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Abstract

Mixed fruits (Banana (B) and watermelon (Wm)) wine was produced using Saccharomyces
cerevisiae. proximate composition of banana with74 + 00 of moisture content, 0.33 + 00 of ash
content, 0.23 = 0.01 crude fat content, 1.65 + 0.05 crude fiber content, 1.2 + 0.1 protein content
and 22.59 % of carbohydrate content and 91.5 + 1.5 moisture content, 0.49 £ 0.017ash content,
0.25 £ 0.01crude fat content, 0.6 £ 0.05 crude fiber content, 0.46 + 0.02 crude protein content
and 6.75% of carbohydrate content watermelon fruit were used for wine production. Primary
and secondary fermentation of the fruits lasted for 9 and 21 days respectively, pH, titrable
acidity, specific gravity, total soluble solids (brix) were determined before and after fermentation
using standard procedures. Specific gravity of the wine was observed to reduce drastically as the
fermentation progresses. The pH of the fruit must decrease from 3 to 2.89 and 4 to 3.2 in
different percentage of mixture and titrable acidity also increased 0.67- 0.92 in 75B:25Wm, 0.64
-0.9 in 50B:50Wm, and 0.63-0.89 in 25B:75Wm after fermentation. At the end of the 21th day of
fermentation, the highest percentage of alcohol content (9.5) was observed in 75B to 25Wm
mixed fruit wine in pH 4and inoculum size 5, and sensory evaluation revealed that the attributes
of the wine were acceptable to the majority of the respondents. This study showed that
acceptable wine can be produced from mixed fruits banana and watermelon using yeasts

Saccharomyces cerevisiae.

Keywords: Fermentation, Banana, Watermelon, Wine production, Saccharomyces cerevisiae
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1. Introduction

Winemaking is one of the most ancient technologies and is now one of the most commercially
prosperous biotechnological processes. Even though the grapes are the main raw material used
for wine production, there is an increasing interest in the search for alternative indigenous fruits
that are cheap and readily available for winemaking in such countries where grapes are not
abundantly available (Balamaze and Wambete, 2017). Most commercially produced wines are
usually made from fermented grapes by adding different species of yeast without introducing any

chemicals or sugar to the crushed grapes (Anaukwu, 2015).

Fruits are one of the most important foods of mankind. They are important for the maintenance
of health and improving the quality of our diet. Fruit juices are fermented to produce wine, an
alcoholic beverage that is also nutritive and tastier (Ajit et al., 2018). Wine will have a flavor like
fresh fruit which could be stored and transported under the existing conditions. Wine contains
most of the nutrients present in the original fruit juice. The nutritive value of the wine is
increased due to the release of amino acids and other nutrients from yeast during fermentation.
Fruit wines contain 8 to 11 percent alcohol and 2 to 3 percent sugar with energy values ranging
between 70 and 90 kcal per 100 ml (Ajit et al., 2018).

Home-made wine production has been practiced with various fruits such as apple, pear,
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 (Ogodo et al., 2015). Regarding this wine cane produced from

mixed banana and watermelon fruit.

Banana is a seasonal and highly perishable fruit, which can be available all year round. The large
quantity of bananas and plantains (about 102 million MT in 2003) provides the potential for
industrial use (Cheirsilp and Umsakul, 2008). In addition, any application to produce a
marketable, value-added product will improve banana farming economics. Banana could then
compete in the market, either as banana juice or as mixtures with other juices because of its

flavor and aroma (Cheirsilp and Umsakul, 2008). Bananas have a lot of nutritional benefits and a

1



better choice for people suffering from potassium deficiency because of its impressive potassium
content. Potassium is an important component of cell and body fluids that helps control heart
beat and blood pressure, countering bad effects of sodium (lzundu et al., 2016). Watermelon
(Citrulluslanatus) is a fruit that belongs to the family of Cucurbitaceae. Watermelon which is
grown in both tropical and subtropical regions have a lot of nutritional and health benefits. It is
known to be rich in electrolytes and water content; low in calories and fats and yet a very rich
source of numerous health promoting phyto-nutrients and antioxidants that are essential for
optimum health (John et al., 2018). It helps in reducing the risk of cancers, cardiovascular
diseases, arteriosclerosis diabetes, and arthritis, and protects against macular degeneration. A
watermelon is nominally 60% flesh and 90% is juicy which contains 7 to 10% (w/v) sugar. Thus,
over 50% of the watermelon is readily fermentable liquid (Zainab et al., 2019). It is adaptable to
difficult agro-ecological conditions and resistant to fusarium and anthracnose attack (Darman et
al., 2010). Therefore; in view of the above benefits of watermelon and Banana; conversion into a

value added product like wine will be very useful.

1.1. Statement of the problem

Most fruits and vegetables contain toxins and anti-nutritional compounds. Anti-nutrients are one
of the key factors, which reduce the bioavailability of various components in fruits and
vegetables. These factors can cause micronutrient malnutrition and mineral deficiencies. Wine
production from fruits using fermentation technology is the best method to reduce the levels of
these anti-nutrient factors. These can be removed or detoxified by the action of microorganisms
during a fermentation process. Fermented fruit juice is one of the functional fermented foods and
has many health benefits. Improves its nutritional value, increases flavor and texture, increases
shelf life, makes some nutrients more easily absorbed by the body, Supports heart health,
improve mood and behavior, providing an environment for probiotics to grow and reproduce.
However, this technology is not fully understood and no more research conducted about the use
of fruits as a raw material for wine production spatially in Ethiopia. Moreover, most fruits such
as banana and watermelon are perishable and seasonal and they have to be converted into
valuable products. Therefore, the present study has investigated production of good quality wine

from banana and watermelon fruit by optimizing fermentation conditions.



1.2. Objectives

1.2.1. General objectives
The general objective of this study is to produce wine from mixed (banana and watermelon)

fruits using saccharomyces cerevisiae

1.2.2. Specific objectives
To identify optimal fermentation condition
Determine characteristics of wine (alcoholic content, acid level, and soluble solids )

To conduct sensory analysis (taste, color, flavor, and overall acceptance).

1.3. Significance of the study

The research work will contribute to expanding the utility of banana and watermelon fruit as a
raw material for wine production. It motivates farmers to participate in the cultivation of these
crops to increases their income. Can create job opportunities and serve as a substitute for
imported wines by increasing the production of home beverages. Moreover, the production of
wine from fruits using fermentation technology increases the shelf life and their nutritional value.
Can be consumed year-round and transported safely to consumers all over the world, not only

those living near the growing region.



2. Literature review

2.1. Origin and history of wine

It is established that wine is the oldest fermented product known to humans. Rather, the history
of alcoholic beverages is as old as that of humans. Among the alcoholic beverages, wine was the
first to be made and has been used as a food adjunct by humans ever since their settlement in the
Tigris—Euphrates Basin. In addition, it has a long history as a therapeutic agent. A peep into the
history of humankind would reveal that the preparation of fermented products like wine might
have started accidentally as a means of storage of perishables, but became an important method
of preservation and preparation of products with appealing qualities, even today (Amerine et al.,
1980; Joshi, 1997; Joshi et al., 2011a). Ancient scriptures like the Rig-Veda and the New
Testament have referred to wine, whereas literary writings have described wine profusely. The
actual birthplace of wine is unknown, although it had been prepared by the Assyrians by
3500BC.

2.2. Wine making technology

The technology of winemaking was highly developed though it was lacking in the preparation of
medicinal wines and methods of wine preservation. Winemaking involves mainly three
categories of operations, viz., pre-fermentation, fermentation, and post-fermentation operations
(Jackson, 2000). In the case of wines made from grapes, pre-fermentation involves crushing the
fruit and releasing juice. In the case of white wine, the juice is separated from the skin whereas in
red wine the skins are not separated from the juice. Clarification of juice for white wine is
usually achieved by sedimentation or centrifugation. Then yeast is added to the clarified juice to
initiate fermentation. In red winemaking, the pulp, skins, and seeds of grapes are kept together
after crushing and during all or part of the fermentation. This is done to extract color and flavor.

Yeast is added to the mashed pulp (must) in red winemaking (Saranraj and Ramesh, 2019).

2.2.1. Technology of fruit wine production

The techniques used for fruit wines production are analogous to those applied for the production
of grape wines. However, differences arise from the fact that it is often difficult to extract the
sugars and other soluble compounds from a pulp of some fruit varieties (in comparison to

grapes), as well as from the fact that the juices obtained from most fruits are lower in sugar



content and higher in acids than grapes (Velic et al., 2018). The main steps of fruit wine

production are the following: fruits (fresh or frozen) reception and preliminary preparation; fruits

musts preparation by crushing, squeezing (pressing), clarifying, and amending; spontaneous or

inoculated (using selected wine yeasts) fermentation of fruit musts; fruit wines maturation and

conservation; and, finally, aging of fruit wines indicated in Figure 2.1.

Fruits reception

J

| Crushing

!

Maceration (pre-fermentation)

<,|1:| Wine veasts

d

Pressing, racking and rongh filtration

Sulfunsation

Sugar, acids -
conrections

Clanfication

Cooling ||::> Fermentation
' Racking and filtration
—_ Maturation / agin
Sulfurisafion or Bt
altermatives

Filtration — optional

Figure 2.1. Main steps of fruit wines production (Velic et al., 2018)
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2.2.1.1. Banana wine

Banana is a tropical fruit belonging to the family Musaceae and genus Musa spp. which is grown
abundantly in India. Already provided man with food, tools, and shelter before recorded history.
Banana is the fourth most important crop after rice, wheat, and maize, and international trade in
bananas is valued at around US$5 billion per annum. Traditional banana juice extraction and its
subsequent fermentation to produce beer (tonto) is an important social and economic activity
among many tribes of East Africa(Swami et al., 2014). The general procedures of wine

production from banana were indicated in Figure 2.2.
Banana fruit
Banana pulp
Pectinase treatment (0.25%for 45 min)
Juice Sugar adjusted to 220Brix, pH to 4 add DAP and SO2
Inoculation Sacc)laromyces cerevisiae
Fermentation (9 days at 26°C)
Raj/king
Bottling
Pasteurization (60°C, 3 \[/nin) add 0.1% bentonite
Banana wine

Figure 2.2.Process flow chart for banana winemaking (Swami et al., 2010)

Bananas contain high nutrition sources of carbohydrates, minerals especially potassium and
vitamins such as B1, B2, B3, B12, C and E. It can be dried and processed into flour, chips, and
dried fruit. (Sevda et al., 2010) prepared wine from ripe banana using pectinase enzyme and two
strains of Saccharomyces cerevisiae NCIM 3283 and NCIM 3046 with acceptable qualities in
terms of flavor, taste, clarity, and overall characteristics. The process used for the production of

banana wine is shown in Figure 2. 2. They found that Fermentation temperature (25°C), pH (4),
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di-ammonium phosphate (0.04%), and Sulphur dioxide (100 ppm) gave a better good quality of
alcohol (Swami et al., 2010).

