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Abstract-Organic wastes from banana, beetroot, and pineapple peels were used in the production of Table
wine through fermentation process using Saccharomyces cerevisiae. The obtained wine was subjected to
Physico-chemical analysis namely pH, specific gravity, moisture, alcohol, protein, vitamin C, carbohydrate,
tartaric acid, chloride, calcium and total phenol contents using established procedures. Further, sensory
evaluation of the wine was carried out and the data obtained were statistically analyzed using Kruskal —
Wallis test. In addition, the revenue generating potential of the prepared wine was also quantified. The
results of Physico—chemical analysis and sensory evaluation parameters were within the standard
acceptable ranges. The profit gained for 1 quintal of peel wastes of banana, pineapple and beetroot used for
wine preparation @ Rs. 300/750ml were 73,640, 84,480 and 82,920 rupees, respectively. In this study, a better
and more profitable market for pineapple peel waste followed by banana peel waste and beetroot peel waste

was realized.
INTRODUCTION

Plant biomass is a complex mixture of organic
ingredients which acts as the source of energy for
wide spectrum of life forms. Humans utilize a
minor fraction of plant biomass as food and the
remaining fraction discarded as wastes are recycled
by other living organisms through various catabolic
processes. Organic wastes from agricultural and
horticultural sources acts as a potential source of
energy for microorganisms which transform
biomass into economically useful byproducts.
Fermentation is an age old practice used to preserve
food, production of beverages and improvement of
nutritive value and flavour (Isitua et al., 2010;
Okafor, 2007 and Sofor, 1993). Fermentation process
occur in the absence of oxygen during which sugar
molecules are broken down into alcohol with the
liberation of carbon dioxide and energy. It is during
such process that products such as wine, beer and
other fermented products are produced.

Bananas are the World’s most consumed, grown,
marketed and nutritious fruits with more than 1000
varieties. The most traded variety is the Cavendish

banana (Musa acuminata) which accounts for just
under half of global production at an estimated
annual production volume of 50 million tons (FAQO,
2025). Bananas are particularly significant in some of
the least developed and low-income, food-deficit
countries, where they contribute not only to
household food security as a staple food but also to
income generation as a cash crop (FAO, 2023).
Banana peels, which has application in production
of ethanol is a major source of waste from which
high-quality wine is produced (Isitua and Ibeh, 2010;
Byarugaba-Bazirake ef al., 2014 and Prerna Khawas
et al., 2018). Pineapple (Ananas comosus), one of the
most popular subtropical fruit, has plentiful
nutrition and unique flavour. Pineapple is abundant
in micronutrients, and antioxidants. In addition, it
also contains sufficient amounts of minerals.
Pineapple is consumed in fresh and processed forms
like canned food, beverages, and food supplement.
Simultaneously, a large number of peels,
representing 29-40% (w/w) of the whole pineapple
weight abundant in nutrients like sucrose, fructose
and glucose (Shilpa, 2013), are discarded in
processing industry (Zhang et al., 2020; and
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Choonut et al., 2014). The production of wine using
pineapple peel can not only help to reduce waste,
but also meet the strong public demand for novel
quality products. Compared to the pulp, pineapple
peel may contribute unique flavours to the wine
(Zhang et al., 2020). Table wine has been produced
from juices extracted from washed and peeled
beetroot (Mo et al., 2020). Wine from beetroot peel
can be good for health as it has good antioxidant
activity. Wine produced from the organic wastes is a
complex mixture consisting of both organic and
inorganic compounds including esters, alcohols,
fixed acidity (tartaric and citric acid) sugar,
aldehyde, tannins, pectins, vitamins, and minerals
(Umeh et al., 2015). The objective of this study was to
compare the physico-chemical and sensory
properties of wine prepared using banana,
pineapple and beetroot peel in order to create better
and more profitable market for these organic wastes.

