobre la composición 
bioquímica y la actividad antioxidante en K. alvarezii.

Por lo que el presente proyecto de investigación tie-
ne como objetivo evaluar los efectos de la época humeda, 

época seca y la densidad de siembra sobre el perfil bioquí-
mico y las propiedades antioxidantes de K.alvarezii cultiva-
da en las zonas costeras del Ecuador, a fin de proporcionar 
una base científica para una recolección óptima.

Los resultados sugieren que K. alvarezii es una fuente 
sustentable de compuestos bioactivos para su aplicación 
comercial como antioxidante y bioestimulante natural en 
productos alimenticios, nutracéuticos y fertilizantes.

Materiales y métodos 

Ubicación, recolección y procesamiento
Kappapycus alvarezii fue recolectada en las co-

sechas de enero y agosto del 2021, que represen-
ta la época húmeda y seca en el cantón Santa Rosa 
(S2°13'34.39"O80°51'31.43"), de la provincia de Santa Ele-
na, Ecuador, durante la marea baja. La determinación del 
estudio de las densidades de siembra sólo se realizó en la 
época seca (agosto) debido a las restricciones de movili-
dad por pandemia, las cuales impidieron que se realice el 
cultivo en diferentes densidades en la época húmeda (ene-
ro). La siembra y la cosecha en diferentes densidades de 
población se realizó de la siguiente manera (fig.1 y 2): En 
la balsa flotante (long-line) se cultivaron bajo tres diferentes 
densidades de siembra (6,8 y 10 líneas.celda-1) que cons-
tituye el número de líneas que está conformada una cel-
da. En cada celda de 3x5 m, se colocaron cada una de las 
redes tubulares inoculadas con las plántulas previamente 
libres de impurezas a lo largo de cada cuerda de polipropi-
leno (líneas), luego de 45 días se procedió a tomar 1,5kg 
de muestra fresca de cada línea correspondiente a las tres 
densidades de siembra (n = 24). Todas las muestras se la-
varon minuciosamente con agua potable para la elimina-
ción total de epífitas,congeladas a -80 °C y liofilizadas (Lab-
conco). Las muestras secas se trituraron en un molino de 

Estefany Lema Ch, Iván Chóez-Guaranda, Omar Ruíz-Barzola, Lorena Jaramillo, Ángela Pacheco Flores de Valgaz, Sofie Van Der Hende and 
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Figura 1. Método de siembra por red tubular. A-B)Inocula-
ción de plántulas de algas en malla tubular  a través de un 
tubo PVC de 75 mm con 1 m de longitud. C)Atamiento de 
cada una de las redes tubulares con algas en el sistema de 
cultivo long-line.     
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café a un tamaño de partícula de 250 μm y se almacenaron 
en un desecador hasta su posterior análisis.

Disolvente y reactivo
Todos los reactivos químicos y solventes utilizados se 

obtuvieron de Sigma-Aldrich.

Composición proximal
Los contenidos de humedad, cenizas, lípidos y fibra 

en las algas marinas se analizaron de acuerdo al método 
estándar oficial de la AOAC (2003)34 con algunas modifica-
ciones.

La humedad se analizó utilizando muestras frescas, 
pesadas y secadas en una estufa a 105°C durante 2 horas 
hasta obtener un peso constante. El contenido de humedad 
se expresó como porcentaje de peso fresco.

La ceniza total se obtuvo por calcinación de la biomasa 
seca en una mufla a 750°C por 4 horas y los resultados se 
expresaron como porcentaje del peso seco.  

Los lípidos del polvo de alga fueron (aprox.4g) extraí-
dos durante 4 horas en un extractor de Soxhlet empleando 
hexano como disolvente.

La fibra cruda se cuantificó en muestras desgrasadas 
de 2g previamente hervidas con 200 ml de H2SO4 al 1,25 
%. La mezcla se filtró y se lavó con agua hirviendo hasta 
un pH 7. El residuo obtenido se volvió a extraer con 200 ml 
de NaOH al 1,25 %, luego se lavó con agua destilada hir-
viendo y finalmente se secó a 105°C hasta peso constante. 
El residuo seco se incineró a 600°C durante 1 hora y los 
resultados se expresaron como porcentaje del peso seco.

Extracción y purificación de auxinas
La extracción y purificación de auxinas se basó de 

acuerdo con la metodología adoptada por Díaz et al.35 y 
Prasad et al.36 con algunas modificaciones. Cada gramo de 
muestra seca se combinó con 10 ml de etanol. La mezcla 
se digestó utilizando una plancha de calentamiento (Fisher 
Scientific) a 47°C a 48 minutos. El sobrenadante obtenido 
se rotavaporó hasta sequedad y se mezclaron 400 uL de 
agua acidificada de pH 3 con 1,2 ml de acetato de etilo 
formandose dos fases. Se procedió a extraer, rotavaporar 
hasta sequedad la fase de acetato y después se resuspen-
dió en metanol.