2.2.2. Fruit quality

The fruit should have high sugar and low acidity, which should be adjusted when needed. The
use of fruits that are very acidic for fruit wine production may result in a very sour wine taste.
The remedy to this is the addition of saccharose and water to balance the fruit's tart acidity. The
suitability of fruit for wine production is evaluated based on its physicochemical parameters,
such as dry matter and total soluble solids, color, pH, and reducing sugars. Fruit dry matter and
total soluble solids content (determined by the index of refraction) primarily indicate the

carbohydrate content of the fruit, i.e., they are a measure of fruit quality (Travers et al., 2014).

Jackfruit o g
n Jaboticaba ychee agaita
> ~
.

Blueberry

Figure 2.3. Fruits used for wine production (Food Bioscience, 2014)



2.2.3. The classification of fruit wines

According to the standard definition, wine is a fermented beverage only produced from grapes.
Otherwise, fruit wine is given the prefix of the fruit from which it originates. Most fruit wines
belong to the still wines group, as they retain no carbon dioxide produced during the
fermentation. Sparkling wines, on the other hand, contain a considerable amount of carbon
dioxide (Kosseva et al., 2017). Apple and pear ciders are the most common representatives of
sparkling fruit wines. When the alcohol level of wine is considered, wines can be categorized as
either table or fortified wines. Table wines usually contain 11-16% alcohol but can be as low as
7%. Fortified or dessert wines are generally very sweet, they include added brandy, with
alcoholic content ranging from 16% to 23% (Kosseva et al., 2017). Regardless of designation,
fruit wines are typically consumed in small amounts and are rarely wholly consumed shortly

after opening (Jackson, 2014).

2.3. Stages of fruit wine fermentation

Wine fermentation has two distinct stages: Primary and secondary (also described as aerobic and
anaerobic) fermentation. These fermentation stages involve a complicated multistep chemical
transformation of glucose to ethanol in yeast cells. While the reactions of the aerobic
fermentation stage include those of glycolysis, pyruvate dehydrogenase complex, tri carboxylic

acid cycle, and a quiet reaction that is barely discernable towards the end (Andersa, 2020).

In fermentation practice, the yields of ethanol and CO2 that vary between 92 and 98% of the
theoretical yield are attributable to the formation of small amounts of aldehydes, volatile and
fixed acids, glycerol and other connecting substances, utilization of sugar for the yeasts'
metabolism and small losses of ethanol during fermentation (tukajtis, 2018). Wines also
undergo Malo lactic Fermentation (MLF) leading to reductions in the wine acidity due to the
conversion of malic acid (a diprotic, di carboxylic acid) to lactic acid (a mono protic,
monocarboxylic acid) (Andersa, 2020). During aging, the yeast cells die and autolyze, releasing

aromatic and flavorsome compounds like esters, amino acids, and amides

2.4. Health benefits of fruit wine
Wine is one of the functional fermented foods having many health benefits like anti-aging
effects, improvement of lung function (from antioxidants in white wine), reduction in coronary

heart disease development of healthier blood vessels, and reduction in ulcer-causing bacteria.
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Many wines are made from fruits having medicinal value (Tapsell et al., 2006). Wine has
enormous health benefits similar to those or as flavonoid derivatives such as flavan-3ols and
fruits from which they are derived. The chemical composition of wine is essential to establish a
potential relationship and understanding its role with different beneficial biological activities
enhancing human health benefits. Fruits containing a wide range of flavonoids and other

phenolic compounds possess antioxidant activity (Saranraj and Ramesh, 2019).

2.4.1. Enhancing food quality and safety

The nutritional quality of food can be enhanced by fermentation, which may improve the
digestibility and beneficial components of fermented food (Swain et al.,, 2014). The raw
materials have increased the level of vitamin and mineral content compared to its initial content.
Several antimicrobial compounds such as organic acids, hydrogen peroxide, di acetyl, and
bacteriocins are produced during the fermentation process, which impacts unrequited bacterial
growth and on the other hand increases the shelf life of the food

2.4.2. Removal of anti-nutrient compounds

Most fruits and vegetables contain toxins and anti-nutritional compounds. These can be removed
or detoxified by the action of microorganisms during a fermentation process. Plant foods contain
a series of compounds, collectively referred to as anti-nutrients, which generally interfere with
the assimilation of some nutrients and in some cases may even confer toxic or undesirable
physiological effects. Such anti-nutrients include oxalate, protease, and a-amylase inhibitors,
lectins, condensed tannins, and phytic acid. Numerous processing and cooking methods have
been shown to possibly reduce the amount of these ant nutrients and hence their adverse effects
(Swain et al., 2014).

2.4.3. Bio preservation.

Nowadays, consumers are particularly aware of the health concerns regarding food additives; the
health benefits of "natural” and “traditional” foods, processed with no added chemical
preservatives, are becoming more and more attractive. Chemical additives have generally been
used to combat-specific microorganisms. In the case of fermented foods, lactic acid bacteria

(LAB) have been essential for these millennia (Settanni and Corsetti, 2008)



2.5. Non-grape fruit wine industry: Global status

Considering the quantity of fruit production, especially of the non-grape fruits, there is
considerable scope for wine production. It could lead to a diversification of the products
available to consumers. Wine production is an important tool for reducing postharvest losses,
which as of this writing range from 20% to 30%. In developing countries, the production of wine
could soak excessive production of fruits (Joshi et al., 2000, 2011b). It is indisputable that wine
is the most important tool for value addition to horticultural produce like the sand pear, which as
such commands a small market, but its wine (vermouth) fetches many times higher prices. From
the dismissive scenario of fruit and vegetable utilization by most developing countries, it is
apparent that unless the processing industry is linked with the horticultural industry, it is unlikely
to achieve any worthwhile results either for the farmers or for the consumers. So, wine
production is an alternative for value addition and waste minimization of the non-grape fruit
processing industries (Joshi, 2009; Joshi et al., 2011b).

United States (273.34 M Can %)

—

Japan
(1391024 M Can §)

China
(1513037 M Can 8)

Figure 2.4. Price of fruit wine in various countries (Joshi et al., 2017).
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2.5.1. Global status of fruit wine

The market size for fruit wines is difficult to determine because these products are not
categorized into separate groups. However, most of the fruit wines are sweet, they are generally
grouped into the category of dessert wine, and their market is estimated to be only 2% of the
total wine market. The global demand for fruit wines in different countries is largely variable,

based on the source of fruit (Table2.1) as well as consumer demand (Joshi et al, 2017)

Table 2.1: Production of fruit wine in various countries (Joshi et al, 2017)

Fruit wine Country involved in production
Apple France, Italy, Spain, Germany, India, United States, Ireland, Australia
Mango India, Philippines
Plum United State, Japan
Banana East Africa, India
Perry United State, Japan, Sweden, Australia, New Zealand, France,
o England
Kiwi
] New Z land, India, California, Italy, Chile, France, Australia, Israel
Kinnow
India, United State
Orange
Australia
Strawberry
England, Philippines
Guava
United State, India
Cherry
United State
Blueberry
] United State, Canada, England
Pineapple
Thailand, Japan, México, South east, Asian
Lychee

Canada, India, France, Vietnam

11



2.6. General method for fruit winemaking

2.6.1. Preparation of yeast starter culture

A good strain of the wine yeast S. cerevisiae is a prerequisite and needs to be procured for
making quality wine. The yeast in the form of slants, tablets, or compressed yeast can be used for
this purpose. Before the same is added to the must for fermentation, the yeast culture is activated
in the juice/pulp intended for winemaking (Joshi et al., 2017). The container with the juice is
plugged and kept in a warm place (25-30°C) and the culture is ready after 24 h. The amount of
active culture is added at 2-5% to the must. The yeast, when used in the tablet form, is activated
in sterilized water at the optimum temperature for yeast growth. However, compressed yeast can

be added directly to the must.

2.6.2. Preparation of must

The juice or the pulp of the fruit to be used for winemaking is made into a must. The must is
prepared to depend on the fruit used and the type of wine to be made. Either the juice is extracted
or the fruit is made into pulp. Juice from fruits like apples is extracted first by grating, followed
by pressing in a hydraulic press. Usually, pectin is added to the must to help clarify the wine, as
its addition has been found to enhance the quality of the wine. SO2 is added to the must at 100-
150 ppm as potassium met bisulfite.

The addition of ammonium sulfate with thiamin and biotin gives a greater increase in the rate of
fermentation. Fining with gelatin is a good remedy for juices like pear, which have high tannin
contents (Joshi, 1997). Further, heating of the juice for 35 min at 122°F can also increase the
fermentation rate. In the case of fruits like plum or peach, an appropriate dilution is made and

then, amelioration is done.

2.6.3. Fermentation

The must is allowed to ferment at a suitable temperature (20-25°C) after inoculation with the
yeast culture. A temperature higher than 25°C should be avoided as it causes the loss of volatile
compound sand alcohol. The container in which fermentation is carried out has to be equipped
with an airlock. The sugar content or °Brix is measured regularly to monitor the progress of
fermentation. Normally, the fermentation is allowed to proceed until all the sugar is consumed
completely (usually Brix reading of about 8°Brix). When the fermentation is completed, the

12



bubbling due to the production of CO2 is stopped. At the industrial scale, fermentation is carried

out in fermenters of various shapes and sizes.

2.6.4. Siphoning/Racking

After the completion of fermentation, the yeast and other materials that settle at the bottom of the
container, with the clear liquid separating, are siphoned/ racked or, in the case of pulpy must, it is
filtered through a cheese/muslin cloth, followed by siphoning. At the industrial scale, a filter
press is used. Two or three racking is usually done after 15-20days. During inter racking period,
no headspace is kept in the bottle or container, which is closed tightly to prevent any
acetification. With the help of a vacuum pump, racking can also be practiced in industrial

fermentation with an advantage over not doing racking.