MATERIALS AND METHODS

Sample

The peels of banana, beetroot, and pineapple
samples were collected from local market and juice
centre situated near Mangalore University campus.
Inoculum Preparation: The peels of banana,
beetroot, and pineapple samples were washed
thoroughly and drained for 30 minutes. Then, 500 g
of each samples were cooked in water separately in
a cooking pot and then simmered for about 20-30
min to extract the flavour and nutrients from peel.
The boiled mixture was cooled to room
temperature, filtered using muslin cloth and the
residue was further extracted in 1.5L of water for 5
min. Then, 500 g of sugar was added to each pot and
mixed well. Yeast was added and left to ferment for
21 days under aseptic conditions (Syriac et al., 2017).
After the fermentation, wine was filtered and kept
for aging in clean bottles at room temperature.

Percentage of peel waste

Fraction of peel waste generated in banana, beetroot,
and pineapple were estimated by measuring the
weight of peeled waste with that of whole fruit
weight.

Physico-chemical Analysis

a) Volume of wine: After fermentation, wine was
filtered and the volume was measured using
measuring jar.

b) pH: pH meter was used to determine the pH

(Gavimath et al., 2012).

¢) Specific gravity and alcohol contents: The
specific gravity and alcohol content of wine of
all the three wastes were measured by using
hydrometer (Kaur and Kaur, 2015).

d) Protein: The quantitative estimation of proteins
in wine was carried out using the biuret method
(Fulari et al., 2020).

e) Specific gravity and alcohol contents: The
specific gravity and

f) Carbohydrate: The total carbohydrate content
was calculated by using fat, protein, moisture
and ash content as follows:

100% - (% moisture +% protein + %fat +% ash)

(Fulari et al., 2020)

g) Moisture: Sample was weighed, put into the
petridish and placed in an air draught oven at
100°C for 1hr. Then, petridish was weighed after
cooling. Loss in weight was calculated as the
percentage moisture content and this was
expressed by the following formula:

% Moisture = [(W2-W3)/ (W2 - W1)] x 100

Where,

W1 = Weight of empty dish

W2 = Weight of dish + sample before drying,

W3 Weight of dish + Sample after attaining
constant weight on drying.

(Fulari et al., 2020).

h) Vitamin C: The estimation of ascorbic acid was
carried out using TCA method (Kaur and Kaur,
2015).

i) Total phenol content: The total phenolic content
in wine samples was determined by Folin-
Ciocalteu (FC) method.

j) Residual sugar: Residual sugar was measured
using hydrometer.

k) Tartaric Acid: Titratable tartaric acid in wine
was measured using bromothymol blue
indicator.

Amount of tartaric acid = ml of titrant X 0.75 ml

I) Chloride: Titratable chloride in wine was
measured by Mohr’s method.

Amount of chloride in wine (mg/l) = (ml of titrant x

normality of titrant x 1000x35.5)/ml of sample taken

m) Calcium:Titratable calcium in wine was
measured by titration method by using
muroxide indicator.

Amount of calcium in mg/l of wine sample = ml
of the titrant added x 400.8/ml of sample taken

Sensory evaluation

15 persons were identified who were conversant
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with the test of Table wine to evaluate sensory
parameters like color, taste, flavour and general
acceptability. They evaluated the samples with a
rating between 1 and 5 in the questionnaire. 5 grades
are used to evaluate the wine as excellent - 5, very
good —4, good - 3, bad - 2 and very bad - 1. Finally,
the scores were analysed statistically using the
Kruskal -Wallis test.

Estimation of revenue generating potential

Based on the peel waste generating potential of
banana, pineapple fruits and beetroot vegetable,
required cost is calculated to get 100 kg of peel
wastes.The expenses required to prepare
fermentation broth like purchase of containers,
sugar, yeast, wine filter clothes, packing bottles were
estimated. Based on the wine harvesting potential of
peel wastes, net profit was calculated at the rate of
Rs.300 for 750 ml of wine.

