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Production of Rice Based Alcoholic Beverages and their Quality Evaluation
EVANCE PAKUWAL* and PRAKASH MANANDHAR
Department of Microbiology, St. Xavier’s College, Maitighar, Kathmandu, Nepal
Murcha is a traditional starter culture used for the production of alcoholic beverages in Nepal. The present study was
conducted to compare and characterize rice based alcoholic beverages prepared from varieties of rice as well as starter
culture. Optimization of the production was performed using three criteria (pH, temperature, and Brix). Four different rice
varieties (Marsi/ red rice (RR), Black rice, Taichung-176/Taichin, and Khumal-4) and four different cultures (ATCC 18824
/American Type Culture Collection, murcha, yeast isolated from murcha, and commercial wine yeast) were used to prepare
rice based alcoholic beverages under optimized condition. The highest acidity was found in black rice (BR) fermented by
murcha (2.0±0.0 %). The highest alcohol was found in the Taichung-176/Taichin rice fermented by isolated yeast
(23.38±0.00 %) and wine yeast (23.38±0.00 %). The highest antioxidant was found in BR fermented by wine yeast (WY)
(68±0.002%). The highest phenolic content and reducing sugar were found in BR fermented by ATCC (103.2±0.02mg/l) and
(1064±0.03µg/ml) respectively. The study showed different cultures and rice variation gives beverages with different
characteristics. The results were subjected to statistical analysis. The result was found to be significant (p <0 .05).
Key words: Rice, Alcohol, Phytochemical, DPPH, Antioxidant, Phenolic content.

Introduction
Varieties of cereal-based fermented beverages are consumed
worldwide (Blandino et al., 2003), which are used for
nutritional as well as medicinal purposes (as antiseptic and
analgesic). The rice based alcoholic beverages are known to
have provided several health-promoting benefits such as
antioxidant, anti‐hypertensive, anti‐diabetes, and anti‐cancer
activities. They also contain vitamins, minerals, proteins,
organic acids, and other nutritional components. Beer,
Chyang, Raksi, Sake, Bouza, Pito, and Burukutu are some of
the cereal-based alcoholic beverages consumed around the
world (Bamforth, 2004; Blandino et al., 2003; Lotong, 1998;
Ekundayo, 1969; Bagchi et al., 2016; Karki,1986).
Cereal grains are grown as food crops worldwide. They are
considered an important dietary source of carbohydrates,
proteins, vitamins, minerals, and fibers. Rice (Oryza sativa)
is an important crop and staple food consumed worldwide
(Zubair et al., 2015; Mohanty et al., 2012). They are
consumed as a food staple and also used as a substrate for
fermentation due to their availability (MOAC, 2006). This
crop alone contributes to about 40 percent of the total calorie
intake (Joshi & Bauer, 2006). Pigmented rice varieties such
as red, black, purple, and brown rice are rich in antioxidant
capacity and other bioactive compounds. They were
originally consumed in Southeast Asian countries since
ancient times (FAOSTAT, 2017). In Nepal, rice is produced
in three different zones, Terai and inner Terai (60–900 m),
valleys and mid-hills (1,000–1,500 m), and high hills or
mountains (>1,500 m) (MOAC, 2006; Adhikari, 2004).
Murcha is a traditional amylolytic starter culture, which is
used to prepare traditional alcoholic drinks in the Himalayan
region. There are two types of murcha cakes: manapu and
mana. Murcha is composed of various yeasts, molds, and
bacteria (Tamang and Sarkar, 1995; Tsuyoshi et al., 2005;
Tamang et al., 2012). The microbial cultures used in
fermentation are known as starter cultures (Tsuyoshi et al.,

