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ABSTRACT

The main by-product of the banana processing industry is peel, which represents almost 30% of fruit. Naturally occurring substances are cheap, re-
newable, biodegradable, do not contain heavy metals or other toxic chemicals, are therefore eco-friendly and hence ecologically acceptable. The sig-
nificance of banana peel has been documented over the year as an antimicrobial agent, antioxidant, and neuroprotective agent, so on. Here this re-
view highlights some other interesting facts about banana peel like its anticorrosive properties and clinical properties. Hence, this review intends to
highlight the industrial utilization of banana peel. Thus, phenolic compounds and enzymes like oxalate oxidase and SOD (germin family) from bana-
na peel can be exploited as a health supplement due to its richness in natural antioxidants coupled with medicinal applications. Antioxidant and An-
timicrobial properties of banana peel make it a natural ingredient in food-grade applications. The review below highlights some of the interesting
and important properties of banana peel as a corrosion inhibitor and its industrial applications likewise, in the metal, steel industry, clinical indus-
try and food industry.
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INTRODUCTION

Since ancient times the medicinal properties of banana have been well
known. It is used as a cure in many diseases [1]. As a staple fruit; it is
available throughout the year and provides livelihood to thousands of
people [2]. Banana is the second most important fruit to be grown in
India (accounting for 15% of global fruit production). [Food and Agri-
culture Organization statistical databases [3]. India contributes around
27% of the world’s banana production [4]. The whole banana plant
and its fruit have good therapeutic value, as it contain vitamins and
some minerals, essentially potassium and phosphorous, which are es-
sential for bone development. The pulp and peel of banana fruit con-
tains crude protein, fat, ashes, starch, total sugar, water-soluble tannin,
activities of amylase, phosphorylase, acid phosphates, pectinesterase,
polygalacturonase, polyphenol oxidase.

The presence of natural antioxidants makes peel a good source of
functional food against cancer and heart disease [5].

Around 30% of the banana crop in the country is lost after harvest.
Factors responsible for this remain-rapid ripening of the fruits, poor
handling, inadequate storage; improper transportation facilities;
poor knowledge of food processing options. Processing the fresh
fruit into food products with a longer shelf life can provide a major
outlet to exploit a greater number of marketing options.

Researches has shown that the peel of the fruit has a healthy compo-
sition of phenolic compounds that are effective against pathogenic
microorganisms [6]. The main by-product of the banana processing
industry is peel, which represents almost 30% of fruit [7].

Tannins and flavonoids-essential phenolic compounds have shown
antioxidant, antimicrobial, anticancer, anticorrosive activities. Some-
times these phenolic components act as a green inhibitors. These are
chemicals that often work by adsorbing themselves on the metallic
surface by forming a film [8]. Most of the synthetic organic com-
pounds, although have good anti-corrosive properties y, many of
them are still highly toxic to us and the environment. Because of the
above risk factor, many researchers have focused their studies on
the use of naturally occurring substances like flavonoids-one of the

most numerous and widespread groups of natural secondary con-
stituents, important to man not only because they contribute to
plant color but also are physiologically active. Nature has endowed
us with many substances that are cheap, renewable, and biode-
gradable and are devoid of heavy metals and other toxic chemicals
and thus can be utilized as eco-friendly and ecologically acceptable
substances. The anticorrosive actions of flavonoids against copper
or metal were reported by [9].

