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ABSTRACT 

Musa paradisica L. (Musaseae) has been used in many cultures for prevention and treatment of a wide number of health disorders such as 
inflammation, diabetes, diarrhea, dental plaque etc. Banana popularity is on the rise due to its high nutraceutics and pharmaceutical value. Banana is 
unique because each of its parts—fruit, pulp, peel, seed, leaves, flowers and the bark—are utilizable. Banana is the second largest after citrus and it 
accounts around 15% of global fruit production (Food and Agriculture Organization statistical databases, 2008). India’s participation in the world 
banana production is 27% (Mohapatra, et al. 2010) and it also contributes about 37% of the total fruit production in India. The main by-product of 
banana processing industry is peel, which represents almost 30% of fruit (Arora, et al. 2008). However, nobody pays attention to banana peel, 
which is unfortunate because they could be helpful in many medicinal applications (Kumar, et al. 2012). As a natural source of various polyphenols 
and bioactive molecules (Arora, et al.2008), it possesses many curative properties and able to cure many kinds of illnesses (Jahan, et al. 2011). This 
review aims at providing an updated overview of the chemical constituents, traditional uses, photochemistry, pharmacology and toxicology of Musa 
paradisica L. Moreover, the focus of this review is the possible exploitation of Musa paradisica peel to treat different diseases and to suggest future 
investigations. 
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INTRODUCTION 

The medicinal properties of banana have been documented in 
ancient Indian literature and found to be effective in cure of many 
diseases [1]. As a staple fruit, it is available thought out the year and 
provides livelihood security to thousands of people [2]. The main by-
product of the banana processing industry is the peel, accounting 
30% of the fruit which constitute environmental hazard [3]. High 
dietary fiber and phenolic content of banana peels makes them 
promising for variety of applications in nutraceuticals and 
medicinal. According to the criteria established by the National 
Cancer Standard Institute, banana peel extract is classified as non-
toxic to normal human cells [4]; therefore, it can be safely utilized as 
a natural source of antioxidants for value addition. Polyphenolic and 
related bioactive compounds are higher in peel than pulp part of 
banana fruit. Their medicinal actions are varied. Several studies 
have been carried out on banana peels for the production of biogas 
[5], ethanol production by hydrolysis and fermentation [6], 
antibacterial and antioxidant activities [7] and biomass production 
[8], is mentioned but these are very few. This review will 
concentrate not only on the nutraceuticals property of banana peels 
but also, some specific enzymes like oxalate oxidase (E. C 1.2.3.4) 
and superoxide dismutase (E. C.1.15.1.1) for their medicinal and 
pharmaceutical applications. The above properties of the banana 
peel will be exploited for its use in commercial purpose in food 
industry, medicinal and pharmaceutical field.  

This review provides information about certain specific enzymes 
isolated from banana peel for for their nutraceutical application. 
Raghavan, (1985) reported that oxalate oxidase is an enzyme that 
degrades stone from kidney and plasma present in banana peel 
(Musa paradisica) and uses as phytomedicinal compound. The 
occurrence of oxalate oxidase in banana peel was first suggested by 
Richardson by his personal communication [9]. In mammalian 
system, oxalate is a metabolic end product with no enzyme present 
in the body to act upon it. Excess accumulation of oxalate causes 
kidney stones. It could be overcome by different methods but the 
best and cheapest approach is to cure it by the enzyme oxalate 
oxidase, presents in different fruits and vegetables. Banana peels are 
also rich sources of potassium and contain much more soluble and 
insoluble fiber than their flesh [10]. The nutritional values of banana 

peel specifically Musa paradisica variety Bhusawal keli were 
determine at different stages of ripening and also its antioxidant and 
antimicrobial property. Peel is low in calories, sugar, fats and 
cholesterol. Banana has good nutritional and therapeutic value; 
therefore it may be possible to produce functional food from it [11]. 
The high value of organic content (lipids, proteins and 
carbohydrate) indicates that banana peels are good source of 
carbohydrates and fibers. High fiber content also indicates that the 
peels could help treat constipation and improve general health and 
well being. 