2005; Tamang, 2010), which contain microorganisms
responsible for the biochemical and organoleptic
modification of the substrate.
Saccharomyces cerevisiae is unicellular yeast, which can
ferment sugar to produce ethanol with carbon dioxide and
other byproducts. It can withstand stress (ethanol,
temperature, acidic environment) and grows rapidly by using
sugar effectively (Olowonibi, 2017).
In Nepal, three districts (Kathmandu, Lalitpur, and
Bhaktapur), which are in the warm temperate zone are the
major areas for obtaining high yields in rice production
compared to other districts (FAO, 2004). There were a total
of 20 rice varieties released for cultivation in warm and
temperate regions of Nepal. Among these, four Taiwanese
japonica rice varieties, Taichung-176 rice is one of the semidwarf rice varieties that was introduced in 1950 in Nepal. This
variety of rice was chosen because this is consumed widely in
Nepal. Khumal-4 (IR-28) is a local rice variety grown in a
warm temperate zone. This variety of rice is widely consumed
as a part of the main meal in the Nepalese household. Jumli
Marsi rice also known as Nepali red rice is a cool temperate
rice variety grown in the Mountain region (Joshi and Bauer
2016; Joshi et al 2003; Shrestha 1979). Black rice variety is a
newly introduced rice variety in Nepal. It is known that this
variety of rice was originally consumed by the rich people or
the royals, and it was forbidden to be consumed by the
civilians. Therefore, it is also called forbidden rice. It is rich
in bioactive compounds such as anthocyanin, antioxidant,
phenolic content (Kushwaha, 2016).
The main reasons why these rice varieties were taken for the
study were the difference in values of each rice variety.
Taichung-176 and Khumal-4 are budget-friendly and widely
consumed rice varieties easily found in Nepal. Marsi, and
black rice are pigmented rice varieties, which are expensive
rice varieties consumed occasionally. Pigmented and non-
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pigmented rice varieties were taken because the study was
aimed to compare if the pigments make difference in the
quality of fermented rice beverages, and the alcohol content
in the beverage.
There are only a few researches conducted to compare the
fermented beverages prepared from different cereals in Nepal.
While Ray et al 2016 prepared chyang and studied different
parameters of the beverage, Thapa et al 2015 conducted a
study on readily available cereal-based alcoholic beverages
(Distilled) local Raksi and (Non-distilled) Jand, Chhyang,
Tumba prepared from rice, wheat, barley, millet, maize, and
fruits and studied the ethanol concentration in homebrewed
alcohol. As there were no elaborate studies found that
involved the study of optimization of the fermentation process
and raw materials. This study adds to the readily available
information on alcoholic beverages and to understand how
different parameters as well as raw materials used can affect
the ethanol yield of fermented beverages. The objective of
this study was to perform comparative analysis (nutritional,
physicochemical, and phytochemical analysis) of rice based
alcoholic beverages prepared by using a variety of rice and
yeast cultures. The data generated from this research could
present the nutritional variation in products prepared from
pigmented and non-pigmented rice.

Materials and methods
Collection of materials
Rice varieties (red rice (RR) / Marsi and black rice (BR) and
Taichung-176/Taichin and Khumal-4) were bought from the
local organic market of Kathmandu, Nepal. Local starter
culture (Murcha) was collected from the local market of
Asan, Kathmandu. Yeast was isolated from the Murcha.
Standard wine yeast (Saccharomyces cerevisiae Var
ellipsoids) was obtained from Weingut Gerhard Fünfgeld,
Germany) and ATCC culture 18824 Saccharomyces
cerevisiae was obtained from the Ministry of Forests and
Environment, Department of Biological Sciences,
Kathmandu, Nepal.
Isolation of yeast from murcha
For the isolation of wine yeast from Murcha, serial dilution
was performed and plated on potato dextrose agar (PDA). The
results were noted after incubating for 72 hours incubation
(Sreenath et al., 1986). Microscopic examination was done
after performing the gram staining method. The confirmatory
tests: Citrate utilization, Sugar utilization (Maltose, Glucose,
Fructose, Sucrose and Lactose), flocculation test, Ethanol
tolerance test (10%, 13% and 15%), Temperature tolerance
test (28°C, 37°C and 45°C) were done to confirm the wine
yeast. Gram staining was done and observed under the
microscope (Guimarães et al., 2006; Ho and Powel 2014;
Hassan, 2018).
Optimization of the fermentation process (using three
different parameters)
The Taichung-176 rice was fermented by wine yeast, isolated
yeast, and ATCC 18824 during the optimization of the
fermentation process. The cooked rice mash was diluted with
water to adjust the initial sugar concentration to 15, 20, and
22 °Bx for process optimization. Different pH was maintained
3.5, 4, and 5 before fermentation. The pH was measured by
using a pH meter. The prepared mashes were fermented at two