Many synthetic antioxidants such as butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), propyl gallate (PG) have
been used to retard the oxidation process; however, the use of syn-
thetic antioxidants must be under strict regulation due to potential
health hazards [10]. The search for natural antioxidants as alterna-
tives is therefore of great interest among researchers. However, no-
body pays attention to banana peels, which is unfortunate because
they could be helpful in many medicinal applications [1]. Here this
review highlights the vast applications of banana peel. Potential ap-
plications for banana peel depend on its chemical composition. Ba-
nana peel is rich in dietary fiber (50% on a dry matter (DW) basis),
proteins (7% DW), essential amino acids, polyunsaturated fatty ac-
ids, and potassium. Therefore, the principal objective of this work is
to explore the properties of banana peel and increase its value by
highlighting its application in food-grade products and its use in the
metal industry as a green inhibitor of corrosion. Banana peel is re-
ported to contain oxalate oxidase, which is widely used for the deg-
radation of oxalate. In the mammalian system, oxalate is a metabolic
end product with no enzyme present in the body to act upon it. Due
to the accumulation of excess oxalate, hyperoxaluria results and this
causes kidney stones. It could be overcome by different methods,
but the best and cheapest approach is to cure it using the enzyme
oxalate oxidase, present in different fruits and vegetables. Determi-
nation of oxalate in different food matrices is of great interest be-
cause a high oxalate concentration level in foodstuffs may cause the
formation of insoluble kidney stones as a result of unbalanced nutri-
tion habits. Thus, the phenolic compounds and enzymes from bana-
na peel can be exploited as a health supplement due to its richness in
natural antioxidants coupled with medicinal applications.
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The above properties of the banana peel will be exploited for its use
commercially in the food, medicine, and pharmaceutical industry. By
doing this we will not only increase the value of waste banana peel
but also the food product prepared from it. This study is an attempt
to investigate different indigenously available agro wastes as poten-
tial sources of natural antioxidants and to appraise their efficacy for
prevention of spoilage and rancidity in the food industry in a cost-
effective manner. Here the concern is not only to increase the de-
mand for food waste as a natural ingredient for industrial applica-
tion but also it’s utility as a cost-effective approach. The significance
of this study is to provide enough information about banana peel.
Further banana peels are waste from banana fruit, it contain high
amounts of antioxidants, phenolic content and mineral. This peel is
biodegradable and will produce environmental and health risk fac-
tors. Therefore, utilizing banana peel extract will be better solution
in order to protect human being, gaining some profit and creating
waste to wealth.

Nutraceutical property of banana

The term nutraceutical was coined in 1989 by Stephen De Felice.
Nutraceuticals are “food, or parts of a food, that provide medical or
health benefits, including the prevention and treatment of disease.

This review will concentrate on the nutraceuticals properties of ba-
nana peels which suggest it could be useful for the value addition in
the food-based product. Besides that, this review will concentrate on
some specific enzymes like oxalate oxidase (E. C 1.2.3.4) and super-
oxide dismutase (E. C.1.15.1.1) for their medicinal and pharmaceuti-
cal applications. The above properties of the banana peel will be ex-
ploited for its use in commercial purposes in the food industry,
medicinal and pharmaceutical fields.

Antioxidant property

The antibacterial and antioxidant activities of banana (Musa, AAA cv.
Cavendish) fruit peels were described by Mokbel and Hashinaga in
2005. He had reported that unripe banana peel displayed high anti-
microbial and antioxidant activity in the ethyl acetate and water-
soluble fractions. Green banana peel displayed high antioxidant ac-
tivity as measured by f-carotene bleaching, 2,2-diphenyl-1-
picrylhydrazylfree radical and linoleic acid emulsion method. In-
creasing the polarity throughout the extracts exhibited stronger an-
tioxidant activity. They have reported that polyphenols or
flavanones and flavonoids play important roles in these activities.
Glycoside and monosaccharide components in water-soluble ex-
tracts displayed significant antioxidant and antimicrobial activity.
From the above results, they had come up to the point that banana, a
tropical plant, produced free radical quenching compounds due to
oxidative stress caused by strong sunshine and high temperature.

The high correlation between total phenolic content in muli banana
peels with its antioxidant activity using DPPH assays was reported
by some authors. ABTS scavenging capacities in muli banana and
ambon lumut banana peels had positively high correlation with their
DPPH scavenging activities [11]. Arora et al. (2008) reported the
compositional variation in B-carotene content, carbohydrate and an-
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tioxidant enzymes in selected banana cultivars and evaluated physi-
ological and biochemical property of edible (pulp) and non-edible
portion (peel) of banana fruit. Karpooravalli cultivar of banana con-
tained maximum carotenoid (68 pg per g d. w.) and carbohydrate
content, whereas lower content of beta-carotene (143.12 pg per 100
g) was found compared to red Banana. Other than that, 3-carotene
was estimated to be highest in peels comparative to pulp (241.91
and 117.20 pg per 100 g). Hereby, the investigation proposed that
bioactive compounds such as carotenoids (beta-carotene),
antioxidative enzymes and carbohydrate were found higher in the
Red Banana and Karpooravalli cultivars [7]. Nofianti et al.(2021) re-
ported the antihyperglycemic and antioxidant determination of
klutuk banana peel fractions through the oral glucose tolerance test
(OGTT) and DPPH (2,2-diphenyl-1-picrylhydrazyl) methods [12].

