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Abstract Tigernut drink is faced with the challenge of short shelf-life, which has affected its use for different
nutritious drinks, therefore fermentation process which is a form of food preservation technology for limiting or
reducing post-harvest wastage associated with tiger nuts usage at harvest, could help to convert it into wine. Must
(the first step in wine making) was prepared from dried and fresh tigernut filtrate blended with zobo flower extract,
with inoculum developed from commercial wine yeast. Fermentation of dried and fresh tigernut must were carried
out over a period of seven (7) days, while microbial, physicochemical and sensory properties of the blends were also
analyzed. Dried and fresh tiger nut wines were compared with commercial grape wine as control. The inoculum
developed, had a yeast count of 10* and 10% of must volume. The initial pH of dried and fresh tigernut musts were
4.50 and 4.20, which decreased to 3.00 for both dried and fresh tigernut wine, while the initial titratable acidity of
dried and fresh tigernut must were 0.0023 and 0.0024 (%) and increased to 0.016 and 0.021 (%) respectively. The
sugar content of the must decreased from 17 and 14 (%) for dried and fresh tigernut to 5 (%) for both tigernut wine
respectively, while the specific gravity of the tigernut musts were 1.070 and 1.060 for dried and fresh tigernut must
and 0.705 for dried and fresh tigernut wine. Dried tigernut wine had alcohol content of 8.19 % (v/v), while fresh
tigernut wine had a value of 6.41 % (v/v). The microbial count of dried tigernut must before fermentation were as
follows, otal acterial ount 6.61 Log;(CFU/ml and Total Yeast Count 8.34 Log,(CFU/ml,, while fresh tiger nut must
before fermentation had Total Bacterial Count of 6.59 Log;(CFU/ml and Total Yeast Cells of 8.30 Log;(CFU/ml.
At the end of fermentation period (7 days), total bacterial count was 1 Log;,CfU/ml; total yeast count was 9.99
Log;oCFU/ml for dried tiger nut, while fresh tiger nut had bacterial count of 1.3 Log;(CFU/ml and yeast count of
9.99 Log,CFU/ml respectively. There was no significant (p>0.05) difference between the dried tiger nut wine and
grape wine, but significant (p<0.05) difference existed between the fresh tigernut wine and the grape wine which
was used as control.
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1. Introduction

Wines are alcoholic beverages produced by fermenting
sugary juices; conventionally grape juice [1]. The
characteristics of wines depend on the kind of fruit used,
such as hard cider wine from apples, Perry wine from
pears, Pomegranate wine from banana, blueberry and
elderberry wines are from berry fruits [2]. Wines made
from sugar cane [3], pawpaw and pineapple [4] and tuber
extracts [5] have also been reported. Using fruits and
vegetables with medicinal and nutritional value, for wine
production can be improved [6], to possess typical wine
components of ethyl alcohol, sugar, acids, higher alcohols,
tannins, aldehydes, esters, amino acids, minerals, vitamins,
anthocyanins and flavour compounds [7]. Wines can be
grouped into , grape wine, fruit wine, berry wine,
vegetable wine, and raisin wine [8]. Grape wine is made

exclusively from grapes and other materials are prohibited
as adjuncts (except for sugar and oak barrels). Fruit wines
are alcoholic beverages made from a variety of base
ingredients like fruits, flowers, or herbs. Multi sort wine is
produced by mixing different kinds of grapes and wine
materials [8].

Tigernuts (Cyperusesculentus L.) are tubers found on
the root of sedge plant. It is a perenial grass-like plant with
spheriod tubers, pale yellow cream kernel surrounded by a
fibrous sheath [9]. Nigeria has three varieties: black,
brown and yellow, but only the brown and yellow are
readily available in markets. The yellow tigernut is
preferred for its bigger size, attractive colour, fleshier
body and yield of more milk which contains lower fat,
higher protein and less anti-nutritional factors especially
polyphenols [10]. Tiger nut can be eaten raw, roasted,
dried, baked or made in to a refreshing drink which
has a short shelf life and so a major setback to its
commercialization. FAO [11] and TTSL [9] showed that
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tigernut tubers are rich in starch (20-30% of dry weight)
and fat (20-28% DW) with small quantities of protein
which is about twice that of cassava. Total sugar content,
reducing sugar and sucrose content are high [12] and also
contain phosphorus, potassium, magnesium, calcium, zinc,
copper, sodium, manganese [9] and with a sweet nutty
flavour [13] which makes it suitable for wine production.