Extracción de antioxidante
El proceso de extracción de los antioxidantes se basó 

de acuerdo a la metodología adoptada por Diyana et al.37. 
El polvo liofilizado del alga fue extraído con etanol al 50 
%, se maceraron en agitador rotatorio durante 72 horas a 
temperatura ambiente, luego los extractos se filtraron y se 
almacenaron en frascos ambar de 10 ml a -17 °C hasta su 
análisis.

Análisis espectrométricos

Detección y cuantificación de auxinas
La determinación de auxinas totales se realizó con 

el reactivo de Salkowsky según lo descrito por Weber et 
al.38 con algunas modificaciones. Para la preparación del 
reactivo se basó de acuerdo con Gang et al.39. Se hizo re-
accionar 50 µL de muestra con 100 µL de la solución del 
reactivo de Salkowsky (v/v) en una placa de 96 pocillos y 
se incubó durante 30 minutos en la oscuridad a tempera-
tura ambiente. La absorbancia se midió a una longitud de 
onda de 540 nm mediante un espectrofotómetro UV-VIS. El 
contenido auxinas totales se expresó en mg equivalente de 
ácido indolacético por gramo de peso seco de la muestra 
(mg AIA/g P.s).

Contenido de fenoles totales
La estimación de fenoles totales en los extractos se 

realizó con el reactivo de Folin-Ciocalteu por el método co-
lorimétrico descrito por Zhon et al.37. Se mezcló 25 µL de 
extracto con 25 µL de la solución del reactivo de Folin y 
200 µL de agua destilada en una placa de 96 pocillos y se 
dejó reposar a temperatura ambiente durante 5 minutos. 
Se añadio a la mezcla, 25 µL de una solución de Na2CO3 
al 10 % y se incubó en la oscuridad durante 60 minutos. La 
absorbancia se midió a 765 nm en un espectrofotómetro 
UV-Vis (Synergy™ 5, BioTek). El contenido fenólico se ex-
presó como mg equivalente de ácido gálico por gramo de 
peso seco de la muestra (mg GAE/g Ps).

Contenido de flavonoides totales
El contenido de flavonoides se estimó según el méto-

do de Avramova et al.40. Se hicieron reaccionar 20 µL de 
muestra con 200 μl de la mezcla de reactivos preparado por 
separado con etanol absoluto, cloruro de aluminio al 10 %, 

Estudio de la variabilidad en el tiempo y espacio de la actividad antioxidante y composición bioquímico de Kappaphycus alvarezii en diferentes densidades de siembra
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Figura 2. Esquema que conforma la balsa utilizadas para el cultivo de Kappaphycus alvarezii, con las líneas de cultivo 
que representan cada densidad de siembra.     
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acetato de potasio 1 M y agua destilada en una microplaca 
de 96 pocillos durante 30 minutos a temperatura ambiente 
lejos de la luz. La absorbancia se midió a 415 nm en un 
espectrofotómetro UV-Vis (Synergy™ 5, BioTek). Los resul-
tados se expresaron como mg equivalente de quercetina 
por gramo de peso seco de la muestra (mg QE/g P.s).

Actividad de eliminación de radicales DPPH
La actividad secuestrante de radicales DPPH se ana-

lizó con el método descrito por Viteris et al.41 con ligeras 
modificación. A 50 μL de muestra se añadio 150 μL de una 
solución de DPPH etanólico (0,15 mM) en una microplaca 
de 96 pocillos. La mezcla se incubó a temperatura ambien-
te durante 30 minutos y se midió la absorbancia a 517 nm 
en un espectrofotómetro UV-Vis (Synergy™ 5, BioTek). La 
actividad antioxidante se expresó en mg equivalente de tro-
lox por gramo de peso seco de la muestra (mg TE/g P.s).

Actividad de eliminación de radicales ABTS
El método utilizado fue descrito por Viteris et al.41 con 

ligeras variaciones. La solución de ABTS•+ se preparó 
mezclando ABTS (7 mM) y persulfato de potasio (3,6 mM) 
en agua destilada, luego la solución se agitó y se mantuvo 
en reposo en la oscuridad a 4°C,durante 18 horas para per-
mitir la generación de radicales libres. Se diluyó 610 μL de 
la solución ABTS•+ en 25 ml de etanol absoluto. Se agre-
gó 50 μL de muestra o las soluciones estándar diluidas en 
cada pocillo de la microplaca por triplicado y se añadió 150 
μL de ABTS. La mezcla de la reacción se incubó durante 30 
minutos en la oscuridad a temperatura ambiente y se midió 
la absorbancia a 732 nm en un espectrofotómetro UV-Vis 
(Synergy™ 5, BioTek). Los resultados se expresaron en mg 
equivalente de trolox por gramo de peso seco de la muestra 
(mg TE/g Ps).