Compared to banana pulp, the peels are rich sources of bioactive
compounds, such as carotenoids. Convenient processing of banana
peel to furnish useful products from it could be a cost-effective ap-
proach to balance out waste treatment costs and also decrease the
cost of main product. Therefore, it opens the new way for the re-
searchers to isolate these active ingredients and use banana peels as
an ingredient in processed food products, such as bakery products,
breakfast cereals, pasta products, bars and beverages. This study is
in line with my objective of evaluating differences in antioxidant ac-
tivity and bioactive compounds on varying the ripening stages of
banana peels.

Montelongo et al. (2010) studied the solvent polarity and that of the
different antioxidant compounds affects the efficiency of the extrac-
tion and the activity of the obtained extracts from peel. Further, he
concluded that acetone: water extracts were considerably more po-
tent (compared with methanol, ethanol, acetone, water, methanol:
water, or ethanol: water) for scavenging free radicals. He investigat-
ed that the proposed concentration (acetone: water extract) are
highly efficiently for extracting all the extractable components
(54+4%), phenolic compounds (3.3+0.8%), and anthocyanin com-
pounds (434+97 Ig cyanidin 3-glucoside equivalents/100 g freeze
dried banana peel [13]. These findings show that banana peel has a
large amount of dopamine, L-dopa and catecholamines with signifi-
cant antioxidant activity. However, ascorbic acid, tocopherols or
phytosterols were not found in the different extracts as different cul-
tivars of banana not impact its antioxidant activity in the peel,
whereas variation in extraction time or temperature exhibited high
changes in the content.

Anjum S et al. (2011) reported correlations between antioxidant ac-
tivity, scavenging effects on radicals and contents of phenolic com-
pounds of banana peel fractionate in different solvents are shown in
table 1. The antioxidant activity of banana peel fractionate was sig-
nificantly correlated with their scavenging effects on superoxide an-
ion (P<0.01), 2,2-diphenyl-1-picrylhydrazyl radicals (P<0.05) and
H:0: induced hemolysis (P<0.01) on varying extractions in different
solvents, whereas no significant difference was observed on varying
the ripening stages. Therefore, the antioxidant activities of banana
peel extracts may be due to their scavenging effects on radicals and
inhibiting the human erythrocyte heamolysis induced by H202(50).

Table 1: Correlation between phenolic content and antioxidant activity of banana peel fractionates on dry wt bases

Variation in ripening stages

Correlation r2 (%) Water Ethyl acetate Chloroform Hexane
TPC vs. DPPH 91.0 93.3 74 7.29%
TPCvs. SOD 97.0 19.8* 88.36 76.5*
TPC vs. Heamolysis 38.8 65.4 96.8 18.4
DPPH vs. SOD 98.2 3.96* 96.4 5.47*
DPPH vs. Heamolysis 68.7 39.69 57.4 97.0*
SOD vs. Heamolysis 55.8 78.4* 74.9 0.43

(Source: Sundaram et al,, 2011[52])

The total phenolic compound in banana (Musa accuminata, colla AAA)
peel ranges from 0.90 to 3g/100 gm of DW was found by Nguyen et al.
(2003) [14], whereas Someya et al. (2002), reported the gallocatechin
concentration in banana peel in range of 160 mg/100g dry wet. She

has evaluated that variation in ripening and growth stages causes cer-
tain changes in polyphenolic content. Her finding was to evaluate the
antioxidant activity in banana peel, measure its effect on lipid auto-
oxidation in relation to its gallocatechin content [15].
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Antimicrobial property

