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BANANA RIPENING BY SMOKING CABINET 
 

S.J. Ranaweera, A.A.L.T. Ampemohotti, Udara. S. P. R. Arachchige 

Abstract— Ethylene is the hormone that is responsible for the ripening. It is naturally producing in climacteric fruits even after harvested even though 

this process is time-consuming. As the demand gets higher day by day, artificial ripening becomes famous in order to increase the production capacity. 

There are already so many methods are available for this purpose but people tend to use harmful techniques to ripen climacteric fruits as those methods 

are cheaper and easier to use. To solve this problem a harmless, successful and efficient method should be found that can be continued at a low cost. 

This smoking cabinet is designed using ancient techniques that have been successfully used for years to stimulate natural ethylene production and 

enhance ripening efficiency. 

Index Terms— Banana, Ethylene, Ripening, Smoking Cabinet   

——————————      —————————— 

1INTRODUCTION                                                                     

Banana (Musa accuminata and Musa balbisiana) is a 

climacteric fruit which ripens after harvesting due to the 

continuous ethylene production.  Ethylene is a natural 

colorless gaseous plant hormone that is responsible for many 

processers including ripening. Ripening is also known as de 

greening and it is a chemical-free natural process. Ripening is 

a process that includes physiological, biochemical and 

organoleptic changes in fruits which attains the desirable color, 

aroma, and texture that are unique to the optimum eating 

quality [1]. The natural ripening process is unpredictable and 

not uniform [2]. During the ripening process color changing 

from green to yellow due to pigments. Two compounds are 

responsible for this which names are chlorophylls and 

carotenoids. When the ripening process begins chlorophylls 

starting to degrade and simultaneously carotenoids give the 

yellow color for the fruit. In addition to the degradation process 

of pectin, the texture of the banana getting soft and sweetness 

getting high because of the degradation of starch into simple 

sugar such as fructose and glucose. edible fruit comes 

because of the ripening process. reduction of astringency, the 

increment of sweetness and softness of peel, yellowing peels 

are organoleptic changes that occur during the ripening 

process. A banana is one of the major fruit in the world in 

production and consumption.Due to the increasing demand, 

the supply should also be increased. Normally banana is 

harvesting at an immature stage and consumes when it is 

matured by the proper ripening. Enhancing the ripening 

efficiency is important to maintain proper supply-demand 

system. Normally it takes three to four days to ripe an 

immature banana. To reduce this time, people tend to use so 

many artificial ways such as using calcium carbide, acetylene, 

ethylene, propylene, ethrel (2-chloroethyl phosphonic acid), 

glycol, ethanol which are harmful to humans [2]. The use of 

artificial ripening agents has become a common practice due 

to slow, unpredictable and non-uniformity caused by the 

natural ripening. Therefore, food producers use several 

artificial ripening agents to speed up the ripening 

process.Ancient people in Sri Lanka used smoking which is 

practically 100% successful. However that process was a little 

bit complex because due to a lack of proper apparatus and 

knowledge. It increases the temperature when smoking which 

accelerates the ethylene production [3]. If the banana is stored 

at elevated temperatures it gives soft de greened banana in a 

shorter period [4]. By using this method, the natural ripening 

process can be accelerated without using any harmful 

chemicals. 

 

2    METHODOLOGY 

This ripening cabinet is developed by incorporating several 
traditional methods mainly including smoking. Smoke is 
generating by the combustion of coconut shells which is 
thrown away as waste. When a banana is exposed to warm 
smoke it accelerates the ripening as it increases the 
temperature. The high temperature helps to stimulate 
ethylene. This cabinet helps to maintain a high-temperature 
level inside as it is fully airtight. This cabinet is better than 
other chambers as the internal temperature, pressure 
conditions are displayed so they can be maintained at an 
optimum level. There is a gas outlet to control the high CO2 
levels accumulate inside the cabinet. This module is airtight to 
prevent any leaking of produced ethylene. It should not 
continuously smoke until ripening because subjecting to a high 
temperature for a longer time is undesirable for the banana 
pulp quality. First of all, the smoking cabinet should open by 
the sliding door which is used to place and remove the 
commodities inside the cabinet and it should be properly 
cleaned. 

 Then the commodities that wanted to ripen, should be 
placed on the perforated racks inside the smoking 
cabinet. (Bananas which are needed to firstly ripen or 
that are more immature should be kept on the bellow 
layer and others must be kept on the different layers 
accordingly based on the requirement as the 
commodities placed on the below layer exposed to 
smoke better than in the upper layer). 