This property can be used for making various non conventional 
products from banana peel without the incorporation of any gel 
additive. Standardized and developed jellies from banana peel are 
deemed to be nutritive, health-beneficial, and more favorable than 
tablets or pills. Jelly is a favorite dessert among all age group, owing 
primarily to its digestibility and good texture [12]. Therefore, the 
principal objectives of this study were to explore the property of 
banana peel and increase its value by incorporating it into food 
grade oil. Therefore, as banana peels are considered to be 
byproduct, the economics of such a process is both favorable and 
attractive.  

Short shelf life and increased production necessitates 
development of non-conventional products from banana.  

Chemical compositions of banana peel 

Chemical composition varied from species to species. Anhwange, 
(2008) studied the chemical composition of Banana (Musa 
sapientum) peel. He had reported that K, Na, Fe and Mn content of 
Musa sapintum were 78.10, 19.20, 24.30 and 0.61 respectively 
where as the % of protein, crude lipid, carbohydrate and crude fiber 
were 0.90, 1.70, 59.00 and 31.70 respectively where as low value of 
antinutritional factor designate that the peel can be amass for a long 
time without growing moldy, as oxalate content of the peel was 
found to be 0.51mg/g [13]. Oxalate consumption had been 
associated with kidney diseases which may result to death. It 
decreases the availability of essential minerals like calcium. Whereas 
antinutritional factor as phytate and hydrogen cyanide, compared to 
other was low. The overall results indicated that if the peel is 
properly processed it could be high quality and cheap source of 
carbohydrate and mineral for livestock.  
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Nagarajaiah and Prakash, (2011) studied the chemical composition 
and antioxidant potential of peels from three varieties of banana. He 
had revealed that varietal difference affect the nutritional 
composition and antioxidant property of banana peel. Among three 
variety Yelakkibale banana peel have high protein, ether and Ca 
content, whereas Pachabale was high in Fe content. Antioxidant 
activity was positively correlated with polyphenol, flavonoids and 
tannin content. He had observed a higher free radical scavenging 
activity (90%) in ethanol extract compared to aqueous (64%) and 
methanol extract (62%) of Nendranbale peel. Among the three 
varieties Nendranbale peel exhibited high antioxidant activity. 
According to Leslie, et al. (1976), banana fruits and its byproduct has 
lot of medicinal benefit. It helps to prevent anemia by stimulating 
the production of haemoglobin in the blood due to moderate level of 
iron. Its role to regulate blood pressure has been associated with the 
high content of potassium.  

Antioxidant activity in banana peels 

Nguyen, et al. (2003) reported the total amount of phenolic 
compound in banana (Musa accuminata, colla AAA) peel ranges from 
0.90 to 3g/100 gm of DW. Someya, et al. (2002) identified 
gallocatechin in banana peel at a concentration of 160mg/100g DW. 
Variation in ripening and growth stages causes certain changes in 
polyphenolic content. She has evaluated the antioxidant activity in 
banana peel, measured as the effect of lipid auto-oxidation, in 
relation to its gallocatechin content. Mokbel and Hashinaga, (2005) 
reported that unripe banana peel displayed high antioxidant activity 
as increasing the polarity, the extracts exhibited stronger 
antioxidant activity. Polyphenols or flavanones and flavonoids play 
important roles in these activities and Glycoside and 
monosaccharide components in water soluble extracts displayed 
significant antioxidant and antimicrobial activity. Whereas Arora, et 
al. (2008) reported that antioxidant activity and bioactive 
compound get affected on varying the cultivar of banana. Red 
Banana and Karpooravalli are rich source of bioactive compounds, 
such as carotenoids (beta-carotene), antioxidative enzymes and 
carbohydrate contents. Montelongo, et al. (2010) evaluated that the 
polarity of the solvent and that of the different antioxidant 
compounds affects the efficiency of the extraction and the activity of 
the obtained extracts. Acetone: water most efficiently extracted all 
extractable components (54 ± 4%), phenolic compounds (3.3 ± 
0.8%), and anthocyanin compounds (434 ± 97 lg cyanidin 3-
glucoside equivalents/100 g freeze dried banana peel). From the 
above results, they had concluded that banana, a tropical plant, may 
protect itself from the oxidative stress caused by strong sunshine 
and high temperature by producing large amounts of antioxidant. 