different temperatures maintained at 28°C and 30°C (Zhan et
al., 2003).
Fermentation
Pre-fermenter cultures of each culture were prepared (ATCC
culture S. cerevisiae, standard wine yeast, isolated yeast, and
Murcha) by incubating in a shaker incubator for 48 hours
(Zhan et al., 2003). The total soluble sugar (TSS) of each
substrate was maintained at 20Brix as per Pearson's Square
Law (Kirk and Sawyer, 1991). Each rice variety was first
ground and then cooked for an hour. 0.05% amylase (source:
A. Oryzae) was added to the solution and incubated for 8
hours for saccharification by the method used in Kyalakond
(2005) with modifications. It was then filtered and the prefermenter cultures (5% inoculum) were added to each variety
of rice and incubated at 28°C for 10 days. Finally, the
fermented beverages were siphoned to a sterile 750ml glass
bottle and pasteurized. The overall fermentation process was
performed according to a study by Chay et al., 2017 with
slight modifications.
Physicochemical analysis of rice based alcoholic beverages
The TSS, pH, and titratable acidity were determined on each
consecutive day during fermentation. The alcohol content was
determined at the end of the fermentation by the process of
distillation (Manandhar and Sharma, 2013; Ferguson, 2014;
AOAC, 2005).
Determination of color and brightness
Each beverage sample was poured into a glass cuvette and OD
was measured. Color intensity was determined by measuring
each sample at 420 nm by using a spectrophotometer.
Brightness was determined by adding the reading at 420nm
and 520nm for each sample. The optical density (O.D.) is a
logarithmic measurement used for the spectrophotometric
absorbance quantification, which shows the percent
transmission (%T) of light through the sample (Smith and
Pokorny, 2009). Absorbance (A) can be represented by the
equation:
A = log10 100 / %T.
Turbidity
The turbidity of the sample was by pouring 5ml of each
sample in a glass test tube and measuring the reading by using
a Turbidity meter. The reading is taken in NTU
(Nephelometric turbidity unit) (AOAC, 2005).
Determination of antioxidant activity
The stock solutions were made by diluting 5 ml beverage with
10 ml of 13.5% alcohol. Diluted samples of 50, 100, 150, 200,
and 250μl were mixed with DPPH (2500μl). Sufficient
methanol was added to each sample to obtain a total volume
of 3 ml. After leaving it for 30 minutes at room temperature,
the absorbance was measured at 517 nm. High absorbance of
the reaction mixture indicated low free radical scavenging
activity (Lugemwa et al., 2013). The capability to scavenge
the DPPH radical (% inhibition) was calculated using the
following equation (i):
(𝐴𝑐−𝐴𝑠)
𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) =
100 … … ….…….…………(i)
𝐴𝑐
where,
Ac = absorbance of the control (containing 100 μl of MeOH
instead of the sample)
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As = absorbance of the sample (Sripakdee et al., 2015).
Determination of phenolic content
Total phenol content was based on the Folin-Ciocalteu (FC)
method using gallic acid as a standard. 250 µl of diluted FC
reagent, and 500 µl of saturated sodium carbonate solution
was added to 250 µl of each of the beverage. The mixture was
brought up to 5 ml with distilled water, and the contents were
mixed and kept in darkness for 30 min. The mixture was
centrifuged at 6000 rpm for 10 min, and the absorbance was
read at 725 nm. Blank was prepared by mixing 1.58 ml water
and 10ml FC with 300ml Na2CO3. Blank was measured at a
wavelength of 765nm. The total phenolic content was
calculated as gallic acid equivalent using the average molar
absorptivity of gallic acid (Kaluza et al., 1980; Singleton et
al., 1999; Ragaee et al., 2006).
Determination of reducing sugar
The reducing sugar was determined by (DNSA) 3, 5dinitrosalicylic acid method according to the procedure by
(Shrestha, 2002).
Phytochemical properties of rice-based alcoholic
beverages
Every sample was tested for terpenoid, flavonoid, tannin,
protein, saponin, glycoside, and anthraquinone. The
methodology for phytochemical analysis was followed
according to (Roghini &Vijayalakshmi, 2018; Bhandari et al.,
2019).

a. Terpenoid: For the beverage, 3ml of the sample was mixed
with 1ml chloroform and 1ml of conc. H2SO4 was added to
the mixture. The sample mixture was observed for color
change.
b. Flavonoid: Dilute ammonia (3ml) was added to 2ml of each
of the samples. 1ml Conc. H2SO4 was added to the mixture
and color change was observed.
c. Tannin: The sample (1ml) was added in 4ml water in test
tubes. Few drops of 0.1 percent Ferric chloride were added. It
was then observed for the color change.
d. Protein: Each of the beverages (2ml) was taken in a test
tube and 1 ml of 40% NaOH solution was added to it. The
solution was mixed properly and 1-2 drops of CuSO4 solution
were added to it. Change of color to violet indicates the
presence of proteins.
e. Saponin: For beverage, 15 ml of beverage was taken and
boiled. The sample which shows the formation of froth
indicated the presence of saponin. The formation of froth
indicated the presence of saponin.
f. Anthraquinone: The beverage (10 ml) was directly mixed
with 0.5 ml ammonia solution (10%) and mixed properly.
g. Glycoside: The sample (5 ml) was taken in a separate test
tube. 2 ml of glacial acetic acid which contains 2% FeCl3
solution was added to the mixture. 1ml of concentrated H2SO4
was added slowly from the side of the wall of the test tube.
The formation of the Brown ring indicated the presence of
glycoside