 Then after that, properly dried ingredients (coconut 
husks) which are using as fuel should be placed 
inside the outer combustion unit and let it ignite. 

 After a while as smoke is produce, the ―mainahama‖ 
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part should be used to force the smoke generated 
through the pipes into the bottom part of the cabinet.  

 At the end of the pipeline, there is a proper filter that 
can be clean and replaced again to trap carbon and 
other undesirable compounds which avoid them 
flowing inside. (It helps to eliminate the black color 
layer accumulate inside the cabinet which reduces the 
ability to observe inside apart from eliminating the 
undesirable effects on the commodities.) 

 Then the smoke will be flow through the perforated 
racks and touch the banana surface and initiate to 
accelerate the ripening process. 

 The internal temperature and pressure are displaying 
in the display located on the top of the cabinet which 
helps to control the conditions by opening the cabinet 
if the conditions are undesirably high. 

 Glass walls of the cabinet helps to observe the inside 
of the cabinet. 

 Accumulation of moisture which may condense as a 
result of this process can be occur and this downward 
prism shape helps to reduce the accumulation of 
moisture in the corners and the bottom tap helps to 
easily remove that accumulated moisture. 

 Wheels helps to easily move this cabinet to anywhere 
and enhance the convenience of handling by that. 

 
Glass material is used as it helps to observe inside of the 
cabinet. But as the cost is high, other suitable material such as 
stainless steel can be used with only a one glass side. Fig. 1 is 
showing the ripening cabinet in different angles. 

 
Fig. 1. Ripening Cabinet 

3    DISCUSSION 

There are various types of banana and they can be 
differentiated based on the colour, texture, size, taste. Some of 
the banana types are given below. 
 
Cavendish (dessert banana) -  
This is the most popular banana type all around the world (Fig. 
2). These are sweet when they are ripen. The peel colour 
change from green to yellow. Brown spots that gets larger with 
the ripening process will appear on the peel surface . 
 
 
 
 
 
 
 

 
 
 
          
 
 
 

 
 
 
 
 
 

Fig. 2. Cavendish 
 

Plantain (Green Banana)- 
Well known as cooking banana. It is a larger, firm, less 
sweeter banana with a thicker peel. It have a different flavor. 
The main difference with other types of bananas is the major 
carbohydrate in it is starch not sugars. 
Origin- South Asia, Southeast Asia, West Africa (Fig. 3). 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. 3. 

Green Banana 

 

Red Banana- 
These are even sweeter and softer than Cavendish banana. 
Have a reddish purple peel. When ripen the skin will be lighter 
(light pink). It contains more beta carotene and vitamin C than 
other types (Fig. 4). Origin- South East Asia. 
 
 
 
 
 
 
 

 

 

 

 

Fig. 4. Green Banana 

A 54% of the total fruit lands are covered with banana 
cultivation [5]. Banana is leading in the world fruit  production 
as it takes the fourth place in the total crop production of  the 
world after rice, wheat and maize. 
 
Importance of banana: 
It is eaten as it is or cooked. It can be used to produce 
products like beverages including smoothies, fruit salads, 
puddings, cakes, confectioneries, etc. When concerning the 
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composition of banana, it contains a lot of micronutrients as 
well as macronutrients. So, a banana gives energy due to the 
presence of a high amount of carbohydrates. Banana is a fruit 
therefore it has less amount of protein and lipid content. In 
addition to that banana has some amount of dietary fibers 
which helps to proper digestion. When moving into the 
micronutrients, banana is rich in potassium, magnesium, 
phosphorus like minerals and lack of sodium and zinc. Other 
than that banana is a good source of vitamin c. 
Hydroxyl radicals, superoxide ions, nitric oxide radicals, and 
singlet oxygen and hydrogen peroxide like free radicals may 
affect for human health. Arthritis, diabetes, arteriosclerosis, 
age-related macular degeneration, certain types of cancer, 
inflammation, genotoxicity, and Alzheimer disease-like 
disorders can be expected because of free radicals. Banana is  

 
rich in many bioactive compounds, such as carotenoids, 
flavonoids, phenolics, amines, vitamin C, and vitamin E having 
antioxidant activities so they help to reduce the effect of those 
free radicles by act as an antioxidant. Most of the pigments 
have provitamin A activity other than anti-oxidant properties. In 
addition to that due to gallic acid, catechin, epicatechin, 
tannins, and anthocyanins like polyphenolic compounds heal 
the most of disorders that come from the presence of free 
radicles (Table 1). 
 
