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Abstract  
 

Solanaceae is family of plants widely used in food, sauce and herbal medicine because its members are rich in 

carbohydrates, proteins, fats, vitamins, mineral salts and other trace and essential nutrients like phenols and flavonoids 

that retard degenerative diseases and stress. Knowledge on purposeful use of solanaceae in food and medicine in Uganda 

is low. Aqueous extracts of dry leaves of three selected solanum genera growing in Kabale were compared for their 

polyphenol and flavonoid contents and antioxidant properties. Total polyphenol (TPC) and total flavonoid (TFC) 

contents were determined by the Folin-Ciocalteu and aluminium chloride colorimetric methods respectively. Antioxidant 

properties and radical scavenging were determined using DPPH, hydrogen peroxide, thiocyanate-iron (III) complex and 

iron (II)/(III)-linoleic acid systems. The polyphenol content of dry leaves of S. anguivi was 1750 ± 0.70, that for S. 

macrocarpon was 104 ± 0.45 and S. nigrum was 97.80 ± 0.15 GAE/g yet the flavonoid content was 7.40 ±
 
0.30, 35.00 ±

 

0.60 and 16.40 ± 0.40 mg/QE/g for S. anguivi, S. macrocarpon and S. nigrum respectively. The DPPH scavenging at IC50 

were 7.80 ± 0.25; 45.60 ± 0.30 and 42.90 ± 0.20 respectively yet hydrogen peroxide scavenging at IC50 stood at 6.89 ± 

0.15; 27.00 ± 0.35 and 17 .90 ± 0.20 μg/mL in the respective order for S. anguivi, S. macrocarpon and S. nigrum. The 

available data suggests the plants are very good food supplements of high nutritive and chemotherapeutic values. 

However, there is need to perform in vivo and vitro experiments to deduce their efficacy on mammals. 

Keywords: Antioxidants, Scavenging, S.anguivi, S. macrocarpon, S. nigrum, Polyphenols, Flavonoids, Free radicals, 

Gallic acid, Quercetin, Hexacyanoferrate (III), Thiocyanate, Absorbance. 

Copyright © 2022 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International 

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original 

author and source are credited. 

 

INTRODUCTION 
Surviving on this planet earth requires 

overcoming diseases like cancer, stroke, and 

cardiovascular disease. This can only be achieved by 

tapping resources from nature like fruits, leaves and 

roots of plants in form of alternative medicines. By late 

1990’s many scientists had isolated bioactive 

compounds from barks, fruits, leaves and roots of herbs, 

shrubs and trees making plants very valuable for life of 

humans and essential on daily basis in human deity [1, 

2]. 

 

Quantitative determination of curative 

compounds in the bark, fruits, leaves and roots may 

help alleviate potency of diseases. Presence of 

polyphenols, terpenes, vitamins, flavonoids, saponins, 

minerals salts and tannins in barks, fruits, leaves and 

roots of various herbs, shrubs and trees provides chance 

to provide alternative nutrients, food complements and 

supplements. Knowledge about dietetics indicates that 

good human diet requires varying quantities of fruits, 

grains, legumes, vegetables and this provides chance 

not to suffer cancer, diabetes, obesity and heart diseases 

[3].  

 

The study on solanum genera has been on 

going in many parts of the world because of their food, 

nutrient, medicinal and anti-nutrient values. In Uganda, 

three Solanum genera. S. terminate Forssk., S. incanum 

L. and S. nigrum L was cited in literature by the 1970’s 

[4] and a few years later some data was produced on the 

three species S. anguivi, S. aethiopicum L. and S. 

http://saudijournals.com/sijcms/
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nigrum [5] and later classification on the entire solanum 

family was documented [6, 7] Leaves of Solanum 

macrocarpon, gboma eggplant were reported to have 

high nutritional value because they contain fat, crude 

fiber, protein, calcium, and zinc[8] and are source of 

methionine [9, 10].  

 

Several authors have reported anti-

inflammatory, antiasthmatic, antiglaucoma, 

hypoglycemic, hypolipidemic, and weight loss effects 

of green leafy vegetables [8, 10, 11]. Such 

pharmacological properties resulted from presence of 

polyphenols [12], and flavonoids [10], and these act as 

strong antioxidants. It has been reported that consumers 

demand for items rich in antioxidants. Polyphenols and 

flavonoids present among solanum genera are on high 

demand as health supplements because when added to 

food they increase the nutritional value through 

providing natural antioxidants. The food processing 

industries sell fortified food stuff after addition of 

complements containing flavonoids and polyphenols 

extracted from plants. Consumption of food rich in 

antioxidants lowers rate of formation of free radicals in 

the body as well as overcoming peroxidation of lipids, 

this improves nutritional value of food and increases its 

quality. Synthetic antioxidants like butylated 

hydroxytoluene, butylated hydroxyanisole and propyl 

gallate are common food additives that increase shelf 

life, their use has increased the toxicity potential and 

carcinogenic effects, hence natural materials serve 

better purpose.  

 

There is growing need for natural antioxidants 

in the food market as they have minimum side effects 

[10]. Good human health hinges on a balance of 

minerals, carbohydrates, fats, proteins and vitamins in 

diet. However, balancing the deity may not overcome 

effects of stress and degenerating diseases [13].  

 

The finding of naturally occurring ingredients 

in plants that are curative prompted isolation and 

identification of compounds present in medicinal and 

non-medicinal herbs, shrubs and trees. The isolation of 

tannins, flavonoids, phenols, saponins, terpenes and 

cyanides have advanced the study on the 

chemotherapeutic nature of plants eaten as vegetables 

or/and used in herbal medicines While industrialists 

started manufacturing the equivalent compounds that 

were found curative and occur in plants, the natural 

forms still show better performance as they have 

minimum side effects.  

 

Hence the study on plant materials is ongoing 

and is likely not to come to the end soon as longer as 

the human race continues to survive on Earth because 

herbal medicine is as old as the time man has lived. 

Among substances sought for from plant materials are 

flavonoids, steroids, mineral salts, phenols, vitamins, 

tannins, terpenes, are metabolites that make health 

better. Flavonoids are secondary plant metabolites with 

antioxidant activity.  

 

The antioxidant tendency of flavonoids was 

reported to depend on the number and position of free 

hydroxyl groups [14]. Literature revealed that a total 

flavonoid content (TFC) for leaves of Cassia tora was 

21.53 mg of quercetin equivalent per gram (QE/g) that 

was extracted to methanol [15]; that for Solanum 

nigrum was 0.64 mg catechin equivalents per gram 

fresh weight in the water extract [16] (Adebooye et al., 

2012) and the TFC of 49.2 ± 3.4 mg rutin equivalents 

per gram dry weight in the methanol extract of P. 

oleracea [17]. It was further reported that genetic, 

biological, environmental, seasonal and year-to-year 

variations significantly affected the flavonoid content of 

vegetables [15]. 

 

Polyphenols are constituents present in plants 

that possess redox properties which are useful in 

antioxidant activity [18] and it was shown that the 

hydroxyl groups in plant extracts are responsible for 

facilitating free radical scavenging. Total phenol 

content (TPC) of many herbs and shrubs are reported in 

literature from different parts of the world. While TPC 

of 56.8 ± 5.9 mg GAE/g fresh weight of A. sessilis and 

36.4 ± 6.1 mg GAE/g fresh weight of I. aquatica were 

observed in acetone–water–acetic acid extracts [19]; 

that for C. tora was 180.64 ± 6.51 mg GAE/g in water 

extract [20] and that in P. oleracea was 3.6 ± 0.089 mg 

GAE/g dry weight in the methanol extract. The 

concentration of phenols in plant extracts varies with 

amounts of sugars, carotenoids or ascorbic acid, or the 

duration, geographical variation and/or methods of 

extraction [21]. 

