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Abstract

Sahoo and Chandrashree Lenka.

Due to modernisation, urbanisation, and industrialisation, the globe is currently confronting four major challenges: food loss, food

waste, food security, and environmental sustainability. Thus, environmental friendly agricultural by-products were gaining more

and more attention now-a days. Bananas, one of the most widely consumed fruits in the world, greatly increase the amount of

waste generated by food consumption. Banana peels are rich source of macro and micro nutrients, food fibre, phenols, flavonoids,

antioxidants, antibacterial and antimicrobial agents. These bioactive substances may lower the risk of chronic illnesses such as

diabetes, cancer, hypertension and cardiovascular diseases. Food products that are lack of phenolic and dietary fibre can improve

their nutrient content by the incorporation of banana peel. With the help scientific techniques, such as fermentation and anaerobic

digestion, researchers have effectively transformed banana peels into bio fuels like ethanol and biogas. The orphan peel of banana

may also be used in agriculture as an organic fertiliser to improve soil quality and plant growth. Animal feed can also be prepared out

of banana peels. The aim of the present endeavour is to create awareness among people about nutritional potential of banana peels

and their utilization in achieving food security and environmental sustainability through a scientific approach.
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Introduction

Food loss, food waste, food security and environmental sustain-
ability are most important challenges the world is facing today
mostly due to modernization, urbanization and industrialization.
The concern is also getting worsen due to consistent war in Euro-
pean countries. After declining throughout the early 21% century,
food insecurity has become a growing problem, rising every year
since 2014. Over 30 per cent of the world struggled with food inse-
curity in 2020. This situation shows no signs of improvement, with
research from IEP’s latest Ecological Threat Report (ETR) project-
ing that by 2050 the number of food-insecure people will increase
by 43% to 3.4 billion.

In 2022, as per the Global Food Security Index of India ranked
68th out of the 113 major countries in terms of food security [13].
In 2023, the Global Hunger Index showed India ranked at 111th
out of 125 countries. With a score of 28.7 in the 2023 Global Hun-

ger Index, India has a level of hunger that accounts as serious [14]

issue. According to United Nations, there are nearly 195 million un-
dernourished people in India that make up a quarter of the world’s
undernourished population. In addition, roughly 43% of children
in India are chronically undernourished [27]. Though the current
nutritional standards meets 100% of daily food requirements, In-
dia lags far behind in terms of a quality protein intake at 20%. The
Human Rights Measurement Initiative finds that India is operating
atonly 56.8% of its capacity based its economic power to ensure its
citizens have adequate food security. 17% of food is lost between
harvest and retail. Addressing this massive loss of food is funda-
mentally important to achieving the UN Sustainable Development
Goals (SDGs). SDG 12 promotes ‘sustainable consumption and pro-
duction patterns’ and the third target of this goal ‘seeks to halve per
capita global food waste at retail and consumer levels and reduce

food loss along the entire supply chain by 2030’ [20,18].

At this juncture it is imperative to restore the Indian culture,

heritage and indigenous practices to prevent food loss and to bring
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those practices to the lime light for a better green economy per-
spective in future. The ethnic foods or traditional cuisines are los-
ing their identity and preparation of organic compost and organic

farming are coming up as a new research avenue.

India is the second-largest producer of fruits, as well as veg-
etables, in the world. Globally, the production of fruits and vege-
tables is about 675 million metric tons annually and out of which
1.3 billion tons of waste is produced. As reported by Food and Ag-
riculture Organization (FAO) India alone produces 103.03 million
metric tons of fruits and 197.23 million tons of vegetables annu-
ally. But this constitutes about 40 to 50% of waste annually [31].
Therefore, this waste content should be used in such a way that the
greatest possible benefits should be achieved and extracted with-
out incurring any financial loss or posing any environmental risks.
As a result, waste materials generated by these industries can be
composted and land filled through aerobic or anaerobic treatment,
biogas production, animal feed preparation and value-added food

production.