In the past decade, interest on the topic of antibacterial properties of
plant extracts has been growing [16]. Food processors and agencies
are very concerned with the growing number of foodborne out-
breaks and illnesses associated with microorganisms, especially bac-
teria. Bacteria also have become far more resistant to many antibac-
terial agents. For instance, of two million people who acquired
bacterial infection in United States of America (USA) hospitals annu-
ally, 70% of the cases involved strains that are resistant to at least
one antibacterial agent [16]. The discovery, development, and clini-
cal use of antibiotics during the nineteenth century have substantial-
ly decreased public health hazards resulting from bacterial infec-
tions [17]. These antibiotics are available to cure different
antibacterial diseases, but bacteria develop resistance against these
antibiotics or they show side effects. Several investigations point out
the coping ability of medicinal plant species against health hazards
because of it richness in biomolecule contents. Pandey and Mishra
2010, reported the antibacterial activities of many plant species
[18]. The use of natural antimicrobial compounds is important not
only in the preservation of food-borne diseases but also safe for hu-
man consumption [19]. According to Shan et al. (2007), consumers
too, have been questioning the safety of foods containing the syn-
thetic 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 [20]. Many stud-
ies have shown that fruit peels contain various phenolics compo-
nents, which are effective against pathogenic microorganisms [21].
Phenolic compounds like tannins and flavonoids have been reported
for their antimicrobial activity. Both are toxic to fungi, bacteria and
viruses and inhibit their growth [22]. Kabuki et al. (2000), investi-
gated the antimicrobial properties of mango seed kernel extract. He
had reported the broad-spectrum antimicrobial property of ethanol
extract, which was more active against gram-positive than gram-
negative bacteria, with a few exceptions. The results indicated that
the active component was a type of polyphenol [23].
Ehiowemwenguan et al. (2014), The in vitro antibacterial activity of
ethanolic and aqueous extract of banana (Musa sapientum) peels
was investigated on both gram-positive and gram-negative bacteria
using agar well diffusion technique. The ethanolic extract of the
peels had MIC values ranging from 16 mg/ml to 512.5 mg/ml. Phy-
tochemical results showed ethanol to be a better solvent for the ex-
traction of the bioactive agents in banana peels, which include: gly-
cosides, alkaloids, saponins, tannins, flavonoids, and volatile oils
[24].

Bacterial and fungal infections pose a greater threat to health, most
notably in immune-compromised subjects; hence the need to find
natural, cheap and effective antimicrobial agents.

Banana peels are rich sources of various polyphenols and bioactive
molecules and possess many curative properties and are able to cure
many kinds of illnesses [25]. There is evidence that banana peel
strengthens the immune system thereby aiding in wound healing
and fixing gastrointestinal disorders. In addition, they also prevent
oxidative stress as growth and ripening proceed. It is commercially
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vital that byproducts produced by the fruit processing industry be
re-used. Thus, it could be used as a potential antiseptic medicine to
protect against microorganisms. There is the paucity of literature
published on the anti-microbial properties of banana peel [5].

The literature survey contains a no. of secondary metabolites like al-
kaloids; flavonoids and their derivatives are presents in banana fruit
and its part.

Enzymatic property for medicinal purpose

Research on the attributes of enzymes and the possible uses for en-
zyme supplements continues today. Human digestion has been one
of the important health parameters and there supplemental en-
zymes have a vital role to play. The potential for growth is huge, not
only in the digestive arena, but also in the area of systemic use, in-
cluding inflammation support, arthritis, cardiovascular support, and
wound healing. Another factor reinforcing the benefits of enzyme
supplementation is the growing ageing population [26].

The differential protein accumulation in banana fruit during ripening
was investigated by Eva Dominguez-Puigjaner (1992). He extracted
banana (Musa acuminata, var. Dwarf Cavendish) proteins from pulp
tissue at different stages of ripening and analyzed differential protein
expression by two-dimensional electrophoresis. The results reported
the accumulation of differential protein during ripening [27].