 

 Free radicals are highly reactive species 

bearing uncompensated electron. Environmental 

pollution, X-radiation, toxins, physical stress, deep fried 

foods, exposure to chemicals have been linked to 

production of free radicals. Changes in gene expression, 

production of abnormal proteins and depletion of 

immune antioxidant system are some of the reported 

bad effects of free radicals in living systems. Asthma, 

arthritis, cancer, cell damage, atherosclerosis, cancer, 

stroke are some of the diseases caused by rapid rise in 

formation of free radicals in living systems [22]. 

However, the generated free radicals can be removed 

from the body through the antioxidant defense 

mechanisms.  

 

Other documented bad effects of free radicals 

like damage to carbohydrates, proteins, lipids, nucleic 

acids, degradation of chemicals and making foods go 

rancid may have an advantage to alleviate pollution 

arising from overstay of materials dumped at a place 

[23]. The cardiovascular diseases, diabetes, cancer and 

inflammatory diseases are reported to be linked to free 

radicals in man (Gupta and Sharma, 2006) [24]. Free 

radicals can cause synthesis of abnormal proteins [25]. 

Exposure to ozone, cigarette smoke, air pollution, 
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chemical pollution significant increase free radicals in 

human bodies [26].  

 

Reactive oxygen species (ROS) represents the 

major type of free radicals in the biological systems and 

are produced through the electrons transfer chains in the 

mitochondria [22].  

 

Glutathione peroxidase (GPx)/oxidized 

glutathione reductase (GSSGRD), actions of non 

enzymatic substances like glutathione and vitamin E, 

and prooxidants are responsible for the generation of 

reactive oxygen and nitrogen species (ROS/RNS) such 

as superoxide anion (O2
-
), hydroxyl radical (HO

•
), 

hydrogen peroxide (H2O2), peroxyl radical (ROO
•
), 

singlet oxygen (O), nitric oxide (NO
•
), peroxynitrite 

(ONOO
-
), and other free radicals [10, 11].  

 

Natural or synthetic materials that remove 

uncompensated electrons from free radicals have been 

referred to as antioxidants. An antioxidant donates an 

electron to a free radical and counteracts its effects. 

Oxidative injury and the degenerative diseases can be 

overcome by scavenging for the free radicals by the 

antioxidants and this protects human body from injury 

[27].  

 

Synthetic polyphenols bind to metals and 

retard oxidation process [28]. The challenges with 

feeding on synthetic polyphenols include the 

antinutritional and promotion of liver damage and 

carcinogenesis, so there is need to replace them with 

naturally occurring antioxidants in overcoming side 

effects of using synthetic antioxidants in treating 

oxidative stress [18, 28].  

 

Consumption of food rich in antioxidants can 

overcome some degenerative diseases, oxidative 

damage and lipid peroxidation [10]. There is a lot of 

ongoing research on antioxidants for their use as dietary 

supplements and adjutants for use in therapeutic 

treatment of disorders caused by free radicals. Many 

medicinal plants used in traditional medicine are known 

as significant sources of natural antioxidants.  

 

Different plants have attracted more attention 

for their efficiency against cancer, atherosclerosis, 

cerebral cardiovascular events, diabetes, hypertension 

and Alzheimer’s disease [29]. Natural antioxidants are 

very efficient in blocking the process of tissue oxidation 

by free radicals and reactive oxygen species. The 

antioxidative and pharmacological properties of 

medicinal plants are related natural antioxidants such as 

flavonoids, tannins, coumarins, curcuminoids, 

xanthones, polyphenols, and terpenes.  

 

They are found in various plant products such 

as herbs and spices like rosemary, thyme, oregano, 

sage, basil, pepper, clove, cinnamon, and nutmeg and 

plant extracts such as tea and grapeseed [30, 31]. 

Although the traditional use of plants in 

chemotherapeutics result from antioxidant potential of 

the plants, there is always no scientific evidence of the 

antioxidant property of the selected plants until 

scientists study them in detail.  

 

The use of folk medicine at the primary health 

care level is widespread in Uganda. In most cases, folk 

medicine is usually the first choice for most patients 

suffering with cancers and various types of 

inflammations. Similarly, wild and home-grown 

vegetables are used in making sauce for food in many 

homes in the villages and towns of Uganda without 

knowledge on their effective contribution in the health 

system of the body. Most such beverages belong to the 

solanum genera like potatoes, tomatoes, eggplants and 

many herbs.  

 

A balance between free radicals and the 

antioxidative defense system is important for proper 

physiological functions. However, the antioxidants that 

are produced naturally by the body may not be enough 

to prevent the ROS-induced damages. Therefore, 

antioxidant complements are important to boost the 

body’s own capacity to reduce or counteract the 

oxidative damages [32].  

 

Antioxidants are micronutrients that can either 

directly scavenge free radicals or prevent the generation 

of ROS and are present in fruits, roots and leaves. When 

eaten in suffice quantities they modulate metabolism, 

prevent degenerative and chronic diseases [33]. 

 

Thus the chemotherapeutic nature of plants is 

based on chemical substances present in its leaves, roots 

or/and stem that perform a specific physiological effect 

in man. Experimental results from solutions of fruit of 

Solanum macrocarpon revealed presence of very useful 

metabolites like flavonoids, saponins, alkaloids, 

phenols, phytates, tannins, cyanides, terpenoids and 

steroids in decreasing order of abundance [34, 35].  

 

Hydrogen peroxide (H2O2) stimulates cellular 

proliferation [36], or differentiation [37]. It forms in 

biological systems by oxidizing enzymes such as 

superoxide dismutase [38]. However, aberrant 

accumulation of H2O2 is responsible for reactions, 

which may lead to pathological conditions like cancer, 

diabetes, and cardiovascular diseases [39, 40].  

 

This happens because hydrogen peroxide 

decomposes rapidly generating hydroxyl radical (•OH) 

that initiates lipid peroxidation and damage of cell 

organelles [41] (Saed-Moucheshi et al., 2014). 

Retardation of production of hydrogen peroxide by 

plant antioxidants is of high interest in biological 

research. 2,2-diphenyl, 1-picryl hydrazyl (DPPH), is 

free radical which readily accepts electron or free 

radical. When DPPH takes up an electron the 

absorption band at wavelength of 515–528 nm 
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disappears. So concentration of DPPH can be followed 

by observing intensity of peak at wavelength of 517nm 

[42].  

 

The DPPH was used to evaluate the radical 

scavenging capacity of plant extracts [43]. The 

antioxidants are the components of the plants which are 

capable of enacting the quenching of the stable purple-

colored DPPH radical to the yellow-colored DPPH[44]. 

The ability to transform iron (III) ions in 

hexacyanoferrate (III) to iron (II) ions acts indicator for 

antioxidant activity [45].  

 

In the ferric reducing antioxidant power 

(FRAP) assay, the yellow color test solution changes to 

green and blue [46, 47].The reaction taking place is: 

 
 

This monitored through measuring color at 700 

nm [48]. The FRAP is concentration-dependent [49]  

 

Lipid peroxidation produces lipid 

hydroperoxides, which may transform to lipid alkoxyl 

or lipid peroxyl radicals. The radicals derived from fatty 

acids cause cellular damage and degenerative diseases 

[50]. Lipid hydro-peroxides are stable at room 

temperature, but they are decomposed to radicals by 

heat, UV light or by transition metals [51].  