RESULTS AND DISCUSSION

The peels are the outermost layer of all fruits and
vegetables, generally considered as useless and
uneconomical part. Earlier studies have shown that
peels are rich in polyphenol, carotenoid and other
compounds (Zhang et al., 2005). In the present study,
peels of banana (Musa species), pineapple (Ananus
comosus) and beetroot (Beta vulgaris) were used for
wine production to estimate revenue generating
potential.

In Banana and pineapple fruits, peel waste
comprised of 20 and 21 %, respectively whereas
beetroot generated 9 % of its total weight (Fig. 1).
The amount of wine harvested in ml per 500 g of
peel waste from 1500ml final volume of

Table 1. Physico-chemical analysis of wine from peel wastes

fermentation broth were 1433 + 17.24, 1381 + 16.52
and 1374 + 22.86 from banana, pineapple and
beetrootpeel waste, respectively (Table 1). The
observed values for physico-chemical parameters
like pH, specific gravity, alcohol, protein,
carbohydrate, moisture, vitamin C and phenol
contents (Table 1) fall within the standard acceptable
ranges. The pH values recorded were 3.25, 4.0 and
3.0 for banana peel wine (bpw), pineapple peel wine
(ppw) and beetroot peel wine (brpw) respectively,
which is consistent with the normal pH value range
of 2.8 to 4.2 (Somari and Udo, 1993). The pH of wine
is dependent on the type of substrate, type of
microorgnisms used and aging. The pH of the wine
is very important in order to maintain stability,
flavor, color and to control microbial activity. The
density of wine is typically measured in the units of
specific gravity (5G). The specific gravity of wine is
influenced by the sugar content, alcohol content and
other factors. In the present study, specific gravity
values recorded were 1.0785, 1.0568 and 1.0654 for
bpw, ppw and brpw, respectively. The specific
gravity gradually lowers as the fermentation
progresses and it depends on the microbial
succession, availability of nutrients, sugar and
alcohol (Balogun et al., 2017). Alcohol content in
wine generally ranges from 5 to 20 % which is
averaged to 12%. Alcohol content is the direct
measure of the ability of yeast Saccharomyces
cerevisiae to convert sugar into alcohol. In the present
study, bpw recorded highest alcohol content of 11%,
followed by brpw recorded 8.5% and ppw
contained 7%. The concentration of alcohol is one of
the most important ingredients of the wine which
contributes to the whole characteristic quality and
flavour of wine (Reddy and Reddy, 2005). Proteins

Parameter/ Volume of pH Specific Alcohol ProteinCarbohydrate Water Vitamin C  Total
Wine sample Wine gravity (%) (mg/ml) (%) (%) (mg/ml)  Phenol
substrate (ml/500 g (mg/100
waste) ml)
Banana peel waste 1433+ 17.24 3.25 1.0785 11 0.053 12.661 80.79 0.0443 70
Pineapple peel waste 1381+ 16.52 4.00 1.0568 7 0.069 9.261 83.28 0.0416 40
Beetroot peel waste 1374 + 22.86 3.00 1.0654 8.5 0.086 19.504 71.93 0.0222 80
Table 2. Quality Parameters of wine from peel wastes
Parameter/Wine sample substrateResidual sugar(g/l)Tartaric acid(g/1) Chloride(mg/1) Calcium(mg/l)
Banana peel waste 20 5.9225 + 0.05 137.03 £ 5.6 60 +5.6
Pineapple peel waste 13.5 5.78 +0.16 137.03 £3.7 57 +3.7
Beetroot peel waste 16 4.77 £ 00 115.73 £ 00 22.7+1.8
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in wine are typically present in low concentrations,
contributing little to their nutritive value. Protein
content (mg/ml) recorded were 0.053, 0.069 and
0.086 in bpw, ppw and brpw, respectively. It was
reported that low protein level in wines may
contribute to its clarity and stability (Ferreira et al.,
2001). Carbohydrate content in wines are generally
low and contributed by the type of substrate used,
conversion ability of the yeast strain and wine
maker’s practices. In the present investigation,
carbohydrate content (%) recorded was 12.661, 9.261
and 19.504 in bpw, ppw and brpw, respectively. As
the intrinsic carbohydrate content was high in
beetroot when compared to other peel wastes, its
value was relatively high. During fermentation
process, as yeast convert sugar to alcohol, the
carbohydrate content gradually decreases and
whatever the sugar leftover was considered as
residual sugar which is generally low (Okoro, 2007).
Major fraction of wine is composed of water
accounting for 80 — 90 %of its volume next to alcohol
content. Water plays an important role for survival
of yeast as well as to maintain the quality
parameters like stability, mouthfeel, flavors and
wines overall texture. In the present study, Water
content (%) recorded were 80.79, 83.28 and 71.93 in