Table 1
Physicochemical Parameters of rice based alcoholic beverages
Type of rice
Taichung-176
Taichung-176
Taichung-176
Taichung-176
Khumal-4 (KR)
Khumal-4 (KR)

culture
used
WY
IY
ATCC
Murcha
WY
IY

Final pH

color (OD)

3.4±0.03
3.5±0.03
3.5±0.00
3.3±0.01
3.5±0.00
3.3±0.00

0.242A
0.144A
0.248A
0.838A
0.621A
0.566A

Brightness
(OD)
0.458A
0.315A
0.472A
1.601A
1.138A
1.043A

Turbidity
Acidity
(NTU)
(%)
96±0.01
2.0±0.20a
68±0.00
1.4±0.15d
74±0.03
1.3±0.02e
30±0.00
1.6± 0.02b
92±0.20
1.3±0.01e
42±0.20
1.5±0.01c

Alcohol
(%)
23.38±0.00a
23.38±0.00a
19.74±0.00f
20.15±0.00e
16.00±0.00i
17.65±0.00

TSS
6
6
7
6
8
7

g

Khumal-4 (KR)
Khumal-4 (KR)

ATCC
Murcha

3.5±0.02
3.3±0.00

0.512A
0.621A

0.964A
1.138A

c

36±0.20
74±0.20

1.5± 0.05
0.8±0.01h

38±0.20
36±0.20

g

1.0± 0.15
1.6±0.10b

32±0.20
69±0.20

b

12.07±0.00l
15.34±0.00

7
6

k

Black Rice (BR)
Black Rice (BR)

WY
IY

3.6±0.00
3.5±0.02

0.480A
0.269A

0.780A
0.459A

22.19±0.00c
22.98±0.00

6
7

b

Black Rice (BR)
Black Rice (BR)

ATCC
Murcha

3.5±0.06
3.4±0.01

0.120A
0.263A

0.456A
0.456A

1.6±0.05
2.0± 0.00a

19.74±0.00f
20.97±0.00

6
5

d
f

Marsi (RR)

WY

3.5±0.05

0.941A

3.313A

46±0.00

1.2±0.03

Marsi (RR)
Marsi (RR)

IY
ATCC

3.5±0.03
3.5±0.03

0.425A
0.741A

0.822A
1.168A

32±0.01
36±0.03

1.5±0.03c
1.3±0.05e

41±0.02

e

16.41±0.00

6

15.59±0.00j
15.34±0.00

6
10

h

k

Marsi (RR)

Murcha

3.4±0.01

1.36A

2.406A

1.3±0.00

15.59±0.00j

6

NOTE: Color is OD value at 420 nm and Brightness is the sum of OD values at 420 and 410 nm. Single Values = Mean of
Triplicates, X±Y= Mean ± S.D of triplicate Values. All the experimental Values were generated three times and the mean was
then calculated. Means with different letters in the same column are significantly different. OD = Optical density, A=
Absorbance and NTU= Nephelometric turbidity unit..
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Sensory evaluation
For the sensory analysis of rice-based fermented beverages,
the 9-point Hedonic scale was used. The evaluation was done
by a panelist of a total of 10 people in a group (Chay et al.,
2017).

lactose negative. Hence, it was confirmed to be the best of the
wine yeast. The six of the isolates were selected based on the
morphological characteristics of the colonies formed, and I6
was not subjected to further analysis after the gram staining
because it was gram-negative.

Statistical analysis
The tests were performed on triplicates (n =3). The results are
reported as mean ± standard deviation. The determination of
the level of significance of various parameters of different
rice varieties was performed by using Minitab Version 18.
Two-factor analysis of variance was performed for a
completely randomized design to check the level of
significance.

Physicochemical parameters of rice based alcoholic
beverages
Various physicochemical parameters T (pH, color,
brightness, turbidity, acidity, alcohol, and TSS) were
analyzed on the last day of fermentation and given in Table 1.
It is found that the highest TSS was found in Khumal-4
fermented by wine yeast (8 °Bx) and the lowest TSS was
found in BR fermented by Murcha (5°Bx). The highest TSS
of the beverage fermented by isolated yeast was 7 for
Khumal-4 and BR while it was 6 for Taichung-176 and
Marsi/RR. The highest acidity was found in BR fermented by
Murcha (0.32%) and the lowest acidity was found in
Taichung-176 fermented by isolated yeast (0.14%). The
highest alcohol content was found in the Taichung-176 rice
fermented by WY and IY cultures, which was 23.38% for
both the beverages.