 

Although Solanum nigrum contains toxic 

solanine, it is also a reservoir of antioxidants having 

hepatoprotective, anti-tumor, cytostatic, anti-

convulsant, anti-ulcerogenic and anti-inflammatory 

effects [52]. The glycoalkaloid, solanine in Solanum 

nigrum unripe berries make them too toxic [53].  

  

The consumption of Solanum macrocarpon 

fruits may be a hazard because it was found to contain 

.hydrolysable tannins which in large doses decrease rate 

of growth in laboratory animals. Incidence of 

esophageal cancer, was associated with consumption of 

foods rich in tannins, suggesting that tannins may be 

carcinogenic [10]. The nutrients in the leaves suggests 

analgesic, anti-inflammatory properties and an increase 

in the potential for disease resistance and stress. S. 

macrocarpon contains solanidine and solasodine which 

are toxic alkaloids.Leaves treat cholesterol disorders 

[10]. Vegetables contain carbohydrates and reducing 

compounds so it is necessary to have a varied diet rich 

in vegetables. The leaves contain saponins which are 

important dietary and nutritional reserves and treat 

infections in the trachea. 

 

Solanum anguivi Lam berries contain many 

pharmacological substances like gallic tannins and 

alkaloids, sterols and polyterpenes, polyphenols, 

flavonoids, catechin tannins, quinones, saponins and 

coumarins [54]. The chemical and nutritional analyses 

of plants have been studied in many parts of the world 

with fruits and vegetables taking the lead [55-59].  

 

In West Africa, the fruits of Solanum anguivi 

are served to nursing mothers, the young, the aged and 

anemic patients [60]. The roots are used as carminative 

and cough expectorant, nasal ulcers, asthma, difficult 

parturition, toothache, cardiac disorder, worm expeller, 

nervous disorder and fever [61]. The phytochemical 

properties of S anguivi was reported [62, 63] and 

cholesterol lowering properties of saponin extracted 

from the fruits of S. anguivi has been documented [64]. 

The phytochemical composition of S. anguivi grown in 

Nigeria was investigated and showed presence 

compounds which are bioactive secondary metabolites 

supporting its medicinal values [65]. Traditionally 

Solanum anguivi, Gnagnan treats diarrhea, malaria and 

prostate diseases.  

 

S, anguivi L berries are characterized by 

bitterness due to presence of various phelolic 

compounds like polyphenols, flavonoids, tannins [66] 

and S. anguivi.berries were reported to have the highest 

content in polyphenols compared to some edible plants 

in Iran and India [67]. Common phenols in plant 

extracts are flavonoids and phenolic acids [68]. 

 

The interest of this study is to quantify and 

compare content of flavonoids and phenols in leaves of 

S.anguivi, S. macrocarpon and S. nigrum extracted in 

water and also determine antioxidant potential for these 

vegetables growing in Kigezi since such work does not 

appear anywhere in literature.  

 

MATERIALS AND METHODS 
Geographical location of Kabale 

Kabale is located the south western part of Uganda in 

the Rift valley region near the border with Rwanda. 

 

Sampling 

Leaves were picked from the plants whose photographs 

are shown below. 

The appearance of the selected solanum species in their 

habitat is shown in Figure 1 below. 

 

 
Figure 1a: Appearance of S. macrocarpon 
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Figure 1b Appearance of S. nigrum 

 

 
Figure 1c: Appearance of S. anguivi 

 

The chemicals used in the present study were 

ascorbic acid (ASC), 2, 2-diphenyl, 1-picryl hydrazyl 

(DPPH), sodium nitroprusside, sulphanilic acid, sodium 

chloride, ferric chloride, disodium hydrogen 

orthophosphate, potassium dihydrogen phosphate, and 

Folin-Ciocalteu reagent. All chemicals and solvents 

used were of AnalaR grade. 

 

EXPERIMENTAL 

Preparing extracts 

The leaves from the three genera were dried at 

room temperature separately and coarsely ground 

before extraction. A known amount of powder (250 g) 

was extracted at room temperature for 24 h by 

percolation using water (600 ml, 70/30 v/v). The extract 

was separated from the residue by filtration through 

Whatman number 1 filter paper. This procedure was 

repeated thrice and the resultant extract was 

concentrated on a rotary evaporator under high vacuum 

and the residue was then freeze-dried for complete 

solvent removal. The final extract was stored at 4 
◦
C in 

an airtight container for future use. 

 

Determining polyphenol content 

The total polyphenol content was determined 

for individual extracts using the Folin–Ciocalteu 

method [19]. 

 

The final extract (1mL) was mixed with 10% 

(w/v) Folin–Ciocalteu reagent and left to stand for 5 

minutes. 75% sodium carbonate solution (2.0mL) was 

added and mixture incubated at 50 
◦
C for 10 minutes 

with intermittent agitation. After which the absorbance 

of the mixture was determined wavelength of 765 nm 

against pure methanol as blank using ultra violet 

spectrophotometer. The experiment was repeated thrice. 

The data obtained was used to calculate mg/g of gallic 

acid equivalents in milligrams per gram (mg GAE/g) of 

dry extract. 

 

Determining flavonoid content 

The flavonoid contents of individual extracts 

were measured as per the colorimetric Dowd method 

[69].  

 

Portion of final extract (1.0 ml) was mixed 

with 10% aluminium chloride solution (0.2 ml) in 

methanol together with 1M potassium ethanoate 

solution (0.2 mL) and distilled water (5.6 mL). Then the 

mixture was incubated for 30 minutes at room 

temperature. At end of 30 minutes the absorbance of the 

mixture was read off from a spectrophotometer at 

wavelength 415 nm against the blank. The experiment 

was repeated thrice. 

 

The results were used to compute mg/g of 

quercetin equivalents in milligrams per gram (mg QE/g) 

of dry extract. 

 

DPPH radical scavenging activity 

The radical scavenging activity of the crude 

extracts was adopted to measure antioxidant activity 

using the colorimetric DPPH method at wavelength of 

517 nm [70, 71].  

 

Portion of final extract (2.0 mL) was added to 

0.1mM 2, 2-diphenyl, 1-picryl hydrazyl (DPPH) 

solution (2.0 mL). The mixture was kept in a dark room 

for 30 minutes. At end of 30 minutes, the absorbance of 

the mixture was determined spectrophotometrically at 

wavelength, λmax 517 nm against an equal amount of 

DPPH and methanol as a blank. The experiment was 

repeated thrice. 

 

The percentage of DPPH• scavenging (RSA %) was 

estimated using the equation: 

% scavenging of DPPH 
• 
= [ 

     

  
] 

× 
100 ………….. 1 
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Where A0 = absorbance of the control and At = 

absorbance of the test extracts. 

 

Hydrogen peroxide scavenging experiment 
The radical scavenging activity of individual 

extracts was determined using the hydrogen peroxide 

method [72].  

 

Portion of final extract (2.0 mL) was added to 

2mM hydrogen peroxide solution (4.0 mL), solution of 

phosphate buffer of pH 7.4 (1.0 mL) was added and the 

mixture was allowed to stand for 10 minutes. At end of 

10 minute interval absorbance of mixture was 

determined spectrophotometrically at maximum 

wavelength of 230 nm against the phosphate buffer 

solution as blank. 

 

The percentage scavenging of H2O2 was calculated 

using the equation: 

% scavenging of H2O2 = [ 
     

  
] 

× 
100 ………….. 2 

 

Where A0 = absorbance of the control (phosphate buffer 

with H2O2 and A1 = absorbance of the test extracts. 