The plant, Hibiscus sabdariffa (zobo plant) is cultivated
in northern Nigeria [14,15]. Many parts of roselle
including seeds, leaves, fruits, flower and roots are used in
the preparation of various foods. Among them, the fleshy
red calyces are the most popularly [16] used for
preparation of beverage (non-alcoholic) making juice,
wine, herbal tea and as colouring agent for jelly, jam,
beverages and foods [17] and traditional medicine [18,19].
The calyces extract is a health-enhancing drink due to its
high content of vitamin C, anthocyanins and other
antioxidants [20] and phenolic compounds [21]. Dried
zobo calyces contain flavonoids gossypetin, hibiscetine,
sabdaretine daphniphylline, delphinidin 3-monoglucoside,
cyaniding-3-monoglucoside (chrysanthemin) and delphinidin
22]. Despite intensified health campaigns against the
misuse of alcoholic beverages in Nigeria, roselle drink has
great potential to provide a healthy drink and a local
alternative to imported red wine in particular and alcoholic
beverage in general [23].

Fermentation is a relatively efficient, low energy
preservation process which increases the shelf life, and
decreases the need for refrigeration or other forms of food
preservation technology. It is therefore an appropriate
technique to handle the issue of high perishability and
provide increased diversification. This study therefore is
aimed at evaluating the quality of wine produced from
blends of tiger nut/zobo extract.

2. Materials and Methods

2.1. Materials

Materials used for this study are fresh and dried yellow
tigernut (Cyperus esculentus), granulated sugar, Zobo
(Hibiscus sabdariffa) flower and commercial yeast, which
were purchased from Mile 1 market, Port Harcourt, Rivers
State, Nigeria

Fresh Tiger nut

¥

2.2. Chemicals

Chemicals such as Ammonium sulphate, Sodium
Metabisulphite, Potassium hydrogen phosphate and
commercial wine yeast used for this study were of
analytical grade and were obtained from the analytical
laboratory, Department of Food Science and Technology,
Rivers State University, Nigeria.

2.3. Methods

2.3.1. Preparation of Zobo Extract

Zobo (Hibiscus sabdarifa) flower (100g) was boiled in
500 ml of water for 30 minutes to increase extraction of
the juice. Zobo extract was filtered and allowed to cool for
further use.

2.3.2. Preparation of Tiger Nut Extract

The tiger nuts (fresh and dried) were washed and wet
milled, using 2500 ml water to 500 g of tiger nut. The
mash was then filtered using muslin cloth to achieve
maximum liquid extraction without solid particles.
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Figure 1. Flow chart for the production of zobo extract (Source: [24])
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Figure 2. Flow process for the preparation of fresh and dried tiger nut milk extract enriched with zobo juice. Source: [25]
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Table 1. Recipe for wine production

Composition Fresh Tiger nut  Dried Tiger nut
Tiger nut (g) 2550 2550

Sugar (g) 400 400

Zobo drink (ml) 450 450

Yeast (ml) 400 400

Ammonium Phosphate 2.52 2.52

Potassium phosphate (g) 3.6 3.6

Yeast extract (g) 1.0 1.0

Source: [26].

2.3.3. Chaptalization and Supplementation of the Must

Chaptalization and supplementation of musts were
according to the method of Amerine and Kunkee [26] as
adopted by Robinson [27] was used. The must (fresh and
dried tiger nut extract) were chaptalized with 200g/1
of sugar. The sugar was dissolved and homogenized
in the musts and musts enriched with 2.52g/1 Ammonium
sulphate, 1.0 g/l yeast extract and 3.6g/l Potassium
dihydrogen phosphate.

2.3.4. Fermentation

Ten percent (10 % v/v) of wine yeast starter culture was
added to 2550 ml of the must in a fermentation vessel.
After pitching the wine yeast, the must was aerated for 6
hours by shaking, using a shaker at room temperature.
After aeration, anaerobic condition was created to
commence alcoholic fermentation for a period of 7 days
and then the wine was racked. It was observed that the
sediment contained a large quantity of residual and
unutilized starch.

2.3.5. Clarification, Racking and Aging

At the end of fermentation, the wine was racked into
clean container and kept in the refrigerator at 4°C for
aging and clarification. Racking was carried out monthly
for a period of two months to clarify the wine.

2.3.6. Chemical Analysis

Determination of Total Titratable Acidity, Total
Soluble Solid, Specific Gravity and pH were according to
the method of AOAC [28].

Alcohol content: The alcohol content of the wine was
determined using specific gravity as described by Ogu
[29], and calculated as follows:

Percentage alcohol = (IG —FG)x131.25

Where:
IG = Initial Gravity of the sample
FG = Final Gravity of the sample.