Antimicrobial activity 

The use of natural antimicrobial compounds is important not only in 
the preservation of food borne diseases but also safe for human 
consumption (Conner, 1993). According to Shan, et al. (2007) 
consumers too have questioning the safety of foods containing the 
synthetic antibacterial agent as preservatives.  

Therefore, there has been increasing interest in developing new 
types of highly effective and non-toxic antibacterial agents from 
natural sources. Many studies showed that fruit peels contain 
various phenolics components which are effective against 
pathogenic microorganism (Anagnostopoulou, 2006). 

Phenolics compounds like tannins and flavonoids have been 
reported for antimicrobial activity. Both are toxic to fungi, bacteria 
and viruses and inhibit their growth (Colak, et al. 2010). Ahmad and 
Beg, (2001), reported that natural compounds in fruits and 
vegetables such as polyphenols, flavonoids and tannins shown very 
promising results in combating bacteria, fungus and viral. Arora, et 
al. 2008 reported that banana peel are rich source of various 
polyphenols and bioactive molecules and possesses many curative 
properties and able to cure many kinds of illnesses (Jahan, et al. 
2010). Some researchers showed that banana peel enhances the 
immune system which helps in wound healing and cure of 
gastrointestinal disorders. In addition, they also prevent oxidative 
stress as the growth and ripening proceed. However, very few 
literatures have been published for antimicrobial property of 

banana peel (Mokbel, 2005). The literature survey contains a no. of 
secondary metabolites like alkaloids, flavonoid and their derivatives 
are presents in banana fruit and its part. 
 

 

Fig. 1: Diagrammatic representations of possible uses of banana 
peels 

 

Enzymes: still an urgent consumer need 

Research on the attributes of enzymes and the possible uses for 
enzyme supplements continues today. The biggest category for 
supplemental enzymes is still human digestion, an area that has 
become increasingly more important for maintaining optimum 
health. Eva Dominguez-Puigjaner (1992) reported the differential 
protein accumulation in banana fruit during ripening. He had 
extracted banana (Musa acuminata, var. Dwarf Cavendish) proteins 
from pulp tissue at different stages of ripening and analyzed it by 
two dimensional electrophoresis. The results provided evidence of 
differential protein accumulation during ripening. 

The waste part of banana peel is potential source for oxalate 
degradation. Active oxygen species (AOS) play a significant role in 
many plant processes. A number of enzymes are known to generate 
AOS (Elstner, et al. 1994) including oxalate oxidase (oxalate: oxygen 
oxidoreductase, EC 1.2.3.4) and superoxide dismutase. Both belong 
to the germin family, and generate H2O2 

Many Germin like protein, including those from moss 
(Barbulaunguiculata; Bu), barley (Hordeum vulgare; Hv), wheat 
(Triticumaestivum, Ta; Triticum monococcum, Tm), tobacco 
(Nicotiana sp.; Naor Np), pea (Pisum sativum; Ps), azalea 
(Rhododendron mucronatum; Rm) and grape (Vitis vinifera; Vv) 
possess superoxide dismutase activity. Superoxide dismutase 
converts superoxide anions into H

Chiriboga, (1963). Proteins 
with oxalate oxidase activity have also been discovered in beet, 
spinach, banana and sorghum, however, limited evidence suggests 
that they are distinct proteins from the germin-type oxalate oxidase. 
Germin like proteins are encoded by a heterogeneous group of genes 
present in many land plants including monocots, dicots, 
gymnosperms and moss. GLP is a term referring to all germin motif-
containing proteins with unknown enzyme activity or those that do 
not possess oxalate oxidase activity. 