2.6.5. Maturation

The fresh wine is harsh in taste and has a yeasty flavor. The process of maturation makes the
wine mellow in taste and fruity in flavor in addition to the clarification. The period may extend
from 6months to 2-3years. The process of maturation is complex and the formation of esters
takes place thus, improving the flavor of such beverages (Amerine et al., 1980).

2.6.6. Clarification
If the wine is not clear after racking and maturation, it is clarified using filtering aids such as
bentonite or celite or by tannin/gelatin treatment followed by filtration in a filter press. These

treatments usually make the wine crystal clear.

2.6.7. Pasteurization

Wines, being low-alcohol beverages, are pasteurized at 62°C for 15-20min, after keeping some
headspace in the bottle and crown corking the same. Heating the wines helps the precipitation of
tannins or other such materials that are heat sensitive in addition to the preservation. Pasteurized
wines however once opened have to be kept at low temperature to prevent their spoilage.
Alternatively, table wines can be preserved by the addition of preservatives like SO2, sodium
benzoate, ascorbic acid, etc.(Joshi et al., 2017)

2.7. Spoilage of fruit wines
During fruit wine production the spoilage may occur in different steps, from must to alcoholic

and MLF, and especially in the post-fermentation step.
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2.7.1. Must spoilage

Different microorganisms may lead to the fruit's spoilage: wild yeasts and lactic acid and acetic
acid bacteria. To prevent oxidation and to avoid must spoilage before the fermentation,
potassium or sodium met bisulfite should be added. (Sanchez, 1979) recommended 5mL of 10%
solution for one gallon of must. (Dharmadhikari, 2004) recommended the addition of sulfur
dioxide to must be in the range of 50-75ppm. It is already usual to add SO2 into the must in the
concentration of 100-150 ppm as potassium met bisulfite (Joshi et al., 2011a). There is evidence
that the addition of sodium benzoate gave better quality wine than potassium met bisulfite in the

plum wine.

2.7.2. Spoilage during malo lactic fermentation

The risks involved with spontaneous MLF include the following: undesirable LAB can produce
spoilage components (mousiness, bitterness, volatile acidity); it has been proven that
spontaneous MLF can lead to significantly higher concentrations of biogenic amines being
produced. Biogenic amines such as histamine have health implications and are subjected to more

and more strict regulations (Matei and Kosseva, 2017).

The risk of antagonistic interactions between yeast and bacteria increases due to inhibiting
products produced by the yeast (alcohol, medium-chain fatty acids); uncontrolled timing of the
process; and longer MLF duration that results in a longer SO2-free period with no protection
against mold spoilage. The yeasts of the genus Schizosaccharomyces have traditionally been
described as wine-spoilage organisms owing to their production of compounds with negative
sensorial impacts, such as acetaldehyde, H2S, and volatile acids. In the fruit juice where malic
acid content can be high, the possible use of non-Saccharomyces yeasts, such as
Schizosaccharomyces spp., to reduce malic acid concentrations by a malolactic fermentation
(MAF) is stirring much interest (Matei and Kosseva, 2017).

2.7.3. Post-treatment spoilage

In the post fermentative phase, spoilage of fruit wines may occur due to the presence of yeast and
bacteria. In the case of yeast, Saccharomyces is regarded as a spoilage organism only if
occasionally occurring in wines with residual sugars (semisweet wines) causing re-fermentation

(Matei and Kosseva, 2017). Yeast that may lead to re-fermentation is Zygosaccharomyces bailii;
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it occurs usually in sparkling wines (with high amounts of CO2) and will form turbidity and

sediment, as well as high levels of acetic acid and esters.
2.8. Factors influencing fermentation and wine quality

2.8.1. Effect of temperature on fermentation

During fermentation, there are several factors that winemakers take into consideration. The most
notable is that of the internal temperature of the must. The biochemical process of fermentation
itself creates a lot of residual heat which can make the most out of the ideal temperature range
for the wine (Andersa, 2020). Thus, fermentation is an exothermic process. However, in
winemaking, the temperature must not exceed 29.4°C for red wines or 15.3°C for white wines.
Otherwise, the growth of yeast cells will stop. Therefore, a lower temperature is desirable
because it increases the production of esters, other aromatic compounds, and alcohol itself. This

makes the wine easier to clear and less susceptible to bacterial infection.

2.8.2. Effect of pH on fermentation

According to (Andersa, 2020) PH directly affects wine stability. This may be as a result of the
fact that at a pH close to neutral (7.0), most microorganisms such as bacterial and molds
including some yeasts become more active for fermentation and subsequent spoilage of wine,
while pH below 3.5 eliminates most of the microbes and favors only a few of the
microorganisms for fermentation. Specifically, the optimum pH for most microorganisms is near
the neutral point (pH 7.0). Molds and yeasts are usually low pH tolerant and are therefore
associated with the spoilage of foods with low ph. Yeasts can grow in a pH range of 4-4.5 and

molds can grow from pH 2-8.5 but favor low pH.

2.8.3. Effect of sugar content on fermentation

Sugar is the main substrate for the fermentation of fruits juice into alcohol (Keller, 2010).
Although other food nutrients such as protein and fats can be broken down by some
microorganisms in some cases Where sugar is limited, as long as sugar is present, yeast cells will
continue the process of fermentation until other factors that affect the growth of yeast become
unfavorable (Saranraj and Sivasakthivelan, 2018). According to (Hui et al., 1994) sugars are the
most common substrate of fermentation to produce ethanol, lactic acid, and carbon dioxide.
Although sugar is an important substrate of fermentation, higher sugar concentration inhibits the
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growth of microorganisms. For example, during fermentation of the juices of the plant (Agave
Americana), the soluble solids should be at the optimum and should be reduced from between
25% and 30% to 6%; the sucrose content falls from 15% to 1% (Saranraj and Sivasakthivelan,
2018). However, yeasts are fairly tolerant of high concentrations of sugar and grow well in
solutions containing 40% sugar. At concentrations higher than this, only a certain group of yeasts

- the Osmophilic type - can survive.

There are only a few yeasts that can tolerate sugar concentrations of 65-70% and these grow
very slowly in these conditions. (Board, 1983) A winemaker who wishes to make a wine with
high levels of residual sugar (like a dessert wine) may stop fermentation early either by dropping
the temperature of the must to stun the yeast or by adding a high level of alcohol (like brandy) to

the must to Kkill off the yeast and create a fortified wine. (Saranraj and Sivasakthivelan, 2018)

2.8.4. Effect of microorganisms on fermentation

For many traditional fermented products, the microorganisms responsible for the fermentation
are unknown to scientists. However, there have been several types of research to identify the
microorganisms involved in fruits fermentation. For example, the microorganism responsible for
banana beer production in S. cerevisiae, which is the same organism involved in the production
of grape and other fruit wine. These organisms vary according to the region of production
(Saranraj and Sivasakthivelan, 2018). Yeast is a unicellular fungus that reproduces asexually by
budding or division, especially the genus Saccharomyces which is important in food

fermentations can reproduce much faster (Walker, 1988).

The most well-known examples of yeast fermentation are in the production of alcoholic drinks
and the leavening of bread. For their participation in these two processes, yeasts are of major
importance in the food industry. Although there is a large diversity of yeasts and yeast-like fungi
(about 500 species), only a few are commonly associated with the production of fermented
foods. They are all either ascomycetous yeasts or members of the genus Candida. Varieties of the
S. cerevisiae genes are the most common yeasts in fermented foods and beverages based on fruit

and vegetables.
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2.8.5. Effect of acid on fermentation

Acid is said to directly affect wine quality, but wine owes its acid composition to citric acid,
tartaric acid, and some traces of other acids like lactic acid which replaces malic acid during
malolactic fermentation (Andersa, 2020). These acids in fruits juice or wine can be determined
by titration (lland et al., 2000). Fruit acids are weak acids compared to strong mineral acids such

as sulfuric and hydrochloric.

In solution, strong acids tend to yield their hydrogen ion (H+) component nearly completely;
weak acids dissociate only about 1% of their hydrogen ion. Thus, such acid solutions like fruit
wine have more hydrogen ions (H+) than hydroxyl ions (OH-). As hydrogen ion concentration
increases, the solution becomes more unfavorable for most microorganisms associated with the
spoilage of wine and acidic foods. However, some molds and yeasts which are needed in the
fermentation of fruit juice into wine are usually acid-tolerant, and therefore, they are very
important in the production of dry wine (wine with a very low or no sugar) (Mountney and
Gould, 1988).
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3. Materials and methods

3.1. Materials

Materials and apparatus: Analytical scale balance (FA2014, China), Digestion unit for
Kjeldahl flasks, Burette, Graduated cylinder, Filter paper, Protective glasses, Kjeldahl flasks,
Distillation unit for Kjeldahl hydro lysates, Erlenmeyer flasks. Oven, Crucibles, Crude fiber
Digestion apparatus with condenser, Buchner funnel for filtration, Muffle furnace (Thermolyne-
48,000, Airtight desiccator, Measuring cylinder, Knife, Fermenter jar, Hydrometer, ATAGO
refractometre pal-1(0-53%) brix, PH meter (pH-013) were used.

Chemicals and reagents: (98%) Sulfuric acid, (99%) Potassium sulfate, Methyl red indicator,
(99.8%) Sodium hydroxide, (99.5%) Boric acid, (99%) Cupric sulfate, Standardized (40%)
NaOH solution, Antifoam solution, 0.1% HCL, (99%) n-Hexane, 2% Sodium metabisulfet,

Phenophytaline indicator, and Distilled water were used.
3.2 Methods

3.2.1. Sample collection

Two kilogram of Banana with ripping stage (yellow with some green at the end of the fruit) was
purchased from Bahirdar city and putted at room temperature for one week increasing its
ripening. Four kilogram of ripen(which have deep hollow sound when we knock with hand)
watermelon fruit used for this study were purchased from Bahirdar city and stored in a
refrigerator at 4 °C for one week for further processing. Commercial active baker’s yeast
(Saccharomyces cerevisiae) used in fermentation and other chemicals of analytical grade were
bought from a chemical shop in Bahirdar city. Most of the equipment’s used were supplied by

the University laboratory.

