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Abstract: This study evaluated the physiochemical and proximate composition of rice wine using three local rice
varieties cultivated in Nigeria (llah, Ekpoma and Abakaliki rice). Rice samples were steeped for 2hrs, cooked to gelatinize
the starch and hydrolyzed using 1.1% dilute hydrochloric acid. The hydrolysate was neutralized using 1.0M sodium
hydroxide to pH 7.0. The hydrolysate was filtered and the filtrate was anaerobically fermented using Saccharomyces
cerevisiae at room temperature. Rice samples not hydrolysed with acid but subjected to all other experimental conditions
served as control. The acid hydrolyzed samples recorded higher physiochemical values when compared than the control
samples across the three rice varieties. The specific gravity ranged between 1.000 + 1.5 — 1.055 £ 0.1, alcohol content 0.01
+0.0% -6.99 + 2.5%, pH 58+ 1.1 -7.3+0.3, reducing sugar 0.00 + 0.0% — 40.51 £ 5.1% and total sugar 0.02 £ 0.0 %
— 5143 + 4.6 % respectively. pH and specific gravity decreased as fermentation progressed while alcohol content,
reducing and total sugar increased respectively. Protein content ranged between 0.14% — 1.49%, moisture 77.5% — 98.6%,
carbohydrate 1.6% - 48.4%, ash 0.20% - 0.90% and fats 0.00% - 0.03%. Among the rice varieties utilized in the study,
Ekpoma rice was best for the production of rice wine because it scored the highest physicochemical parameters. The
physiochemical properties of the rice wine produced using acid hydrolysis reported in this study compares favourably with
those from rice wine produced using enzyme hydrolysis reported in other studies.
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I. INTRODUCTION broken by hydrolysis. Starch may be hydrolyzed by enzymes,

inorganic and organic acids. Acid hydrolysis is the chemical

Rice is the seed of the monocot plant Oryza sativa of the
grass family Gramineae. Rice is grown virtually in all the
agro-ecological zones in Nigeria (Kadiri et al., 2014). There
are many varieties of rice grown in Nigeria; some of these are
local varieties while others have been introduced into the
country (Shittu et al., 2019)

Rice is a staple food and can be used for the production of
alcoholic beverage. The well-known fermented beverages are
rice wine, rice beer, and rice vinegar. Wine is a fermented
beverage of fruits juice or a solution containing simple sugars.

Starch is the major constituent of rice and makes up to
90% of rice in dry weight. Starch is a polymer of glucose and
contains amylase and amylopectin as building blocks. To
release the free glucose, these building blocks have to be

breakdown of starch into glucose via addition of water in the
presence of an acid. Acid hydrolysis is a simple and cheap
method of starch hydrolysis (Ramprakash and Muthukumur,
2014). Rice wine is the alcoholic beverage produced after
hydrolysis of rice starch into glucose by action of microbes,
enzymes or acids and fermentation of the hydrolysate by
microorganisms such as yeast (Dziedzie and Kearsley, 2012).
Starter cultures used in the rice wine fermentation comprise
mixed cultures containing fungi and bacteria with dehulled
rice (Oryza sativa L.), glutinous rice (Oryza sativa var.
glutinosa), and purple glutinous rice as the substrate (Dung et
al., 2015).

Global interest in cereal-based fermented products is
increasing due to low fat/cholesterol, high minerals, dietary
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fibers, and photochemical content (Blandino et al., 2003).
Fermentation enriches the rice, supplements it with different
essential amino acids, vitamins, minerals, prebiotics, probiotic
organisms, and degrades anti-nutrients (phytic acid, tannins,
and polyphenols). Thus, its nutrition, energy contents, and
therapeutic potentialities are increased (Mohan et al., 2014).
Rice wine is consumed in different parts of the World. Rice
wine is called sake in Japan, cheongju in Korea, Indian Sonti,
and shaosingjiu in China. (Steinkraus, 2002).

The quality of wines can be influenced by the type of rice
fermented and different physiochemical attributes: acidity,
specific gravity, reducing sugar, density, pH, alcohol content,
etc (Vairappan and Kishneth, 2013; Kadiri et al., 2014).