The waste part of banana peel is a potential source for oxalate deg-
radation. Anjum et al. (2015) reported the possible occurrence of
oxalate oxidase in leaky stage of banana peel. She described the
physiological role of both oxalate oxidase and superoxide dismutase
in the plant [28] the role of AOS (Active Oxygen Species) is im-
portant in many plant processes. It is also known that there are a
number of enzymes that generate AOS. (Elstner et al. 1994) includ-
ing oxalate oxidase (oxalate: oxygen oxidoreductase, EC 1.2.3.4) and
superoxide dismutase [29]. Both belong to the germin family and
generate H202[30]. Beet, spinach, banana and sorghum are known to
contain proteins with oxalate oxidase activities. Yet the evidence still
is insufficient to ascertain that they are distinct proteins from the
germin-type oxalate oxidase. Plants such as monocots, dicots, gym-
nosperms and moss contain heterogeneous groups of genes which
are used to encode germin-like proteins. GLP is a term referring to
all germin motif-containing proteins with unknown enzyme activity
or those that do not possess oxalate oxidase activity. 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. Su-
peroxide dismutase converts superoxide anions into H20:. 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 [31]. In
the mammalian system, accumulation of excess oxalate results in
hyperoxaluria, which causes kidney stones.

Carboxyl radical species
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Fig. 1: Catalytic mechanism of oxalate oxidase as proposed by [32]

Oxalate oxidase (source: http://www.ebi.ac.uk/thornton-
srv/databases/cgi-) in banana peel was first suggested by Richard-
son [33]. Production of hydrogen peroxide during the oxidation of
oxalate by oxalate oxidase in fig. 1 destroys fungal toxins and mi-
crobes, serving as a defense mechanism in peroxidase-catalyzed
cross-linking reactions and in strengthening the cell walls [34].

Dahiya et al. (2010), reported oxalate oxidase in strawberry fruit
[35]. Hu and Guo (2009), purified and characterized oxalate oxi-
dase from wheat seedlings [36]. Kanauchi et al. (2009), suggested
that enzyme activity increases during germination in malt. Deter-
mination of oxalate in different food matrices is of great interest
because a high oxalate concentration level in foodstuffs may cause
formation of insoluble kidney stones as a result of unbalanced nu-
trition habits [37].

Oxalate determination by the current analytical methods in food in-
dustry are time consuming, need relatively expensive instrumenta-
tion such as fluorescence spectrometer, flow injection apparatus
with spectrophotometric detection, ion chromatograph, high pres-
sure liquid chromatography, and system for capillary electrophore-
sis. Highly trained staff is required for handling such instruments
[38]. Similarly, enzyme oxalate oxidase has been reported from no.
of sources which are required for the diagnosis and medical man-
agement of hyperoxaluria and calcium oxalate crystals [39]. During
the ripening of the banana peel, proteins denoted germins are ex-
pressed in the later stages of ripening [40] because germin expres-
sion is so closely linked to the onset of germination in cereal seed-
ling reported by [41].

Oxalate oxidase

Dahiya et al. (2010), detected, purified, characterized, and determine
the physiological role of oxalate oxidase in strawberry. He had de-
tected the activity of a soluble oxalate oxidase in homogenates of
ripened fruit of strawberry (Fragaria ananassa), which was con-
firmed by the stoichiometric relationship between the disappear-
ance of oxalate and utilization of dissolved Oz, and generation of
H202. The molecular weight was determined to be 119 kDa with two
identical subunits. He had reported the glycoproteinatious nature of
the enzyme, and when heated at 80 °C for 30 min, retained 76%
more activity than initial. Further, he had reported the physiological
role of enzymes in fruit ripening, as the fruit ripens the enzyme ac-
tivity increases with the decrease in oxalate levels (-0.927 correla-
tion with oxalate oxidase) [35].