3.2.2. Proximate composition

Moister content, ash content, carbohydrate content, crude fat content of the fruit were determined
using a methods described by (Kyayesimira et al., 2019) while crude protein content, and crude
fiber content were determined by using standard (AOAC,-1994) method 991.2 and (AOAC,
2005 method 978.10 respectively.
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Determination of moisture content: A crucible was putted in the oven at 105 C for 3 hours for
draying and then transferred to the desiccator to cool. Then the weight of the empty crucible was
recorded and. Three gram of fresh sample (pulp) in duplicate was putted into the crucible. The
sample was evenly distributed on the pre-weighed crucible and spread to uniformity. The
crucible with the uniformly spread sample was placed in the oven at 105 C overnight to dry. The
crucible containing the sample was transferred into the desiccator to cool and then re-weighed.
The weight loss of the sample was the moisture content while the remainder was the dry matter

which is used to determine the rest of the nutrient contents.

Lost weight
£ 00

Calculation of % moisture content = —— _
original sample weight

(W1-w2)

%Moisture content = x100

W1= original weight of sample, W2= weight of sample after drying

Determination of ash content: The crucible was placed in the dry air oven at 105 C overnight
to ensure that impurities on the surface of the crucible were burnt off. The crucible was then be
removed from the dry air oven and cooled in the desiccator for 30 minutes and later were
weighed. A three gram of evenly distributed sample was weighed and added to the crucible in
duplicates and heated over a hot plate until fumes are no longer produced (to burn off the
carbon). Using a pair of tongs, the crucibles containing the samples was transferred to the
furnace and heated at 550 C for three (3) hours until the sample is burnt to gray, forming ash.
The crucibles with the samples (ash) was cooled in the desiccators and weighed. The lost weight
from the sample was organic matter while the weight that remained was taken as inorganic

matter (ash or mineral content).

Reaming weight

x100

Calculation of % ash =

Dray matter sample weight

3
% Ash content = ———=x100

W1= Weight of the empty crucible, W2= weight of the empty crucible plus sample before
heating and W3 =Weight of the empty crucible plus the sample residue after heating
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Determination of crude fat content: The Soxhlet method was used. The boiling flask was dried
in oven at 1050 C overnight. About 5 g sample was weighed and put into an extraction thimble
which is then transferred into a Soxhlet apparatus. The boiling flask was filled with about 250ml
of n-Hexane and placed on the heating mantle. The Soxhlet apparatus was connected as water is
turned on to cool them and the heating mantle was switched on to commence crude fat
extraction. After 12 hours of extraction, the boiling flask was dried in oven at 105 C until all the
solvent is completely evaporated and the bottle completely dried. After drying, the bottle was
transferred to the desiccator to cool. The bottle and its dried contents were re-weighed. The

weight gain of the flask was represented by the amount of ether extract (the crude fat).

Weight of fat

Calculation of % fat = . x100
Weight of sample
Calculation of % fat= W‘ZA;:VI x100

W2= weight of flask with sample after draying, W1= weight of flask, W3= weight of sample

Determination of crude protein content: Solutions of methyl red indicator was prepared by
dissolving 2 mL of methyl red in 200 mL of ethanol and the Sodium hydroxide solution by
dissolving 40 g of NaOH in 100ml of distilled water. Using a filter paper, 3 g of potassium
sulfate, 0.3 g of cupric sulfate and 2 g sample were weighed in analytical scale balance and
recorded with an accuracy of 0.0001. The reagents and sample placed in a Kjeldahl flask. 10 mL
of concentrated sulfuric acid was added to each Kjeldahl flask and placed in the digestion unit.
The heaters of the digestion unit were turned on and acid digested 90 minutes until the hydro
lysate turns green—turquoise. Turn off the heater of the digestion unit and the hydro lysate was

allowed to cool down.

Twenty mL of distilled water was added. In a 100 mL Erlenmeyer flask, 5 mL of boric acid with
20 mL of distilled water was mixed and the tip of the flask was connected to a digestion bulb on
the condenser of the nitrogen distillation unit. Then, Erlenmeyer flask containing the boric acid
solution on which was making sure that the tip of the condenser is immersed in the acid solution.
Thirty milliliters of the sodium hydroxide solution was added in the distillation unit container.
This reaction will release the nitrogen from the hydro lysate. The nitrogen released was trapped
by the boric acid solution which was turning green. The green solution was titrated with the

20



normalized HCI solution until the color disappears. Then, more drops were added until the color
first turns light-red salmon. Finally the amount and concentration of the normalized HCI solution
consumed to titrate the sample was registered with an accuracy of + 0.1.

(V Hcl)(N Hcl)(14.007)(100)
(mg sample weight)

% N=

,  Crude protein= N% x correction factor

V=Volume of Hcl used in titration, N =Normality of Hcl, 14.007=Molecular mass of N,

Determination of crude fiber content: Two gram of sample was transferred to a dried and
cleaned digestion flask and labeled accordingly. 120 of mL of 1.25% H2SO4 and one drop of
antifoam solution was added to separately labeled digestion flask. The flask was placed on
digestion apparatus and the hot plate of the digestion apparatus was turn on to obtain gentle
boiling. The sample was digested for 30 minutes. The acid hydrolyses was vacuum-filtered
through the Buchner filter device. Without breaking suction, 50 mL of boiling water was added
three times. The solids were returned from the filter to the flask for alkaline hydrolysis. 120 mL
of 1.25% NaOH solution was added and the flask was placed on the digestion apparatus and the

hot plate of the digestion apparatus was turned on to obtain gentle boiling.

The sample was digested for an additional 30 minutes. The alkaline hydrolysate was vacuum-
filtered through the Buchner filter device. Without breaking section, first 25 mL of boiling
1.25% H2SO4 was added and three additional washes with 50 mL of boiling water were
performed. Then the sample was washed with 25 mL of alcohol. The solids from the filter was
removed and placed in a tarred crucible for drying and ashing. A tarred crucible with residue was
placed in an oven set at 105°C for 8 hours. The crucible was removed from the oven and placed
in a desiccator for 30 minutes of cooling. A crucible with fiber residue was weighed in analytical
balance. Then the crucible with the dried residue was placed in a muffle furnace set at 600°C for
4 hours of ashing. The crucible with ash was removed from the muffle furnace and placed in a
desiccator for 30 minutes of cooling. Finally the crucible with ash residue was weighed in the
analytical balance.

Loss in weight

Calculation of % crude fiber = x100

Original sample weight

Dried residual weight—ash weight

Calculation of % crude fiber = x100

Original sample weight

21



Determination of carbohydrate content: The calculation of nitrogen-free extract, NFE
(carbohydrate content) was done after completion of the analysis of moisture, ash, crude fiber,
ether extract (crude fat), and crude protein. The sum of the percentages of moisture, ash, crude
fiber, fat, and protein were subtracted from 100% to obtain carbohydrate content (%) =100% -

ash (%) +Moisture content (%)+ crude fiber (%) + crude fat (%) + crude protein (%).
3.2.3. Preparation of must

3.2.3.1. Banana must preparation

Two kilogram of ripen banana (yellow with some green at the end of the fruit)was washed with
clean boiled water to remove contaminants, peeled using knife, and sliced into smaller sizes to
increase the surface area and ground using sterilized electric blending machine with speed of
2250 rpm until a homogenous pulp was obtained. Distilled water was added during the blending
to avoid friction in the blender then the juice was filtered using muslin cloth. One liter of distilled
water was added and the extracted juice (must) was poured into a clean plastic bucket and
100ppm sodium metabisulfete was added to prevent growing of unwanted microorganisms in the

must allowed to stand for capitalization and mixing for further fermentation.

3.2.3.2. Watermelon must preparation

Four kilogram of ripen (which have deep hollow sound when we knocked with hand)
watermelon fruit was washed with clean boiled water to remove contaminants. The fruit was
peeled using knife and remove seed, sliced into smaller sizes to increase the surface area and
ground using sterilized electric blending machine until a homogenous pulp was obtained.
Distilled water was added during the blending to avoid friction in the blender then the juice was
filtered using muslin cloth. The extracted juice (must) was poured into a clean plastic bucket and
100ppm sodium metabisulphate was added to prevent growing of unwanted microorganisms in

the must allowed to stand for capitalization and mixing for further fermentation.

3.2.3.3. Mixed fruit must preparation

Musts from both banana and watermelon fruit was symbolized by A, B, and AB for banana,
watermelon and mixed fruit must respectively. The mixture was done in 3:1, 1:3; and 1:1 v/v
ratio, 500ml of each mixed fruit must which were prepared from a mixing ratio of 3:1, 1:3; and
1:1 v/v was poured in to 2 litter fermenter jars. The brix reading was adjusted by adding 123 g
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of sugar into 1:3, 3:1 and 1:1 ratio prepared mixed must. Lemon juice was used to adjust the pH
level and to enhance the flavor of the wine (Qi, 2017). The must was boiled to sterilize it and

allowed to cool before inoculation with yeast (Okafor et al., 2014).

3.2.4. Starter culture preparation

Yeast cell (biomass) was developed using 50 mL of sterilized YEPD media (1% (m/v) yeast
extract, 2% (m/v) peptone, 2% (m/v) glucose) contained in a 150 mL sterilized conical flask.
0.75 g dry baker yeast cell (Saccharomyces cerevisiae) was (hydrated in 50 mL mild hot distilled
water at 35°C) and added into the YEPD media and diluted to 150 mL using sterilized distilled
water. The mixture was incubated in a rotary shaker with a speed of 120 rpm at 28°Cfor 24 hour
and transferred into a 1000 mL volumetric flask which contained 200 mL of the sterilized must.
The mixture was incubated at 28°C for 24 and at a shaker speed of 150rpm to use directly for

wine fermentation (Zenebe and Kidu, 2019).

3.2.5. Optimization of fermentation parameters

Response Surface Methodology (RSM) based on the central composite design was used in the
optimization of fermentation conditions for the production of mixed fruit wine. pH, mixing ratio,
and inoculum size were chosen as independent variables as shown in Table 3.1. Alcohol content

(ABV %) was used as the dependent output variable.

Table 3.1: Independent variables affecting wine production

Factor Unit Low(-) High(+)
pH - 3 4
Inoculum size vIv% 3 5
Mixing ratio % 25 75

Different parameters listed in table 3.1 were used to identify their optimality for wine production
and its quality determination.