 

Ferric reducing antioxidant power (FRAP) 

experiments 

The reducing powers of the individual extracts 

that reflected their antioxidant activity were determined 

using the modified Fe
3+ 

to Fe
2+ 

reduction assay (Hu et 

al., 2016).  

 

Portion of the final extract (1.0 mL) was added 

to 0.2M sodium phosphate buffer solution (2.5 mL), 

followed by 1% (w/v) potassium hexacyanoferrate (III) 

solution (2.5 mL). The mixture was placed in a vortex 

machine for agitation while being incubated at 50 
◦
C for 

20 minutes. At end of 20 minutes, 10% (w/v) 

trichloroacetic acid (2.5 mL) was added and the mixture 

was placed in a centrifuge running at 3000 rpm for 10 

minutes. The supernatant solution (2.5 ml) was mixed 

with deionized water (2.5 mL) and 0.1 % (w/v) iron 

(III) chloride solution (0.5 mL). Perl’s Prussian blue 

color was measured at maximum wavelength λmax 700 

nm against a blank. 

 

Preparing linoleic acid emulsion 

Linoleic acid (0.5608 g), Tween 20 emulsifier 

(0.5608g) and 0.2M phosphate buffer of pH 7.0 (100 

mL) was mixed and homogenized.  
 

Preparing iron (III) thiocyanate 

10L ethanol (75%), 0.2 mL ammonium 

thiocyanate (30% w/v), and 0.2 mL iron (II) chloride (2 

mM FeCl2 in 3.5 % HCl) 
 

Ferric thiocyanate (FTC) in a linoleic acid system 

The antioxidant activity of selected plant 

extracts was determined by a linoleic acid system as 

described as follows. 

Portion of the final extract solution (1.0 mL) 

was dissolved in ethanol (5.0 mL) was mixed with 

linoleic acid emulsion (5.0 mL). The reaction mixture 

was incubated in the dark room at 37 
◦
C. for 20 minutes. 

At end of 20 minute period, to the mixture is added 

75% ethanol (10 mL), iron (III) thiocyanate solution 

(0.4 mL). The resulting mixture is used to determine 

absorbance at wavelength of 500 nm using a 

spectrophotometer as compared to blank made of 

linoleic acid emulsion (5 mL) and phosphate buffer (5 

mL). 

 

Phytochemical screening 

Samples were sun-dried, pulverized and passed 

through a sieve (about 0.5 mm pore size) to obtain a 

fine dry powder. Aqueous extract of the sample was 

prepared by soaking 100 g of the powdered samples in 

200 ml of distilled water for 24 hours. The extracts 

were filtered using Whatman filter paper No 42 (125 

mm). Chemical tests were carried out on the aqueous 

extract and on the powdered samples to identify the 

constituents using standard procedures. Color intensity 

was used to categorize the presence of each 

phytochemical substance. 

 

Test for Alkaloids 
Crude powder (0.5 g) was defatted with 5% 

ethyl ether for 15 minutes. The defatted sample was 

extracted for 20 min with hydrochloric acid (5 mL) on a 

boiling water bath. The resulting mixture was 

centrifuged for 10 minutes at 3000 rpm. The filtrate (1 

mL) was treated with few drops of Mayer’s reagent and 

another portion (1 mL) was reacted with Dragendroff’s 

reagent and turbidity was observed [73, 74]. 

 

Test for tannins 
About 0.5 g of the dried powdered samples 

was boiled in 20 ml of water in a test tube and then 

filtered. A few drops of 0.1% aqueous iron (III) 

chloride solution was added and observed for brownish 

green or a blue-black coloration.  

 

Test for terpenoids: (Salkowski test): 

The extract (5 mL) was mixed with chloroform 

(2 mL) and concentrated sulfuric acid (3 mL) was 

added cautiously to form a layer. A reddish brown 

coloration of the inter face was formed to show positive 

results for the presence of terpenoids. 

 

Test for cardiac glycosides (Keller-Killani test) 

The extract (5 mL) was treated with glacial 

acetic acid (2 mL) then ferric chloride solution (1 drop) 

was added. This was followed by concentrated sulfuric 

acid (1 mL). A brown ring of the interface indicates a 

deoxysugar characteristic of cardenolides. A violet ring 

may appear below the brown ring, while in the acetic 

acid layer, a greenish ring may form just gradually 

throughout thin layer. 
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Test for steroids  
Acetic anhydride (2 mL) was added to 

ethanolic extract of the sample (0.5 mL) followed by 

sulfuric acid (2 mL). The color changed from violet to 

blue or green in some samples indicating the presence 

of steroids. 
 

Test for saponins 
Powdered sample (2 g) was boiled in distilled 

water (20 mL) in a water bath and filtered. The filtrate 

(10 mL) was mixed with distilled water (5 mL) and 

shaken vigorously for a stable persistent froth. The 

frothing was mixed with olive oil (3 drops) and shaken 

vigorously, then observed for the formation of 

emulsion. 
 

Test for phytosterol 
The aqueous extract (5 mL) was refluxed with 

solution of alcoholic potassium hydroxide till complete 

saponification takes place. The mixture was diluted and 

extracted with ether. The ether layer was evaporated 

and the residues were tested for the presence of 

phytosterol. The residue was dissolved in diluted acetic 

acid (5 drops ); then added acetic anhydride (2 mL) 

followed by concentrated sulfuric acid (.4 drops). A 

bluish green color indicates the presence of phytosterol. 

 

Test for Ascorbic acid: 

 Iodine (0.5 g) was dissolved in 1% freshly 

prepared potassium iodide solution (100 mL). Iodine 

solution (1 drop) was added to 0.1% starch solution (1 

mL) and left to stand. Aqueous extract of the sample 

was added drop by drop until the blue-black color of the 

starch iodine complex disappears leaving a colorless 

solution. The colorless solution indicates the presence 

of ascorbic acid. 

 

Statistical analysis: In this study excel version 2016 to 

design the standards curves and charts. 

 

RESULTS AND DISCUSSION 
Wild and home-grown plants have remarkable 

roles and contributions to animal and human health as 

they provide food and dietary supplements thereby 

enhancing food security and health. The knowledge 

about the nutritional and medicinal values of home-

grown and wild vegetables is passed on to generations 

through folklore and it needs scientific documentation if 

it is to be of great help to the human race.  

Plants contain bioactive chemical substances 

that produce remarkable physiological and biochemical 

actions in the human body. These bioactive constituents 

include alkaloids, tannin, flavonoids, and phenolic 

compounds. Plant-derived natural products have 

received considerable attention in recent years due to 

diverse pharmacological properties including 

antioxidant and antitumor activity. Natural 

products/dietary phytochemical have aroused 

considerable interest in recent years as potential 

therapeutic agents to counteract free radical mediated 

diseases [13]. The most important of these bioactive 

compounds of plants are alkaloids, flavonoids, tannins, 

and phenolic compounds. Phytochemicals include 

compounds with various biological properties which 

allow plants to cope up with environmental challenges 

including exposure to radiation and toxins [75]. They 

are bioactive compounds (secondary metabolites) found 

in plants that work with nutrients and dietary fibers to 

protect against diseases. Certain phytochemicals are 

almost structurally identical to compounds isolated 

from human beings. Most plants with antidiabetic 

properties have been found to contain secondary 

metabolites such as glycosides, alkaloids, and 

flavonoids [1]. It has been shown that many plants 

exhibit efficient antioxidant properties owing to their 

phenolic content. Earlier report indicated that 

phytochemical screening of this species revealed the 

presence of alkaloids, flavonals, flavones, flavanols, 

saponins, flavonoids, and steroids [76]. Alkaloids such 

as soladunalinidine, solasonine, and solamargine have 

been isolated from leaf of Solanum species [77]. 