Análisis estadístico
El contenido de humedad, cenizas y fibras, al igual 

que las auxinas totales fueron analizados con la prueba 
paramétrica t, después de comprobar la normalidad de los 
datos. Los compuestos fenólicos y antioxidantes (DPPH 
y ABTS) fueron analizados a través de la prueba no pa-

ramétrica de Wilcoxon, debido a que no se cumplieron los 
supuestos estadísticos; considerando dos momentos de 
cosechas (Enero y agosto). En cuanto al estudio de den-
sidades de siembra, los datos del contenido de humedad, 
cenizas, lípidos y fibras, así como los compuestos antioxi-
dantes se analizaron mediante la prueba de Kruskal-Wallis 
debido a la heterogeneidad de las varianzas. Por otro lado, 
el contenido de auxinas se determinó mediante ANOVA 
unidireccional utilizando Tukey para determinar la diferen-
cia entre los tratamientos. Todas las pruebas estadísticas 
fueron realizadas con un nivel de significación del 5%. Los 
análisis estadísticos se realizaron utilizando el software R 
versión 4.2.0.

Resultados

Composición química de K. alvarezii
La Tabla 1 muestra el contenido de humedad, cenizas, 

lípidos y fibras de K. alvarezii, recolectada en Santa Rosa, 
Ecuador en los meses de enero y agosto del 2021. Los 
contenidos de humedad y cenizas no fueron muy diferen-
tes entre las dos estaciones. Según las pruebas t y Tukey 
mostraron que ambos parámetros no se vieron afectados 
significativamente por la estacionalidad . Por lo general, las 
algas marinas contienen concentraciones más altas de fi-
bras. Sin embargo, el contenido de fibra de está rodófita 
fueron relativamente bajos entre las dos épocas. Los ni-
veles de fibras y lípidos mostraron diferencias estadística-
mente significativas. 

La variación de las diferentes densidades de siembra 
sobre los contenidos de humedad, cenizas, grasas y fibras 
en K. alvarezii se presentan en la tabla 2.

Las pruebas de Mann-Whitney y Kruskal-Wallis que el 
contenido de humedad, lípidos y fibras no mostraron dife-
rencias significativas entre las tres densidades de siembra 
mientras que el contenido de cenizas tuvo hubo un efecto 
significativo.

Contenido de auxinas totales en K. alvarezii
La variación estacional sobre el contenido endógeno 

Tabla 1. Varia-
ción estacional 
del contenido de 
humedad, ceni-
zas, lípidos y fi-
bra en K.alvarezii 
correspondiente 
en la densidad 
10 líneas.celda-1.     

Tabla 2. Com-
posición química 
de K. alvarezii 
cultivada en di-
ferentes densi-
dades de siem-
bra en el agosto 
(época seca).     
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de auxinas en K. alvarezii se muestran en la Tabla 3 y bajo 
tres diferentes densidades de siembra en la tabla 4.

Contenido fenólico y antioxidante en K. alvarezii
Se prepararon ABTS y DPPH para estimar las activida-

des antioxidantes en extractos etanólico al 50%. El uso de 
solventes orgánicos combinados con agua puede producir 
un medio moderadamente polar que aumentará la extrac-
ción de antioxidantes42,43. Los altos valores de actividad an-
tioxidante en extractos acuosos con 50% de solvente se 
deben al alto contenido de moléculas fenólicas presentes 
en los tejidos vegetales, puesto que al adicionar agua al 
disolvente orgánico facilita la extracción de químicos que 
son solubles en agua y/o solvente orgánico. Se empleo 
del etanol al 50% para extracción de compuestos fenólicos 
y antioxidantes por considerarse dentro de los grupos de 
solventes no tóxicos, se ha informado que la mezcla eta-

nol-agua, particularmente 50% de etanol, es la más idónea 
para mantener una alta actividad antioxidante en algas 
marinas44,45. La variación estacional sobre la composición 
fenólica y antioxidante de K. alvarezii se resume en la tabla 
5 y su contenido en tres diferentes densidades de siembra 
en el mes de agosto (época seca) en la tabla 6.

Discusión

Composición química de Kappaphycus alvarezii
En general, las algas frescas exhiben un alto contenido 

de humedad que oscila entre 70 y 90%46-48, rango que en-
cajan perfectamente con los valores encontrados en este 
estudio (Tabla 1). Aun cuando, tuvo un mayor contenido 
de humedad en agosto (84,88 %) que en enero (83,73 %), 
la diferencia no fue significativa (p > 0,05) entre las dos 

Tabla 3. Variación es-
tacional del contenido 
de auxinas de K. alva-
rezii en la densidad 10 
líneas.celda-1.   