Table 3. Sensory evaluation parameters of the wine from
peel wastes

Parameters Wine samples from peel wastes
Banana  Pineapple  Beetroot

Colour 4.53 4.6 3.53
Taste 4.6 4.73 3.34
Flavour 4.53 4.67 3.14
General acceptability ~— 4.47 5 3.14
Average rating 4.53 4.75 3.2875
Significance 0.85775 1.000

Rating inferences: 5 — excellent, 4 — very good, 3 — good,
2 —bad, 1 - very bad

bpw, ppw and brpw respectively. It’s very clear that
water content of wine from beetroot peel restricted
to 71.93 % which was relatively lower than the
acceptable range. The total phenol content in wine
plays a very important role to impart color, flavor
and taste to wine and it also acts as preservative and
antioxidant (Paixao et al., 2007). Generally phenol
contents varies with types of wine like 216 mg/
100ml in red wine and as low as 32 mg/100 ml in
white wine. In the present study, phenol content
(mg/100ml) recorded were 70, 40 and 80 in bpw,
ppw and brpw respectively. The values of phenol
content in all the three wines fall within the
acceptable range. Vitamin C is present in trace
amount and it’s not considered as the source of
vitamin C. Vitamin C content (mg/ml) recorded
were 0.0443, 0.0416 and 0.0222 in bpw, ppw and
brpw, respectively. Vitamin C content was reported
in the blends of pineapple — carrot wine (Balogun et
al., 2017) and whose values were consistent with the
present findings.

In addition, wine quality chemical parameters
like residual sugar, tartaric acid, chloride and
calcium were determined (Table 2). Residual sugars
are leftover sugar after the completion of
fermentation process and it contributes to the
sweetness of the wine. Typically, residual sugar level
varies from 4 to 45g/1. In the present investigation
the values (g/1) obtained were 20, 13.5 and 16 in bpw,
ppw and brpw respectively. Tartaric acid is the most
dominant component of all the acids present in the
wine whose value ranged from 4 to 7 g/I. Tartaric
acid contents estimated were 5.92 + 0.05, 5.78 + 0.16
and 4.77 + 00 in bpw, ppw and brpw, respectively.
Tartaric acid influences taste, aroma, acidity and
overall quality of the wine. Chloride content (mg/1)
recorded were 137.03 +5.6, 137.03 £ 3.7 and 115.73 +
00 in bpw, ppw and brpw, respectively. Chloride
content expressed as NaCl ranged from 200 mg/1 to
1000mg/1. High level of chloride content impart

Table 4. Estimated revenue generating potential from peel waste wines

Sample Wine harvested Revenue Estimated cost (Rs) Estimated Net profit
(L/100kg of peel generated at for 100kgs of peel expenditure realized (Rs)
wastes) Rs.300/750ml waste (Rs) for ferment
(Rs) preparation
Banana 286.6 1,14,640 30,000(for 5 quintal 11,000 70,000(73,640))
banana hand)
Pineapple 276.2 1,10,480 15,000( for 4.8 11,000 80,000( 84,480)
quintal pineapple )
Beetroot 274.8 1,09,920 16,000 11,000 80,000( 82,920 )