 
 

Table 1. Benefits of Banana 

Bioactive compound Health benefits Reference source 

Gallocatechingallate Cholesterol reduction [6] 
Catechin Resistance of LDL to oxidation, brachial artery 

dilation increased plasma anti oxidation 
activity, and fat oxidation 

[7] 

violaxanthin Used as food colourant  

Cinnamic acid Is a precursor to the sweetener aspartame by 
the means of enzyme catalyzed amination to 
phenylalanine 

[8] 

Trans alpha carotene Precursor to vitamin A [9] 

Trans beeta carotene Reduce the risk of  and cancer [9] 

Campesterol and stigmasterol Reduces the absorption of cholesterol in the 
human intestines 

 

Gallic acid Antioxidant and potential hepatoprotective 
effects 

[10] 

serotonin Might contribute to the to feelings of well-being 
and happiness. 

[11] 

dopamine Reduce the plasma oxidative stress and 
enhance the resistance to oxidative 
modification of LDL 

[12] 

Beetasitosterol Potential to reduce blood cholesterol levels 
and benign prostatic hyperplasia(BPH) 

[13] 

Tannic acid Applied as medical agents for the treatments 
of burns 

[14] 

Cryptoxanthin Food courant might reduce the risk of lung 
cancer 

[15] 

quercein Promote overall cardiovasvascular health by 
encouraging blood flow. 

[16] 
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Banana is harvested before it is fully ripen due to many 
reasons mainly because, 

 Ripen fruits are more prone to mechanical damages 
so they are hard to handle  

 Animals like monkeys, birds are attracted to ripen 
bananas so they eat the fruit  

So the fruits are harvested before it gets fully ripen. That is fine 
as banana is a climacteric fruit and it get ripen even after 
harvesting due to the continuous ethylene production. But this 
natural ripening process takes a long time. 
 
Ripening Process 
Ripening is an essential process as it makes the fruit palatable 
as it is responsible for many compositional, biochemical, 
physiological changes such as, 

 Color changes - Due to the changes in pigments. It 

occurs due to the breakdown of green pigment 
(Chlorophyll) and accumulation of other pigments 
such as anthocyanins and carotenoids which are 
responsible for yellow, red, purple, pink and orange 
colors [17]. 

 

 Softening - Due to enzymatic activities the 
compounds causing the firmness like pectin breaks 
down and make the texture softer. Immature fruits 
contain proto pectin and pectin which cause firmness. 
Enzymes like polygalacturonase (PG) and pectin 
methyl esterase (PME ) helps to breakdown pectin 
and reduce the firmness [18]. The chemical changes  
of starch grains are also contributing for this softening 
[19]. Averagely 50% of the firmness is dropping down 
during 3 days of ripening [20]. 

 

 Taste (sweeter) - Immature bananas containing high 

amount of starch and with the maturation these 
compounds break down into sugars like sucrose, 
fructose and glucose which cause sweetness [21]. In 
unripe bananas only 1%-2% of sugar is present but 
after ripening this percentage increase up to 15%-
20% [22]. Moreover, decrease the starch content from 
15.7% to 3.4% [23]. A Reduction of tannins which 
cause astringency will also happening during the 
ripening [24]. 

 

 Aroma - Production of aroma and flavor causing 

volatile compounds which gives the unique banana 
aroma such as alcohols, esters, ketones, aldehydes 
and phenol esters [25]. These are produced as a 
result of the metabolism of fatty acids and branched 
amino acids [26]. 
 

So there is no doubt to say that the ripening process is 
essential for the consumer acceptance as these changes 
make the fruit more demandable. Since the population is 
increasing and the demand for banana fruit is also increasing 
day by day marketers are using various artificial ripening 
methods which required lesser time.  
There are some important conditions which are affecting the 
ripening process of banana as well as other climacteric fruits. 

 Temperature:  
Elevated temperatures stimulates the ethylene 
production by increasing the rate of enzymatic 
activities. But too much heat is also unfavorable. 

According to  research it is shown that bananas ripe 
under relatively high temperature has less green than 
others [27]. So it will be a good advantage for improve 
market acceptance as well as customer satisfaction. 
Moreover, according to the statistical analysis of same 
research that mentioned the firmness of peel 
significantly softer in bananas which kept at higher 
temperature. In addition to that TSS also getting high 
of bananas which ripe under high temperature and 
high temperature help to reduce the starch 
percentage when ripening. Therefore those bananas 
has high sweetness, less astringency and flavor than 
others. 