3.2.6. Fermentation
Prior to fermentation the sugar content of must was determined and adjusted by adding 123g of

table sugar for each sample. The primary fermentation of the must was lasted for 9 days in an
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air-tight plastic container. The starter culture was added in all adjusted pH, inoculum size and
brix for each run which were done using central composite design expert software and well
mixed prepared must and kept for fermentation in a cool dry place. The mixture stirred
vigorously, every 12 h for consecutive 5 days. pH, specific gravity, titrable acidity, and total
soluble solids (brix) were tasted before raking in to another container. After 9 days, the wine was
racked into the secondary fermenter. The secondary fermentation was done in an air tight
container from which a tube was passed into a plastic bucket containing clean water. As
fermentation progressed, air bubbles passed into the water through the tube and were used to
monitor the course of fermentation. This was allowed for 21 days; when fermentation was
assumed to have been completed which was evident from the absence of bubbles in the water
container. After fermentations completed the process was stopped by immersing the jar in a 68-
70°C for 10 minute in water bath. The wine was filtered as mentioned above and with this; the

sensory evaluation was conducted (Ajit et al., 2018).

3.5. Physiochemical characterization

PH, specific gravity, titrable acidity and total soluble solids were analyzed before and after
fermentation in each mixed fruit juice and wine. The TSS (brix) and its specific gravity of must
and wine were determined by ATAGO (0-53° Brix) refractometer and Hydrometer respectively.

3.5.1. PH determination

The pH of fruit must and wine was determined using AOAC, (2004) procedure. The pH meter
electrode was thoroughly rinsed with distilled water and reading adjusted to zero mark. The pH
meter was then standardized in buffer 4 and 7 solution at 250 C. Each 10ml of the must was
pipette into a beaker and the pH electrode (probe) was dipped into the must and the reading
allowed stabilizing before reading off.

3.5.2. Determination of total sugar in fruit must and wine
The concentration of soluble sugars was determined with a refractometer. The prism was dried
with cotton. Fife drops of the fruit must (juice) and wine was applied to the lens and readings in

the degree brix were obtained (Mohammed and Yabaya, 2021).
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3.5.3. Determination of titratable acidity

This was determined by the methods described by (Anaukwu, 2015). Two hundred milliliters of
distilled water was introduced into a sterile 500ml conical flask and boiled. Fife drop of 1%
aqueous alcoholic phenolphthalein indicator solution was added. This was titrated with 0.1M
NaOH solution to give a faint pink color. Fife milliliter of “must” was pipetted and introduced
into the boiling neutralized solution and titrated again to the end point using the same 0.1M

NaOH solution. The titrable acidity was expressed as tartaric acid and was calculated thus:

VxMx75x100

Tartaric acid g/L=
1000xV

V= volume of NaOH (final reading-initial reading), M= molarity of NaOH, V=Volume of

Must, 75 is equivalent mass of tartaric acid

3.5.3. Alcohol content determination

Alcohol content of the fermenting must and specific gravity of wine were determined separately.
The alcohol content of wine was calculated by the following formula described in (Kiribhaga et
al., 2020).

Original specfic gravity—final specfic gravit
g p g 7;’6 p g yXlOOO

Alcohol by volume (ABV) =

3.5.4. Sensory evaluation

Sensory evaluation for taste, color, flavor, aroma and overall acceptability were carried out of a 5
point hedonic scale (Soibam et al., 2016) ranging from “dislike very much” to “like very much”.
Out of 5 point hedonic scale, the score 3.5 and above were being selected as acceptable whereas

below this level, the products were considered unacceptable by the panelists.
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4. Result and discussion

This section includes all the laboratory activities which have done, such as characterization of
the raw materials which is Banana and Watermelon fruit like proximate analysis, which includes:
the percentage of moisture content, ash content, crud fat content, crude protein content, crude
fiber content as well as carbohydrate content of the sample. All other activities listed from the

above were included in this section.
4.1. Raw material characterization

In this experiment the proximate analysis like moisture content, ash content, crude fat content,
crud fiber content, crude protein content and carbohydrate content of watermelon flesh and

banana pulp were determined.

Table 4.1: Proximate composition of banana and watermelon fruit

No | Item Banana (%) Watermelon (%)
1 |MC 74 £ 00 915+15

2 | Ash 0.33+00 0.49 +0.017

3 |CF 0.23+0.01 0.25+0.01

4 | CF 1.65 £ 0.05 0.6 £0.05

5 |CP 1.2+01 0.46 £ 0.02

6 | Carbohydrate | 22.59 6.7

MC= moisture content, CF= crude fat content, CF=crude fiber content, CP= crude protein

content

From Table 4.1 about 91.5 + 1.5% moisture content, 0.49 + 0.017% ash content, 0.25 + 0.01%
crude fat content, 0.6 £ 0.05 % crude fiber content, 0.46 = 0.02% crude protein content and
6.77% carbohydrate were obtained in watermelon flesh and 74% moisture content, 0.33% ash
content, 0.23 + 0.01 % crude fat content, 1.65 + 0.05% crude fiber content, 1.2 + 0.1% crude

protein content and 22.6% of carbohydrate content were obtained in banana pulp.
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The proximate composition of banana; ash content, crude fiber content and crude fat content
were 0.33 + 0.0%, 1.65 = 0.05%, 0.23 + 0.01 % respectively. The result was in agreement with
the result reported by (lzundu et al., 2016) that were 0.33 = 0.005, 1.43 £ 0.020, 0.25 + 0.002
respectively. The crude fat content for watermelon pulp was 0.25 + 0.01.The result was related
with the study conducted by (Olayinka and Etejere, 2018).Ash content and crude protein content
of watermelon pulp were 0.49 £ 0.017 and 0.46 £ 0.02 respectively. The result was in agreement
with the result reported by (Inuw et al., 2011). The moisture content of watermelon was similar
with result reported by (Okeke et al., 2015).

4.2. Physiochemical characterization

4.2.1. Physiochemical characterization of fruit must

The sugar concentration of banana depending on brix reading was greater than watermelon fruit
and its acidity also grater when compared with watermelon fruit. The ph. of banana which was
measured in ph. mater was 4.6 higher compared with watermelon fruit ph. of 4.9. Titrable acidity
as tartaric acid of watermelon and banana fruit was 0.32 + 0.02 and 0.39 £ 0.03 respectively
indicated in Table 4.2. So the titrable acidity in banana fruit was greater than titrable acidity
present in watermelon fruit in this experiment. The specific gravity of banana fruit was higher
than watermelon fruit; depending on this the sugar concentration was higher in banana fruit. This

sugar content with some additional sugar was best for wine production.

Table 4 .2: Fruit must characterization

No Banana: Watermelon
Parameters | Banana Watermelon | 75:25 25:75 50:50
1 |PH 4.6 4.9 4.63 4.75 4.70
2 | TA 0.39 £0.03 | 0.32+£0.02 | 0.37+£0.01 0.33+0.02 | 0.35+0.01
3 |SG 1.050 1.020 1.040 1.025 1.030
4 | TSS (°Brix) | 12.6 6 10.4 7.1 8.2

TA= Titrable acidity, SG=Specific gravity, TSS= Total soluble solids
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The sugar content of the fruit banana and watermelon fruit were not good for directly use it for
wine production. Brix adjustments were done for each sample before fermentation shown in
Table 4.3. The sugar content of banana fruit without any mixture had higher sugar content
compared with watermelon fruit. 75% banana to 25% watermelon mixture had higher brix (sugar

content) next to pure (100%) banana pulp.

Table 4.3: Brix adjustment before fermentation

No Parameter Banana | Watermelon | 75B:25Wm | 50B:50Wm | 25B:75Wm
1 Brix (%) 22.5 13.7 21.4 17 14.8
2 Specific gravity | 1.095 | 1.055 1.090 1.070 1.060

B= Banana fruit, Wm= Watermelon fruit

4.3. Analysis of experimental results

The alcohol content of mixed fruit wine in each run were determined by using hydrometer by
measuring its specific gravity and converting its corresponding value.In this experiment the
highest alcohol content of wine was obtained in Table 4.4 run number 10, in 75B:25Wm mixing
ratio, pH. 4 and inoculum size 5% v/v. The lowest alcohol content of mixed fruit wine was
observed in run number 20 with mixing ratio of 25B:75Wm in pH 3 and inoculum size 3%v/v.
The banana fruit was higher in sugar concentration and its brix was upgraded to 21.8 degree brix
when we add 123 g of table sugar compared with other mixing fruit (25B:75Wm and

50B:50Wm) ratio, that was the reason for increasing its alcohol content.
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Table 4.4: Experimental design generated by design expert software for optimization of

fermentation variables.

Factor 1 Factor 2 |Factor 3 Response 1
Std |Run A:rr-lixing B:PH C:Inoculum size |AC

Ratio

% % %
14 |1 50 3.5 5 8
6 |2 75 3 5 8.8
13 |3 50 3.5 3 6.1
2 |4 75 3 3 6.1
12 |5 50 4 4 8.1
10 |6 75 3.5 4 9.1
16 |7 50 3.5 4 7.4
9 |8 25 3.5 4 5.9
7 |9 25 4 5 6.7
8 |10 75 4 5 9.5
18 |11 50 3.5 4 7.4
4 112 75 4 3 8.2
5 |13 25 3 5 7.3
15 |14 50 3.5 4 7.5
17 |15 50 3.5 4 7.3
3 |16 25 4 3 6.1
19 |17 50 3.5 4 7.4
11 |18 50 3 4 6.7
20 |19 50 3.5 4 7.3
1 |20 25 3 3 5.5
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4.4. Analysis of variance (ANOVA)

The response selection is a critical stage in optimization. The responses were directly related to
the parameters that define the quality of the fruit wine based on the central composite design.
Mixing ratio (A), pH level (B) and inoculum size (C) were chosen as independent variables
while alcohol content was taken as response value. The response surface analysis was adapted to

optimize the process conditions of mixed banana and watermelon fruit wine fermentation.

Table 4.5. Model Summary Statistics

Source  |Sequential p-value [Lack of Fit p-value| Adjusted R Predicted R?