Tabla 4. Auxinas to-
tales en K. alvarezii 
cultivada en diferentes 
densidades de siem-
bra en el mes de agos-
to (Época seca).   

Tabla 5. Variación estacional del contenido fenólico y antioxidante en K. alvarezii correspondiente a la densidad 10 línea.
celda-1.

Tabla 6. Composición fenólica y antioxidante de K.alvarezii cultivada en diferentes densidades de siembra en el mes de 
agosto (época seca).
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épocas de estudio. Aroyehun et al.49 informaron un patrón 
similar al no hallar diferencias significativas entre las esta-
ciones en el contenido de humedad en la macroalga roja G. 
manilaensis. Alternativamente, Schiener et al.50 reportaron 
un mayor contenido de humedad en 4 especies de macro-
algas pardas Laminaria digitata, Laminaria hyperborea, Sa-
ccharina latissima y Alaria esculenta durante los meses de 
invierno y menor en los meses de otoño. Los resultados 
difieren con el estudio de las macroalgas pardas, debido a 
las distintas especies, ubicación de muestreo, ya que las 
muestras fueron cultivadas y no se recolectadas en zonas 
intermareales en donde frecuentemente están expuestas a 
ciclos de desecación y rehidratación del mar51.

Los resultados también mostraron un alto contenido de 
cenizas en ambos períodos (Tabla 1) lo cual puede deberse 
a la presencia de sal en los talos (tejido vegetativo de las 
algas), como resultado de una alta salinidad en el sitio de 
muestreo52,53. En este sentido, el alto porcentaje de cenizas 
refleja su riqueza considerable de minerales, especialmen-
te potasio y sodio encontrados en está alga8. El contenido 
de cenizas de K. alvarezii se ubica dentro del amplio rango 
descrito en la literatura para macroalgas rojas (5,8-46,2 % 
P.s)51. A pesar de que los valores de cenizas aumentaron 
ligeramente de enero a agosto, esto no fue estadísticamen-
te significativo (p > 0,05), por lo que los cambios estacio-
nales no parecieron afectar este parámetro. Sin embargo, 
esto se debería confirmar ampliando el número de períodos 
de muestreo. Kumar et al.8 informó una tendencia opuesta 
para la variación de cenizas de K.alvarezii recolectada en 
la costa noroeste de India, con altos niveles de cenizas re-
gistrado en verano y los más bajos en invierno. De manera 
similar, Araujo et al.26 registraron un mayor porcentaje de 
cenizas en esta misma especie de alga durante el verano 
en la costa de San Paulo, Brazil. Estas diferencias se de-
ben a las flutuaciones meterológicas y ambientales.

En cuando al contenido de lípidos, en las dos estacio-
nes fueron relativamente bajos, alcanzando un mayor con-
tenido en agosto (época seca) en comparación con enero 
(época húmeda) cuyo contenido se reduce en menos de 
la mitad (Tabla 1). De acuerdo con los análisis estadísti-
cos mostraron diferencias estacionales significativos en el 
contenido de lípido (p < 0,05). Se ha evidenciado que la 
mayoría de algas rojas contiene un bajo porcentaje de lí-
pido que varía entre 0,3 y 3,8 % P.s, lo que indica un bajo 
contenido calórico, en comparación con los vegetales te-
rrestres54. Khairy et al.55 informaron un patrón similar en el 
que reportaron una mayor concentración de lípidos duran-
te la temporada de baja temperatura, así como otros au-
tores al determinar el contenido de lípidos en macroalgas 
del género Ulva sp56-58. En contraste a los resultados pre-
sentados en este estudio, otros autores han registrado un 
mayor contenido de lípidos en Fucus sp. durante el verano 
en diferentes localidades del continente europeo, donde las 
temperaturas son muy altas47,59. Aunque estos resultados 
puedan parecer discordante con los casos anteriores, es 
presumible que estos variaciones en los niveles de lípidos 
no solo dependieron de la temperatura, sino que puedan 
deberse a la etapa del ciclo de vida, como factores fisiológi-
cos o incluso biológicos60,61.

El contenido de fibra cruda varió en menor grado, pero 
con significativas (p < 0,05) diferencias entre los meses de 
estudio (Tabla 1). Estos resultados coinciden con los nive-
les de fibras reportados previamente para otras especies 
de macroalgas incluida K.alvarezii recolectadas en la zona 
costera de Ecuador (0,9-5 % P.s)33 en los meses de mar-

zo y mayo del 2017, pero inferior a los valores informado 
para K. alvarezii, la cual fluctuó entre 9,68 y 18,57 % P.s, 
durante el transcurso de tres años en Okha, noroeste de 
India. Por otro lado, se encontró un mayor contenido de 
fibra para diferentes especies de macroalgas durante el in-
vierno (42,5 % P.s) y un menor contenido durante el verano 
y otoño (33,1 % P.s) en las costa del Mar Rojo62. Esto puede 
suscitarse debido a factores como: la etapa de crecimiento, 
la actividad fotosintética y la absorción de nutrientes, como 
señalan Rajauria et al.63 respecto al contenido de fibra en 
las algas marinas.