(for 1.112 ton beetroot)
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salty taste to the wine which is undesirable.
Chloride concentration in wine is dependent on the
terroir and the type of substrate used (Coli ef al.,
2015). Trace amount of calcium is also present in
wine. Normally calcium content ranges from 60mg/
1 to 80 mg/1 along with other minerals. Wines with a
calcium level above 70-80 mg/l1 are considered to be
at risk of instability. In the present study calcium
content (mg/l) recorded were 60 + 5.6, 57 + 3.7 and
22.7 £ 1.8 in bpw, ppw and brpw, respectively.
Calcium content was consistent with the acceptable
range and whose presence render stability to wines.

Sensory evaluators result (Table 3) rated 4.75 for
pineapple peel wine followed by banana peel wine
(4.53) and beetroot peel wine (3.28). Low sensory
scores for beetroot peel wine may be due to low
moisture content and higher carbohydrate content.
On the other hand, pineapple peel and banana peel
wines were superior both in terms of physico -
chemical as well as quality aspects.

Estimation of revenue generating potential

For human beings, the fruit and vegetable peels are
generally not edible as its components are unable to
digest and for the same reason it’s not palatable.
Hence, the peels of various vegetables and fruits
have not garnered much attention despite its high
content of polyphenol, carotenoid and other
bioactive compounds which are highly useful with
significant revenue generating potential.

In the present study, net profit generated for 100
kg of peel wastes were calculated. The whole
banana hand required to get 100 kg of peel waste
was 5 quintal as peel waste comprised of 20%banana
hand (Fig. 1) but 40% of fresh banana
(Tchobanoglous et al., 1993). In Karnataka region
banana transaction occurred in the form of banana
hands in the whole sale regulated market,
accordingly we calculated banana peel fraction as
20% of banana hand. Average rate of banana hand at
regulated market was Rs. 6000/quintal which comes
to Rs. 30,000/- for 5 quintal. Peel waste fraction in
pineapple comprises of 21%, accordingly to get 100
kg of peel waste, 4.8 quintal of pineapple is required
which accounts to Rs. 15,000. In beetroot, peel waste
generation potential is restricted to 9%, to get 100
kgs of peel waste, 1.112 ton of beetroot is required
which is equivalent to Rs. 16,000 @ Rs. 14/kg.

The wine harvested (litre) from 100 kg of peel
waste were 286.6, 276.2 and 274.8 for banana,
pineapple and beetroot, respectively (Table 4). The
revenue generated @ Rs. 300/750 ml were Rs.
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Fig. 1. Peel waste potential (%) of banana, pineapple and
beetroot.

Fig. 2. Banana peel wine

1,14,640, Rs. 1,10,480 and Rs. 1,09,920 for bpw, ppw
and brpw, respectively. As the amount of waste used
in the present estimation is same for all the three
types of peel wastes, the cost required for ferment
preparation and subsequent packing and marketing
will be the same and amounts to Rs. 11,000. Net
profit realized excluding the revenue generated
from pulp fraction were Rs. 73, 640 (rounded off to
Rs. 70,000), Rs. 84,480 (rounded off to Rs. 80,000)
and Rs. 82,920 (rounded off to Rs. 80,000) from bpw,
ppw and brpw, respectively. From the sensory
evaluation data wine tasters preferred pineapple
and banana peel wine while the wine from beetroot
peel secured fair scores. Overall the revenue
generating potential of the wine was dependent on
the quality of wine and consumer preference.

CONCLUSION

It can be concluded that pineapple wine was
superior in all aspects like physico-chemical
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Fig. 3. Pineapple peel wine

Fig. 4. Beetroot peel wine

parameters, sensory preference and revenue
generating potential followed by banana peel wine
and beetroot peelwine. Wine industry is a rapidly
growing sector and wine produced from fruit and
vegetable waste contribute to an increase in the
profit. It offers a valuable opportunity for the wine
making industry to adopt sustainable practices,
reduce waste, and create new revenue stream.
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