 

 Humidity:  

An optimum humidity level should be maintained. If it 
is higher there can be microbial growth which leads to 
spoilage. Lower levels will increase the ripening 
efficiency. Optimum RH is reported as 85%-95%. 
Weight loss can be happening during the ripening 
process due to respiration and transpiration. 
Therefore, humidity directly affecting for the weight 
loss. According to literature, it is mentioned that 
weight loss is reduced for bananas which ripened 
under high humidity conditions. Weight loss is an 
important factor because it adversely affects the 
appearance, flavor, and firmness of the peel. So 
according to the statistical analyses, bananas kept at 
high humidity levels showed greater peel firmness 
than lower humidity level. In addition to that high 
humidity level helps to increase the sweetness and 
flavor of bananas. 
 

 Light: According to the given research it is shown that 

light treatment accelerate the ripening process and 
help to reduce green color and textural integrity [29]. 

 

 Aircomposition: 
When bananas are ripening, they required oxygen as 
they continue to respirate and they release carbon 
dioxide as a result. CO2 concentrations above 1% will 
slow down the ripening process. 
 

 Artificial ripening methods: Artificially ripening 

process important to transport raw bananas due to 
low susceptibility of mechanical damages. By using 
artificial ripening agents raw bananas can ripe timely. 
Bananas can artificially ripen by using several kind of 
agents such as calcium carbide(acetalene), ethephon, 
and ethylene are used for artificial fruit ripening. 

 

 Acetylene- · Acetylene gas produces when 
hydrolyzed the calcium carbide. Sri Lanka like 
developing countries prefers to use this method due 
to low cost. Even though it is prohibited by the 
government it is still widely use in Sri Lanka. 
According to the series of experiments conducted by 
researchers has shown that acetylene can speed up 
the banana ripening after 120 hours while control 
sample remained as unripe after same 
period [30]. Acetylene has a lower biological activity 
than ethylene and concentration should be 2.8ml/L to 
enhance ripening of bananas [31]. According to the 
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past research that found there is no significant 
differences in sensory properties between ethylene 
treated bananas with acetylene treated bananas at 
1ml/L when they are compared at same ripening 
stage. However, calcium carbide is not safe anymore 
and it is banned by the government [32]. 
 

Some of these artificial ripening agents has a different kind of 
impurities  and also this kind of artificial ripening agents might 
be cause for different kind of health effects [33]. Ethephon 
might have monochloroethyl ester of phosphonic acid-like 
impurities [34]. So these can be destroyed monochloroacetic 
acid [35]. Because of that symptoms can appear such as fatal 
systematic poisoning and burn injury when monochloroacetic 
acid contact with skin [36]. As a result of the reaction of water 

with calcium carbide acetylene gas will be produced it may 
involve into ripening process of banana as a ripening agent. It 
acts as ethylene. When mechanically evaluating, calcium 
carbide there are phosphorous hydride and arsenic can be 
found [37]. Therefore, when dealing with calcium carbide it can 
cause the formation of liquids in the human lungs. 
 
Health defects of artificial ripening agents- 
As primary symptoms burning sensation of chest and 
abdomen, vomiting, diarrhea, weakness, thirst, irritation or 
burning skin and eyes, the difficulty in swallowing, sore throat, 
permanent eye damage, shortness of breath and cough, an 
ulcer on the skin can be expected [38]. According to past 
researches, direct consumption or exposure of artificial 
ripening agents cause most of the health hazards [39]. Renal 
failures can be caused due to ethylene glycol. Ethylene is 
considered as a safe artificial ripening agents but those are not 
commonly used worldwide due to high cost [40].  Most farmers 
and producers are willing to use low-cost agents such as 
calcium carbide and ethephon likewise [41]. Acetylene 
produced by compounds like carbide is reducing the brain 
oxygen supply and affects the nervous system. Also, carbide is 
a flammable solid. 
 