El contenido de humedad presentó un incremento 
a medida que la densidad de siembra aumentó, pero sin 
significación estadística (p > 0,05) (Tabla 2). Este hecho 
pudo deberse a que las muestras estuvieron expuestas a 
las mismas condiciones ambientales. Cabe señalar, que 
estos datos no pudieron ser comparables con otros traba-
jos, ya que, no hay información disponible en la literatura 
donde evalúen la variabilidad de humedad en K.alvarezii, ni 
en otras especies de algas semejantes en función a la den-
sidad de siembra, por lo que este es el primer informe que 
evalúa este parámetro en condiciones naturales de cultivo.

En lo concerniente al contenido de cenizas, se evi-
denció un mayor porcentaje a medida que la densidad de 
siembra aumentaba (Tabla 2), encontrándose diferencias 
significativas (p < 0,05). Esta tendencia es diferente con lo 
reportado por otros estudios, donde se registró un mayor 
contenido de cenizas en otra alga del género Ulva cuando 
la densidad de cultivo disminuyó64,65. Estos investigadores 
alegan que el contenido de ceniza está influenciado por 
la densidad de siembra debido a que al existir una menor 
población la tasa de competencia disminuye, por lo tanto, 
hay una mayor exposición de la luz solar y absorción de 
nutrientes sobre las poblaciones de algas, lo que deriva a 
un aumento sustancial de cenizas en las mismas. Sin em-
bargo, esta teoría no concuerda con este estudio, por lo 
que se especula que podría estar más asociado a factores 
geográficos y ambientales como la temperatura, salinidad 
y los nutrientes. Se sugiere corroborar tal hipótesis exten-
diendo el muestreo por varios meses del año en diferentes 
densidades, considerando estos parámetros ambientes.

En cuanto a los niveles de lípidos entre las tres densi-
dades, fueron relativamente similares; alrededor de 2,00 % 
P.s (Tabla 2), análogos con el rango reportado para K.alva-
rezii cultivada en la zona costera de Indonesia66 (0,73-2,08 
% P.s) pero superiores para los especímenes cosechados 
en diferentes sitios de la zona costera del continente asiá-
tico (0,03-1,0 % P.s)32,67,89. Es posible que las diferencias 
del contenido de lípidos en la misma especie se deban a 
la variedad de cepas, regiones geográficas y las estacio-
nes61,68. Según los resultados estadísticos, la interacción 
entre las densidades de siembra y los niveles de lípidos 
no fue estadísticamente diferente (p > 0,05). Se registró 
un comportamiento similar en los niveles de lípidos para la 
macroalga D.tenuissima, puesto que, no tuvieron un efecto 
significativo en las cinco diferentes densidades de siembra 
probadas69. Por el contrario, otro estudio64 observaron un 
aumento sustancial en el contenido de lípidos en Ulva ri-
gida cuando se exponían a un déficit de nitrógeno y a una 
alta densidad de población, condiciones que favorecieron 
al mecanismo de almacenamiento de energía y la síntesis 
de lípidos en donde el exceso de carbono en vez de trans-
formarse en proteína se almacena en forma de grasa59. En 
complemento, Khotimchenko et al.70 indicaron que las con-
diciones subóptima de luz, favorecen al aumento de lípidos 
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en las membranas fotosintéticas de las macroalgas como 
consecuencia de la acumulación de glicolípidos en las mis-
mas. Factores como la condición fisiológicas de los talos, 
etapa de vida o incluso los procedimientos de extracción 
pudieron haber contribuido en estos resultados71.

En el contenido de fibra cruda no se encontró diferen-
cias significativas entre las tres densidades de siembra (p 
> 0,05) (Tabla 2). Se ha informado valores similares a los 
obtenidos para K.alvarezii cultivada en diferentes sitios de 
Indonesia (4,3–6,6 % P.s)72 , y particularmente superior a 
lo registrado para las muestras de Gorontalo, Indonesia 
(0,40-0,87%)32. Marinho et al.23. y Denis et al.73 reportaron 
un alto porcentaje fibra en las rodófitas Gracilaria cervicor-
nis (56,54 %) de Brazil y Grateloupia turuturu (60 %) de 
Francia. De acuerdo a estos hallazgos, el contenido de fibra 
en algas rojas pueden diferir según los taxones, ubicación 
geográfica, madurez y los factores abióticos51. No se en-
contraron en la literatura revisada una evaluación compara-
ble sobre la influencia de la densidad de siembra sobre el 
contenido de fibra en K.alvarezii. Este enfoque solo ha sido 
planteado previamente por Queiros et al.64 en Ulva rigida, 
donde evaluaron los cambios en la composición de polisa-
cáridos de U. rigida en función a la densidad de siembra. 
En su estudio los autores no detectaron ninguna diferencia 
entre los niveles de fibras y la densidad de siembra, aunque 
varios investigadores han manifestado que el contenido de 
fibra está asociado con la limitación de nutrientes en el me-
dio como el nitrógeno, etapa de crecimiento y la actividad 
fotosintética entre las especies de algas74.