 

Literature on the content of phenols and 

flavonoids as well as antioxidant activity of several 

solanum genera are available [10, 16, 18, 78-81] but a 

comparison with those growing in Uganda is deficient. 

This study intended to quantify and compare the content 

of phenols and flavonoids as well as the antioxidant 

efficiency of aqueous extracts of three solanum genera 

selected from Kabale in Southwest Uganda.  

 

Experimental results on tests performed to 

determine the qualitative presence of key natural 

products and metabolites in aqueous leafy extracts of S. 

angiuvi, S. macrocarpon and S. nigrum are presented in 

Table 1 below.  

 

Table 1: Qualitative tests on leaf extracts on chemical groups present in the leaves of Solanum anguivi; S. 

macrocarpon and S. nigrum .sampled from Kabale 

Test S.nigrum S. macrocarpon S. anguivi 

Mayer’s test (alkaloids) + + + 

Born-Trager reaction (quinones) - - + 

Ferric chloride test (tannins) + + + 

Ferric chloride test in saturated sodium acetate (Gallic acid)  + + + 

Shinoda test and magnesium powder(Flavonoids)  + - + 

Test index foam (Saponins) + + + 

Raymond reaction Cardenolides)   - - 
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Kedde reaction (Steroids)   - + 

Ethanoic acid test + ethanoic anhydride and sulfuric acid (Terpenoids) + - + 

Picric acid test(Cyanogenic derivatives) - - - 

 

Results on qualitative analysis of aqueous 

extract from leaves of S. anguivi, S. macrocarpon and 

S. nigrum are shown in Table 1 above. The results 

indicate all leaves sampled contained flavonoids, 

polyphenols, alkaloids, saponins and tannins so 

revealing that phytochemicals normally sought for from 

food supplements are present. So these leaves have 

medicinal values as well as providing food contents in 

form of carbohydrates, mineral salts, proteins and 

vitamins.  

 

This is in agreement with what was published 

[82]. Phytochemicals have beneficial effects in a ways 

like, polyphenols reduce blood pressure while saponins 

may prevent cancer [83, 84] yet presence of tannins has 

been associated with causing cancer of the gullet[34, 

85] excessive daily consumption of the leaves sampled 

in this study should be avoided because tannins, 

solasonine and solamargine are anti-nutritive [86, 87]. 

The presence of glycosides in the leaves of S. anguivi, 

S. macrocarpon and S. nigrum indicated the leaves have 

anti-inflammatory properties so consumption of the 

selected leaves can increase the ptotential to resist 

diseases and oxidative stress [79, 88]. The presence of 

glycosides in leafy extracts of these plants may treat 

cholesterol disorders and diabetes I and II [13] when 

consumed in appropriate quantities. The leaves contain 

saponins which are useful healthy and nutritional 

products.  

 

 

 

Saponins are glycosides which are essential 

healing diseases that affect the trachea and lowering 

cholesterol levels. Presence glycosides, 

monosaccharides and polysaccharides in leaves imparts 

antioxidative properties to the leaf extracts of the 

selected plants. It is necessary to feed on a varied diet of 

vegetables to harness these benefits. Terpenes are 

present in leafy extract of S. anguivi and S. nigrum but 

were not detected in S. macrocarpon indicated that only 

when vegetables are eaten or used in combination that 

synergy can be achieved if treatment of an ailment has 

to effected. It is not surprising that in traditional 

medicine several plants are bundled up for therapeutic 

measures.  

 

Flavonoid content of the aqueous extracts of 

leaves of S. anguivi, S. macrocarpon and S. nigrum was 

determined spectrophotometrically using reaction of 

flavonoids with chromogenic system NaNO2-Al (III)-

NaOH. The mechanism involves the reaction of any 

aromatic ring bearing a quercetin group. When Al (III) 

is added followed with NaOH, mixture turned from 

yellow to red and the absorbance was measured at 

wavelength of 510 nm [89-91]. The total flavonoid 

content of the dry leaves was expressed as milligrams 

of Quercetin equivalents per gram dry mass (mg QE/g) 

in Table 2. Each leaf extract was analyzed in triplicate 

[92].  

 

The variation of absorbance of aqueous 

quercetin of different concentrations was plotted to give 

Figure 2 shown below.  

 

 
Figure 2: Plot of absorbance against concentration quercetin 

 

As seen in Figure 2 above, there was a linear 

relation between absorbance and concentration of 

quercetin.  

 

The line graph obtained is: Absorbance = 

0.0023[Qe] + 0.025 with R² = 0.9913. This was used as 

standard curve for defeminizing concentration of 

flavonoids in quercetin equivalents Concentration mg/L 
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of total flavonoids obtained from standard curve of 

quercetin from line equation, absorbance = 0.0023 [Qe] 

+ 0.025, in Figure 2 by using the absorbance of the 

analyte under test and reading off the corresponding 

concentration from the line or calculating using the 

equation. The concentrations were averaged for each 

sample and recorded in Table 2  

 

Table 2: Total flavonoid and polyphenol contents of aqueous extracts of leaves of S. anguivi; S. macrocarpon and 

S. nigrum from Kabale (n = 3) 

Plant Polyphenols GAE/g/of 

dry weight 

Flavonoids/mg 

QE/g 

DPPH scavenging at 

IC 50 / μg/mL 

H2O2 Scavenging at 

IC50 / μg/mL 

Ascorbic acid   3.30 ± 0.15 16.25 ± 0.25 

S. anguivi 17.50 ± 0.70 7.40 ± 0.30 7.80 ± 0.25 6.90 ± 0.15 

S. macrocarpon 104 ± 0.45 35.90 ±
 
0.60 45.60 ± 0.30 27.00 ± 0.35 

S. nigrum 97.85 ± 0.15 16.40 ± 0.40 42.90 ± 0.20 17.90 ± 0.20 

 

The total polyphenols in the aqueous leafy 

extracts was determined using the Folin-Ciocalteu 

reagent (Singleton et al., 1999) whereby the crude 

extract (100 µL) was mixed with Folin-Ciocalteu 

reagent (0.2 mL); and deionized distilled water (2 mL) 

and of 15% Na2CO3 (1mL) and allowed to stand for two 

hours. Aliquot of mixture formed was placed in cuvette 

of spectrophotometer. The absorbance of the mixture 

was measured at wavelength of 765 nm after standing 

for two hours at room temperature. Absorbance of 

solutions of gallic acid of different concentrations were 

used to plot standard curve shown in Figure 2.  

 

The total concentrations of polyphenols were 

read from Figure 2 or calculated using the linearized 

equation using the absorbance of the mixture being 

analyzed and expressed as mg of gallic acid equivalent 

(mg GAE/100g) sample because the assay yields 

concentration of all polyphenols. The experiment were 

triplicated. Standard curve of absorbance of a different 

concentrations of standard gallic acid was plotted as 

shown in Figure 3 / Figure 3: Plot absorbance against 

concentration of gallic acid standard Figure 3 shows the 

linear variation of absorbance as concentration of gallic 

acid increased.  