What happens when you consume artificially ripe bananas 
for a long time? 
There are no available human studies about it but as these 
fruits which are ripened by carbide may contain some amount 
of heavy metals like arsenic which increases the risk of cancer 
[42]. In most countries, using calcium carbide for ripening is 
illegal but still, farmers use this method as it is very cheap. 
Even though there are no human studies yet, there is a rat 
study about the changes in health after the consumption of 
bananas which are ripened by using carbide. According to the 
result of the rat trail, white blood cells and eosinophil levels of 
female animals are getting high and also in male rats 
hemoglobin amount getting high when consuming carbide 
applied fruits. In addition to that after consuming carbide 
applied fruits, it will be cause for the imbalance of sex 
hormones in the body. After observing the overall study, 
consumption of calcium carbide applied fruits may have 
potential health hazards such as lower the immunity, 
imbalance of the hormonal functions and might be affected for 
the overall reproductive functions and it will cause infertility. 
 
Method of enhancing the ripening efficiency naturally. 
Using ethylene gas artificially in a ripening chamber for this 
ripening process is a harmless efficient method but it required 

a huge investment that cannot be bear by small scale farmers. 
Ethylene releasing solutions are also good but most of the 
farmers and sellers use those solutions in improper ways to 
get the results faster and that can again be harmful to the 
consumers as they could be contaminated with heavy metals 
like hazardous compounds which may cause serious health 
issues. In countries like Sri Lanka, they have a wide 
knowledge on indigenous methods for so many purposes 
including ripening. The best thing is most of them are natural 
and harmless.  
 
01) Keeping ripen and un-ripen fruits together in an air tight 
container is a very simple method to ripe unripe fruits as 
absorbing the ethylene hormone which is released by ripen 
fruits as a gas to the surrounding. So the ripening will be 
accelerated. 
02) Spreading unripe fruits between paddy husk or wheat 
straw layers. 
03) Uncooked rice seeds are used to cover the fruits. It helps 
to trap ethylene gas releasing from the fruits without wasting 
them to the outer environment and thereby increase the 
effective usage of ethylene to increase the ripening speed. 
04) Smoking  
Green bananas can artificially ripen by using smoke. Smoke 
treatment is also one of most popular method [43]. In this 
method, banana expose to smoke for 24 hours inside a air 
tight chamber. Then the temperature is getting high inside the 
chamber. Then the ethylene production get stimulated .The 
ethylene gas helps to enhance the enzymatic reactions inside 
the banana as a hormone. As a result of that the de greening 
process will start and fruit tend to ripe early and evenly. 
 
Ripening acceleration by traditional smoking: 
Smoking is a traditional practice done to obtain many 
purposes including ripening of climacteric foods like banana, 
preservation and enhance the sensory qualities of some 
foods. It has proven results of ripening bananas by 
incorporating traditional smoking as it has practiced 
successfully by ancient people. Also, the enhancement of 
ripening by smoking have scientifically proved recently as 
smoke contains ethylene (C2H4) and acetylene (C2H2) which 
accelerate the ripening of climacteric fruits [44]. Also, the 
smoke generated by combustion is high in temperature. This 
high-temperature levels also accelerate ripening by stimulating 
the ethylene production [45]. The smoking technique has been 
underused basically due to the resulting burnt scars and poor 
appearance of ripening banana by smoking [46]. These 
problems can be solved by understanding the reason for them 
and properly eliminating them. The poor appearance means 
the darken and dull color it gets because of the compounds 
containing in the smoke such as carbon. Burn scars and spots 
may occur when this process is not properly controlled. But 
this suggested protocol helps to maintain and control the 
conditions as well as to observe the process happening inside 
the cabinet. So it helps to withdraw commodities when they 
are ripened to the expected levels before burning. 
 
What makes our product special  

 Using a successfully used hidden indigenous 
knowledge to develop it 

 No energy consumption 

 No operational cost 

 No chemical usage. Only stimulating the natural 
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ethylene production. 

 Can use it continuously 

 No need of skilled workers to operate  

 Can control temperature and pressure like conditions. 

 No microbial spoilage during ripening. 

 
4 CONCLUSION 
As banana is a climacteric fruit, it can be ripened after 
harvesting and it is usually harvested before ripening to avoid 
post-harvest losses. This developed smoking cabinet is an 
ideal solution to reduce the usage of harmful techniques 
farmers and sellers using to further ripening. It can be 
successfully used as it is constructed with the hidden 
indigenous knowledge that ancient people have already used. 
By using this module anyone can ripen banana without any 
chemicals which leaves harmful contaminations. Zero energy 
consumption is the other plus point of this module and it only 
required small effort to monitor the conditions while smoking. 
By using this module, we can bring our hidden indigenous 
techniques back to our lives which are less harmful for 
humans. 
 

