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Abstract
Wine is an alcoholic beverage made from fermented fruit juice. The study about wine production is known as Oenology. Wine making or vinification begins with
the selection of the fruit, its fermentation into alcohol, and the bottling of the finished liquid. In the present study, Musa acuminata and Ananas comosus were used for
the wine production under controlled fermentation for 20 days using Saccharomyces cerevisiae. The aliquots from both the wine mixture and control were taken under
sterilized condition for various physico-chemical analyses at an interval of 5 days. The yeast cell viable count in the wine sample was estimated and it was found to rise
initially during fermentation and then declined (17.7×106 to 10.1×106 cells/ml). The alcohol content of the wine sample was found to be 8%. The amount of reducing
sugar was estimated using DNS reagent and it was found to decline gradually from 12.3-7.759 mg/ml. The antioxidant property of the samples was estimated using
the radical scavenging activity (DPPH assay) and it was found to be about 22.64%. The specific gravity for the wine sample was estimated to be 0.902 g/cm3. The
polyphenol content was estimated using Folin-Ciocalteus method (25.8-17.8786 mg/ml). The acidity of the wine increased as fermentation proceeded. The pH of
the sample decreased to 2.5 from 4. The electrical conductivity was found to be 1.98 mS. The temperature ranged between 25-30.2℃. The FTIR was done with wine
sample and the main functional group was found to be OH group.

Introduction
India is one of the largest producers of fruits in the world. Fruits are
one of the most important food of mankind. They are indispensable for
the maintenance of health and improve the quality of our diet. Fruits
provide essential ingredients like vitamins, minerals, carbohydrates,
etc. Fruit juices are fermented to produce wine, an alcoholic beverage
which are also nutritive and tastier. Wine will have a flavour like
fresh fruit which could be stored and transported under the existing
conditions. Being fruit based fermented and undistilled product, wine
contains most of the nutrients present in the original fruit juice. The
nutritive value of wine is increased due to release of amino acids and
other nutrients from yeast during fermentation. Fruit wines contain
8 to 11 per cent alcohol and 2 to 3 percent sugar with energy value
ranging between 70 and 90 kcal per 100 ml.
Grapes are usually preferred because of the natural chemical balance
of the grape juice which aids their fermentation process without the
addition of sugars, acids, enzymes, or other nutrients. However, fruits
such as banana, cucumber, pineapple and other fruits are used in wine
production [1-3]. Home-made wine production has been practiced
with various fruits such as apple, pear and strawberry, cherries, plum,
banana, pineapple, oranges, cucumber, watermelon, guava, etc. using
species of Saccharomyces cerevisiae which converts the sugar in the fruit
juices into alcohol and organic acids, that later react to form aldehydes,
esters and other chemical compounds which also help to preserve the
wine [4-6]. Yeasts from other sources such as palm wine has also been
used [7] in the production of fruit wine.
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Banana (Musa acuminata) serves as good nutritional sources of
carbohydrates, minerals such as potassium and vitamins such as B1,
B2, B3, B12, C and E. Following the high nutritional content of banana,
it is consumed in large quantity all over the world. The banana fruit
can be eaten raw or cooked, processed into flour or fermented for the
production of beverages such as banana juice, beer, vinegar and wine
[8-10]. However, banana has a short shelf-life under the prevailing
temperature and humidity condition. This results to wastage of the fruits
as a result of poor handling and inadequate storage facilities [11,12].
Moreover, fermenting banana juice into wine is considered to be an
attractive means of utilizing surplus banana, since the consumption of
banana wine provides a rich source of vitamins and ensures harnessing
of the fruits into a useful by-product [1].
In the present study, pineapple and banana were chosen for wine
preparation as both the fruits contain high amount of sugar content.
The pineapple consists of vitamins, and minerals, including potassium,
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copper, manganese, calcium, magnesium, vitamin C, β-carotene,
thiamin, B6, folate, as well as soluble and insoluble fiber and bromelain
[13]. Pineapples contain good sugar proportion which makes it
suitable for wine making [14]. Considering the important properties
of these fruits, it is of more advantage to have blends of the fruits for
wine production. It will enhance and improve the properties of the
wine. Therefore, the present study focused on the production and
determination of physicochemical and sensory properties of pineapple
banana wine.

Materials and methods
Collection of fruits
Mature and ripened Musa acuminata and Ananas comosus fruits
were purchased from local market, Cherthala, Alappuzha district,
Kerala state, India and brought to the laboratory, washed and cleaned.
The fruits were chopped into small pieces.

Yeast strain
Yeast strain Saccharomyces cerevisiae, from the culture collection of
Department of Biotechnology and Research, K.V.M. College of Science
and Technology, Kerala, India was used for fermentation process.