Local production of rice in Nigeria has improved and
researchers are investigating the potential of using rice as a
raw material for the production of other consumables. Non-
food application of rice has in recent times become an area of
interest by industrialists, researchers and biotechnologists.
Research to validate the use of rice for wine production is
imperative. Also there is no scientific study utilizing acid
hydrolysis of rice starch for wine production. Hence this study
was aimed at evaluating the physicochemical properties of rice
wine produced from three selected Nigerian local rice varieties
hydrolyzed with mineral acid (HCI)

Il. MATERIALS AND METHODS
COLLECTION AND IDENTIFICATION OF PLANTS

Rice samples cultivated in llah in Delta State, Ekpoma in
Edo State and Abakaliki in Ebonyi State, all in Nigeria were
collected and identified by different taxonomists, prominent of
which are Prof. E.I. Aigbokhan and Prof. H. Akinibosun both
of the Department of Plant Biology and Biotechnology,
University of Benin, Benin-City. Samples were obtained and
transported immediately to the laboratory for experimentation
and analysis.

Rice starch gelatinization: One kilogram (1.0 Kg) of each
variety of rice (llah, Ekpoma and Abakaliki) was weighed and
washed 2 to 3 times with water to remove rice bran and husks
or until the water became clear. Rice was steeped in water for
2 hours and thereafter cooked (rice grain: water = 2:1) at 100°c
for 60 minutes and cooled at room temperature (28~30°C)
(Palaniveloo and Vairappan, 2013).

ACID HYDROLYSIS OF RICE STARCH

The cooled cooked rice samples were divided into two
equal parts. One part was treated with 1.1% concentration of
dilute HCI (rice: acid = 1:3) in a water bath at 50°c for 90
minutes with steady agitation (Henry, 2009). The media was
cooled and neutralized with 0.1M sodium hydroxide until pH
was 7.0 and thereafter filtered through Whatman Nol filter
paper into various fermenters (Cory and Bruce, 1997). The
other part of the gelatinized rice sample (control) were treated
with the equivalent volume of sterilized distilled water and
subjected to same experimental conditions.

Inoculation of Rice with Starter Cultures: Five hundred
milliliter (500ml) of each filtered hydrolysate and control

samples were introduced into different fermentation jars. Five
millilitre (5 ml) of the inoculum (wine yeast; Saccharomyces
cerevisiae cells diluted to the turbidity of 0.5 McFarland
standard) was aseptically transferred into each of the
fermenters (Ansah, 2011)

Fermentation

The rice liquor and inoculum mixture were left to ferment
anaerobically for 120 hours (5 days) at room temperature.
Temperature, Reducing sugar, specific gravity, alcohol
content, pH etc were monitored during the fermentation
process every 24 hour. (Palaniveloo and Vairappan, 2013).
After fermentation, rice wine was filtered using a muslin cloth.
The wine was stored under refrigeration (< 4°C).

PHYSIOCHEMICAL ANALYSIS OF RICE WINE

Colour determination of Rice Wine: About 50 ml of rice
liquor from each treatment and replicate were dispensed into
clean coded glass cups and placed on serving plates. Panel of
judges consisting of students of the University of Benin,
Benin- City, were asked to give the colour by visual
observation.

Determination of the pH: The pH was measured using a
Hanna HI98129 hand held pH meter (Hanna Instruments,
Woonsocket, RI). Approximately 25 ml of wine were placed
into a 50 ml beaker. The probe was inserted into the liquid and
gently stirred until a stable pH reading was displayed. All
experiments were carried out in triplicates and their mean
values were calculated and recorded (Veith, 2007)

Determination of Specific: Specific gravity was measured
using a brix hydrometer. 50ml of must was measured into a
100ml measuring cylinder. A clean brix hydrometer was
dipped into it and the specific gravity was measured and
recorded (Veith, 2007).