India is the world’s largest banana producer, accounting for
27% of global production. The banana (Musa sp.) is regarded as
the India’s second-most valuable fruit crop after citrus fruit and
the most popular fruit due to it’s variety, taste, nutritional quality,
affordability, medicinal properties and availability throughout the
year. The production and area of fruit crops in India are also domi-
nated by the banana having strong export potential. It makes up
13% of the total area of production and produces 33% of the fruits.
Maharashtra (3924.1 thousand tonnes) and Tamil Nadu (3543.8
thousand) produce the most fruits. Compared to the national av-
erage of production i.e. 30.5 tonnes/ha, Maharashtra in India has
the highest productivity at 65.70 metric tons/ha [41]. In terms of
global trade, bananas come in at number five after cereals, sugar,
coffee and cocoa. China, Brazil, Ecuador, India and Ecuador togeth-
er produce half of all bananas worldwide. The annual production
of banana peels is almost 36 million tons, and its existing endpoint
is connected to negative environmental impact and economic loss
[15].

Due to their high perishability and seasonality, processing
waste from fruits and vegetables presents a challenge to both the
processing industry and organisations responsible for monitoring
pollution. Utilizing its high-value components, such as the dietary
fibre fraction, which has a lot of potential for use in the manufac-
ture of functional foods, can help solve this problem. Dietary fibre
with antioxidant properties is a concept that is becoming more
significant in this regard. As a natural source of antioxidants and
nutritional fibre, peels of many different fruits are currently receiv-

ing attention.

Banana peel has gained popularity as a very good source of di-

etary fibre and antioxidants on the basis of these arguments. The
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peel and the pulp are the two main sections of the banana fruit.
The peel, the secondary product of bananas, contributes about
40% of the total weight of the fruit. With the increase production
of the fruit, the waste of their peel is also increased. According to
Ahmed.,, et al. [1], banana peels, which are about one-third of the
fruit weight, are mostly thrown away as waste instead of being
used for further utilization. A total of 200 tonnes of banana peel
waste are generated daily. The peels are typically disposed of at
municipal landfills, contributing to current environmental issues.
Natural bioactive compounds are also found in banana peels, such
as polyphenols, carotenoids, and dietary fibre which plays a pivotal
role in preventing cardiovascular disease, cancer, and other degen-
erative diseases. Because of its various bioactive compounds, ba-
nana peel has demonstrated its excellent uses in a variety of food
products, including bakery, culinary, and meat products, in terms of
nutritional quality. [46].

With this back drop, the present research is designed to explore
the inner potential of banana peels in food and agriculture sector
in attaining sustainable development goals and mitigating environ-

mental pollution.

Methodology

The information for the present research was collected from the
secondary sources such as books, journals and internet. Necessary
data were compiled and presented below. This review shades some
lights on the agricultural prospects, nutritional aspects as well as

possible interventions of Banana Peels on health benefits.

Result and Discussion
Nutritional quality

Findings of various researchers on nutritional quality of banana
peels delineates interesting results. It was reported that the green
banana peels has less fibre content than dessert banana peels, and
as they ripen, their lignin concentration rises from 7 to 15% dry
matter. Therefore, the nutritional value of banana peels vary de-
pending on the cultivar and maturation stage. Plantain peels con-
tain 40% are starch which turn into sugars as the plantains ripe.

While ripe banana peels can contain up to 30% free sugars.