Contenido de auxinas totales en K. alvarezii
El contenido endógeno de auxinas totales de esta es-

pecie, mostraron un ligero aumento durante enero con un 
0,05 ppm en comparación con agosto que tuvo un valor 
de 0,04 ppm (Tabla 3). La variación estacional de auxinas 
totales fue estadísticamente significativa (p < 0,05). Como 
sabemos no hay trabajos publicados que evaluén la in-
fluencia de la estacionalidad en el contenido de auxinas de 
K.alvarezii, ni otros especímenes de macroalgas. A pesar 
de sus diferencias taxonómicas, siguió la misma tenden-
cia reportada por Sivaci y Yalcin et al.75 quienes registraron 
una mayor concentracción de AIA en diferentes variedades 
manzanas (Malus syvestris Miller) durante la primavera 
como resultado de una mayor actividad fotosintética pro-
ducida durante este período. Cabe indicar que las algas 
como las plantas terrestres realizan las mismas funciones 
metabólicas, puesto que ambas son organismos fotosinté-
ticos. Los datos de este estudio podrían atribuirse al perío-
do de crecimiento como consecuencia de las condiciones 
ambientales a las que estuvieron expuestas durante su 
ciclo de reproducción10, dado que las auxinas intervienen 
en el crecimiento, desarrollo y metabolismo de las algas 
marinas76-78, siendo este el primer estudio en determinar el 
efecto de la estacionalidad sobre la concentración auxinas.

Como se evidenció en la tabla 4, las tres densidades 
obtuvieron similares concentraciones de auxinas, sin en-
contrarse diferencias significativas entre ellas (p > 0,05). 
Se cree que el rango de valores de densidad de siembra 
puede tratarse de un rango no influyente sobre el contenido 
de auxinas totales a las condiciones ambientales (tempe-
ratura del agua, salinidad y nutrientes) correspondientes 
al sitio de cultivo y cosecha. Sin embargo, se necesitarían 
más datos relacionados con este tema para confirmar está 
presunción. Otros estudios también han encontrado valores 
más altos de auxinas en distintas especies de macroalgas 

como Caulerpa racemosa (10 ppm), Hipnea corona (6,70 
ppm) y Ulva lacinulata (2,30 ppm)79,80 pero hay que tener en 
cuenta que los autores no efectuaron ensayos de densida-
des en su investigación, lo cual pudiera ser debido factores 
como la densidad de siembra y los procedimientos de aná-
lisis utilizados, ya que las muestras del presente estudio 
se determinaron por espectofotometría UV-visible, en lugar 
del análisis por cromatografía de alta resolución que fueron 
empleados por los estudios mencionados anteriormente. La 
escasez de investigaciones orientadas a estos parámetros 
dificulta el aprovechamiento de este tipo de biomoléculas 
de interés biotecnológico de una fuente comercial explota-
ble como el cultivo de K. alvarezzii.

Contenido fenólico y antioxidante en K. alvarezii
El contenido fenólico de los extractos hidroetanólicos 

(50:50,v/v) de K. alvarezii reflejaron variaciones estacio-
nalmente significativas. El contenido se quintuplica en la 
época seca en comparación con la época húmeda (Tabla 
5). Estos resultados fueron mayores a los reportado pre-
viamente para los extractos de etanólico al 50% (173,2 
μg GAE g−1P.s)37 y menor para los extractos metanólicos 
al 50% (1.150 μg GAE g−1P.s)12 para la misma especie re-
colectada en Malasia, aunque los investigadores no men-
cionan el mes de cosecha. Lo más probable, es que estas 
diferencias se deban a la polaridad de los disolventes apli-
cados (el metanol es un disolvente más polar que el etanol) 
y la solubilidad de los compuestos antioxidantes presentes 
en las algas. Por otro lado, Araújo et al.26 informaron alto 
contenido fenólico en K. alvarezii durante el otoño (101,39 
mg GAE g−1 P.s) y más bajos en verano (46,26 mg GAE g−1 

P.s) en donde la temperatura alcanzan los 30°C. En otras 
algas rojas también se han reportado el efecto de la esta-
cionalidad y el solvente empleado81 registrando un mayor 
contenido fenólico durante el otoño, época que se caracte-
riza por temperaturas suaves y lluvias escasas.