Determination of Reducing Sugar: The wine was filtered
through whatman No 1 filter paper. The supernatant was used
for determination of quantity of reducing sugar. The quantity
of reducing sugar produced was determined by the method of
Miller (1959) as described by Itelima et al., (2013) using the
3,5- dinitrosalicilic acid method . 1.0ml of 3,5- dinitrosalicilic
acid was added to 1.0ml of filtrate in a test tube. The mixture
was boiled for 5 minutes in a boiling water bath and 10.0ml of
distilled water was added to the mixture. A blank containing
1.0ml of distilled water and 1.0ml of DNSA was prepared.
Optical density of the samples was measured against the blank
using a Spectrophotometer (JENWAY: 6400, UK), set at
540nm. The concentration of reducing sugar was obtained
from a standard glucose curve at concentrations ranging from
0.5 to 2.0g/I of glucose

Determination of Alcohol from Rice Wine: Alcohol
content in the fermented wine was determined using the
specific gravity method using a brix hydrometer. 50ml of
filtrate was measured into a 100ml measuring cylinder. A
clean brix hydrometer was dipped into it and the specific
gravity of the hydrolysate was measured and recorded at room
temperature. The alcohol content was read using data from the
specific gravity table.
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Determination of Total Sugar: The soluble sugar content
of the sample was determined using the method described by
James, (1995). In the process, 20ml homogenate of the
samples was dissolved in 250 ml of distilled water and
continuously agitated for 3hours using a shaker, followed by
filtration. Four milliliter of the filtrate was pipetted into three
test tubes while 4ml of distilled water was introduced into a
fourth test tube as blank and 4 ml of glucose into a fifth test
tube as a standard. To each of the test tube was added 2 ml
each of Fehling’s solutions (A and B). It was boiled gently in a
water bath for 3 minutes. After which 10 ml of freshly
prepared 0.10% Anthrone reagent was added, stoppered and
mixed thoroughly by gently shaking. Each tube was labeled
and placed in a test tube rack and allowed to stand for 12
minute before transfer to spectrophotometer and absorbance
read at 630 nm against the blank. After which the total
available sugar as percentage reducing sugar was calculated as
shown:

Total sugar (%) = 25 A; x 100

W XA,

Where: W = weight of sample

25 = Constant

A, = Absorbance of diluted sample

A, = Absorbance of diluted standard

PROXIMATE ANALYSIS OF RICE WINE

The Association of official Analytical Chemistry methods
was used in the determination of the percentage moisture,
protein, ash, fat, fibre and carbohydrate contents of the wine
samples (AOAC, 2012)

STATISTICAL ANALYSIS

Data obtained were subjected to descriptive statistics
(mean and standard deviation of mean) as well as inferential
(Turkey’s multiple comparison test) analysis using Graph pad
prism (UK) soft ware version 6 (Berthold and Hand, 2003).

I1l. RESULTS AND DISCUSSIONS

In this study, rice grains samples were steeped in water
and cooked to gelatinize the starch to make it more susceptible
to hydrolysis by the hydrochloric acid. The hydrolysate was
neutralized into salt and water using sodium hydroxide to pH
7.0 in order to support the growth and activities of the yeast:
Saccharomyces cerevisiae. The fermentation was carried out
anaerobically in order for the yeast to convert the sugars into
alcohol, and at room temperature because it is best for yeast
fermentation.

The results of the physicochemical properties of rice wine
from the three different varieties are presented in table 1.0.

The acid hydrolysis favoured majority of the rice wine
physicochemical parameters when compared with the
untreated control samples across the three rice varieties (llah,
Ekpoma and Abakaliki). This is because the acid acts as a
catalyst, speeding up the hydrolysis and yielding more glucose
molecules that are fermented by the yeast which in turn gave
higher alcohol and other physiochemical properties of the

wine. The presence of reducing sugar and alcohol in the
control samples despite not been treated with the acid, is as a
result of water molecules hydrolyzing the rice starch. When
starch molecules react with water, they break down into
smaller sugar molecules however at a slower rate which in
turn resulted in the lower physiochemical properties of the
control samples.

The colour of the fermenting rice liquour varied slightly
from cream to brown in all samples all through the
experimental period.