 

The line graph followed the equation 

Absorbance = 0.003[GAE] + 0.02 and R² = 0.996 of 

gallic acid (0–300 g/mL) and expressed in gallic acid 

equivalents (GAE) per gram dry extract weight in Table 

2. In terms of concentration of polyphenols in the 

aqueous extracts of leaves sampled from Kabale 

showed S. macrocarpon was best source with 104.00 ± 

0.45 mg GAE /g of dry leaves followed by S. nigrum 

with 97.85± 0.15 mg GAE /g and the least 

concentration was in S. anguivi having 17.50 ± 0.70 mg 

GAE /g.  

 

These results indicated that feeding on leaves 

of S. macrocarpon would give higher polyphenol 

benefit than the other studied plants. However most 

Ugandans use S. nigrum because of the traditional 

knowledge passed from generations before. The data 

showed that the leaves of S. anguivi, S. macrocarpon 

and S. nigrum when consumed in sufficiently large 

quantity would contribute greatly towards meeting 

human nutritional requirement for normal growth and 

adequate protection against diseases caused by presence 

of free radicals in bodies [93]. Polyphenols are 

important antioxidants in plant materials. They 

contribute as terminators of free radicals. Polyphenols 

donate hydrogen atoms to free radicals. In addition, 

they possess ideal structural properties for free radical 

scavenging properties.  

 

Flavonoid content of aqueous extracts of 

selected leaves of sampled solanum species from 

Kabale revealed a similar concentrations variation to 

polyphenols above with S. macrocarpon yielding 35.90 

± 0.60 mg QE/g; followed by S. nigrum with 16.40 ± 

0.40 mg QE/g and then S. anguivi with 7.40 ± 0.30 mg 

QE/g of dry leaves. In terms of dietary contribution, 

feeding on S. macrocarpon would contributing higher 

supplements of flavonoids than traditional S. nigrum yet 

consumption of leaves of S. anguivi would provide a 

below average quantity of these nutrients as evidenced 

by results of this study. Flavonoids include flavanals, 

flavanols, and flavones and have various chemical and 

biological properties including radical quenching [94].  

 

The presence of flavonoids in the leaf extracts 

of all samples studied indicated that consumption of 

these leaves whether as food or medicine would provide 

formidable ingredients to combat free radicals once 

inside the body. It may be necessary to feed on the 

leaves following a routine to avoid accumulation of 

anti-nutrients in them [95].  

 

The presence of compounds such as 

polyphenols and flavonoids in leaf extracts of S. 

anguivi, S. macrocarpon and S. nigrum may account for 

the antioxidant potential and the use of these plants in 

food and herbal medicines. As phytochemical 

compositions of the sampled leaves used in this study 

varied can be used to assert that it would be highly 

beneficial to use the leaves in combination for 

synergistic effects, as well as harnessing different 

nutrients provided by each species.  

 

Abundance, distribution and activities of 

pharmacologically useful compounds in herbs is 

affected by geographical location, genetic variations, 
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environment [96-99]. Flavonoids, saponins and 

alkaloids exert a wide range of biological effects [100]. 

Antioxidant, antiproliferative and DNA repair are 

biological properties of phytochemicals present in 

plants which allow plants to cope up with 

environmental challenges including exposure to 

radiation and toxins [75]. These plant metabolites work 

with nutrients and dietary fibers to protect against 

diseases.  

 

The determination of antioxidant capacity uses 

the diphenylpicrylhydrazyl (DPPH) radical. In this test, 

the scavenging of DPPH is followed by monitoring the 

decrease in color intensity at wavelength of 517 nm 

resulting from reduction by the antioxidant, electrons or 

coupling with a radical species.  

 

DPPH results test the ability of compounds 

donating hydrogen or quench free radicals. Thus it can 

relied on to assess how ingredients in extract can 

increase safety and value of foods. Solutions of DPPH 

of different concentrations in methanol were prepared 

and separate mixed with alliqouts of leafy extracts and 

allowed to stand. Absorbance, A then was read at 

wavelength of 517 nm, against the methanol blank to 

remove the influence of the color of the samples. 

 

The radical-scavenging activity expressed as percentage 

of inhibition according to the following formula [101]. 

Inhibition% (mg/mL) = 
                

        
 x 100 

 

The scavenging of DPPH at IC50 was observed 

highest for S. macrocarpon at 45.60 ± 0.30 μg/mL and 

least for S. anguivi at 7.80 ± 0.25 μg/mL yet that for S. 

nigrum at 42.90 ± 0.20 ug/mL was also high. These 

average results indicate that leaves of S. macrocarpon 

are the best at providing protection against oxidaitive 

stress followed by S. nigrum and leaf extracts of S. 

anguivi are poor. Dietary ingredients like vegetables are 

consumed with the interest of providing resources for 

free radical scavenging. Since S. macrocarpon and S. 

nigrum provide nearly equal capacity to reduce free 

radicals, it would be better to recommend their use in 

foods and herbal medicine where the aim is to help 

mediate effects of oxidative stress and degeneration 

caused by it [93, 94]. 

 

The scavenging of hydrogen peroxide at IC50 

shown in Table 2 ranged from an average as high as 

27.00± 0.30 for leaf extracts of S.macrocarpon through 

17.90 ± 0.20 for S. nigrum to as low as 6.90 ± 0.15 for 

S. anguivi. The data suggests that consumption of 

leaves of S. anguivi may not be as instrumental as 

consuming leaves of S. macrocarpon but all leaves can 

serve the purpose of providing defence against oxidants 

if consumed in relative proportions to the quantity of 

capacity to reduce oxidizing agents. So one using S. 

macrocarpon may need less mass of leaves to get a 

similar performance to one consuming S. anguivi 

leaves. The set of results in agreement with what was 

published by some authors [102] probably because they 

also used water at room temperature to extract leaves. 

However, there are discrepancies in some values 

probably caused by geographical and environmental 

conditions where the plants were collected from as 

compared to where the authors in literature collected 

their samples. 

 

Phytochemicals modulate metabolism 

preventing oxidative stress and cancers. They are 

present fruits, leaves and roots of certain herbs, shrubs 

and trees [33]. Thus the therapeutic values of plants 

stems from providing curative substances, minerals and 

vitamins that have specific physiological effects in the 

human body.  

 

Flavonoids, saponins, alkaloids, phenols, 

phytates, tannins, cyanides, terpenoids and steroids 

were important phytochemicals reported to be present 

in fruits of S. marcrocarpon [35] and the aqueous leafy 

extracts, revealed presence of alkaloids, flavonoids and 

tannins in the present study. The differences in 

phytochemical composition in this study from those in 

literature have been attributed to factors like solvent 

used, method of extraction, geographical and 

environmental uniqueness [82, 103, 104] and this has 

been observed in many studies in different parts of the 

world [96-99]. Plant nutrients show different health 

enhancing effects to life processes [100, 105] reported 

Solanum melongena fruits lowered lipid and cholesterol 

in rats because they contained flavonoids. Similarly, 

flavonoids and saponins extracted from fruits and 

leaves have been shown to exhibit antioxidant, anti-

inflammatory, hypocholesterolaemic and antimicrobial 

effects [106-111]. Alkaloids impart bitter taste to plant 

extracts like that from S. macrocarpon and other 

eggplants [110]. The curative effects of alkaloids to 

high blood pressure, malaria and cancer appear in many 

studies [109, 112]. S. melongena leafy extracts showed 

analgesic and central nervous system depression effects 

due to presence of alkaloids [113] 

 

Total Polyphenol Content 

Polyphenols obtained from plant extracts 

readily undergo reduction-oxidation reactions which 

enable them to perform antioxidant activities [19]. The 

hydroxyl groups present on them facilitate free radical 

scavenging by donating hydrogen. Thus why they are 

very vital in life processes, especially in relieving free 

radicals.  

