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Abstract Wine fermentations using rice media containing

either Monascus koji or rice nuruk were performed and fer-

mentative characteristics based on the koji type were inves-

tigated. Cultivations were performed in a 20 �C room in a

20 L bottle with the rice media that included Monascus rice

koji at both 20 and 30%, or rice nuruk at 20%. After 22 days

of cultivation, the ethanol yield reached 14.2–14.6% (v/v) for

M. koji and 16.5% (v/v) for rice nuruk. This lower yield with

use of M. koji was thought to be due to rapid cell concen-

tration decreases in the later stage. Total amounts of organic

acids and volatile compounds in fermentations using M. koji

were 166–172 and 1779–1874 mg/L, respectively, being

8.7–12.9% and 46.3–54.1% higher than with use of rice

nuruk. With M. koji, a high quality rice wine was produced

with high levels of volatile compounds and monacolin K.

Keywords Rice wine � Monascus koji � Rice nuruk �
Ethanol fermentation � Monacolin K

Introduction

Different types of traditional rice wines have been devel-

oped in Korea. Currently, there are more than 100 different

rice wine brands in Korea that constitute a market share of

half a billion dollars [1, 2]. Recently, the demand for

alcohol beverages with health benefits has increased [2].

Nuruk has been used in Korea as an enzyme source for

traditional alcohol fermentation. It is made by natural

cultivation of wheat grains with different fungi and bacteria

present in air. Hydrolytic enzymes, such as amylase, pro-

tease, and lipase are produced in nuruk [3–6]. During

alcohol fermentation and/or aging, starch, proteins, and

lipids can be degraded into small molecules by enzymes.

As a result, the quality of alcohol beverages is greatly

affected by the characteristic properties of nuruk added to

fermentation media. Types and amounts of flavor and

aroma compounds formed in alcohol fermentation broths

depend considerably on nuruk [7]. Traditional nuruk has

advantages of bringing out a variety of flavors and aromas

in alcohol beverages, but it has also some disadvantages,

such as unpleasant odors and flavors [5]. Lactic acid bac-

teria, fungi, and yeasts have been isolated from traditional

nuruk and they are often used for production of commercial

nuruk products [8]. Nuruk products using Aspergillus

kawachii or Rhizopus japonicus have recently appeared.

Alcohol beverages using nuruk contain considerable

amounts of proteins, fibers, and carbohydrates, and small

amounts of vitamins, organic acids, and physiologically

active compounds [9]. In spite of these merits, problems,

such as formation of unpleasant flavors and odors, and/or

fusel oils remain to be solved.

Monascus koji is called red yeast rice and has been

traditionally used in the oriental countries of China, Japan,

and Korea for production of red grain wines and red soy-

bean products [10, 11]. M. koji usually made in solid cul-

ture after inoculating cooked rice with Monascus strains

contains the hydrolytic enzymes amylase, protease, and

lipase [12]. In addition, red, orange, and yellow pigments

are also produced in Monascus culture that can be used as
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coloring agents in jam, tomato ketchup, and gochujang

[13]. M. koji had been used as a traditional oriental med-

icine. There are reports [14–16] that Monascus strains

produce the secondary metabolites monacolin K, a statin

that inhibits cholesterol synthesis, and c-amino butyric acid

(GABA), that induce different physiological effects. The

physiologically active compounds saponin and isoflavones

are known to exist in M. koji [17], which is currently

registered with the Korea Food and Drug Administration

(KFDA) as a functional food material for prevention of

adult diseases [18].

In this study, M. koji and rice nuruk were made by

cultivation with Monascus and Aspergillus strains,

respectively. Then, alcohol fermentations using a rice

medium containing M. koji or rice nuruk were performed.

The different fermentative characteristics affecting wine

quality attributes of cell growth, ethanol yield, and organic

acid and volatile compound contents were compared

between koji types.