Linear |<0.0001 0.0684 0.7318 0.5473

2F| 0.0067 0.2577 0.8669 0.7128 Suggested
Quadratic|0.9635 0.1369 0.8316 0.4519

Cubic  |0.0669 0.5905 0.9225 -0.8925 Aliased

Focus on the model maximizing the Adjusted R? and the Predicted R2. From Table 4.5 the two
factorial model is suggested among the other models. This is due to the highest value of the

"Adjusted R-Squared” and the "Predicted R-Squared" and also the model is not aliased
4.5. ANOVA for Response Surface 2F1 Model

The analysis of variance (ANOVA) was used to determine whether the 2F1 model is significantly
affected by the Parameters listed in the design or not. The Probability values (P-values) were
used to perform as a device to check the significance of each coefficient, which also showed the
interaction strength of each parameter. The smaller the p-values are, the bigger the significance

of the corresponding coefficient.
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Table 4.6 Analysis of variance (ANOVA) for 2F1 model of wine production

Source Sum of Squares | Df | Mean F-value | p-value
Square
Model 19.78 6 |3.30 21.63 | <0.0001 | Significant
A-mixing Ratio | 8.65 1 |8.65 56.74 | <0.0001
B-PH 3.84 1 |3.84 25.22 | 0.0002
C-Inoculum size | 4.36 1 |4.36 28.58 | 0.0001
AB 0.6050 1 |0.6050 3.97 0.0678
AC 0.1250 1 |0.1250 0.8201 | 0.3816
BC 221 1 |221 14.47 | 0.0022
Residual 1.98 13 | 0.1524
Lack of Fit 1.48 8 |10.1852 1.85 0.2577 Not
significant
Pure Error 0.5000 5 |0.1000
Cor Total 21.77 19

The Model F-value of 21.63 implies the model is significant. There is only a 0.01% chance that
an F-value this large could occur due to noise. P-values less than 0.0500 indicate model terms are
significant. In this case A, B, C, and BC are significant model terms while AC and AB are not
significant model term. Values greater than 0.1000 indicate the model terms are not significant.
If there are many insignificant model terms (not counting those required to support hierarchy),
model reduction may improve your model. The Lack of Fit F-value of 1.85 implies the Lack of
Fit is not significant relative to the pure error. There is a 25.77% chance that a Lack of Fit F-
value this large could occur due to noise. Non-significant lack of fit is good -- we want the model
to fit.
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Table 4.7 Model adequacy measure

Std. Dev. 0.3904 R2 0.9090

Mean 7.59 Adjusted R2 0.8669

CV.% 5.15 Predicted R? 0.7128
Adeq Precision 19.1365

The Predicted R2 of 0.7128 is in reasonable agreement with the Adjusted R2 of 0.8669; i.e. the
difference is less than 0.2. Adeq Precision measures the signal to noise ratio. A ratio greater than
4 is desirable. The ratio of 19.137 indicates an adequate signal. This model can be used to
navigate the design space.

Development of regression model equation: A model equation is a mathematical expression in
which the whole model was expressed in a single equation that helps to maximize response. The
model equation that correlates the response (Percent of alcohol content) to the process variables
in terms of actual value after excluding the insignificant terms was given below. The predicted

model for the alcohol content in terms of the coded factors is given in (equation 1).
Final Equation in Terms of Coded Factors

AC = 7.58+0.9300 * A+ 0.6200 * B 4+ 0.6600 « C + 0.2750 * A * B + 0.1250 * A * C
—05250«B*xC ———— — — — — — — (D

The equation in terms of coded factors can be used to make predictions about the response for
given levels of each factor. By default, the high levels of the factors are coded as +1 and the low
levels are coded as -1. The coded equation is useful for identifying the relative impact of the

factors on percentage of alcohol content by comparing the factor coefficients.

Final Equation in Terms of Actual Factors

AC = —11.10500 — 0.059800 * A + 4.34000 * B + 4.08500 * C + 0.022000 * A
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Where A: Mixing ratio (%), B: PH and C: Inoculum size (%v/v)

The equation in terms of actual factors can be used to make predictions about the response for
given levels of each factor. Here, the levels should be specified in the original units for each
factor. This equation should not be used to determine the relative impact of each factor because
the coefficients are scaled to accommodate the units of each factor and the intercept is not at the

center of the design space.
4.6. Normal probability plot

The point on normal probability plot form nearly linear pattern. It shows the data sets are
approximately normally distributed, which indicates that the normal distribution is good model
for this data set. This shows that the 2FI model satisfies the analysis of the assumption of

variance (ANOVA) i.e. error distribution is approximately normal.
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Figure 4.1. Normal probability plot of residuals versus standardized residuals values of alcohol

content in mixed fruit wine

4.7. The individual effect of experimental variable on alcohol content of produced wine

Factors those affecting the production of mixed fruit wine were included in this section. Factors
like PH, Inoculum size and mixing ratio had influence in wine production especially in alcohol
content as response variable in this experiment. Those factors were discussed in the following

sections based on the analysis of variance (ANOVA).

4.7.1. The effect of pH on percentage of alcohol content in mixed fruit wine

The percentage of alcohol content in 25Wm to 75B mixed fruit wine was increased in pH
increased from 3.5 to 4, and 50B to 50wm ratio of mixed fruit wine gave high percent of alcohol
content in pH. 4. From this we can conclude that pH between range of 3.5 to 4 were best for
mixed fruit wine production. But it doesn’t show the optimal point in this range show in Figure

4.2, out of this range (pH 3-4) may give optimal alcohol content in mixed fruit wine production.
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Figure 4.2.The effect of pH on percentage of alcohol content

4.7.2. The effect of mixing ratio on percentage of alcohol content.

The highest percentage of alcohol content was observed in 75B:25Wm mixing ratio in produced
wine compared with other mixing combinations shown in Figure 4.3. The reason for this
situation was banana fruit contains highest sugar concentration and increased in percentage of
alcohol content compared with others. The alcohol content of the wine samples reflected the
sugar content of the fruit juices (musts) from which they were produced and the volume of yeast
inoculated into them prior to fermentation. High sugar content and high yeast inoculum would
translate to high alcohol and vice versa (lzundu et al., 2016). High alcohols are known to be
important precursors for the formation of esters, which are associated with pleasant aromas
(Anaukwu, 2015). Mixing of watermelon fruit with banana fruit in wine production is important,
due to constitutes of higher nutritional value and health benefits of watermelon fruit. It is

important to substitute water melon fruit which have highest moisture content instead of water in
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wine production. Because production of banana wine with addition of water may reduce its

sugar concentration and out of water will need plenty of fruit and it is not feasible to our

economy.
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A: mixing Ratio (%)
Figure 4.3. The effect of mixing ratio on percentage of alcohol content in wine

4.7.3. The effect of inoculum size on percentage of alcohol content in mixed fruit wine

Inoculum size had a positive effect on percentage of alcohol content in mixed fruit wine
production in this experiment. The percentage of alcohol content of fruit wine was increased as
inoculum size increase; when inoculum size increased from 3 to 5 the alcohol content were
increased shown in Figure 4.4. This report agreed with (Huseyin et al., 2006) who suggested
that addition of various amounts of yeast led to the earlier disappearance of non-Saccharomyces
yeasts. The fermentation rate was improved with higher amounts of yeast. But increasing of
inoculum size above this (3-5) range may lower the alcohol content in mixed fruit wine

production.
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Figure 4.4.The effect of inoculum size on percentage of alcohol content in mixed fruit wine

4.7.4. The interaction effect of process variable on percentage of alcohol content in wine
The three-dimensional response surfaces effect was plotted in figures below as a function of the
interactions of any two of the variables by holding the other value of the variable at the center

point.

4.7.4.1. The interaction effect of ph and inoculum size on alcohol content in wine

The percentage of alcohol content in produced wine was increased in both increasing of
inoculum size and ph. decreasing of both ph. and inoculum size had a negative influence on
percentage of alcohol content. Changing parameters out of ranges of (pH 3-4 and inoculum size

3-5) will change alcohol content in mixed fruit wine production.
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4.7.4.2. The interaction effect of ph. and mixing ratio in alcohol content

The highest alcohol content was observed in pH. 4 for 75B:25Wm mixed fruit wine. Increasing
of percent of banana fruit in this experiment increases the alcohol content because of higher
sugar concentration compared with watermelon fruit. PH. 4 was optimum pH for 75B:25Wm
ratio which gave 9.5%uv/v of alcohol content. Increasing of mixing ratio in fermentation with low
pH value (higher in acidity) will affect the yeast strain in the fermenter and affect our product. In
this experiment optimal point in pH and alcohol content were not observed, using out of (pH 3-4)

range will change its optimality.
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Figure 4.6. Response surface plot effect of pH. and mixing ratio on alcohol content

4.7.4.3. The interaction effect of inoculum size and mixing ratio on alcohol content

High sugar content and high yeast inoculum would translate to high alcohol and vice versa. The
highest alcohol content of wine was observed in higher inoculum size and higher percent of
banana to watermelon fruit must show in Figure 4.7. Proper amount of inoculum size for proper
sugar concentration was best for wine production. Higher sugar concentration with small amount
of inoculum size will take longer fermentation time and will not give successes full result at a
given period of time in wine production. There were significant differences in fermentation
performance with different inoculum levels. Faster fermentations were observed with an increase
inoculum size and increase its alcohol content. Through the process increasing of inoculum size
with corresponding increasing of percentage of banana to watermelon ratio increases alcohol
content of mixed fruit wine, didn’t show the optimal point. Using different ranges of process
parameters out of this experiment will give its optimal point.
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Figure 4.7. Response surface plot of effect of inoculum size and mixing ratio on alcohol content

4.8. Optimization of fermentation parameters using response surface methodology

Response surface methodology (RSM) is a collection of statistical and mathematical techniques
useful for developing, improving, and optimizing processes. It is important to use response
surface methodology for design, development, and formulation of new products, as well as in the
improvement of existing product designs. The highest alcohol content was obtained from higher
process parameter (75B:25Wm, pH=4 and inoculum size 5%v/v shown in table 4.8. This didn’t
show optimal point of process parameter within the range that has been used in this experiment.

Increasing the range (mixing ratio, pH and inoculum size of process parameter may give optimal
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result of alcohol content in mixed fruit wine production. The optimization of fermentation

conditions for production of wine from mixed fruit was summarized in Table 4.8

Table 4.8. Constraints for optimization of alcohol content in wine

Name Goal Lower Limit  |Upper Limit
A:mixing Ratio  |is in range 25 75

B:PH is in range 3 4
C:Inoculum size |is in range 3 5

AC Maximize |5.5 9.5

Table 4.9. Optimized solution of alcohol content in wine production

No | Mixing ratio PH Inoculum size | AC Disereblity

15 | 75B 4 5 9.67 1 Selected

4.9. Model validation

Using the optimized condition obtained from the central composite design (i.e. Table 4.9), an
experiment was conducted, and 9.6 %ABV was obtained. So, it is possible to say that this is in
good agreement with the predicted one. Therefore, the model is considered to be accurate and

reliable for predicting the alcohol content of mixed fruit wine.