Table 1 presents the proximate composition of banana peels
found out by different researchers. It was observed that banana
peels were good source of moisture, ash, protein, fat, crude fibre
and carbohydrate. The moisture content of these banana peels was
inthe range of 6.70 to 81g/100g. The ash level was varying between
0.70 to 12.45g/100g. Dibanda,, et al. was reported the highest ash
content. Different research findings showed the protein content of
banana peel was ranging between 0.90 to 10.44g/100g where as fat
content was found to be in between 0.89 to 8.40g/100g. The fibre
content was reported by several researchers in their study such as
Anhwang,, et al. [4], Romelle., et al. [34], Tsado., et al. [38], Mozeda
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Dry Sample (%) Wet Sample (%)
Nutrients Anhwang,, et al. | Dibanda,, et al. | Tsado., et al. | Mozeda Khatun., et al. | Hassan.,, et al.
(2009) (2016) (2021) (2021) (2018)
Moisture (in g/100g) 6.70 £ 02.22 - 9.83£0.03 81 62.33+0.14
Ash (in g/100g) 8.50 + 1.525 12.45 +0.38 9.56 + 0.06 0.70 9.60 + 0.02
Protein (in g/100g) 0.90 +0.25 10.44 + 0.38 3.23+0.05 4.77 1.95+0.14
Fat (in g/100g) 1.70 +0.10 8.40 + 1.15 0.89 + 0.04 1.7 5.93+0.13
Crude Fiber (in g/100g) 31.70 £ 0.25 11.8+0.06 12.67 £ 0.08 11.95 8.31+0.18
Carbohydrate (in g/100g) 59 +0.36 43.40+055 | 63.82+0.32 9.4 11.82 +2.17

Table 1: Proximate composition of Banana Peels.

Khatun,, et al. [22] and Pyar,, et al. [32], which varied from 8.31 to

31.70g/100g. The carbohydrate content of the banana peels were

ranging from 9.4 to 63.82g/100g as reported by the researchers.
Some researchers were worked on the banana peel pow-

der and the table 2 is showing the results of their findings. The

moisture content of banana peel powder ranging between 6.36 to
11.6g/100g, which was comparatively lesser than that of moisture
content of banana peels as stated by several researchers. Ash con-
tent was varying from 4.4 to 22.10g/100g, which showed higher

value than the value reported for banana peels. Similarly the val-

Nutrients Fili(zzi(()aln Sg)l lar M(Z(:;?(lz(g;tﬁn" G;‘ng;;)li As(lzn(l); ;;l fi Imran Pasha (2022)
Moisture (in g/100g) 11.6 11.2 7.53£0.03 8.9+0.03 6.36 £ 0.65
Ash (in g/100g) 44+0.2 18.87 9.53+0.05 - 22.10+3.01
Protein (in g/100g) - 10.04 6.83 £0.02 - 8.82 + 0.64
Fat (in g/100g) - 5.97 4.01+0.03 - 4.52 +0.59
Crude Fiber (in g/100g) 66.8+1.3 11.09 12.38£0.92 52.5+0.15 11.20 £ 1.73
Carbohydrate (in g/100g) - 54.01 67.25 +4.36 - -

Table 2: Proximate Value of Banana Peel Powder.

ue of protein, fat, fibre and carbohydrate was ranging from 6.83-
10.04g/100g, 4.01-5.97g/100g, 11.09-66.8g/100g and 54.01-
67.25g/100 g respectively.

Emaga,, et al investigated the chemical makeup of six types of
banana and plantain fruit peels. According to their findings, chemi-
cal components were not consistently impacted by the types. How-
ever, when fruits matured, their soluble sugar concentration in-
creased while their starch level decreased. The rise in the amount
of soluble sugar could be explained by the breakdown of starch
by endogenous enzymes. They suggested that endogenous en-
zymes were responsible for the breakdown of starch, which could
account for the rise in the amount of soluble sugar. They identi-
fied notable levels of leucine, valine, phenylalanine, and threonine,

among other amino acids [42].

The nutritional composition of banana peel powder was ob-
served to very impressive as its values were at par with the nu-
trient composition of cereals and cereal products. So further re-
search in this direction need to be conducted for better utilisation
of banana peels to treat not only celiac diseases and other health

complication related to cereal products but also to achieve food

security by replacing cereal flours with banana peel flour as a fu-

ture food.

Table 3 showed the varied ranges of different micronutrients
present in banana peel powder. Interestingly the banana peels
which were considered as the pollutants for the environment were
having the excellent nutritional potential to be considered as one
in mainstream of foods. The several studies showed that banana
peel powder are a rich source of potassium, sodium, calcium, iron,
magnesium and phosphorus. Also it contains a sizable amount of
copper, zinc and manganese in it which can be proved itself very
good for maintenance of bone health, heart health, nerve health
and blood health as well.