 

Since polyphenols form complexes with the 

Folin–Ciocalteu reagent whose intensity depends on 

concentration of polyphenols in each extract, the 

reaction was adapted and followed colorimetrically by 

reading absorbance of mixtures of leafy extracts with 

the reagent. The results were derived from a calibration 

curve y = 9.53x - 0.13, with R
2
 = 0.996 of gallic acid in 

a range of concentrations 0–250 µg/mL and expressed 
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in gallic acid equivalents (GAE) per gram dry extract 

weight in Table 2. The content of polyphenols extracted 

to water ranged from 104 to 17.50 mgGAE/g 

representing an approximate five-fold variation. S. 

macrocarpon, S. nigrum and S. anguivi had average 

polyphenol content of 104 ± 0.45, 97.73 ± 0.15 and 

17.50 ± 0.70 mg GAE/g of dry weight, respectively. 

Presence of hydroxyl groups on polyphenols readily 

dissolve in water, hence water is frequently used to 

extract them. Whereas it was reported that TPC was 

0.704 mg GAE/g fresh weight of S. nigrum in a water 

extract [16] we report a value nearly ten times high for 

each gram of dry leaves. This could have been a result 

many factor like environmental, seasonal or genetic 

variations. The values of content of polyphenols 

obtained in this study for S. macrocarpon are similar to 

those published [114] and yet polyphenol content of S. 

anguivi adduced in this study are less compared to those 

in the literature [65]. Variations in TPC in plants are 

caused by many factors like the duration of extraction, 

geographical variation and methods of extraction just to 

mention. So divergence of results from those in 

literature was expected. S. macrocarpon was proved to 

be the richest source of polyphenols yet S. anguivi 

leaves would supply least. 

 

The need for extraction of polyphenols and 

flavonoids from plants is important because they 

possess unique functions, structures and interactions 

with food components in human bodies. S Many factors 

may retard solid-liquid extraction such as nature of 

solvent used, extraction time duration, temperature and 

particle sizes [115, 116] thus why in this study the 

powder was extracted for 24 hours to increase amount 

of active ingredients percolating in the aqueous phase 

[117].  

 

Total Flavonoid Content 

The flavonoid concentration of aqueous 

extracts from leaves was determined by observing color 

intensity formed from interaction of leafy extracts with 

complex of aluminium chloride in NaOH method. The 

results were derived from the calibration curve 

Absorbance = 0.0023[Qe] + 0.025 with R² = 0.9913 of 

quercetin in range of concentrations from 0–100 

µg/mL) and expressed in quercetin equivalents (QE) per 

gram dry extract weight (Table 2). The flavonoid 

content extracted to water ranged from 6.6 to 16.42 mg 

QE/g of dry leaves, representing an approximate three-

fold variation. While the smallest amounts of flavonoids 

were found in S. nigrum (6.61 ± 0.40, S. anguivi. and S. 

macrocarpon contained 6.97 ±
 
0.60 and 16.42 ±

 
0.30 

mg QE/g respectively) and the results agree with those 

in literature [114]. 

 

Flavonoids are plant metabolites whose 

antioxidant activity depends on the number and position 

of free OH groups [14]. It was reported that a TFC of 

21.53 mg QE/g dry weight in the methanol extract of C. 

tora [15], yet that for fresh leaves of S, nigrum 

extracted in water was 0.64 mg catechin equivalents/g 

[16] and as reported in the literature, genetic diversity; 

as well as biological, environmental, seasonal and year-

to-year variations significantly affect the flavonoid 

content of vegetables [15]. 

 

DPPH Radical Scavenging Activity 

The data on DPPH radical scavenging 

activities of aqueous extracts of solanum genera 

selected from Kabale are presented in Figure 4. All the 

extracts had their DPPH radical scavenging efficiency 

increasing as concentration of extract was increased so 

radical scavenging capacity was proportion to 

concentration. 

 

The greatest DPPH radical scavenging activity 

of with a minimum IC50 value was recorded for S. 

macrocarpon 45.60 ± 0.30 µg/mL followed by S. 

nigrum 42.90 ± 0.20 µg/mL and S. anguivi 7.80 ± 0.20 

µg/mL. All data were compared with the IC50 value of 

standard ascorbic acid as presented in Table 2. 

 

 
Figure 4: Comparison of DPPH radical scavenging activity of standard ascorbic acid and three selected solanum genera from 

Kabale at different concentrations 
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From Figure 4 above, it is observed that 

ascorbic acid removed radicals at highest rate as a 

standard. Like the standard, all tested leafy extracts 

showed progressive increase in capability to counteract 

free radicals as concentration increased and this has 

been reported as concentration dependence of the 

reactions [102]. DPPH radical is stable and readily 

takes up free radicals or electrons [42]. The DPPH 

radical being colored easily quantifies quenching of 

radicals by plant extracts [43]. When DPPH takes up 

electron or free radical it changes color from blue to 

yellow, this causes the absorption peak at wavelength of 

517nm disappears [44]. In this study extracts from 

leaves of S. macrocarpon was superior to S. nigrum at 

removing DPPH radicals and least performance was 

provided by S. anguivi probably due to least total 

content of polyphenols and flavonoids in the extract of 

S. anguivi. In terms of food supplement or herbal 

medicine with best radical scavenging properties leaves 

of S. macrocarpon is listed yet in its absence even 

leaves of S. anguivi would facilitate the diet or medicine 

being administered but the quantity used must be larger 

than would be used for S. macrocarpon alone.  

 

Hydrogen Peroxide Scavenging Activity 

The capacity of the aqueous leafy extracts of 

selected solanum genera from Kabale in scavenging 

hydrogen peroxide was carried out and the data 

obtained was plotted in Figure 5. They showed lower 

performance than the reference standard ascorbic acid. 

The reference standard and the aqueous plant extracts 

had their capacity to scavenge for radicals from 

hydrogen peroxide increasing with increasing 

concentration of the test reagent. The greatest radical 

scavenging activity with minimum IC50 value was 

recorded for S. macrocarpon at 27.00 ± 0.35µg/mL, 

followed by S. nigrum providing 17.90 ± 0.20 µg/mL 

and S.anguivi showed 6.90 ± 0.15µg/mL. Thus leaves 

of S. macrocarpon would serve as best antioxidants in 

herbal medicine, preservative or food. 

 

 
Figure 5: Comparison of hydrogen peroxide radical scavenging activity of ascorbic acid and aqueous extracts of dry leaves of 

solanum genera selected from Kabale at different concentrations 

 

It can be observed from Figure 5 that hydrogen 

peroxide scavenging increased as concentration of 

extracts increased, so consumption of these leaves must 

be continuous if man has to harness good protection to 

health from vegetables. Hydrogen peroxide is a 

powerful oxidizing agent, stimulates cellular 

proliferation [36], or differentiation [37]. It was 

reported that hydrogen peroxide is produced in a 

biological system by oxidizing enzymes such as 

superoxide dismutase [38]. Its accumulation is known 

to cause oxidative stress and inflammation reactions, 

which were related to pathological conditions like 

cancer, diabetes, and cardiovascular diseases [39, 40]. 

This happens because hydrogen peroxide readily 

decomposes generating hydroxyl radicals that initiates 

lipid peroxidation and damage of cellular organelles 

[41]. Regulation of hydrogen peroxide generation using 

aqueous extracts from the selected solanum genera from 

Kabale in Figure 5 predicts chance for use of the leaves 

S. anguivi, S. macrocarpon and S. nigrum as medicine 

or food compliments that can alleviate radicals 

generated in living systems.  