Preparation of yeast starter culture
Saccharomyces cerevisae was cultured in sterilized glucose yeast
extract broth (glucose 1%, yeast extract 0.3%, malt extract 0.3%,
peptone 0.5% and pH 4.5) for 24 hours at 30℃ on a rotary shaker at
60 rpm. The cells were then separated by centrifugation at 6000 rpm at
4℃ for 10 min. The cells were washed twice and resuspended in normal
saline to obtain a concentration of 108 cells/ml and this was used as
the pre-inoculum. The inoculum was prepared by transferring 10 ml of
pre-inoculum in 250 ml erlenmeyer flask containing 100 ml mixture of
Musa acuminata and Ananas comosus fruit juice. The mixture was then
incubated overnight at 30℃ in shaking incubator at 60 rpm.

Preparation of must and fermentation
The substrates used for the production of wine, was a mixture of
chopped pineapple and banana fruits (each of 1 Kg). A sugar solution
was prepared with 100 g of sugar and 250 ml of water. The crushed
fruits and the sugar solution were added into a wine making jar and
mixed well. A control was also made from the crushed fruit of pineapple
and banana, and sugar solution. Both control as well as the must for
fermentation were sterilized and cooled.
The fermentation was initiated by the addition of the starter
culture, into the prepared must. The must was mixed well and kept for
fermentation in a cool dry place. Fermentation was done for 20 days
in dark. Aliquots were taken from both the sample as well as control
for various analytical tests at an interval of 5 days. This was achieved
by filtering the samples using muslin cloth, sieve and syphon tubes
sterilized by 70 % alcohol. The wines were syphoned into the sieve
containing four layers of muslin cloth. The residues were removed, and
the filtrates were used for the various analytical tests. After 20 days the
fermentation was stopped by immersing the jar in 68-70°C water bath.
The wine was filtered as mentioned above and with this the sensory
evaluation was conducted.

Measurement of yeast cell growth
Cell
propagation
(i.e.
growth)
was
determined
spectrophotometrically by measuring the optical density at 600 nm, of
samples taken from re-suspended cell cultures during the fermentation
period.
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Estimation of alcohol
The estimation of alcohol was done using the Iodoform test [15].
About 1 ml of the wine sample containing alcohol was taken in a test
tube and 4 drops of 1 N sodium hydroxide (NaOH) was added. The
concentrated solution of iodine was added drop by drop until the faint
yellow colour persisted. The tubes were allowed to stand for a minute
and excess amount of NaOH solution was added if excess colour
developed. The mixture was shaken well and allowed to stand for 2-3
minutes. A yellow coloured precipitate was formed. This precipitate was
removed at room temperature and weighed to calculate the amount of
alcohol present in the sample.

Determination of reducing sugars by 3, 5-dinitrosalicylic acid
(DNS) method
The concentration of reducing sugar was measured using DNS
method [16]. DNS reagent was prepared by adding 1 g of DNS and
30 g of sodium potassium tartaric acid to 80 ml of 0.5 N NaOH. The
solution was kept at 45°C for the complete dissolution of reagents
and then cooled down to room temperature and diluted with distilled
water to 100 ml. The solution was stored for two weeks at 4°C. For the
measurement of wine sample, 0.4 ml of DNS reagent was added to 0.1
ml of sample and test tubes were kept at 95°C for 5 min in a water bath
and after incubation the absorbance was measured at 540 nm.

Titratable acidity
Titratable acids represent the sum of all acids in wine. Titratable
acidity as percentage of citric acid was determined by the method of
AOAC [17].

Determination of specific gravity
The specific gravity of the wine sample was determined using
specific gravity bottle [18]. The specific gravity bottle (50 ml) was
cleaned with distilled water and drained. It was then dried in an oven
and was cooled. The dried bottle was weighed, and the value was
recorded as W1. The bottle was then filled with distilled water and
surface of the bottle was cleaned using cotton and was weighed. The
value was recorded as W2. The bottle was emptied and washed with 10
ml of the wine sample. After which the bottle was filled to the brim with
the wine sample and was weighed and recorded as W3. The specific
gravity of the sample was calculated with the following equation,
Specific Gravity = (W3-W1)/(W2+W1)

Determination of total phenolic content
Total phenolic content (TPC) in the wine sample was determined
using the Folin–Ciocalteu (FC) method [19]. The calibration curve
was established using gallic acid (0–60 μg/ml). The wine sample and
the gallic acid (1.6 ml) was added to 0.2 ml FC reagent and mixed
thoroughly for 3 minutes. The sodium carbonate (0.2 ml, 10% weight/
volume) was added to the mixture and it was allowed to stand for 30
minutes at room temperature. The absorbance was measured at 760 nm
using a UV–VIS spectrophotometer. The TPC was calculated using the
gallic acid calibrated graph.