The biochemical properties of banana peel
Fatty acid content

The chemical makeup of fruit peels is the primary factor that
determines their suitability for use in nutritional supplementa-
tion. Like its pulp equivalent, banana peel is rich in organic mat-
ter (lipids, fibre, carbohydrates, and protein) and a major source

of numerous bioactive substances. Banana peels are a good source

Citation: Anushriya Sahoo and Chandrashree Lenka. “Utilization of Banana Peels: A Novel Approach Towards Food Security and Environmental

Sustainability". Acta Scientific Nutritional Health 8.11 (2024): 58-64.



Utilization of Banana Peels: A Novel Approach Towards Food Security and Environmental Sustainability

61

Nutrients Anhwang,, et al. Filiz Yangilar Dibanda,, et al. Kumar._, etal. |GarsaAli(2022)| Imran Pasha
(2009) mg/100g | (2015) mg/kg | (2016) mg/100g | (2019) (in ppm) mg/100g (2022) mg/100g
Potassium 78.10 £ 6.58 1492.54 - 618.4 £ 110.24 = 6.04 7124 £ 3.7
25.74mg/100g
Calcium 19.20 £ 0.00 729.18 19.86 + 0.24 220 +08.32 80.27 £10.16 332.6 +44.7
Sodium 24.30+£0.12 265.60 - 38.0+£291 96.43 + 3.14 440.5+59.2
Iron 0.61+0.22 42.06 15.15+0.36 12.4 £0.32 42.75+0.11 216.3+188.1
Manganese 76.20+0 - 9.05 +0.34 - 85.25 +4.23 543 +7
Zinc - - 1.72£0.17 2.8+0.06 37.11+1.03 2001
Phosphorus - 918.0 - - 21792 +0 647.3+47.2
Manganese - 101.40 - 536 +30.37 5.29+£0.15 -
Copper - - - - 0.60 +0.07 -

Table 3: Mineral Content of Banana Peel Powder.

of polyunsaturated fatty acids such as linoleic acid (Omega-6) and
a-linolenic acid (Omega-3), which make up about 40% of total
fatty acids. Studies using a linoleic acid-enriched diet have dem-
onstrated a reduction in liver fat and a slightly improved metabolic
condition without any indications of inflammation [23]. Mean-
while, a-linolenic acid has been shown in clinical investigations
to have an anti-inflammatory effect on obesity [10]. Banana peels
have a high PUFA content, including omega-3 and omega-6 linoleic

and a-linolenic acids.

Conversely, there has been a lot of interest in learning more
about the antihyperglycemic effect of banana fruit as a result of
recent research on the fruit’s potential as an antidiabetic. About
20% of the pulp’s starch is hydrolysed, which helps sucrose, glu-
cose, and fructose accumulate throughout maturation to make the
pulp sweeter and more pleasant. In contrast, just around 3% of
starch is found in unripe peels, which may contribute to the low
sugar content of the inner peel even after ripening, rendering it
tasteless [8,15].

Antioxidant content of banana peels

When compared to other fruits, banana peels contain a higher
concentration of phenolics, which are significant secondary me-
tabolites. Banana peels contain a variety of phenolic chemicals,
including epicatechin, gallic acid, tannins, and anthocyanins [38].
Furthermore, banana peels have five times more gallocatechin
than pulp, which suggests that they are rich in antioxidant chemi-
cals. The peel of ripe bananas (Musa acuminata Colla AAA) also
includes catecholamines and anthocyanins (cyanidin and delph-
inidin). However, sterols and triterpenes like B-sitosterol, stig-
masterol, campesterol, cycloalkanol, cycloartenol, and 24-methy-
lenecycloartanol have been found in banana peels, along with
carotenoids like 3-carotene, a-carotene, and different xanthophylls
that range from 300 to 400 pg lutein equivalent/100 [42].