REFERENCES 
[1] [1] V. Prasanna, T.N. Prabha, and R.N. Tharananthan, 

Fruit ripening phenomena-an overview, Critical 
Reviews in Food Science and Nutrition, 47 (1), 1-19, 
2010. 

[2] [2] M.  Asif, Physico-chemical properties and toxic 
effect of fruit-ripening agent calcium carbide, Annals 
of Tropical Medicine and Public Health, 5 (3), 150-
156, 2012. 

[3] [3] F.W. Liu, Synergistic effects of  high temperature 
and  low concentration ethylene  on ripening  of Dwarf  
Cavendish bananas. Horticultural Science.13: 690–2, 
1978. 

[4] [4] M. Bantayehu, Fruit  ripening  and  postharvest  life  
of  banana  varieties at different temperatures and 
packaging. Journal of postharvest Technology.30-42, 
2017. 

[5] [5] R. Vidanapathirana, C.P. Hathurusinghe, R. 
Rambukwella, and T. G. Somarathne, A Study on 
Value Chain of Pineapple and Banana in Sri Lanka, 
2012. 

[6] [6] I. Ikeda et al, Heat-epimerized tea catechins rich in 
gallocatechin gallate and catechin gallate are more 
effective to inhibit cholesterol absorption than tea 
catechins rich in epigallocatechin gallate and 
epicatechin gallate. Journal of Agricultural and Food 
Chemistry, 51: 7303–7307, 2013. 

[7] [7] G. Williamson, C. Manach, Bioavailability and 
bioefficacy of polyphenols in humans. II. Review of 93 
intervention studies. The American Journal of Clinical 
Nutrition, 81: 243S–255S, 2005. 

[8] [8] D. Garbe, Cinnamic Acid. Ullmann’s Encyclopedia 
of Industrial Chemistry. Wiley-VCH Verlag GmbH & 
Co, KGaA, 2000. 

[9] [9] C. Li, E.S. Ford, G. Zhao, L.S. Balluz, W.H. Giles, 
S. Liu, Serum α-carotene concentrations and risk of 
death among US adults: the third national health and 
nutrition examination survey follow-up study. Archives 
of Internal Medicine, 171: 507–515, 2011. 

[10] [10] M.K. Rasool et  al. Hepatoprotective and 
antioxidant effects of gallic acid in paracetamol-

induced liver damage in mice. The Journal of 
Pharmacy and Pharmacology, 62: 638–643, 2010. 

[11] [11] S. N. Young, How to increase serotonin in the 
human brain without drugs. Journal of Psychiatry & 
Neuroscience: JPN, 32: 394–399, 2007. 

[12] [12] X. Yin, X, J. Quan, T. Kanazawa, Banana 
prevents plasma oxidative stress in healthy 
individuals. Plant Foods for Human Nutrition, 63: 71–
76, 2008. 

[13] [13] T. Wilt, A. Ishani, R. MacDonald, G. Stark, C. 
Mulrow, J. Lau, Betasitosterols for benign prostatic 
hyperplasia. Cochrane Database Systematic 
Reviews, 3, 1999. 

[14] [14] S.T. Siang, Use of combined traditional Chinese 
and Western medicine in the management of burns. 
Panminervamedica, 25: 197–202, 1983. 

[15] [15] G.N. DeLorenze et al. Daily intake of antioxidants 
in relation to survival among adult patients diagnosed 
with malignant glioma. BMC Cancer, 10: 215, 2010. 

[16] [16] F. Perez-Vizcaino, J. Duarte, Flavonols and 
cardiovascular disease. Molecular Aspects of 
Medicine, 31: 478–494,2010. 

[17] [17] J. Gross, M. Flugel. Pigment changes in peel of 
the ripening banana (Musa cavendishi). 
Gartenbauwissenschaft.; 47(2):62-4. 1982. 

[18] [18] M.A. Joslyn, The chemistry of protopectin: a 
critical review of historical data and recent 
developments. Advances in food research. 11:1-07, 
1963. 

[19] [19] E.E. Finney , I.T. BEN‐GERA IT, D.R. MASSIE, 

An objective evaluation of changes in firmness of 
ripening bananas using a sonic technique. Journal of 
food science 32(6):642-6,1967. 

[20] [20] Ali ZM, Chin LH, Lazan H. A comparative study 
on wall degrading enzymes, pectin modifications and 
softening during ripening of selected tropical fruits, 
Plant Science, 167(2):317-27, 2004. 