Determination of pH
pH of the wine samples were checked using a digital pH meter
(Eutech Cyber Scan pH 510) pre-calibrated with buffers of pH 4.0 and
7.0 [20].
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Measurement of temperature
One hundred and twenty (120℃) mercury bulb thermometer was
inserted to the side arm of the fermentation flask through a sterile
rubber cork. The periodic temperature change during fermentation
was recorded.

Antioxidant assay using DPPH method
The Radical Scavenging Activity (RSA) of the wine was estimated
using the DPPH (2,2-diphenyl-1-picrylhdrazyl) assay [21] with some
modifications. The decrease in the absorption of the DPPH solution
after the addition of wine was measured at 520 nm. About 5 ml of the
wine sample was mixed with 5 ml of 0.06 mM DPPH in methanol. The
mixture was incubated in dark for 30 minutes. The absorbance was
measured at 520 nm.
1 − ( Abs control – Abs sample )  × 100
RSA % = 
Abs of control

Figure 1. pH of wine sample

Where Abs control is the absorbance of DPPH radical plus distilled
water, Abs sample is the absorbance of DPPH radical plus wine sample.

FTIR spectroscopy
Fourier Transform Infrared Spectrophotometer (FTIR) is the
powerful tool for identifying the types of chemical bonds (functional
groups) present in compounds. The spectrum displays the specific light
wavelengths absorbed by chemical bonds which can characterize them.
Thus, the various chemical bonds present in a molecule can be analysed
through interpretation of the obtained infrared spectrum. Tablets for
FTIR spectroscopy (FTIR Shimadzu Prestige 21) were prepared in agate
mortars, by mixing a drop of wine sample with KBr (1:100 p/p). The
absorbance spectra were measured between 400 and 4000 cm-1.

Electrical conductivity
The electrical conductivity (EC) was determined using electrical
conductivity meter (Systronics 308).

Sensory evaluation
The wine produced were compared for colour, flavour, taste, clarity,
and overall acceptability (OA) were carried out of a 5 point hedonic
scale [22,23]. Of the 5 point hedonic scale, the score below 2.5 was
considered to be very poor and above 3 was considered to be of better
acceptance.

Results and discussion
Wine is a healthful beverage which has been used as a natural
remedy for human sickness from historic times and have been said to
be an aid in recovery during recuperating period [24,25]. There were
fluctuations in the temperature of the mixed fruit wine throughout the
period of fermentation. This could be as a result of biochemical changes
occurring during the metabolism of the substrates by the fermenting
organism. Temperature of the final mixed fruit wine ranged from
27°C to 30°C. The pH in the mixed fruit wine was acidic throughout
the period of fermentation. The pH ranged from 4.0 to 2.5 (Figure 1).
A steady increase in alcohol content was observed in the wine sample
throughout the period of fermentation (Figure 2). The concentration
of alcohol in the mixed fruit wine at the end of fermentation were
observed to range from 0 to 8.1%.
The present study also revealed a consistent increase in the total
acidity in the wine sample throughout the period of fermentation. The
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Figure 2. Alcohol Content of wine sample

total acidity of final wine is expected to be between 0.5 and 1.0 % [2].
In this study, the result of the total acidity in the mixed fruit wines fell
within this limit ranging from 0.291 to 0.476 g/L. The concentration
of the yeast cell increases initially and then decrease gradually as the
fermentation proceeds. At Day 5, the concentration was found to be
17.7×106 cells/ml, and 10.1×106 cells/ml at day 20. The initial value for
the specific gravity was found to be about 1.210 g/cm3 and the final value
at Day 20 was found to be 0.902 g/cm3 (Table 1). The concentration
of the reducing sugar declines as the fermentation proceeds. This
reduction occurs due to the utilization of the sugar by the yeast cells to
produce alcohol. The initial value for the reducing sugar was estimated
to be 12.3 mg/ml as fermentation proceeds by Day 20 the value declines
to 7.76 mg/ml (Figure 3).
The total phenolic content also gradually decreases as the
fermentation proceeds, with an initial concentration of 25.8 mg/ml and
a final concentration of 17.87 mg/ml. The acidity of the wine sample
increases, in accordance with the rise in the alcohol content as the
fermentation proceeds. Initially the concentration was estimated to be
0.291 g/l but at Day 20 it was increased to 0.476 g/l (Table 1). The changes
observed with the pH in the wines could be due to the acid production
during the fermentation by the microorganism [26]. The specific gravity
decreases due to the microbial utilization of nutrients primarily sugars
in the sample for metabolic activities along with the evolution of CO2
and heat [25,27]. The titratable acidity increased due to the increase in
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to carbohydrates (glucose, fructose and sucrose) became weak after
fermentation. At the same time the amide bands showed prominence
after fermentation (1647 cm inverse and 1575 cm inverse).