Results
Isolation of yeast
Six different isolates (I1-I6) were tested to confirm that the
yeast isolated has characteristics of wine yeast. Gram-stained
colonies when observed under a microscope, only five were
found to be violet in color (budding yeast cells). They were
lactose non-fermenting and were able to ferment glucose,
sucrose, and fructose. The flocculation test was positive. Five
isolates I1, I2, I3, I4, and I5 were plated on 28°C, 37°C, and
45°C for temperature tolerance test. Only I2 showed growth
at all three temperatures. Those isolates were plated on YEPD
agar consisting of 10%, 13%, and 15% ethanol. Only I2
showed growth at 10, 13, and 15% for the ethanol tolerance
test, and also showed growth during the temperature tolerance
test at 28°C, 37°C, and 45°C. I2 had similar characteristics
compared to ATCC 18824 and commercial wine yeast. In the
carbohydrate fermentation test, a positive result was observed
for maltose, dextrose, sucrose, and fructose for I2, standard
wine yeast, and ATCC whereas all of these cultures were

Bioactive compounds in rice based alcoholic beverages
The highest phenolic content was observed in
(103.2±0.02mg/l) BR fermented by ATCC. The highest
antioxidant was found in Black rice (BR) fermented by WY
(68±0.00%) (as shown in Table 2).

Table 2
Bioactive compounds in rice based fermented alcoholic beverages
Type
Culture used Phenolic content (mg/l) Antioxidant (%)
of rice

Reducing sugar (µg/ml)

Taichung-176
Taichung-176
Taichung-176
Taichung-176
Khumal-4 (KR)
Khumal-4 (KR)
Khumal-4 (KR)
Khumal-4 (KR)
Black Rice (BR)

WY
IY
ATCC
Murcha
WY
IY
ATCC
Murcha
WY

77.5±0.03f
81.5± 0.01e
74.3±0.02g
70.2±0.02h
52.32±0.00n
46±0.00o
60.3± 0.01k
60.1±0.12l
87.4±0.00c

21±0.001
16±0.005
16±0.003
17±0.005
13±0.001
10±0.003
17±0.001
21±0.000
68±0.002

286±0.01g
145±0.00p
263±0.02k
183.71±0.00n
261±0.10l
178±0.001o
1032±0.03d
1206±0.02a
1074±0.01b

Black Rice (BR)
Black Rice (BR)
Black Rice (BR)
Marsi (RR)
Marsi (RR)
Marsi (RR)
Marsi (RR)

IY
ATCC
Murcha
WY
IY
ATCC
Murcha

82.1±0.00d
103.2±0.02a
92.3±0.00b
63.4±0.00i
60.3± 0.02k
62.8±0.02j
56.5± 0.03m

61±0.007
63±0.002
58±0.004
59±0.005
46±0.003
61±0.001
42±0.001

974±0.03e
1064±0.03c
872.04±0.02f
264±0.24j
274±0.00i
247±0.45h
277± 0.25k

NOTE: X±Y= Mean ± S.D of triplicate Values. All the experimental values were generated three times and the mean was then
calculated. Means with different letters in the same column are significantly different. The data presented were found to be
statistically significant (p <0 .05).
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Table 3
Phytochemical components in rice based alcoholic beverages
SN
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Type of rice
Taichung-176
Taichung-176
Taichung-176
Taichung-176
Khumal-4 (KR)
Khumal-4 (KR)
Khumal-4 (KR)
Khumal-4 (KR)
Black rice (BR)
Black rice (BR)
Black rice (BR)
Black rice (BR)
Marsi (RR)
Marsi (RR)
Marsi (RR)
Marsi (RR)

Culture used
WY
IY
ATCC
Murcha
WY
IY
ATCC
Murcha
WY
IY
ATCC
Murcha
WY
IY
ATCC
Murcha

Terpenoid
+
+
+
+
-

Flavonoid
+
+
+
+
+
+
+
+
+
+
+
+
+
+

Tannin
+
+
+
+
+
-

Anthraquinone
+
+
+
+
+
-

Glycoside
+
+
+
+
+
-

Note: (+) denotes positive and (–) denotes negative results.
Phytochemical components in rice based alcoholic
beverages
The presence and absence of phytochemical components in
different fermented beverages was performed (as shown in
Table 3). The terpenoid was present only in Black rice (BR)
samples. Anthraquinone, glycoside as well as tannin was
found to be present in Black rice (BR) fermented by all the
cultures and Marsi rice (RR) fermented by wine yeast. And,
flavonoid was present in all beverage combinations except
Khumal-4 (KR) rice.