Antimicrobial substance present in banana peel

According to a prior study, banana peels have antibacterial

qualities that can effectively combat Salmonella enteritis, Escherich-
ia coli, Bacillus subtilis, Staphylococcus aureus, and Bacillus cereus
[24]. According to research by Dahham,, et al. [6], the banana peel
extract made from hexane solvent had the maximum toxicity to-
wards the human colon cancer cell line HCT-116, showing 64.02%
cell suppression of cell proliferation. The aqueous methanol extract
of Nendran banana peel has shown to have a significant cytotoxic
effect against MCF-7 breast cell lines by Durgadevi,, et al. [9] in a
different investigation. It was also found out that the crude extract
from banana peels could also be utilised to create gold nanoparti-
cles that were cytotoxic to human lungs cancer cells and prevented
the formation of bio films by the Gram-positive bacteria Enterococ-

cus faecalis.

Pharmacological activity

Bioactive substances found in banana peels include flavonoids,
tannins, alkaloids, glycosides, anthocyanins, and terpenoids. These
compounds have been shown to have a variety of biological and
pharmacological effects, including antibacterial, antihypertensive,

antidiabetic, and anti-inflammatory properties [30].

Application of banana peels in several industries
Banana peels’ application in the culinary sector

Both ripe and unripe banana peels have been used in earlier
studies to enhance the nutritional value and physicochemical char-
acteristics of various food products (e.g. bread, noodles, jelly and
meat products). Furthermore, compared to pulp, banana peels con-
tain far more ash, protein, fat, crude fibre, and dietary fibre. This
has allowed banana peels to be used to make foods with a variety
of amazing capabilities [26].The phytochemical and antioxidant ef-
fectiveness of food formulations may be enhanced by incorporation

of banana peels.

Use of banana peels in first aid
Some practitioners of folk medicine propose the following rem-
edies in light of banana peels’ antibacterial, antioxidant, and anti-

inflammatory characteristics. To relieve itching, the peel is applied
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on insect bite, poison ivy rash, or sunburn. One frozen banana peel
applied to the forehead and another to the back of the neck will
help alleviate headache pain. Applying a banana peel for fifteen

minutes to a skin splinter to aid in its removal.

Banana peels for teeth whitening

Natural healing practitioners believe that rubbing a banana
peel on teeth is beneficial for gums and teeth. Banana peels have
demonstrated antibacterial activity against A. actinomycetemcomi-
tans and P. gingivalis. These bacteria contribute to periodontal dis-

eases, such as gingivitis and periodontitis.

Use of banana peels for healthy hair

Banana peel is recommended as an element in hair masks by
proponents of natural health and cosmetic goods. It is said to give
hair a shiner, softer texture. They bolster that argument, for ex-
ample, by highlighting the antioxidants found in banana peel. It is
suggested that these antioxidants keep hair strong and healthy by

counteracting free radicals.

Use of banana peels for skin care

Proponents of using banana peels for skin care advise to do the
following: applying a banana peel to face to brighten it and mini-
mise wrinkles; covering closed eyes to reduce puffiness; moisturis-
ing skin with a banana peel; rubbing the peel on acne scars to make
them disappear; treating psoriasis for moisturising and relieving
itching; and removing warts by taping a piece of ripe banana peel

over the affected area and leaving it there for the night.

Use of banana peels for health benefits

Studies on stages of banana and banana peels provide various
health advantages. More evidence suggests that riper, blackened
bananas assist white blood cells fight off illness and infection,
whereas under ripe, green bananas may be more useful in address-

ing stomach problems.

Gastrointestinal health

Banana peels high in fibre helps ease diarrhoea and constipa-
tion by balancing the digestive tract and improving gut health. This
is a benefit of banana peels that may be especially significant for

those who have irritable bowel syndrome or Crohn’s disease.

Reduced risk of cancer

Banana peels are a rich source of antioxidants, carotenoids,
and polyphenols that combat free radicals in body that cause can-
cer. Consuming more banana peels-particularly the green, unripe
ones-can raise antioxidant levels and lower the chance of develop-
ing cancer, however more research in this direction is required for

its better utilization.
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Improved vision
Maintaining healthy and strong eyes can be aided by vitamin
A. Banana peels and bananas themselves are great sources of this

vitamin-A and carotene.