Figure 3. Concentration of yeast cells
Table 1. Results of physicochemical analysis
Physicochemical parameters
pH

Days
0

5

10

15

20

4

3.5

3.1

2.9

2.5

Yeast viable cell count (Cells/ml)

Nil

17.7×10

16.8×10

13.4×10

Alcohol content (%)

Nil

3

5.5

6.8

8.1

Specific gravity (g/cm3)

1.21

1.025

1.02

1.015

0.902

Reducing sugar analysis (mg/ml)

12.3

9.46

9.05

8.67

7.76

Total phenolic content (mg/ml)

25.8

22.032

20.78

19.28

17.87

Titratable acidity (g/L)

0.291

0. 302

0. 307

0. 401

0.476

27

25

26

28

30.2

Temperature (°C)

6

6

6

Figure 4. Results of sensory evaluation
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6
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347.19

1263.37
1136.07
1101.35
1053.13
995.27

1415.75

1635.64
1579.70

-25

819.75
777.31
702.09
634.58
605.65
580.57
557.43
532.35
495.71

923.90

2112.05

2378.23
3404.36
3379.29
3344.57
3321.42
3304.06
3286.70
3265.49

0

2935.66
2895.15

25

500
1/c m

Figure 5. FTIR spectrum of non-fermented fruit juice

120
%T
105

923.90
817.82
777.31
702.09
648.08
630.72
580.57
563.21

90

1647.21

75

45

30

1053.13
1575.84

60

1411.89

The fermented fruit juice mixture shows an abundance of ethyl
alcohol as is evidenced from the typical C-O stretches at 1102 cm
inverse and 1102 cm inverse along with the presence of O-H stretch
at 3391 cm inverse and C-H stretch at 2961 cm inverse respectively
(Figure 6). Also, it is to be noted that correspondingly the bands due

50

2968.45
2939.52

The fresh non-fermented fruit juice mixture contains glucose,
fructose and sucrose. The marker bands of these carbohydrates are
identified in the spectral range between 900 and 1400 cm inverse. The
bands in the region 900-1153 cm inverse are assigned to C-O and C-C
stretching modes, while those in the 1400-1199 cm inverse region are
due to O-C-H, C-C-H and C-O-H bending vibrational modes of the
carbohydrates. Higher sucrose level corresponds to intense band at 995
cm inverse. Traces of proteins are found as is evidenced by the amide
I band and amide II bands corresponding to 1635 cm inverse and
1579 cm inverse respectively. Amide I bands are due to C=O stretch
weakly coupled with C-N stretch and N-H bonding. Amide II region
corresponds to C-N stretch strongly coupled with N-H bending
(Figure 5).

75

3535.52

The sensory evaluation conducted proves that the wine produced
from the mixtures of pineapple and banana can be considered to be
a good quality wine as its acceptance is mostly over 3 (Figure 4). The
flavour of alcoholic beverages is due to numerous volatile and nonvolatile compounds which confer the typical taste and odour of the
beverage. The volatile compounds of wine perceived by the olfactory
system are greatly dependent on the concentration of ethanol [28].

100

3404.36
3377.36
3342.64
3321.42
3302.13
3284.77
3263.56

the alcohol concentration [26]. The electrical conductivity of the wine
sample was found to be 1.98 mS. The antioxidant content in the wine
sample was estimated to be about 22.64%.

15
4500
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3500
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Figure 6. FTIR spectrum of wine sample
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Broader bands present in both samples before and after
fermentation, peaks between 2000 cm inverse and 3000 cm inverse
could be due to traces of amino acids exhibiting C-H and N-H bonds.
Bands between 2000-3500 cm inverse present in both samples (before
and after fermentation) correspond due to -O-H groups of free amino
acids or from water which enters into strong hydrogen bonding. The
presence of ethyl alcohol is evidenced from C-O stretches at 1102 cm
inverse and 1055 cm inverse.

Conclusion
Wine produced from mixed fruits possess beneficial properties of
both fruits pineapple and banana, hence considered to be more efficient
than single fruit wine. Being fruit based fermented and undistilled
product, wine contains most of the nutrients present in the original fruit
juice. The nutritive value of wine is increased due to release of amino
acids and other nutrients from yeast during fermentation. The present
study which was based on the evaluation of two indigenous fruits as
substrates for wine production has revealed that the two fruits are
good substrates for wine production. The sensory evaluation revealed
the wine was of good quality. It can be concluded that this study using
mixed fruits pineapple and banana was found to be a good alcoholic
beverage with high nutritional value and beneficial health properties.
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