Hu and Guo (2009) purified and characterized oxalate oxidase from
wheat seedlings. He recovered 21.97% enzymes from wheat seed-
lings by sequential thermal treatment, ultrafiltration, sephadex G-
100 gel filtration and affinity chromatography with concanavalin A.
The molecular mass determined to be 32.6 KDa on sodium dodecyl
sulphate-polyacrylamide gel electrophoresis and the native molecu-
lar mass of 170 KDa on Sephadex G-150 suggest that it is a
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pentamer. He reported their maximum activity at pH 3.5 and Km for
oxalate was 0.21 mmol (35)

Some author reported that the Oxalate and oxalate oxidase were de-
termined in Malt [37]. Barley kernels contain a single oxalate oxi-
dase located in the embryo and aleurone. Unmalted grain contains
substantial quantities of oxalate oxidase and increases in activity
during germination. It displays a very broad pH optimum: the opti-
mum was at pH 4.0, but the enzyme still displayed more than 50% of
its activity at pH 7.0. Oxalate oxidase is highly resistant to heat.
However, its low affinity for oxygen suggests that it probably does
not play a major role in the consumption of oxygen in mashing. Oxal-
ic acid levels decrease as a result of oxalate oxidase action in the late
phase of germination. Oxalic acid was not detected in raw barley.

Superoxide dismutase

Superoxide dismutase is the essential antioxidant generated under
stress. The 0.5% BPP (banana peel powder)-supplemented group
had increased serum SOD activity and lowered serum
malondialdehyde levels, while the liver mRNA expression of Nrf2,
SOD, CAT, GPx, and HO-1 were upregulated in the 0.5% and 1% Ba-
nana peel powder-supplemented groups. In conclusion, the current
study shows that Banana peel powder has a potent antioxidant ca-
pacity and that dietary supplementation with 0.5% Banana peel
powder enhances antioxidative status, suggesting that BPP has po-
tential as an antioxidant feed additive [42].

Beauchamp and Fridovitch studied the mechanism of action of SOD.
In a model system, Superoxide radical reacted with H.0: to produce
the hydroxyl radical. The OH-radical 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 [43]. 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 macromole-
cules. Since superoxide dismutase apparently protects the cell
against oxygen toxicity (Fridovitch et al. 1973) and inhibits ethylene
production from methional [44]. Baker (1976) studied the ripening
of fruit against SOD activity and reported that the levels of superox-
ide dismutase (SOD) activity in preclimteric apple, banana, avocado,
and tomato fruits extracts was not greatly different from the post-
climacteric fruit extracts. The results indicate that no major quanti-
tative change in SOD occurs in fruits with or preceding the onset of
senescence, whereas in tomato fruit SOD was found largely in the
soluble fraction, and to a lesser extent in the mitochondrial and plas-
tid fractions. Baker (1976), come up with the conclusion that super-
oxide dismutase (SOD) and catalase activity stimulated by the action
of flavonoids present in banana peel and is responsible for the re-
duced level of peroxidation products such as malondialdehyde,
hydroperoxides and conjugated dienes. The study demonstrated su-
peroxide dismutase activity against peroxide formation [45].

Semiquinone

Oxidative Damage

Lipids.
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Fig. 2: Mechanism of action of superoxide dismutase and production of free radical [46]

Oxalate oxidase and superoxide dismutase activity (fig. 2) of the pro-
teins belonging to cupin family members were found to be responsible
for their disease resistance properties. 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 superoxide dismutase-mediated reaction is one of the main
antioxidative defense systems in plants and it converts superoxide in-
to hydrogen peroxide (H202) and molecular oxygen. Peroxidase en-
zymes convert the H202 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.

Anticorrosive property of banana peel

Anticorrosive action of banana peel against metal act as a green cor-
rosion inhibitors. Green corrosion inhibitors and organic inhibitor
are biodegradable and do not contain heavy metals or other toxic
compounds which adversely affect health. The successful uses of
naturally occurring substances to inhibit the corrosion of metals in
acidic and alkaline environments have been reported by some re-
search group. Natural products have been studied extensively as
corrosion inhibitors, both in product mixtures extracted from natu-
ral sources such as plants or essentially pure products derived from
animals or plants (i.e. vitamins and amino acids. From the economic
and environmental viewpoints, plant extracts are an excellent alter-
native as inhibitors because of their availability and biodegradability
[45]. The inhibiting action of the banana peel extract as a corrosion
inhibitor in controlling corrosion of mild steel in a 0.1M HCI solution
was studied [47].