2.4. Microbiological Analysis

The total heterotrophic bacteria and yeast count were
carried out according to Harrigan [30] modified. Nutrient
and Potato dextrose agar (PDA) were used for
enumeration of total heterotrophic bacteria and yeast
counts respectively. One ml of sample was diluted in 9 ml
sterile distilled water serially up to 10°. One ml aliquot
from a suitable dilution was transferred aseptically into
nutrient agar and PDA. The inoculum was evenly spread
and inverted plates were incubated for 48hours at 30°C.
The total hetrotrophic bacteria and yeast count (CFU/ml)
were determined using a colony counter. The total
coliform test was carried out according to Cheesbrough
[31], using MacConkey agar and incubated at 37°C for
48 h.

Must

l

Chaptalization and Supplementation of must

Fermentatlon (for 7 days at room temperature)

Clarification, racking and aging/maturation (For 2 months)

l

K

Fresh Tiger nut/Zobo

l

Dried Tiger nut/Zobo

Figure 3. Flow process diagram for the production of Tiger nut wine (Source: [26])



American Journal of Food Science and Technology

2.5. Sensory Evaluation

The sensory evaluation of the wine was carried out by
20 semi trained panelists from the Department of Food
Science and Technology, Rivers State University, who
were neither sick nor allergic to any of the raw materials
used for product development as at the time of the study.
The panelists were presented with coded samples using
transparent disposable cups and water for mouth rinsing
after each tasting. Panelists were asked to score/evaluate
the samples for taste, aroma, colour, clarity and overall
acceptability using a 9-point hedonic scale where 9 = Like
Extremely and 1 dislike Extremely [32].

Plate 1. Fresh Tiger nut wine

pH
w
(9]

Plate 2. Dried Tiger nut wine

3. Results and Discussions

3.1. Physicochemical Properties of Fresh
and Dried Tiger Nut Must during
Fermentation

116

Changes in the pH of the fermenting tiger nut must

during fermentation is shown in Figure 4.
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Figure 4. pH variations of fresh and dried tiger nut must during Fermentation (Keys: FTM=Fresh Tiger nut must, DTM= Dried Tiger nut must)
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Figure 5. Changes in total titratable acidity of fresh and dried tigernut must during Fermentation (Keys: FTM=Fresh Tiger nut must, DTM= Dried Tiger

nut must)

pH ranged from 4.50-3.20 for the dried tiger nut must
and 4.20-3.00 for the fresh tiger nut must during primary
fermentation. The results of physicochemical properties of
fresh and dried tigernut must showed that there were
change in pH from 4.50-3.20 and 4.20-3.00 for the fresh
and dried tigernut must respectively after fermentation.
All wines are acidic, usually between 3 and 4 with white
wines being more acidic than red wine. pH have a major
impact on the final product of wine as it could affect taste,
smell and colour of wine. This is in agreement with the
report of Fleet [33], who said that pH directly affects wine
stability, as pH below 3.5 eliminates most of the microbes
and favour, with only a few of the microorganisms for
fermentation. pH of wine in the range of 3.5-3.8 suggest
that an acidic f as well as alcoholic fermentation is taking
place at the same time.

Figure 5 shows the trend in total titratable acidity
(TTA). Titratable acidity was observed to range from
0.0014-0.023% over the period of fermentation for dried
tiger nut must while fresh tiger nut must had titratable
acidity ranging from 0.0021-0.024%. Total titratable
acidity (TTA) increased from 0.0023 - 0.016 % for dried
and 0.0024-0.021 % for fresh tiger nut must after
fermentation. This is in agreement with a study conducted

by Reddy and Reddy [34], Abbo et al. [35], Bisson and
Butzkc [36] and Ndubuisi [37]. However, low total titrable
acidity have been the major problem associated with
making non-grape wine [38].

Figure 6 shows the variation in the %Sugar content of
the must during the fermentation process, which decreased
from 17 - 5% and 14 - 5% for dried and fresh tiger nut
must respectively. Variation in sugar content of tigernut
must at the initial stage of fermentation may be attributed
to the processing treatment as drying has an effect on the
sugar content of fruit juices [39]. During drying process,
fructose, glucose and maltose significantly increases
possibly due to milliard reaction [40]. According to Keller
[41], sugar is the main substrate for fermentation of
fruit juices into alcohol, although other food nutrients
such as protein and fat can be broken down by some
microorganisms in cases where sugar is limited.