4.10. Physiochemical characterization wine

The specific gravity of the fruit wine produced in this study reduces as the fermentation days
increased shown in Table 4.10. This investigation was similar to (Nyiramugwera and
Nzabuheraheza, 2014) report, the gradual decrease of sugars contained in mixed juices during
fermentation activities carried out by Saccharomyces cerevisiae. The continuous decrease of
specific gravity is relative to total soluble solid (brix) decomposition by inoculated activated
baker yeast. After the 21 days fermentation the specific gravity of the wine reduced drastically,

this was due to the type of yeast used in the wine production. Brix of fruit wine was decreased
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compared with must. The fermentation process was greatly reduced the total soluble solids

content in degree Brix.

Table 4.10. Physiochemical characterization of wine

No | Parameters | Banana | Watermelon | 75B:25WM 25B:75WM 50B:50WM
1 | Brix 4.3 2.6 4.9-7.1 2.8-4.9 3.8-6

2 | SG 1.015 1.004 1.015-1.025 1.005-1.015 | 1.010-1.020
3 |PH 3.2 3.5 2.89-3.1 2.95-3.2 2.91-3.15

4 | TA 0.9+0.04 | 0.7+0.01 0.67-0.91 0.63-0.89 0.64-0.9

5 |AC 10.8 6.9 6.1-9.5 5.5-7.3 6.1-8.1

The titrable acidity of produced mixed fruit wine was increased with fermentation time
increased. The total acidity of final wine is expected to be between 0.5 and 1.0 % (Ogodo et al.,
2015). The titrable acidity for 75B:25WM combination increased from 0.37+0.01 before
fermentation to 0.67-0.91 after fermentation. For 25B:75Wm combination fruit wine, the titrable
acidity was increased from 0.33+0.02 before fermentation to 0.63-0.89 after fermentation. The
titrable acidity of 50B:50Wm mixed fruit wine was increased from 0.35 before fermentation to
0.64-0.9 after fermentation, in this experiment the result in agreement with (Sevda et al., 2011)
study found 0.85 + 0.04 titrable acidity of wine from banana fruit and (Akharaiyi and Omoya,
2005) studies. Yeast cell produce many organic acid during fermentation that is the reason for
increasing its ttitrable acidity of wine when we compared with must (Unfermented juice) in

Figure 4.8.
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In this study, decreasing of pH in wine (Figure 4.9) was similar to (Adeyemi et al., 2020) in
banana wine reported that due to the production of acids within the period of fermentation
probably arising from microbial succession. When it is realized that increase in acidity of the
samples of wine examined in this study could be due to accumulation of organic acids during
fermentation. Low pH of the wine samples protected them against microbial spoilage and also
produced at the same time more rapid natural clarification with greater effectiveness of
stabilization treatments and a longer shelf life. It also increases conducive environment for the
growth of desirable organisms. Low pH is known to give fermenting yeasts a competitive
advantage in natural environment (Mohammed and Yabaya, 2021). A mixed banana and
watermelon wine had a pH of between 2.89 and 3.2. There is similar investigation in decreasing
of ph. in wine production from the result reported by (Akharaiyi and Omoya, 2005). Throughout
the period of fermentation, pH of the must was with in the acidic range. This was irrespective of
the yeast strain used for fermentation. The decrease in the pH of the fermenting must makes the
must acidic show acidification of the medium during the fermentation stages, which is very
important in wine production. Lack of acidity will result to the production of a poor fermentation
process. pH was decreased from 4-3 and 3.5 - 2.89 before fermentation and after fermentation

respectively shown in (Figure 4.9).
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The increase in the alcohol content can be attributed to yeast metabolism by continuous
utilization of the sugar content, ethanol is produced and thus there is an increase in the alcohol
content of the fermenting must, this continued until all the available sugar in the fermenting must
has been utilized. The final alcohol content of the wine in this experiment ranks it among good
table wines (9.5%) from 21.4°Brix. A good table wine must have alcohol content between 8 and
14% (Awe a Nnadoze, 2015). (Ogodo et al., 2015) found 18.50 + 0.02 % in banana and
watermelon fruit wine from 31.2 °Brix. The difference in result may be the difference in °Brix.
From the Table 4.11 the higher alcohol content of produced wine was determined from
75B:25WM mixed fruit juice which was 9.5% from 21.4 °Brix, which had higher sugar

concentration compared with other combination.

A 5% v/v inoculum size was best for 75B:25WM and 25B:75wm and 4%v/v inoculum size was
identified for 50B:50WM mixed fruit wine production in this experiment.ph 4 was identified as
optimum ph. for 75B:25WM and 50B:50wm wine production and ph. 3 was optimum ph. for
25B:75WM mixing ratio. The fermentation process yielded wine with different alcoholic
content. The difference in alcoholic content may be due to difference in amount of fermentable
sugars in the raw materials and perhaps difference in the availability of the sugars for

bioconversion by the fermenting yeast. Increasing of inoculum size increases the production of

44



wine alcohol content. Those indicate a good utilization and conversion capacity of sugar into

alcohol by yeast.

Table 4.11.Best combination of independent parameters for the wine production from

reconstituted mixed juice

TSS Mixing ratio | pH | Inoculums Alcohol content %(ABV)
(°Brix) size (%, viv)

218 (75B:25WM) |4 |5 9.5

17 (50B:50WM) |4 |4 8.1

14.8 (25B:75WM) [3 |5 7.3

TSS= Total soluble solid, 75B:25WM=75% Banana+ 25%Watermelon, 50B:50\WM= 50%
Banana+ 50%Watermelon, 25B:75WM= 25%Banana+75%Watermelon

4.11. Sensory evaluation

The sensory evaluation of all three samples A, B and C was carried out using 5 point hedonic

scale and the data was expressed in terms of mean scores and presented in table no.4.8. Sensory

evaluation of the wine samples showed that wines produced from mixtures of fruits were rated

best in color, taste aroma and overall acceptability. This could be due to the combined fruits

concentration which incredibly reflected as examined in the characteristic qualities of the fruit

wines.

45



Table 4.12: Sensory evaluation of mixed fruit wine

Wine type Parameters Over all acceptability
Taste Color | Aroma | Flavor

A 4 5 4.5 4 4.3

B 5 4 4 4 4.25

C 3.5 4 4 5 4.1

A=75Wm:25B, B=25Wm:75B, C50B:50WM

Among the three samples A, recorded highest score for overall acceptability 4.3 followed by B

(4.25), whereas significantly lowest score was observed in C (4.1). The results indicated that

among the three samples (A, B, C), A had highest sensory attributes from others. It had the

highest overall acceptability. Hence sample A was considered as the acceptable composition for

the production of wine. Wine produced from 25B:75Wm get highest acceptability in response of

sensory evaluation. But its alcohol content was lower compared with 75B:25Wm mixed wine.

Due to many health benefits and its acceptability in panelists mixing of watermelon fruit is

essential.
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5. Conclusion and recommendations

5.1. Conclusion

There are a number of underutilized fruits and vegetables in the tropics which can be exploited
for wine production purposes. The highest alcohol content of wine was obtained from
75B:25Wm mixing ratio. It is important to mix banana fruit with watermelon fruit which have
highest nutritional and health benefits. This study has demonstrated that wine of good quality
could be produce from mixed watermelon and banana fruit. The wine produced from mixed
banana and watermelon fruit has been found to be acceptable, as well as meeting all the
standards required by a good wine in terms physiochemical and sensory attribute of color, flavor,
taste, aroma and overall acceptability for a mixed fruit wines. Decreasing of pH, increasing
titrable acidity and alcohol content were taken as quality determination in mixed fruit wine
production. The high acidity of wine gives it an edge in terms of storability and its resistance to
microbial spoilage. The banana fruit is high in sugar content and it can upgrade the sugar content
of watermelon fruit in mixed wine and the highest alcohol content in mixed fruit wine was
observed in 75Bto 25Wm mixing ratio. Response Surface Methodology (RSM) based on central
composite design (CCD) experiments was used to optimize process parameters for wine
production from mixed banana and watermelon fruit. Wine can produce from mixed banana and

watermelon fruit using saccharomyces cervisia.
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5.2. Recommendation

It is important to address other factors that affect the quality and alcohol content in mixed fruit
wine production. Making amelioration in different mixing ratio can improve wine quality and its
alcohol content. Further study in optimization in different range of process parameter, out of
ranges listed in this experiment is needed in identification of optimal fermentation conditions
that didn’t identified in this experiment. And also further studies on clarification and aging of

mixed banana and watermelon fruit wine will give better satisfaction.

48



References

Ajit, E. J., Dominic, D., Farook, F., Promod, A., Kumar, B. M. S., Vj, B., Chandran, R. (2018).
Preparation of wine from fruits of Musa acuminate and Ananas comosus ; its Physico-
chemicalanalysis and sensoryevaluation. 5(6), 1-5. https://doi.org/10.15761/IFNM.1000232

Shrikant Baslingappa Swami ayansingh Thakor (2014). Fruit Wine and Health Benefits: Journal
of Food Research and Technology. 2 (3). 93-100

Anaukwu, C. G. (2015). Wine Production from Mixed Fruits ( Pineapple and Watermelon )
Using High Alcohol Tolerant  Yeast Isolated from Palm Wine..
https://doi.org/10.13189/ujmr.2015.030401

Andersa, K. N. (2020). Review on the Effect of Fruit Wine Quality and Fermentation Conditions
on the Quality of Wine. Food Science & Nutrition Technology, 5(5), 2-8.
https://doi.org/10.23880/fsnt-16000226

Balamaze, J., and Wambete, J. (2017). Production of good quality wine from single and mixture
of fruit peels. African Journal of Food, Agriculture, Nutrition and Development, 17(1),
11822-11831. https://doi.org/10.18697/ajfand.77.15515

Cheirsilp, B., and Umsakul, K. (2008). Processing of banana-based wine products using
pectinase and o-amylase. Journal of Food Process Engineering, 31(1), 78-90.
https://doi.org/10.1111/j.1745-4530.2007.00152.x

Joshi, V. K., Panesar, P. S., Rana, V. S., and Kaur, S. (2017). Science and Technology of Fruit
Wines: An Overview. In Science and Technology of Fruit Wine Production.
https://doi.org/10.1016/B978-0-12-800850-8.00001-6

Ogodo, A. C., Ugbogu, O. C., Ugbogu, A. E., and Ezeonu, C. S. (2015). Production of mixed
fruit (pawpaw, banana, and watermelon) wine using Saccharomyces cerevisiae isolated
from palm wine. SpringerPlus, 4(1), 1-11. https://doi.org/10.1186/s40064-015-1475-

Production, W. (2017). Chapter 2 - Microbiology of Fruit Wine Production. In Science and
Technology of Fruit Wine Production. https://doi.org/10.1016/B978-0-12-800850-8.00002

49



Saranraj, P., and Sivasakthivelan, P. (2018). Fermentation of fruit wine and its quality analysis :
A review.