Pakpahan et al. (2018) studied the effect of tannin on Awak banana
peel (Musa paradisiacal var. Awak), extract of Awak banana peel and
Awak banana peel powder as iron corrosion inhibitor. Iron gets cor-
roded easily when used in a corrosive medium. To overcome this,
problem corrosion inhibitors are used. It is widely used construction
material in industries. In this experiment, Awak Banana (Musa paradi-
siacal var. Awak) peel as iron corrosion inhibitor in 3% NaCl medium
was used. The unripe Awak Banana peel acts as a corrosion inhibitor.
After 12 d of incubation of iron NaCl medium, the lowest corrosion
rate is obtained, where the corrosion rate is 0.964 mpy by applying
tannin of Awak banana peel. The tannin of Awak banana peel shows
highest inhibition efficiency almost 67.9 % as an inhibitor [48].

Amodu et al. (2018) determined the effect of Musa paradisiaca (ba-
nana) peel extract as a green corrosion inhibitor for mild steel in an
acidic medium (1 M HCI). The effects of two independent variables
(concentration of banana peel extract and temperature) on corro-
sion inhibition efficiency were investigated. American System of
Testing Materials (D-971) provided standardized methods for eval-
uation of the physicochemical properties of the extract, such as sur-
face tension, viscosity, flash point, and specific gravity. The efficiency
of corrosion inhibition was evaluated by gasometric and thermo-
metric methods [49].

Senthilvadivu et al. (2015) studied the ethanol extract of the banana
peel as an effective corrosion inhibitor for industrial applications
[45].]i G et al. (2015) studied the raw banana peel extract achieved
92% of maximum corrosion inhibition. Where, change in inhibition
efficiency with ripening of the peels is investigated by Weight loss,
electrochemical and AFM(Atomic force microscopy techniques are
used for inhibition study. The investigation concluded that
gallocatechin and catechin are responsible for the inhibitive proper-
ties of the extracts [47].

Industrial application of banana peel

Rapid development of value-added food products has been seen for
the past 20 y. Wasted fruit byproducts have created a potential for
sustainable use of these edible materials as an additive in various
food-grade products. The high levels of antioxidant activity, antimi-
crobial activity, phenolic compounds, and dietary fibers in banana
peel have made fruit peel an outstanding source of nutritive ingredi-
ent for enrichment of foodstuffs. Although banana peel does contain
many functionally important bioactive compounds, yet its applica-
tion is still underutilized and there is a need to put more scientific

effort to tap its functionality in terms of application to food and
nutraceuticals. Anjum et al. (2015) investigated the nutraceutial and
value addition of banana peel in the food industry [40]. Sahlanya Al
STG et al (2020) studied the effect of banana peel extract on the
chemical composition, rheological properties of wheat flour [50].

Synthetic antioxidants such as Butylated Hydroxy Toluene (BHT),
Butylated Hydroxy Anisole (BHA), Tertiary Butylated Hydroxy Qui-
none (TBHQ) and Propyl Gallate (PG) have been proven effective an-
tioxidants against food spoilage and rancidity. However, because of
the risk of carcinogenicity in the use of these synthetic antioxidants
their use has been discouraged internationally [51]). Anjum et al
(2014) studied the use of banana peel as an additive in the food in-
dustry. This research opens new avenues for industrial application
of banana peel as an additive, highly unsaturated food-grade oil to
prevent rancidity and stored it for long time period (40). A work of a
similar nature on the effects of citric acid and methanol extracts of
banana and plantain peel to see the stability of refined soybean oil
has been done by Arawende et al. (2010) [52].