2O2. One germin like protein from 
barley does not possess oxalate oxidase or superoxide dismutase 
activity. Enzyme and gene expression data suggest that both oxalate 
oxidase and germin like protein genes and their encoded proteins 
play roles in plant defense responses (Leek, 1972). In mammalian 
system, accumulation of excess oxalate, results in hyperoxaluria 
which causes kidney stones. 
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a). Chemical Structure of Gallocatechin 
 

b). Chemical Structure of Catechin 
 

 

 

c). Chemical Structure of Ascorbic acid d). Chemical Structure of Tannin 

 
e). Chemical Structure of Dopamine 

Fig. 2: Chemical structures of gallocatechin, catechin, ascorbic acid, tannin and dopamine present in banana peel 

 

 

Fig. 3: Oxalate oxidase Source: Hordeum vulgare. 
Organism_taxid: 4513 

 

Oxalate oxidase 

The physiological role of oxalate oxidase has been determined in 
strawberry. As the fruit ripens the enzyme activity increases with 
the decrease in oxalate level (-0.927 correlation with oxalate 
oxidase) and shows that enzyme has glycoproteinatious nature and 
retained 76% of activity after heating it at 800

During the ripening of the banana peel, proteins denoted germins 
are expressed in the later stages of ripening because germin 
expression is so closely linked to the onset of germination in cereal 
seedling reported by Betsche, et al. (2005).  

C for 30 min (Dahiya, 
et al., 2010). Kanauchi, et al. (2009) reported the oxalate and oxalate 
oxidase in Malt. Barley kernels contain a single oxalate oxidase 
located in the embryo and aleurone. It is already present in 
substantial quantities in unmalted grain and increases in activity 
during germination. The decrease in oxalic acid levels in late 
germination may be a result of oxalate oxidase action. Oxalic acid 
was not detected in raw barley. Production of hydrogen peroxide 
during the oxidation of oxalate by Oxalate oxidase destroys fungal 
toxins and microbes, serving as a defense mechanism in peroxidase 
catalyzed cross linking reactions and in strengthening the cell walls 

(Huang, et al. 2007). Determination of oxalate in different food 
matrices is of great interest because a high oxalate concentration 
level in foodstuff may cause formation of insoluble kidney stones as 
a result of unbalanced nutrition habits.  

Superoxide dismutase 

SOD is the essential antioxidant generated under stress. Beauchamp 
and Fridovitch showed that the superoxide radical reacted with 
H202 in a model system to produce hydroxyl radical, which then 
reacted with methional to produce ethylene. Rubio, et al. (2004) 
reported that a plant Cu/Zn-SOD is partially located in the cell wall 
and co-locates with hydrogen peroxide production in pea nodules. 
Swart et al. 1994 reported the plant derived GLP-SOD of nodules 
have a role as a role as a putative rhicadhesin receptor protein and 
to alternative roles in plant cell development and stress biology. 
Superoxide dismutase (SOD) inhibited ethylene production by 
limiting hydroxyl radical formation. Superoxide and hydroxyl 
radicals are highly reactive and would be expected to react 
deleteriously with biological macromolecules. Since superoxide 
dismutase apparently protects the cell against oxygen toxicity 
(Fridovitch et al. 1972, 1973) and inhibits ethylene production from 
methional. Baker, (1976) found that the flavonoids from banana 
stimulated the activities of superoxide dismutase (SOD) and catalase 
which might be responsible for the reduced level of peroxidation 
products such as malondialdehyde, hydroperoxides and conjugated 
dienes. 

Oxalate oxidase and superoxide dismutase activity of the proteins 
belonging to cupin family members are found to be responsible for 
their disease resistance property. In a few earlier reports, GLPs from 
wheat and barley have been proposed to have some structural role 
in relation to cross-linking of the cell wall after pathogen attack. The 
SOD-mediated reaction is one of the main antioxidative defense 
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systems in plant and it converts superoxide into hydrogen peroxide 
(H2O2) and molecular oxygen. Peroxidase enzymes convert the 
H2O2

Value addition of banana peels 

 into water and there are many peroxidases which are present 
in the apoplastic space of the plant cells and they are ionically or 
covalently bound to the cell wall polymers.  