25
20
15
10
5
0

TSS
35
30
25
20
15
10
5
0

Alcohol%

Figure 1b. Effect of different TSS on alcohol yield
25
20
15
10
5
0
Temperature

Alcohol %
pH

Figure 1a Effect of different temperature on alcohol yield
WY-wine yeast, IY- Isolated yeast

Alcohol%

Figure 1c. Effect of pH on alcohol yield
Sensory Analysis
All the rice-based beverages were found to be acceptable by
all the panelists (as shown in Table 4). The Taichung-176 rice
fermented by wine yeast was found to be the most preferred
beverage among all the beverages due to its authentic taste.
Fermented black rice beverages were found to be the most
liked beverages due to the burgundy color developed after
fermentation.
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Table 4
Sensory evaluation of rice based fermented alcoholic beverages
Sample (with code)
Taichung rice fermented by wine yeast (WYT)
Taichung rice fermented by isolated yeast (IYT)
Taichung rice fermented by ATCC (ATT)
Taichung rice fermented by Murcha (MT)
Marsi rice fermented by wine yeast (WYR)
Marsi rice fermented by isolated yeast (IYR)
Marsi rice fermented by ATCC (ATR)`
Marsi rice fermented by Murcha (MR)
Khumal-4 rice fermented by wine yeast (WYK)
Khumal-4 rice fermented by isolated yeast (IYK)
Khumal-4 rice fermented by ATCC (ATK)
Khumal-4 rice fermented by Murcha (MK)
Black rice fermented by wine yeast (WYB)
Black rice fermented by isolated yeast (IYB)
Black rice fermented by ATCC (ATB)

Color

Taste/
Aroma

Attribute

7
7
7
8
8
8
7
8
7
7
7
7
8
8
8

8.5
7.5
8
6.5
7
7
6.5
7
5
6
5
5.5
7
7.5
6

7.3
7
6.5
7
6.3
6
6.2
6.5
4.3
5.2
5
5.3
6.5
6
5

Acceptance

Persistence

Astringency

Mouthfeel

8
8
7
8
5
5.5
6
7
4
4.5
4
5
6.5
6
5.5

8
7.5
7
6.3
5
4.5
5.5
6
4
4
4.5
5.2
5.8
5.5
5

8
8
7
8
6
6
5
6
5
5
6
6
7
6
6

7
6.5
6.8
6
6.5
6
5.7
6
4.5
5
5
5.3
6.5
4.5
4

Note: All the scores are means of the scores given by the sensory tasting panel.

8

Red Rice

Khumal-4

Taichin

6

4

6

20

Red Rice

Khumal-4

Taichin

20
16

15

12

10

10
7 7

5
0

5
10
Number of days

15

Figure 2b. Change in TSS during fermentation using Isolated
yeast
5.2

4.5
3.5

2

8

0

6

5
10
Number of Days

15

Figure 2a. Change in pH during fermentation using Isolated
yeast

pH

7
0

Black Rice

0

7.3

6
pH

Black Rice

25

Total TSS

Effect of temperature, pH, and TSS on alcohol yield
Optimization of the fermentation of rice based alcoholic
beverages from Taichung-176 rice was done at different pH
(3.5, 5, and 7), the temperature at 28°C and 37 °C, and Brix
(15, 20, and 22°Bx) as shown in Figure 1a-c. The highest
alcohol yield was 22.19% in rice fermented by wine yeast (pH
3.5, 22°Bx and 28°C) and 22.19% in rice fermented by
isolated yeast at 28°C (pH 3.5) and 20 °Bx. For ATCC, the
highest yield was at 15 °Bx, pH 3.5, and 28°C, which was
18.48%.
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Figure 2c. Change in pH during fermentation using Wine
yeast
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Figure 2f. Change in TSS during fermentation using ATCC
18824 Saccharomyces cerevisiae