Specific gravity measures the density liquids. Brewers
utilize this measurement to indicate the amount of sugar in
solution and to determine the rate of fermentation. The acid
hydrolyzed samples had higher specific gravity than the
control samples in all the rice varieties. The specific gravity
recorded in this study ranged between 1.000 + 1.5 — 1.055 *
0.1 and decreased with fermentation time. This decrease in
specific gravity is as a result of the fermentative activities of
the wine yeast resulting in production of alcohol and Co, gas

Alcohol content was higher in the acid hydrolyzed
samples than the control all through the experiment. Alcohol
content ranged between 0.01 £ 0.0% - 6.99 £ 2.5% and
increased as the fermentation progresses. The alcoholic
content recorded in this study compares with those reported by
Chim et al., (2015), (Alc 5.6 — 7.0%) using microbial enzymes
for rice starch hydrolysis. The presence of alcohol is a
positive indicator of a successful fermentation. Alcohol is
produced from the conversion of sugar by microbes (Dung et
al., 2007). Alcohol content in wine is inversely proportional to
the sugar content and with sufficient sugar for microbes;
alcohol will continue to be produced (Pramanik and Rao,
2005).

The pH of the wine was measured to evaluate the rate of
fermentation. The control samples recorded higher pH than the
acid treated samples in all rice variety and throughout the
experiment. The pH recorded in this study ranged between 5.8
+ 1.1 and 7.3 £ 0.3 and decreased with fermentation time. The
drop in pH over time is as a result of the production of alcohol
and organic acids in the wine (Chiang et al., 2006). The pH of
wine depends on the acidity and sugar content of the wine
(Karthikeyan et al., 2014). The rice wine pH recorded in this
study are higher than those reported by Sanchez et al., (1988),
4.65 — 5.0, 3.3 — 4.0 by Chim et al., (2015) and 4.3 — 4.7
reported by Palaniveloo and Vairsppan, (2013). This
difference may be attributed to the different rice varieties
used, organism used for the fermentation and the method of
starch hydrolysis.

The acid treated samples had higher reducing sugar than
the control. The reducing sugar recorded in this study ranged
between 0.00 + 0.0% — 40.51 £+ 5.1% and increased with
fermentation time. This increase led to increase in the
alcoholic content over time. This increasing trend was also
observed by Shittu and Mohammed, (2019).