El contenido de flavonoides varió estacionalmente, re-
duciéndose su contenido a la mitad en agosto en compara-
ción a enero (Tabla 5). Una tendencia similar fue encontra-
da en los extractos metanólicos del alga parda F. spiralis4 y 
S. latissima3, los cuales presentaron niveles superiores de 
flavonoides durante la temporada de verano en compara-
ción con el invierno. Esto se puede atribuir a los diferentes 
factores ecológicos, como la temperatura, precipitaciones 
y la duración e intensidad de la luz solar42, y que a medi-
da que avanzamos de enero a agosto, el clima se vuelve 
gradualmente más cálido en el transcurso del día82. Es de-
cir, las algas marinas están expuestas a una luz solar más 
intensa durante varias horas al día, lo que induce una bio-
síntesis mejorada de flavonoides que, al ser antioxidantes, 
juegan un papel importante en el sistema de defensa de 
las algas para resistir a los depredadores y a los desafíos 
ambientales83-85.

Con respecto al DPPH, se ha registrado cerca del triple 
de actividad en enero en comparación a agosto (Tabla 5). 
Es decir, hubo una reducción en su contenido entre ambas 
estaciones, lo cual representa una diferencia significativa 
en el contenido antioxidante de K.alvarezii (p < 0,05) res-
pecto a la temporada. Esta observación está de acuerdo 
con Araujo et al.26 quienes obtuvieron un alto nivel de inhi-
bición de DPPH de K. alvarezii durante el verano período 
que coincide con un aumento notable en la temperatura 
en las costas de San Paulo, Brazil, y que en general, son 
calurosos y secos. Según Pedro et al.86, quienes registran 
una mayor actividad depurativa de DPPH en extractos 
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etanólicos del alga verde Codium sp. durante el verano, 
este aumento podría estar relacionado a un mecanismo 
fotoprotector, para resistir el estrés lumínico en respuesta 
a la radiación UV intensificada87. Otros autores han repor-
tado valores superiores de DPPH en diferentes extractos 
de K.alvarezii, aunque no informaron datos de la fecha de 
cosecha88,89, lo que puede estar asociado a la participación 
de otros parámetros, tales como los diferentes métodos de 
extracción, los solventes aplicados y las diferentes cepas 
existentes de K.alvarezii.

Con lo concerniente al ABTS, los resultados reflejaron 
variaciones estacionales significativas, registrándose un 
aumento del 30% en su actividad en agosto en compara-
ción a enero (Tabla 5). Pese a las diferencias taxonómicas y 
geográficas, estos resultados se asemejan con lo reportado 
por Pedro et al.86 quienes registraron un mayor contenido 
de actividad antioxidante ABTS en los extractos etanólicos 
del alga Codium sp. durante el invierno (11,0 μmol TE g–1 

P.s) y menor en el verano (8,9 μmol TE g–1 P.s), lo que se 
presume que estos resultados obtenidos, guardan una rela-
ción con el momento de la cosecha y los solventes emplea-
dos para su extracción44. Esta fue la única referencia que se 
asocia el contenido de ABTS con relación a la estacionali-
dad en especies de macroalgas.

El contenido fenólico presenta su valor máximo en la 
densidad 10 líneas.celda-1, mientras que los más bajos se 
registraron en la densidad 8 líneas.celda-1, seguido de la 
densidad 6 líneas.celda-1. Estos resultados no fueron direc-
tamente comparables con los de la literatura, puesto que, 
hasta la fecha, no hay información reportada sobre la in-
fluencia que ejerce la densidad de siembra en el conteni-
do de compuestos fenólico de K. alvarezii, incluso en otras 
especies de macroalgas cultivadas en el mar. Sin embargo, 
esta tendencia concuerda con la reportada por estudios en 
otros organismos fotosintéticos, observándose un aumen-
to sustancial en los niveles de ácidos fenólicos a medida 
que aumentaba la densidad de siembra de hortalizas como: 
coliflor90, alcachofas globo85 y la col rizada91. Pese a las di-
ferencias taxonómicas las hortalizas y las algas guardan 
una similitud debido a que ambas dependen del proceso 
de la fotosíntesis para su sobrevivencia. En estos estudios 
de hortalizas los investigadores plantearon la hipótesis de 
que los altos niveles de compuestos fenólicos podría es-
tar relacionado con la respuesta bioquímica de las plantas 
como resultado de la competencia intraespecífica por los 
recursos fotosintéticos92.