During fermentation of the must in the present study,
sugar content decreased from 17-5 (%) for the dried
tigernut must and 14-5 (%) for fresh tigernut must, which
agrees with the report that sugars were utilized for alcohol
and organic acid production [42], since the total sugar
content of tigernut wines were not more than 9%, it
implies that it is a table wine [8].
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Figure 6. Changes in the sugar content (measured as total soluble solute) of fresh and dried tiger nut must during Fermentation (Keys: FTM=Fresh

Tiger nut must, DTM= Dried Tiger nut must)
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Figure 8. Alcohol content of dried and fresh tigernut wine after Fermentation (Keys: FTM=Fresh Tigernut wine, DTM= Dried Tigernut wine)

Changes in the specific gravity of the fermenting tiger
nut must during fermentation is shown in Figure 7. Specific
gravity of the tiger nut must range from 1.07-1.02 for
dried tiger nut and 1.06 - 1.01 for fresh tiger nut respectively.
The specific gravity value of the wines obtained was is
0.705 for both fresh and dried tigernut wine, which falls
within the 1.000 and 0.990 range for wine [43].

Figure 8 shows the alcohol content of fermented fresh
and dried tiger nut wine. Alcohol content of the wines
were 6.41 % (v/v) for fresh tiger nut and 8.19 % (v/v) for
dried tiger nut respectively, which is in agreement with
Shrinkant et al. [8] who reported an alcohol content above
2 % for tiger nut wines, which is comparable with
moderate grape wines. The low alcohol content observed
in this study may be as a result of the large quantity
of unutilized starch residue which could further be
hydrolyzed to simpler sugars for increased alcohol
production. According to Michael [44] good table wine
alcohol content is between 8 and 14 (%) v/v; of which
dried tiger nut wine met that condition.

3.2. Microbial Analysis of Tiger Nut must
during Fermentation

Figure 9 shows the microbial count of dried and fresh
tiger nut must during fermentation process. Results

showed a rapid decline in total bacteria count after 48hrs
of fermentation for both fresh and dried tigernut musts.
Dried tigernut had initial Total Bacterial Count of 6.61
Log;oCFU/ml which reduced to 1 Log;CFU/ml and initial
Total Yeast Count of 8.34 Log;(CFU/ml (pitched) which
increased to 9.99 Log;,CFU/ml, while fresh tiger nut must
before fermentation had initial Total Bacterial Count of
6.59 Log¢CFU/ml which reduced to 1.3 Log;(CFU/ml
and initial Total Yeast Count of 8.30 Log;(CFU/ml
(pitched) increased to 9.99 Log;(CFU/ml at the end of
fermentation. The increase in total yeast count is expected,
as yeast have a prominent role in the production of
alcoholic beverages, due to the ability to accumulate high
levels of ethanol and to produce highly desirable aroma
compounds, while the decrease in total bacteria count
could be attributed to the production of lactic acid bacteria
which are particularly important in fermentation as they
were responsible for inhibiting the growth of undesirable
organisms to as low as 1 log,(CFU after 7 days of
fermentation. Decrease in total coliform count of tigernut
wines is in agreement with the result reported by
Mountney and Gould, [45], Franzier and Westhoff, [46],
Garbutt [47], Adams and Moss [48] for the presence of
alcohol, low pH and organic acids. Decrease in total
coliform count is in line with the ICMSF [49]
recommendation for safe wines.
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Table 2. Physicochemical Properties of Tiger nut and commercial
grape wine

Dried Fresh (Control)

Parameter Tiger Tiger Commercial

nut wine  nut wine grape wine
Total soluble solute (° Brix) 5.00 5.00 10.00
pH 3.0 3.0 3.1
Specific gravity 0.705 0.705 1.023
Alcohol content (%v/v) 8.19 6.41 7.50
TTA (%) 0.021 0.016 0.02

Sensory evaluation of commercial grape wine and tigernut wines.

Figure 10 shows the sensory evaluation result of
commercial grape and tigernut wines. The results of the

Colour
10

Overall
acceptability

sensory analysis of the tigernut wines revealed that the
state of the tigernut (fresh or dried) before fermentation
affected most of the sensory qualities of the tigernut wines.
These qualities were comparable with the commercial
grape wine for colour, taste and clarity. For aroma, the
commercial grape wine was not significantly different
at (p<0.05) from dried tigernut wine, while overall
acceptability of the commercial grape wine was
significantly different at (p<0.05) from the dried and fresh
tigernut wines respectively. High scores of preference in
aroma, taste and flavour of dried tigernut wine sample
may be attributed to drying effect of tigernut tubers which
may have brought about a desirable browning reaction on
the sensory attributes [50,51].

Taste
——DTW
——FTW
=@ CGW

Clarity

Aroma

Figure 10. Sensory evaluation of commercial grape wine and tigernut wines (KEYS: FTW= Fresh Tiger nut wine, DTW= Dried Tiger nut wine, CGW=

Commercial grape wine (Control))
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