Swain, M. R., Anandharaj, M., Ray, R. C., and Parveen Rani, R. (2014). Fermented Fruits and

Vegetables of Asia: A Potential Source of Probiotics.

Biotechnology Research
International,1-19. https://doi.org/10.1155/2014/250424

Velic, D., Velic, N., Amidzicklaric, D., Klaric, I., Petravictominac, V., Kosmerl, T., and Vidrih,

R. (2018). The production of fruit wines — a review. Croatian Journal of Food Science and
Technology, 10(2), 279-290. https://doi.org/10.17508/cjfst.2018.10.2.19

Zainab, A., Amos, Y., Sani, M., Datsugwai, S., and Mathew, B. (2019). Quality Assessment of

WaterMelon ( Citruluslanatus ) Wine Produced Using Saccharomyces cerevisiae Isolated
fromPalmWine.JournalofBiomaterials,2(2),65-73.

https://doi.org/10.11648/j.jb.20180202.17

Travers, S., Bertelsen, M. G., Kucheryavskiy, S. V. (2014): Predicting apple (cv. Elshof)

postharvest dry matter and soluble solids content with near-infrared spectroscopy. J. Sci.
Food Agric. 94 (5), 955-962.

Tapsell, L.C., I. Hemphill, L. Cobiac, C.S. Patch, D.R. Sullivan, M. Fenech, S. Roodenrys, J.B.
Keogh, P.M. Clifton, P.G. Williams, V.A. Fazio and K.E. Inge,( 2006). Health benefits of

herbs and spices: the past, the present, the future. Medical Journal of Australia, 185: 4-24.
87.

Jackson, R.S., (2000). Principles, Wine Practice Science Perception. Academic Press, California,
USA, 283-427

tukajtis R, Hotowacz |, Kucharska K, Glinka M, Rybarczyk P, et al. (2018) Hydrogen

production from biomass using dark fermentation. Renewable and Sustainable Energy
Reviews 91: 665-694.

Sanchez, P., (1979). The prospects of fruit wines in the Philippines. Journal of Crop Science 4
(4), 183-190

50



Dharmadhikari, M., (2004). Wines from cherries and soft fruits. Vineyard & Vintage View,
Mountain Grove, MO 19 (2), 9-15.

Keller JB (2010). Pineapple Wine: Directions for Pineapple Wine Baskets. Available from:
http://www.ehow.com/way 5810589 directions-pineapple-
winebaskets.html#ixzz14iXAY Ab5s.

Hui HY, Chan K, Khachatourians GG. Food Biotechnology. USA: Wiley-IEEE; 1994. 847-848.

Board RG. Modern Introduction to Food Microbiology. Oxford, UK: Blackwell Scientific
Publications; 1983

Joshi, V.K., Attri, D., Singh, T.K., Abrol, G., (2011b). Fruit wines: production technology.
Joshi, V.K. (Ed.), Handbook of Enology. I1l. Asia Tech Publishers, Inc., New Delhi, 1177-1221.

Joshi, V.K., 2009. Production of Wines From Non-Grape Fruit. Natural Product Radiance 8 (94),
313-469. Special Issue. NASCAR, New Delhi.

Joshi, V.K., Chauhan, S.K., Bhushan, S., (2000). The technology of fruit-based alcoholic
beverages. In: Verma, L.R., Joshi, V.K. (Eds.), PostharvestTechnology of Fruits and
Vegetables. Indus Publishing, New Delhi, 1019.

Amerine MA, Kunkee R, Ough KCS, Singleton VL and Webb AD (1980). The technology of
winemaking (4th Ed). AVI, Westport, Connecticut. 185-703.

Joshi, V.K., (1997). Fruit Wines seconded. DTP System, Directorate of Extension Education. Dr.
Y.S. Parmar University of Horticulture and Forestry, Nauni, Solan (HP). 226.

Mountney GJ, Gould WA (2000). Practical food microbiology and technology. AVI Books. New
York, USA: Van Nostrand Reinhold Company; 1988.ring Winemaking. Australia: Patrick

Iland Wine Promotions. 16-7

Walker PM (1988).Chambers Science and Technology Dictionary. UK: Cambridge University

Press

51



Settanni, L. and Corsetti, A. (2008). Application of bacteriocins in vegetable food
biopreservation,” International Journal of Food Microbiology. 121 (2).123-138.

Jackson, R. S. (2014): Wine science principles and applications, 4ed, USA, Academic Press.

Joshi, V. K. (2009): Production of wines from non-grape fruit. In: Natural Product Radiance,
Special Issue. July- August. New Delhi: NASCAR

Kosseva, M. R., Joshi, V. K., Panesar, P. S. (2017): Science and technology of fruit wine
production, Elsevier Inc., Academic Press. https://doi.org/10.1016/B978-0-12- 800850-
8.01001-2.

John PG, Yusufu MI, Ahemen SA (2018). Production and Quality Evaluation of Wine from
Watermelon Juice and Ginger Extract. J Hum Nutr Food Sci 6(1): 1122.

Sevda SB, Khartmol P and Rodrigues L (2010). Studies in preparation of banana wine (fruit
wine) poster (http://core.kmi.open.ac.uk/download/pdf/289899.pd f

Okafor, D.C. , Ihediohanma, N.C. ; Abolude D.S. ; Onuegbu N.C. ; Osuji, C. M. and Ofoedu
C.E. (2014). Physico-chemical and Sensory Acceptability of Soursop(Annonamuricata)
Wine. International Journal of Life Sciences. 3 (4).163-169

Joshi, V. K., Panesar, P. S, Rana, V. S., & Kaur, S. (2017). Science and Technology of Fruit
Wines: An Overview. In Science and Technology of Fruit Wine Production.
https://doi.org/10.1016/B978-0-12-800850-8.00001-6

Qi, Ningli ., Ma, Lina., Li, Liuji.,, Gong, Xiao., Ye, Jianzhi(2017). Production and Quality
Evaluation of Pineapple Fruit Wine Production and Quality Evaluation of Pineapple Fruit
Wine. Earth and Environmental Science. 1755-1315

Iland P, Ewart A, Sitters J, Markides A and Bruer N (2000). Techniques for chemical analysis
and quality monitoring during winemaking. Patrick Iland Wine Promotions, Australia, 16-
17.

Izundu., A, O. O, Pauline .,A. I, and Ukamaka, O. G. (2016). Proximate Compositions of fruits
of Three Musa Species at Three Stages of Development. 15(6), 107-117.

52



Awe, S., & Nnadoze, S. (2015). Production and Microbiological Assesment of Date Palm
(Phoenix dactylifera L.) Fruit Wine. British Microbiology Research Journal, 8(3), 480-488.
https://doi.org/10.9734/bmrj/2015/16867

Edulis, P., Indica, M. M., Comosus, A., & Nzabuheraheza, F. D. (n.d.). Golden wine produced
from mixed juices of passion fruit (. 9104-9116.

Inuwa, H. M., Aina, V. O., Gabi, B., Aimola, I., & Thompson, V. (2011). Determination of
Differences in Nutrient Composition of Citrullus vulgaries ( Water Melon ) Fruits after
Plucking. 2(September 2010), 27-30.

John, P. G., Yusufu, M. I., & Ahemen, S. A. (2018). Production and Quality Evaluation of Wine
from Watermelon Juice and Ginger Extract. J Hum Nutr Food Sci, 6(1), 1122.

Kiribhaga, S., Gomez, S., Joseph, M., & Gopal, S. (2020). Biochemical changes of banana wine
during storage. (January). https://doi.org/10.22271/chemi.2020.v8.i1b.8236

Kyayesimira, J., Mawanda, I., Andama, M., & Safari, D. (2019). Studies on the utilization and
proximate composition of wild Aframomum anguistifolium (sonn.) K. Schum fruits in
Nakaseke District, Uganda. African Journal of Food, Agriculture, Nutrition and
Development, 19(4), 14790-14804. https://doi.org/10.18697/ajfand.87.17605

Mohammed, S. S. D., & Yabaya, A. (2021). Fruit wine produced from pawpaw ( carica papaya )
and watermelon ( citrullus vulgaris ) using saccharomyces cerevisiae isolated from selected.
16(4), 419-427.

Sevda, S., Khartmol, P., & Rodrigues, L. (2011). Studies in preparation of banana wine (fruit
wine). Nature Precedings, 400019. https://doi.org/10.1038/npre.2011.5774.1

Soibam, H., Ayam, V. S., & Chakraborty, I. (2016). Evaluation of Wine prepared from
Sugarcane and Watermelon Juice. 6(2), 475-479. https://doi.org/10.5958/2277-
9396.2016.00074.X

Swami, S. B., Thakor, N. J., & Divate, A. D. (2014). Fruit Wine Production: A Review. Journal
of Food Research and Technology, 2(3), 93-100. Retrieved from

www.jakraya.com/journa/jfrt
53



Appendix

A: Laboratory work

Figure: 1A sample inside oven for drying B sample inside furnace for ashing

A fat extraction in soxhlet B: extracted fat in oven for solvent evaporation

Figure 2 Crude fat extraction processes
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A Sample boiling B: Filtration C: Sample inovendry  D: Sample in furnace

Figure 3 crude fiber determinations

A: Digestion B: Distillation C: Titration

Figure: 4 crude protein determination processes

A: washed Banana B: Banana peeled and sliced C: Blending D: Filtration
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Figure: 5 steps in banana must preparation

J
A: Washed melon fruit B: Cutand prepared  C: Blended D: filtration

Figure: 6 steps in watermelon must preparation

—

Figure: 8 A Hydrometer B= refractometre, C= Titration method
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Figure: 9 Produced mixed banana and watermelon fruit wine

Appendix B: Optimization constraint and solution

|

25 75 3

A:mixing Ratio = 75

T

3 5 3.5

C:lnoculum size = 5

4
B:PH = 4
O
95
AC = 9.67

Desirability = 1.000
Solution 8 out of 100
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