[21] [21] R.C. Adão, M.B. Glória, Bioactive amines and 
carbohydrate changes during ripening of 
Prata'banana (Musa acuminata× M. balbisiana), Food 
Chemistry, 90(4):705-11, 2005. 

[22] [22] N.W. Simmonds, Bananas. Webster printing 
service Ltd Bristol. Imperial College of Tropical 
Agriculture. Trop. Agric, 453-61, 1959. 

[23] [23] I.O. Adewale, A. Adefila, T.B. Adewale, Changes 
in Amylase Activity, Soluble Sugars and Proteins of 
Unripe Banana and Plantain during Ripening, Annual 
Review & Research in Biology, 34:678-685,2013. 

[24] [24] H.W. Von Loesecke, Bananas: chemistry, 
physiology, technology. Interscience Publishers, Inc, 
1950. 

[25] [25] G.B. Seymour, A.K. Thompson, P. John, Inhibition 
of degreening in the peel of bananas ripened at 
tropical temperatures. Annals of applied biology, 
110(1):145-51, 1987. 

[26] [26] J. Song and C. F. Forney, ―Flavor volatile 
production and regulation in fruit,‖ Canadian Journal 
of Plant Science, vol. 88, no. 3, pp. 537–550, 2008.   

[27] [27] A. SAEED, A.K THOMPSON†, ISHFAQ AHMAD 
HAFIZ AND ALI ASGHAR ASI‖Effect of Temperature 
on the Ripening Behavior and Quality of Banana Fruit 
"INTERNATIONAL JOURNAL OF AGRICULTURE & 
BIOLOGY 1560–8530/2001/03–2–224–227 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 9, ISSUE 03, MARCH 2020           ISSN 2277-8616 

4401 
IJSTR©2020 
www.ijstr.org 

http://www.ijab.orghttp://www.fspublishers.org/publish
ed_papers/87164_..pdf 

[28] [28] Saeed ahmad, Zia Ahmad Chatha. ―Effect of 
relative humidity on the ripening behavior and quality 
of ethylene treated banana 
fruit,2006(https://www.researchgate.net/publication/23
7118349) file:///C:/Users/TEMP.LAPTOP-
K04E0DB0.000.001.002.003.004.005.006.007.008.00
9/Downloads/Effect_of_Relative_Humidity_on_the_Ri
pening_Behavi.pdf 

[29] [29] I. Sani Özdemir, ―Effect of light treatment on the 
ripening of banana fruit during postharvest handling   ‖ 
10.1051/fruits/2015052https://fruits.edpsciences.org/a
rticles/fruits/pdf/2016/02/fruits150013.pdf. 

[30] [30] R. Hartshorn, ―Some effects of acetylene on the 
ripening processes of bananas,‖ Plant Physiology, vol. 
6, no. 3, p. 467, 1931.  [31] S. P. Burg and E. A. Burg, 
―Molecular requirements for the biological activity of 
ethylene,‖ Plant Physiology, vol. 42, no. 1, pp. 144–
152, 1967. 

[31] [32] P. Pokhrel, ―Use of higher ethylene generating 
fruits for ripening as an alternative to 
ethylene,‖ Journal of Food Science and Technology 
Nepal, vol. 8, pp. 84–86, 2014.   

[32] [33] S. A. Fattah, & M.Y. Ali, Carbide ripened fruits – A 
recent health hazard. Faridpur Medical College 
Journal, 5(2): 37, 2010. 

[33] [34] Y. Segall, R.L. Grendell, R.F.  Toia, & J.E. Casida, 
Composition of technical ethephon [(2-chloroethyl) 
phosphonic acid] and some analogs relative to their 
reactivity and biological activity. Journal of Agricultural 
and Food Chemistry, 39(2): 380–385 
doi:10.1021/jf00002a03, 1991. 

[34] [35] U.S. EPA, Guidance for the reregistration of 
pesticide products containing ethephon as the active 
ingredient. Washington, DC. 1988. 

[35] [36] J. Pirson, P. Toussaint, & N. Segers, An unusual 
cause of burn injury: Skin exposure to 
monochloroacetic acid. Journal of Burn Care & 
Rehabilitation, 24(6): 407–409 
doi:10.1097/01.BCR.0000095515.03087.E 0, 2003. 

[36] [37] M.W. Siddiqui, & R.S. Dhua, Eating artificial 
ripened fruits is harmful. Current Science, 99(12): 
1664–1668, 2010. 