The change in pH and TSS of beverages fermented by
different cultures were observed and noted down during the
final fermentation process, which is shown in Figure 2 (a-h).
The final pH of the rice based alcoholic beverage fermented
by isolated yeast was found to be 3.5 in RR, Taichung-176,
and BR (figure 2.a). The highest pH of the beverage
fermented by isolated yeast was found to be 3.5 in RR,
Taichung-176, and BR. The lowest was found to be 3.3 in KR
(Figure 2.a). The highest TSS of the beverage fermented by
isolated yeast was 7 for KR and BR while it was 6 for
Taichung-176 and RR (Figure 2.b). The highest and lowest
pH of the beverage fermented by wine yeast was found to be
4 and 3.4 in KR and RR as well as Taichung-176 respectively
(Figure 2.c). The highest TSS of the beverage fermented by
wine yeast was 8 in Khumal-4 and it was 6 for Taichung-176,
BR, and RR (Figure 2.d). The highest pH of the beverage
fermented by ATCC 18824 yeast was found to be 3.6 in
Taichung-176 and the lowest pH was found to be 3.5 in KR,
Taichung-176, and BR (Figure 2.e). The highest TSS of the
beverage fermented by ATCC 18824 was found to be 7 for
Taichung-176, RR, KR and it was 6 for BR (Figure 2.f). The
highest pH of the beverage fermented by Murcha was 4.6 in
KR and the lowest was found to be 3.3 in Taichung-176
(Figure 2.g). The highest TSS of the beverage fermented by
Murcha was found to be 6 for Taichung-176, KR, and RR
while BR had the lowest TSS, which was found to be 5
(Figure 2.h).
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Principal Component Analysis (PCA) of various products
developed from culture-rice variation
Principal component analysis (PCA) was performed to
estimate the relationships between different parameters of the
product and fermentation cultures used for the production of
alcoholic beverages. The PCA model was applied to all data
to determine the most important variables that explain the
relationships between different combinations of alcoholic
beverages and to identify any group patterns. Besides, the
PCA was performed for each of the rice varieties (Taichung176, Khumal-4, Black rice, Marsi rice) separately. In this
study, the loading plot shows the impact of fermentation
culture-variation on various parameters of alcoholic
beverages, and the score plot shows the dispersion as well as
% variation.

0.25

Antioxidant
Reducing Sugar

0.00

Phenolic Content

-0.25

-0.50

Acidity

-0.75
-0.50

-0.25

0.00

(a)

0.50
Reducing Sugar

Second Component

0.25

Antioxidant

0.25

0.50

First Component

Figure 3c. Loading plot showing correlations of PC with
quality parameters in beverages from Khumal-4 rice using
different cultures
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Figure 3d. Score plot of products prepared from KR using
various cultures
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Figure 3e. Loading plot showing correlations of PC with
quality parameters in beverages from Black rice using
different cultures.
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In figure 3,(a) and 3(b), the sum of principal components PC1
and PC2 explained 89.2% of the total variations among the
Taichung-176 rice fermented beverages prepared from
different culture varieties. In this loading plot, Antioxidant,
acidity, and reducing sugar have large positive loadings on
component 1, therefore the impact of culture-variation is
significant on these parameters. However, Alcohol and
phenolic content have large negative loadings on component
2. So, the impact of culture-variation is not significant on
these parameters.

Figure 3f. Score plot of products prepared from BR using
various cultures.
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Figure 3g. Loading plot showing correlations of PC with
quality parameter in beverages from Marsi/RR using
different cultures.

In figure 3, from (c) and (d), the sum of principal components
PC1 and PC2 explained 98.6% of the total variations among
the Khumal-4 fermented beverages prepared by using
different culture varieties. In this loading plot, Antioxidant,
phenolic content, and reducing sugar have large positive
loadings on component 1, therefore the impact of culturevariation is significant on these parameters. However,
Alcohol and acidity have large negative loadings on
component 2. So, the impact of culture-variation is not
significant on these parameters.
In figure 3(e) and 3(f), the sum of principal components PC1
and PC2 explained 98.3% of the variations among the Black
rice fermented beverages prepared using different
fermentation culture varieties. In this loading plot,
Antioxidants and reducing sugar have large positive loadings
on component 1, therefore the impact of culture-variation is
significant on these parameters. However, Alcohol and
acidity have large negative loadings on component 2. So, the
impact of fermentation culture-variation is not significant on
these parameters.
In figure 3(g) and 3(h), the sum of principal components PC1
and PC2 explained 88.2% of the total variations among the
Marsi/ Red rice fermented beverages prepared from different
culture varieties. The loading plot shows that Antioxidant and
phenolic content have large positive loadings on component
1, therefore the impact of culture variation is significant on
these parameters. However, acidity and reducing sugar have
large negative loadings on component 2. So, the impact of
culture variation is not significant on these parameters.

Discussions

Figure 3h. Score plot of products prepared from RR using
various cultures.
Fig. 3(a-h): Principal component analysis of rice based
alcoholic beverages prepared by using four different rice
varieties and four different cultures.