Value added fruit product is suitable for production by small-scale 
farmers and processors. Complete utilization of fruit crops is a key 
component to the success of small farm operations. Excess fruit 
crops can be dried (or processed in other manners) and be used to 
create many value-added products. Banana peel is an underutilized 
source of phenolic compounds. These peels are currently either used 
as fertilizer or discarded in many countries (Zhang et al. 2005). 
Banana peel extract is classified as non-toxic to normal human cells 
criteria established by the National Cancer Standard Institute. 
(Someya, et al. 2002), therefore, it can be safely utilized as a natural 
source of antioxidants and enzyme to cure disease. 

Banana peel is also rich in pectin 99-22%. Taking this property we 
can make no. of non conventional product from banana without the 
incorporation of any gel additive. Standardized and developed jellies 
from banana peel are deemed to be nutritive, health-beneficial, and 
more favorable than tablets or pills. Jelly is a favorite dessert among 
all age group, owing primarily to its digestibility and good texture 
(Lee, et al. 2010). This implies that the banana peel may also be a 
source of important nutrients, including minerals and amino acids. 
Similar results regarding the chemical compositions of banana and 
plantain peels were previously reported by Emaga, et al. (2007). 
Therefore, utilizing banana peels bioactive or phytochemical 
antioxidants extracted by suitable polar solvent in highly 
unsaturated food grade oil as an additive to prevent rancidity and 
stored it for long time period are both favorable and economically 
attractive. Similar work has been done by Arawande et al. (2010) to 
see the effects of citric acid and methanol extracts of banana and 
plantain peels on stability of refined soybean oil. The high value of 
soybean oil is because of its low level of cholesterol which makes it 
safer for human consumption. Ullah et al. (2003) studied that one of 
the major problems of storing refined soybean oil is the 
development of rancidity (oxidative) which leads to deterioration of 
the oil’s quality due to the multiple unsaturated bonds in the 
predominant unsaturated fatty acids such as oleic acid, linoleic acid 
and linolenic acid. These acids are very prone to oxidation (reaction 
with atmospheric oxygen) during storage of the oil thereby causing 
unnecessary economic loss. The oxidized oils not only deteriorate 
the taste of food to which they are added but are considered to 
create many health problems such as diarrhea, poor growth rate and 
aggravate coronary heart diseases (Ullah, et al. 2003). According to 
Gunstone and Norris (1983), Synthetic antioxidants such as 
Butylated Hydroxy Toluene (BHT), Butylated Hydroxy Anisole 
(BHA), Tertiary Butylated Hydroxy Quinone (TBHQ) and Propyl 
Gallate (PG) have been proved effective antioxidants against oil 
rancidity. But the use of most of these synthetic antioxidants as 
additives in foods have been discouraged international market due 
to their carcinogenicity, reduced food intake and growth inhibition 
(Carrasquerro, et al. 1998). 

CONCLUSION 

In the present study we have providing an updated overview of the 
chemical constituents, photochemistry, pharmacology and 
toxicology of Musa paradisica L. Moreover, the focus of this review is 
the possible exploitation of Musa paradisica peel to treat different 
diseases and to suggest future investigations. However, several 
recently published reports on the bio-active potential of banana peel 
have indicated their rising pharmacological and industrial 
application. The nutritional values of banana peel specifically Musa 
paradisica variety Bhusawal keli were determine at different stages 
of ripening and also its antioxidant and antimicrobial property. 
Because of significant nutritional and therapeutic value; therefore it 
may be possible to produce functional food from it. Beside that it is 
good source of certain bioactive enzyme which act against aging and 
used for detection of oxalate crystal in food sample and for 
destruction of kidney stone. Therefore, it is high time to investigate 
the unexplored area for value addition of banana peel and to devote 

more efforts towards understanding the mechanism of action of the 
bioactive constituents which are present in them. 
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