Total sugar content was higher in the acid treated samples
than the control, increased all through the experimental period
and ranged between 0.02 £ 0.0 % —51.43 £ 4.6 %
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Sample Days rice 1 6
Paramet Source 1 2 3 4 5
ers
Control Creamy  Creamm Creamy Creamy pale Control 0.14+0.  0.19%0. 0.15+0.0 0.31x0.3  0.71x0.4
(Untr.) y brown (Untr.) 0 1
lla rice Craeam Creamy Creamy pale dark Protein lla rice 0.16+0. 0.28 0.51+0.1  0.81+0.1 1.05£1.0
y brown brown (%) 1 +0.1
Colour Ekpomarice ~ Creamy Creamy Creamy pale dark Ekpoma rice 0.16x0. 0.32+0. 0.56+0.3 0.85+0.5 1.11+41.1
brown brown 1 2
Abakaliki Creamy Creamy Creamy pale dark Abakaliki 0.15+0. 0.29£0. 14901  0.85x0.7 1.12+1.1
rice brown brown rice 0 1
1.035+0  1.013+0.  1.03040.0°  1.0250.  1.015:0.
Control 0? 02 130 ob %Sntro)l 1.6+£3.5 3.1+£1.6 6.5+1.6 13.7£3.3 21.615.1
(Untr.) ntr.
Specific Ila rice 1.0450 1.028 1.02140.1°  1.009+1.  1.0051. Carbohyd Illa rice 11-; 1431? 21525  34.1x75  42.9:36
12 +0.2° 1be obe rate +1. +3.
Gravity =~ Ekpomarice  1.055 1.031+0.  1.023+1.3°  1.005+1.  1.001+1. (%) Ekpoma rice 122 132 23143 356451 45891
£0.1° 9° 3 1° £3. *4,
Abakaliki 1.050+0  1.027+0. 1.023 1.010+1.  1.000z1. Abakaliki 12.7 15.6 23139 352#50  484%73
rice 3 1° +1.1°¢ e 5¢ rice 2.4 +3.3
Control 73403 7.1#1.0° 69#16°  6.7+31*  6.6£1.3°
(Untr.) 2 Control 0.03+0. 0.03 0.02+00 00200 0.010.0
pH Illa rice 6.8 6.6+3.1° 65+23°  61+1.6° 59+1.6° (Untr.) 0 +0.0
£1.3% Fats Illa rice 0.02 0.02#0.  0.010.0  0.00£0.0  0.000.0
Ekpomarice 6.6+1.6 6.3x27° 61%1.1° 58+21°  58+1.2° £0.0 0
b (%) Ekpoma rice 0.01 0.01#0.  0.010.0  0.00£0.0  0.000.0
Abakaliki 6.7 ;;14 6.6+1.3° 6.4+25°  60+1.1° 58+11° £0.0 0
rice Abakaliki 0.02 0.02#0.  0.01%0.0  0.01x0.0  0.000.0
Control 0.01+0. 0.06+0.0 0.590.1°  1.36+0.6  2.34x1.3" rice £0.0 0
(Untr.) 0® a b ¢
Alcohol Illa rice 0.21 2.31 316+1.3°  421+11° 5.13+21° Control 07403 0.6+03  05%0.3 0.30.3 0.4+0.1
£0.1° +1.2% (Untr.)
content Ekpoma rice 0.32 3.11#1.6  423+2.1° 6.55#2.6° 6.99+25° Ash Illa rice 03+02 0402 0302 0.8 0.2 0.8+0.2
(%) +0.5° c (%) Ekpomarice  0.3#0.1 0501  0.3%0.1 0.80.1 0.940.2
Abakaliki 0.21 3.0£1.3° 353#17° 511+23° 6.97+1.6° Abakaliki 0.2+0.3 0503  0.20.1 0.7+0.3 0.8+0.3
rice £0.0° rice
Control 0.00 0.01+0.0 0.3620.1*  1.10£1.1° 4.13+1.1% Key: Untr.(untreated)
(Untr.) +00° 4 T T T Table 2: Variation in proximate assay of rice wine
Reducing Illa rice 1(50783b 31.075;h 8.14+2.6" 17.5:;3.5b 31.25;;2. fermentation over five days
+0. +1. . . R
sugar (%) Ekpomarice 138 65135 16.11x39° 23.1:38° 40515, The carbohydrate content was higher in the acid treated
+0,5% b , f 1° samples than the control, increased as fermentation time
. . -
Abzrailillkl 1.11333:0. ffén 1083£31"  205:26"  38.5¢25 increases and ranged between 1.6% - 48.4%
The ash content was higher in the control sample than the
‘{321;‘;' om 005200 1974117 2054107 6558257 acid treated samples up to day 3 after which the acid treated
Total lila rice 204 935:25 1431:32° 2011x2.  4g11x2.  Samples had higher ash content than the control. Ash content
%) Ek [ izl's(ss:b 6 811b3 1 2311+49° 36 ?1:: 4. 51 z}; 4 ranged between 0.20% - 0.90%.
. .81+3. 11+4, 454, 434, . . -
sugar () Bkpomarice 258, e : 5 e The fats content of the wine was higher in the control
Abakaliki 2.07 8.82 185£1.5°  33.11#4.  50.11¥4. sample, decreased over time and ranged between 0.00% -
rice £1.8% £2.56° 6™ 1° 0.03%

Key: Untr.(untreated)
Table 1: Variation in physicochemical properties of rice wine
fermentation over five days

Alphabets a, b, ¢ represents equal level of significance
difference with respect to control (rice not treated with mineral
acid) using Tukey’s multiple comparism at P<0.01

The result of the proximate analysis of the rice wine is
shown in table 2.0. Moisture content was higher in the control
than the acid hydrolysed samples, decreased with fermentation
time and ranged between 77.5% — 98.6%

The protein content recorded in the study was higher in

The increase in carbohydrate, protein content, reducing
sugar and total sugar in the wine over time is because
fermentation increases the nutritive constituents of foods.
Fermentation enriches the rice, supplements it with different
essential amino acids, vitamins, minerals, prebiotics, probiotic
organisms, and degrades anti-nutrients (phytic acid, tannins,
and polyphenols). Thus, its nutrition, energy contents, and
therapeutic potentialities are increased (Mohan et al., 2014).