In this study, a total of 6 different Gram-positive isolates were
isolated from the Murcha sample. These isolates showed
characteristics similar to S. cerevisiae. The sugar assimilation
test was performed for the identification of species S.
cerevisiae using different sugars (Dextrose, maltose, sucrose,
lactose, and fructose). From the sugar fermentation test, the 5
isolates showed characteristics of wine yeast. Olowonibi
(2017) checked the utilization of sugar, which was indicated
by the change in color to pink with gas production. Also, they
could not ferment lactose, which is similar to the result of this
study. From the ethanol tolerance test, I2 and I3 were found
to grow at 28°C, 37°C as well as 45°C. In a study by Ghareib
et al. (1988) similar results were seen where the S. cerevisiae
strains were able to grow at an ethanol concentration of 13%
but inhibited at 14% ethanol concentration. Arroyo-Lopez et
al. (2010) further concluded that the yeast species was able to
grow at 11.7% ethanol concentration.
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In this study, the maximum fermentation was at pH 3.5
followed by pH 5 and then pH 7, and the optimum growth
was at 28°C, followed by 37°C. Ho and Powel (2014) and
Salari and Salari (2017), showed similar results, where
ethanol production from S. cerevisiae had intensive growth at
pH 4 and a temperature range of 25-35°C. Yalcin and Ozbas
(2008) also showed similar results, where the growth of two
strains S. cerevisiae Kalecik 1 and Narince 3 had optimum
growth at 30°C. Le and Le (2014) observed similar findings,
in which growth rate decreased with a decrease in pH below
5.1.
In this study, the pH was observed to be the highest (3.6) in
BR fermented by WY. The final pH values of rice based
alcoholic beverages were within the range of 3.4 to 4.5 (Lee
et al. 2007; Seo et al. 2008). Chay et al. 2017 show that the
TSS of rice based alcoholic beverages range from 9-18 °Bx,
pH from 3.3-5.0, and alcohol content (13.5-16.0%), which is
similar to the result of this study. As there are different results
for different rice varieties fermented by different cultures, this
study shows how different rice varieties even when fermented
under the same parameters, can have an impact on the amount
of ethanol produced.
The highest antioxidant was found in BR fermented by WY
(68%). In similar research (Jeong et al. 2011), the antioxidant
in Korean rice wine concentrates was 35%-66%, however the
results in this study showed a higher concentration of
antioxidant content. Higher amounts of antioxidants in the
beverages from black rice could be due to the high antioxidant
content of the pigmented rice (Kushwaha, 2016).
In this study, the highest reducing sugar was
(1064±0.03µg/ml) in BR fermented by ATCC culture. A
study (Shrestha and Rati, 2002) monitored the fermentation
of a traditional beverage (Poko) by analysis of pH, acidity,
reducing sugar, and alcohol, which showed the results similar
to this study. Another study showed that reducing sugar in
rice based alcoholic beverages ranges from 2.5- 6.33% of
total sugar (Chay et al. 2017).
During the sensory analysis of rice beverage, each panelist
tasted every beverage and found all the beverages were of
acceptable quality. The Taichung-176 fermented by wine
yeast sample scored highest in taste, mouthfeel, and flavor.
Fermented black rice beverages were found to be the most
liked beverages based on color. Other studies have shown that
fermented pigmented rice beverages develop red color
(Koguchi et., al 2010). Similarly, the final product of
fermented black rice was red, which can be seen in the
photograph.
A study by Norwika et al., (2019) and Destefanis et al., (2000)
performed PCA on physicochemical parameters of peach
cultivars and characterization of beef respectively. This
method was found to be effective for the establishment of a
correlation between different characteristics. In this study,
PCA was performed to understand how significantly the
varieties of cultures used affect the characteristics of
fermented beverages from the same rice variety. PCA was
found to be effective in finding out the correlation of
characteristics with PC1 and PC2, and hence helping the
interpretation of negative or positive impact on different

parameters that determine the quality of the beverages
prepared.
The pigmented rice varieties can be used to produce rice based
alcoholic beverages, which are also rich in nutrition. The
product prepared from different varieties of rice (Red rice/
Marsi, Black rice, Khumal-4, and Taichung-176 rice) can be
produced, consumed, and commercialized.

Conclusion
We can conclude that the highest alcohol content was found
in Taichung-176 rice fermented by WY and IY, and the
lowest alcohol content was found in Khumal-4 rice fermented
by ATCC culture when compared to all the other
combinations of rice and culture varieties. From the PCA
analysis of different combinations of beverages, we can
conclude that the variety of cultures mainly affected the
concentration of antioxidants, phenolic content, and reducing
sugar in the fermented beverages produced. The score plot
showed the distribution of beverages prepared by different
cultures but the same variety had a different correlation with
the principal components 1 and 2. We can conclude that the
PCA was found to be a very effective method to study how
much the fermentation cultures had affected different
parameters of alcoholic beverages.
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