The unripe Awak Banana peel used as a corrosion inhibitor. The use
of Awak banana peel as iron corrosion inhibition is varied in powder
of banana peel, crude extract of banana peel, and tannin of banana
peel. It has been illustrated that tannin of Awak banana peel, extract
of Awak banana peel and Awak banana peel powder could be used
as iron corrosion inhibition in NaCl Medium. Iron is immersed in
NaCl medium for 12 d; by applying tannin of Awak banana peel in-
hibitor; the lowest corrosion rate was obtained where the corrosion
rate is 0.964 mpy. and inhibition efficiency amout was almost 67.9
% by using tannin of Awak banana peel as inhibitor [53]. Recent ap-
plication of banana peel has been emerging in the prevention of
metal and iron degradation due to corrosion. Metal components and
equipment tend to rust and corrode during storage. Mild steel
founds its applications in the field of construction in wide range of
industries due to its high strength and availability at low cost [53].
Anti-corrosion coatings have been long used as one of the most
commonly adopted practices for corrosion prevention. It was dis-
covered that if corrosion prevention best practices were implement-
ed, there could be global savings of between 15 and 35% of the cost
of damage [49]. Life span of mild steel, its viability in reducing its
cost of production-all requires certain practical steps in corrosion
prevention. Failure to prevent or manage corrosion can result in
metal losses, loss of production time, leaking vessels, and unwar-
ranted cleanup costs.

The propensity of metals to revert to their natural ore state is relat-
ed to corrosion, which is an electrochemical process. Moisture and
oxygen involving chemical reactions are essential for corrosion to
take place there by accelerating the flow of electrons on the surface
of the corroded cells, which further accelerates the transformation
of metal back to the low-grade ore [48]. Sudden changes in tempera-
ture, within the room affect the internal humidity environment and
lead to condensation on any surface. This subsequently leads to cor-
rosion. Controlled RH restricts not only prevents rusting of iron and
steel, but also protects other moisture-sensitive materials. Con-
trolled RH restricts rusting of iron and steel, but also protects other
moisture-sensitive materials.

The condensed moisture on material acts as a medium conducive to
the growth of bacteria. Thus, micro-organism growth is injurious to
the material; as it not only results in decomposition but also me-
chanical weakening of the products. In most cases, bacterial growth
can be arrested if RH is maintained below 35%. The cost of metallic
corrosion to the total economy is in billions of rupees per year.

Banana peel is a waste product of bananas and studies have shown
that banana peel also has medicinal properties. Researchers have
done studies demonstrating the antimicrobial activity of banana peel
against various Gram-positive and Gram-negative bacteria. Iraq
ZAGC et al. (2013) studied the use of banana peel extracts and its an-
timicrobial properties for therapeutic treatments. This study aimed
to evaluate the antibacterial activity of banana's peel. Aqueous ex-
tracts of fresh yellow banana peels could be considered as a good
antibacterial agent against both Gram-positive and negative bacteria
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to replace the synthetic medicines in treatment of diseases caused
by these bacteria. Gram-negative bacteria play a central role in the
development and progression of periodontal diseases. Among them
(P. gingivalis) and (A. actinomycetemcomitans) are major putative
periodontal pathogens that have been associated with chronic peri-
odontitis, aggressive periodontitis, and failure of periodontal thera-
py [53]. Kapadia et al. (2017) studied antimicrobial activity of bana-
na peel extract on Porphyromonas gingivalis (P. gingivalis) and
Aggregatibacter actinomycetemcomitans (A
actinomycetemcomitans) bacteria. This research opens new avenues
of research for its medical application in the dental field [55]. Anjum
et al. (2015) studied the activity of enzymes oxalate oxidase from all
three stages of banana (Musa paradisiac, L. Variety Bhusawal) peel
and to isolate, purified and characterized from this. Occurrence of
these enzymes made the fruit peel beneficial in medicinal applica-
tions [28]. Similarly, Karuna et al (2018) evaluated the
antiurolithiatic activity of selected fruit peels on simulated renal
stones in vitro conditions [56].

FUTURE SCOPE

By processing these wastes, we will not only increase the value of
waste but also food products proposed by this. By managing these
wastes, we will overcome the problem related to environmental and
health hazards in a cost-effective way.

CONCLUSION

This work has highlighted various health and nutritional benefits of
banana peel. Moreover, several insights on the practical application
of banana peel as a pharmacologically active substance and their
wide application as an antimicrobial, antioxidant, anticorrosive
agent. Moreover, there is a need to validate the mode of applications
of the compound through which banana peel demonstrates its bio-
logical activities. There is a need to process these compounds pre-
sent in banana peel and to exploit it as a health supplement due to
its richness in natural antioxidants coupled with medicinal applica-
tions.
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