Relieving depression

In addition to providing B6 from banana peels, bananas’ high
tryptophan content can help reduce symptoms of depression and
other mood disorders. As tryptophan degrades, serotonin is pro-
duced, which elevates mood. As banana peels are rich in vitamin
B6, intake of value-added products rich in banana peel can help to

sleep better, which ultimately improves mood [43].

Using banana peels as fertilisers

Farmers use fewer organic fertilisers because they are more ex-
pensive, despite the fact that they are more environmentally friend-
ly and effective. Because of this, banana peels can be used to make
an inexpensive, natural fertiliser. Peels from bananas, which are
usually thrown away as garbage, are being gathered from houses
and vendors, cleared of any unnecessary material, and sun-dried.
The powdered alkaline banana peel is applied to the soil to increase
pH, enhance morphology, and supply necessary nutrients. In com-
parison to chemical fertilisers and chicken manure, organic fertilis-
ers produced by composting banana waste are thought to be more
practical and reasonably priced [33]. The utilisation of solid-state
fermentation to transform banana waste into a soil conditioner
that stimulates growth and reuse it as fertiliser in banana farming
has been shown to considerably lower planted sucker mortality,
enhance plant biomass, and boost fruit yield. The bacteria Azospi-
rillum, Azotobacter, and phosphate-solubilizers are effectively trans-
ported by banana waste, which has a positive influence on the soil’s
availability and the phosphorus content of the bananas’ leaves [36].
Rich in nitrogen, phosphate, and potassium, banana peels have an
impact on plant growth. Furthermore, recycling banana peels is a

great way to control trash [39,41].

Biological substrate

Banana peels have been used as a bio-substrate because of their
high cellulose content. The material is utilised in the synthesis of
ethanol, laccase, xylanases, and organic acids. Banana peels have
been used as a substrate for both the production of wine and the
cultivation of edible mushrooms. Researchers have looked into the
possibility of employing banana peels as a bio substrate for the
production of bioethanol, a sustainable energy source. Bioethanol
could be produced from the lignocellulose agricultural waste of ba-
nana peels [7]. Banana peels have also been investigated as a po-
tential source of biomethane, a renewable energy source that can
be produced by anaerobic digestion [3].
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Using banana peels to make biodegradable plastic

Wastes that spontaneously disintegrate or breakdown are
known as biodegradable wastes. Non-biodegradable materials
are substances that affect the environment by taking a long time
to break down and persist in the environment, causing environ-
mental harm and pollution. Biodegradable plastics fall into two
categories: those that break down anaerobically and aerobically.
Biodegradable plastics might be composed of petroleum-based
plastics, additive-based plastics, polymers produced from renew-
able basic materials, or bioplastics (PHA or PHB). Food packaging
industries can effectively use leftover banana peels as a component
of edible film. Since it lowers the chance of microbiological growth,
the edible coating helps preserve food and increase its shelf life.
Banana peels is thus managed less expensively while also yielding

a byproduct useful to the food industry [46].

Conclusion

Banana peels which are found to be power house of various nu-
trients having enormous nutraceuticals and pharmaceuticals prop-
erties. They are not only rich source of carbohydrate, protein, fat
and fibre but also a profound source of antioxidants, essential fatty
acids with antimicrobial properties. Being a rich source of calcium,
iron, potassium they can be utilized for betterment of bone health,
blood health and heart health. Besides this they can be utilized as a
vital source for maintenance of gut health due to high fibre content.
Because of its bioactive components it can be utilized as fertilizer
and also can help in synthesis of ethanol, xylanases, laccase and or-
ganic acids, substrate for both the production of wine and the culti-
vation of edible mushrooms, preparation of biodegradable plastics
and also in preparation of bioethanol and biomethanol a source of
renewable energy. Thus banana peels with those tremendous po-
tential prove itself as an miraculous ingredient for food security
and environmental sustainability rather than a waste. However
further research in this area is required to unfurl the novel poten-
tialities of banana peels and to bring this fact to lime light that ba-
nana peels are not waste/trash/garbage rather those are invisible

potential resources for mankind for sustainable development.
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