Among the three rice variety utilized in the study,
Ekpoma rice is best for the production of rice wine because it
scored the highest physicochemical parameters. The quality of

the treat_ed §amp|es than the control, Oincreasec(i) with rice wines is influenced by the type of rice fermented and its
ferme_ntatlon time and ranged k?et""ee” 0'14@__1'49/‘" The physiochemical characteristics (Vairappan and Kishneth,
protein contents recorded in this study are within the range  5413. kadiri et al. 2014).

recorded by Tharmabalan et al., (2013).

Sample Days
Paramet Source 1 2 3 4 5
ers IV. CONCLUSION
Control 98.6£8. 97.1#3. 95.845.1 94.1+6.3 91.5+5.6
(Untr.) 6 3 . ) A A A
Illa rice 97.5+4,  943+5.  93.1+36  88.3%47  77.84#3.9 The physiochemical properties of the rice wine produced
1 1 . - ; . .
Moisture ~ Ekpomarice ~ 97.1#9.  93.2¢6.  88.6t7.1  83.1#6.1  76.14.9 using acid _hydmeSIS repc_thed . in_ this StUdy. compares
3 1 favourably with those from rice wine produced using enzyme
(%) Abakaliki  97.8£5.  95.13.  935:36  8.1#55  77.5:55 hydrolysis reported in other studies. Acid hydrolysis is a
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simple and cheap method that can be employed in starch
hydrolysis for rice wine production.

ACKNOWLEDGEMENT

The authors wish to thank Prof. E.I. Aigbokhan and Prof.
H. Akinibosun both of Department of Plant Biology and
Biotechnology, University of Benin, Benin-City for
authenticating the various rice samples.

REFERENCES

[1] Ansah, H. K. (2011). Characterization of microorganisms
involved in the second stage of soy sauce fermentation
(Moromi) and studies on the shelf life of soy sauce.
College Of Science, Faculty of Bioscience, Department
Of Biochemistry and Biotechnology, Kwame Nkrumah
University of Science and Technology Kumasi, 04/08/011

[2] AOAC, (2012).Official Methods of Analysis of the
Association of Official and Analytical Chemists.20th
Edition. Academic Publishers Ltd., London. pp. 186-207.

[3] Berthold, M., and Hand, D. J. (2003). Intelligent Data
Analysis (vol 2). Springer Publishers, Berlin. 33561p.

[4] Blandino, A., Al-Asceri, M. E., Pandiella, S. S., Cantero,
D. and Webb, C. (2003) Cereal based fermented foods
and beverages Food Res Int, 36, pp. 527-543

[5] Chiang, Y. W., Chye, F.Y., and Mohd Ismail, A. (2006).
Microbial diversity and proximate composition of tapai, a
Sabah’s fermented beverage. Malaysian Journal of
Microbiology. 2(1):1- 6.

[6] Chim, C., Erlinda, I. D., Elegado, F. B., Hurtada, A. W.,
Chakrya, N. and Raymond, C. L. (2015) Traditional dried
starter culture (Medombae) for rice liquor production in
Cambodia. International Food Research Journal.
22(4):1642-1650.

[7] Cory, M. B. and Bruce, R H. (1997). Effect of Lime on
Gelatinization of Corn Flour and Starch. Cereal Chem,
74(2):171-175

[8] Dung, N. T .P., Rombouts, F. M. and Nout, M. J. R.
(2007). Characteristics of some traditional Vietnamese
starch-based rice wine fermentation starters (men). LWT
Food Science and Technology 40: 130-135

[9] Dung, N. T. P, Krusong, W., Kuswanto, K. R. (2015).
Alcoholic Beverages. In: Owens JD, editor. Indigenous
Fermented Foods of Southeast Asia. Boca Raton: CRC
Press; p. 157—84.

[10] Henry, C. Sherman (2009). Methods of Organic Analysis.
Read Books Design, 100-120. 22.