[37] [38] Siddiqui, M. W., &Dhua, R. S., Eating artificial 
ripened fruits is harmful. Current Science, 99(12): 
1664–1668, 2010. 

[38] [39] R. Goonatilake, Effects of diluted ethylene glycol 
as a fruit-ripening agent. Global Journal of 
Biotechnology & Biochemistry, 3(1): 8–13, 2008. 

[39] [40] A.U. Rahman, F.R.  Chowdhury, & M.B. Alam, 
Artificial ripening: What we are eating. Journal of 
Medicine, 9(1): 42– 44 ,2008. 

[40] [41] M.N. Islam, A.H.M.S. Rahman, M. Mursalat, A.H. 
Rony, & M.S. Khan, A legislative aspect of artificial 
fruit ripening in a developing country like Bangladesh. 
Chemical Engineering Research Bulletin, 18(1), 30–
37. doi:10.3329/cerb.v18i1.26219, 2016. 

[41] [42] T.W. Gebel, "Genotoxicity of arsenical 
compounds". International Journal of Hygiene and 
Environmental Health. 203 (3): 249–
62. doi:10.1078/S1438-4639(04)70036-
X. PMID 11279822, 2001. 

[42] [43] H.B. Ram, S.K. Singh, R.V. Singh, S. Singh, 
Effect of ethrel and smoking treatment on ripening 
and storage of banana cultivar. Himachal ProgHort 
11(3):69–75, 1979. 

[43] [44] K.H. Sarananda,  Effect  of  Calcium  Carbide  on  
Ripening  Of Division, Getambe, Peradeniya, Sri 
Lanka. Vol 146, 1990. 

[44] [45] P. A.K.Handa,M.E..Tiznado-Hernández,A.K. 
Mattoo,―Fruit development and ripening: A molecular 
perspective‖ published on Plant Biotechnology and 
AgricultureProspects for the 21st Century, Pages 405-
424 https://doi.org/10.1016/B978-0-12-381466-
1.00026-2 , 2012. 

[45] [46] K. Eduardo, Banana and Plantain. Dole Fresh 
Fruit International, Ltd., San Jose, Costa Rica. 
www.ba.ars.usda.gov/hb66/banana.pdf, 2012. 

 

 

 

http://www.ijab.org/
http://www.ijab.org/
http://www.fspublishers.org/published_papers/87164_..pdf
https://www.researchgate.net/publication/237118349
https://www.researchgate.net/publication/237118349
file:///C:/Users/TEMP.LAPTOP-K04E0DB0.000.001.002.003.004.005.006.007.008.009/Downloads/Effect_of_Relative_Humidity_on_the_Ripening_Behavi.pdf
file:///C:/Users/TEMP.LAPTOP-K04E0DB0.000.001.002.003.004.005.006.007.008.009/Downloads/Effect_of_Relative_Humidity_on_the_Ripening_Behavi.pdf
file:///C:/Users/TEMP.LAPTOP-K04E0DB0.000.001.002.003.004.005.006.007.008.009/Downloads/Effect_of_Relative_Humidity_on_the_Ripening_Behavi.pdf
file:///C:/Users/TEMP.LAPTOP-K04E0DB0.000.001.002.003.004.005.006.007.008.009/Downloads/Effect_of_Relative_Humidity_on_the_Ripening_Behavi.pdf
https://fruits.edpsciences.org/articles/fruits/pdf/2016/02/fruits150013.pdf
https://fruits.edpsciences.org/articles/fruits/pdf/2016/02/fruits150013.pdf
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1078%2FS1438-4639%2804%2970036-X
https://doi.org/10.1078%2FS1438-4639%2804%2970036-X
https://en.wikipedia.org/wiki/PubMed_Identifier
https://www.ncbi.nlm.nih.gov/pubmed/11279822
https://www.sciencedirect.com/science/article/pii/B9780123814661000262#!
https://www.sciencedirect.com/science/article/pii/B9780123814661000262#!
https://www.sciencedirect.com/science/article/pii/B9780123814661000262#!
https://www.sciencedirect.com/science/article/pii/B9780123814661000262#!
https://www.sciencedirect.com/science/book/9780123814661
https://www.sciencedirect.com/science/book/9780123814661
https://doi.org/10.1016/B978-0-12-381466-1.00026-2
https://doi.org/10.1016/B978-0-12-381466-1.00026-2