Ferric Reducing Antioxidant Power (FRAP) 

The capacity of leafy extracts of selected 

plants is shown in Figure 6. Like the radical scavenging 

activity, all the aqueous extracts from the selected 

solanum genera from Kabale reduced iron (III) ions in a 

manner that increased with increase in concentration of 

the extracts form the dried leaves. The most reducing 

extract was S, macrocarpon followed by that from, S. 

nigrum and the least reducing was from S. anguivi. 

However all extracts tested in this study showed lower 

degree of reducing power than ascorbic acid that was 

used as standard. The ability of compounds present in 

the leafy extracts of solanum genera selected from 

Kabale and even from other plants in reducing iron (III) 

ions to iron (II) ions in hexacyanoferrate (III) complex 

was reported to act as a potential indicator for 

antioxidant activity [45]. It is on record that in the 

experiments in which the reducing power of 

antioxidants on iron (III) ions is determined, the yellow 

color test solution changes to green and blue depending 

on the reducing power of extracts or compounds [46, 

47]. The presence of reducing agents in the aqueous 
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leafy extracts being studied transformed Fe
3+ 

to Fe
2+

, 

which was monitored by measuring absorbance at 

wavelength of 700 nm [48]. 

 

 
Figure 6: Variation of capacity to reduce Iron (III) ions of selected Solanum genera from Kabale at concentrations ranging from 50 to 200 

µg/mL 

 

From Figure 6 it can be asserted that extracts 

from leaves of S. macrocarpon showed highest 

reducing action to iron (III) ions in hexacyanoferrate 

(III) yet leaves of S. anguivi exhibited least reducing 

power. The higher tendency for extracts from leaves of 

S.macrocarpon in reducing iron (III) ions showed that 

the extracts contained larger total concentration of 

polyphenol and flavonoid than the others studied 

because capacity of natural antioxidants to reduce iron 

(III) ions is proportional to total concentrations of 

flavonoids and polyphenols [102]. Thus feeding on 

leaves of or/and using leaves of S. macrocarpon in 

medicine would serve better to retard transition metals 

from generating free radicals at pace higher than either 

S. nigrum or anguivi 
 

The Thiocyanate- Iron (III) Complex in a Linoleic 

Acid System 

Oxidation of lipids in living systems may 

cause oxidative damage which leads to stress because it 

produces lipid hydro-peroxides which can decompose 

to free radicals. Failure to overcome free radicals can 

cause damage to cells and induce degenerating diseases 

[50].  
 

Lipid hydro-peroxides are stable at room 

temperature, but are decomposed by heat, UV light or 

by transition metals [51]. The capacity of leafy extracts 

to act as antioxidants was carried out using the linoleic 

acid- thiocyanate system at 37 
o
C mixing it with 100 

µg/mL of extracted leafy samples. The products oxidize 

Fe
2+

 to Fe
3+

 ions.  

 

On the addition of thiocyanate (SCN-), it gives 

a thiocyanate- iron (III) complex which shows 

maximum absorbance at wavelength of 500 nm. The 

effect of leafy extracts of selected genera from Kabale 

in retarding oxidation of linoleic acid is presented in 

Figure 7. The absorbance of the control increased to 

2.00 ± 0.02 at 70 h, then decreased. This was due to the 

formation of products, which retarded peroxide 

formation. This result can be interpreted as revealing 

that when antioxidants are present in living systems, the 

oxidation of lipids is slow, and so the color 

development from thiocyanate- iron (III) complex was 

retarded. Of the solanum species studied, minimum 

absorbance was observed for mixtures containing 

extracts of leaves of S. macrocarpon because there was 

minimum peroxide formation in observed time intervals 

yet extracts of S. anguivi exhibited maximum 

absorbance due to its low antioxidant activity. The 

species with higher polyphenol or flavonoid contents 

showed lower absorbance due to minimum peroxidation 

and the vice versa is true S. anguivi which contained 

less total quantity of flavonoids and polyphenols than 

the rest. 

 

 
Figure 7: Capacity of aqueous extracts from leaves of solanum genera selected from Kabale to resist oxidation in the ferric thiocyanate–linoleic 

acid system at different time intervals at a concentration of 100 µg/mL 
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From Figure 7 above, it can be observed that 

the increase in absorbance was slowest for extracts from 

leaves of S. macrocarpon because it contained the 

highest combined concentrations of polyphenols and 

flavonoids so it possessed he highest antioxidant 

concentration and quenched the lipid oxidation best. 

The increase in absorbance was highest for extracts 

from leaves of S. anguivi indicating that they contained 

less concentration of antioxidant. Linoleic acid more 

readily underwent oxidation in presence of extracts 

from leaves of S. anguivi than in presence of leafy 

extracts of S. macrocarpon because leafy extracts from 

S. anguivi offered less protection against oxidation of 

linoleic acid in the thiocyanate-iron (III) system 

because it contained less total concentration of 

flavonoid and polyphenols as compared to S. 

macrocarpon. The results in Figure 7 above reveal that 

consuming leaves of S. macrocarpon provides higher 

chances of retarding oxidation of lipids than S.anguivi 

and S. nigrum. So the greatest reducing antioxidant 

power was recorded for S.macrocarpon, followed by S. 

nigrum, and S. anguivi compared to standard ascorbic 

acid. 

 

CONCLUSIONS 

In this study, phenol and flavonoid content of 

S. anguivi, S. macrocarpon and S. nigrum growing in 

Kabale were determined. The presence of higher 

concentrations of polyphenols and flavonoids in S. 

macrocarpon revealed that its leaves would serve as a 

very rich source of antioxidants needed to increase 

nutritive values of food or could be used as medicinal 

supplement. Similarly the powder of dry leaves of S. 

anguivi, S. nmacrocarpon or S. nigrum can serve as 

preservatives food since they are rich in antioxidants. 

The polyphenol content of dry leaves of: S. anguivi was 

17.50± 0.70; that for S. macrocarpon was 104 ± 0.45 

and S. nigrum was 97.80 ± 0.15 GAE/g yet the 

flavonoid content was 7.40 ±
 
0.30, 35.00 ± 0.60 and 

16.40 ± 0.40 mg/QE/g for S. anguivi, S. macrocarpon 

and S. ngrum respectively. The DPPH scavenging at IC 

50 were 7.80 ± 0.25 ; 45.60 ± 0.30 and 42.90 ± 0.20 

respectively yet hydrogen peroxide scavenging stood at 

IC 50 were 6.89± 0.15; 27.00 ± 0.35 and 17 .90 ± 0.20 

ug/mL in the respective order for S. anguivi, S. 

macrocarpon and S. nigrum. The available data 

suggests the plants are very good food supplements.  

 

From the adduced results, aqueous extract of 

leaves of S. anguivi, S. macrocarpon and S, nigrum 

possess a powerful antioxidant activity so it may offer 

good protection against oxidative damage to body cells. 

It can be suggested that the selected solanum genera 

could be used as readily available sources of natural 

antioxidants, which can be used as dietary supplements 

for reducing the oxidative burden in degenerative 

diseases such as cancer, inflammation, diabetes, which 

develop due to oxidative stress in the body. The 

traditional herbalists and local population may continue 

using these plants as reliable sources of antioxidants in 

sauce, soup or/and herbal medicines. 

 

RECOMMENDATIONS 
There is need to perform in vivo and vitro 

experiments to deduce the efficacy of selected solanum 

genera on mammals. It will be necessary isolate and 

identify antioxidant components and study the 

individual antioxidant potential, which may lead to the 

inclusion of these compounds in different antioxidant 

formulations. 
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