El contenido de flavonoides totales presenta una dife-
rencia no estadísticamente significativa (p >0,05), denotan-
do un efecto nulo sobre el contenido de flavonoides dentro 
de ese rango de densidad de siembra (Tabla 6). Un estu-
dio comparó la composición química de los brotes de otro 
organismo fotosintético bajo cinco densidades de siembra 
diferentes93 obteniendo un mayor contenido de flavonoide 
a una baja densidad. Cheng et al.94 han informado que el 
anabolismo de los flavonoides puede estar estrechamente 
relacionado con el proceso fotosintético. Por este motivo, 
no son aconsejables las sobrepoblaciones de siembra, ya 
que cuando la densidad de cultivo se multiplica se genera 
mayor competencia por iluminación y ventilación entre la 
población95. Esto podría causar una disminución sustancial 
de producción.

En cuanto al DPPH tampoco presentó diferencias sig-
nificativas (p > 0,05) (Tabla 6). Magnusson et al.96 reportó 
resultados afines en la macroalga Derbesia tenuissima cul-
tivada en un sistema terrestre. Las algas han desarrollado 

mecanismos de defensa como respuesta a estreses abió-
ticos como la intensidad de luz solar en el ambiente que 
están expuestas durante la fotosíntesis y el transporte de 
electrones, por lo que se especula que cuando la densidad 
de población es baja, mayor es la incidencia de la luz sobre 
los cultivos, lo que desencadena una mayor proliferación de 
los compuestos antioxidantes97. Sin embargo, es meritorio 
más investigaciones que comparen y contrasten estos valo-
res reportados en K. alvarezii en las condiciones dadas de 
las costas ecuatorianas.

El contenido de ABTS se encuentra dentro del rango 
reportado en la literatura para algas pardas y rojas recolec-
tadas en la isla de Faial, Portugal (5 y 60 μmol TE   g–1 P.s)98. 
En este estudio se detectó diferencias entre las densidades 
de siembra, alcanzando una mayor actividad de 9.32 μmol 
TE   g–1 P.s en la densidad de siembra 10 línea.celda-1 (Tabla 
6). Sin embargo, es difícil determinar que factor ambiental 
incidió en las variaciones evidenciadas en este estudio, ya 
que los cambios son pequeños e irregulares, teniendo en 
cuenta que la macroalga K.alvarezii fue recolectada en con-
diciones naturales, por lo que no es fácil separar los efectos 
de los factores individuales de la influencia multifactorial del 
medio ambiente. Por esta razón, se recomienda realizar 
más ensayos experimentaciones con otras densidades de 
siembra considerando otras condiciones ecológicas como 
la irradiación UV, corriente del mar, puesto que estos fac-
tores podrían influir en gran medida en la actividad antioxi-
dante de ABTS.

Conclusiones
El contenido de grasas, fibras, fenoles totales y ABTS 

reflejaron cambios estacionales, obteniéndose un mayor 
contenido en la época seca (agosto), mientras que en la 
época húmeda (enero) se registró una alta concentración 
de flavonoides, auxinas totales y DPPH. La presencia de 
cada uno de estos componentes hace de K. alvarezii un 
alga muy prometedora para el desarrollo de nuevas indus-
trias mediante el aprovechamiento de sus distintos compo-
nentes.

Con respecto a la densidad de siembra, se evidenció 
un aumento significativo de cenizas, fenoles totales y ABTS 
en la medida que la densidad aumentó dentro del rango 
estudiado. En base a estos resultados obtenidos se conclu-
ye que la composición bioquímica, así como los valores de 
bioactividad funcional mostrado en el extracto etanólico de 
K. alvarezii en dos épocas del año, proporcionaron informa-
ción valiosa sobre el efecto de tres densidades de siembra 
y dos épocas de cosecha para la recolectar esta alga con 
perspectiva de desarrollar nuevos bioproductos funcionales 
en diferentes sectores industriales.

Estos parámetros deben estudiarse en mayores ran-
gos de densidades de siembra y en períodos más largos 
de tiempo, ya que dependiendo del fin comercial que se le 
dé al alga, se podrá climatizar las condiciones de cultivo 
a fin de promover el desarrollo del metabolito de interés. 
Esta información sobre el efecto de la estacionalidad sobre 
el contenido de DPPH, compuestos fenólicos, flavonoides, 
fibras, ABTS es parte de los primeros acercamientos hacia 
el aprovechamiento comercial de los distintos metabolitos 
que contiene K. alvarezii en países neófitos en su cultivo y 
en vía desarrollo, ya sea para su uso en condiciones acli-
matadas en piscinas o a mar abierto.

Estefany Lema Ch, Iván Chóez-Guaranda, Omar Ruíz-Barzola, Lorena Jaramillo, Ángela Pacheco Flores de Valgaz, Sofie Van Der Hende and 
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