[11] Itelima, J., Onwuliri, F., Onwuliri, E. Onyimba, I. and
Oforji, S. (2013). Bioethanol production from banana,
plantain and pineapple peels by Simultaneous
Sacchoanfication and Fermentation process. International
Journal of Environmental Science and Development
4(2):213-216.

[12]James, C. J. (1995). The Analytical Chemistry of Foods.
Chapman and Hall Press, New York, 1345 pp.

[13] Kadiri, F. A., Eze, C. C., Orebiyi, J. S., Lemchi, J. I,
Ohajianya, D. O. and Nwaiwu, 1.U. (2014).Technical

effiency in paddy rice production in Niger Delta region of
Nigeria. Global Journal of Agriculture Research. 2(2):33-
44,

[14] Karthikeyan, R., Ravichandiran, K., Ramakrishnan, T.
(2014).Production of Wine from Tamil Nadu Traditional
Rice Varieties. International Food Research Journal
21(6):2091-2093

[15]Ly, S., Mith, H., Tarayre, C., Taminiau, B., Daube, G. and
Fauconnier, ML, et al. (2018). Impact of microbial
composition of Cambodian traditional dried starters
(dombea) on flavor compounds of rice wine: combining
amplicon sequencing with HP-SPME-GCMS. Frontiers in
Microbiology. 9:894.

[16] Miller, G. L. (1959). Use of dinitrosaicyclicacid reagent
for determination of reducing sugar. Anal. Chem 31:426-
428

[17]Mohan, V., Spiegelman, D., Sudha, V., Gayathri, R.,
Hong, B., Praseena,, K., Anjana, R. M., Wedick, N. M.,
Arumugam, K., Malik, V.., Ramachandran, S., Bai, M.
R., Henry, J. K, Hu, F. B. Willett, W. and
Krishnaswamy, K. (2014). Effect of brown rice, white
rice, and brown rice with legumes on blood glucose and
insulin  responses in overweight Asian Indians: a
randomized controlled trial. Diabetes Technol Ther, 16,
pp. 317-325C

[18] Palaniveloo K., Vairappan, C. S. (2013). Biochemical
properties of rice wine produced from three different
starter cultures. Journal of Tropical Biology and
Conservation, 10(1):31-41.

[19] Pramanik, K. and. Rao, D. E. (2005). Kinetic study on
ethanol fermentation of grape waste using Saccharomyces
cereviseae yeast isolated from Toddy. IE(l) Journal CH
85: 53-58.

[20] Shittu A. A., Orukotan A .A. and Mohammed S .S. D.
(2019) Comparative Studies Of Rice Wine Production
From Synergistic And Individual Activities Of Lactic
Acid Bacteria And Yeast Isolated From Fermented Foods.
Science World Journal Vol 14(No 2)

[21] Shretha, B. (2002). Practical biochemistry and
biotechnology. SNEMP, Swoyambhu, Kathmandu, 35-40.

[22] Steinkraus, K. H. (2002). Fermentation in World Food
Processing. Comprehensive reviews in Food Science and
Food Safety 1: 23-27

[23] Tharmabalan, R. T., Bhat, R. and Nadiah, W.(2013).
Physiochemical properties, proximate composition and
cooking qualities of locally grown and imported rice
varieties in Penang, Malaysia. International Journal Food
Research Journal 20(3):1345-1351

[24] Veith, K. N. (2007). Evaluation of four sorghum hybrids
through the development of glutenfree beer. MSc thesis,
Kansas State University, USA.

[25] Dziedzie, S.Z. and Kearsley, M.W. (2012). Handbok of
Starch hydrolysis products and their derivatives. Boston,
USA Springer

[26] Ramprakash, B. and Muthukumar, K. (2014).
Comparative study on the production of biohydrogen
from rice mill waste water. International Journal of
Hydrogen Energy, 39:14613-14521

[27] Vairappan, C.S., and Kishneth, P., (2013). Biochemical
properties of rice wine produced from three different

www.ijiras.com | Email: contact@ijiras.com




International Journal of Innovative Research and Advanced Studies (IJIRAS)

Volume 10 Issue 4, April 2023 ISSN: 2394-4404

starter cultures. Journal of Tropical Biology and
Conservation. 10:31-41.

www.ijiras.com | Email: contact@ijiras.com