Materials and methods

Materials

Monascus sp. KCTC 6121 was obtained from the Korean

Culture Type Center (KCTC) of KRIBB (Daejeon, South

Korea), and Aspergillus kawachi and Saccharomyces

cerevisiae S-2 were supplied by the Japanese Brewing

Council (Brewing Society of Japan, Tokyo, Japan).

Commercial white rice was purchased from Jangseong

Nonghyup (Jangseong, South Korea). Potato Dextrose

Agar (PDA) was obtained from Becton–Dickinson (Sparks,

USA). Standard compounds used for analysis of organic

acids and volatile compounds were bought from Sigma-

Aldrich (St. Louis, USA). Other chemicals, including sol-

uble starch, casein, glucose, ethanol, monacolin K, citrinin,

3, 5-dinitrosalicylic acid (DNS), trifluoro acetic acid,

phosphoric acid, and acetonitrile, were also purchased from

Sigma–Aldrich (St. Louis, USA). Soft water was prepared

using the ion exchange treatment plant of Bohae Brewing

Co. (Jangseong, South Korea).

Procedures for production of M. koji and rice nuruk

Seed cultures of Monascus sp. KCTC 6121 and Aspergillus

kawachi were prepared by cultivation for 7 days on PDA in

an incubator at 25 �C. Five kilograms of white rice were

washed with tap water, then immersed in 20 �C water for

2 h. After the water was filtered, wet rice was cooked in a

steamer for 30 min. Cooked rice was then put on plates and

inoculated with either of the seed cultures at a ratio of a

Petri dish per 1 kg. After 88 h of cultivation in an incubator

at 35 �C, preparation of M. koji and rice nuruk was

completed.

Ethanol fermentation process for production of rice

wines

A yeast solution was made by adding dried yeast (Sac-

charomyces cerevisiae S-2), sucrose, and soft water

(1:0.5:10) (w/w) to a flask. After 30 min of incubation at

35 �C, the solution was used as an inoculum for ethanol

fermentation. Cooked rice was prepared in the method

specified in the previous section.

Fermentations were performed in cultivations using each

of two different kojis at 20 or 30% (w/v) for M. koji and

20% (w/v) for rice nuruk. The first cultivation was started

by adding 0.48 g of a yeast solution to a 20 L bottle with a

cotton plug that contained 1.2 kg of M. koji or rice nuruk,

and 1.8 L water. Bottles were then incubated for 2 days in a

20 �C room. During the 2nd stage, 2.4 kg of cooked rice

was added to the bottles, followed by incubation for 2 days

in a 20 �C room. During the 3rd stage, 2.4 kg of cooked

rice was again added to the bottles, followed by incubation

in a 20 �C room. The total culture time was 22 days.

For 30% (w/v) M. koji (1.8 kg), 0.72 g of yeast was used

as an inoculum. Cooked rice was added (1.8 kg during the

2nd stage and 2.4 kg during the 3rd stage). Other condi-

tions were the same as for use of 20% (w/v) M. koji and

20% (w/v) rice nuruk.

Measurement of acidity

Acidity was measured according to the analytical method

of the Korean Food Standards Codex of KFDA [19].

Titration was done with 0.1 N NaOH. The acidity was

calculated as: acidity = a 9 f, where a is the spent amount

(mL) of 0.1 N NaOH and f is a factor of 0.1 N NaOH.

Measurement of cell number, ethanol and sugar

contents, and color intensity

The cell concentration was expressed as total cell number.

After culture samples were diluted with distilled water, the

number of cells was counted with a Haemacytometer

(Marienfeld- Superior) (Lauda-Konigshofen, Germany).

The total cell number was calculated by multiplication

using the dilution rate.

The ethanol amount was determined by the alcohol

analysis method of the Korean Technical Service Institute

[20]. After culture samples were filtered through a 100

mesh, the solution was distilled until the distillate reached

80–90% (v/v) of the original solution. The ethanol amount

in the distillate (%; v/v) was measured with a density meter

from Anton Paar Inc. (DMA 5000) (Graz, Austria).
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The amount of reducing sugars was measured by the 3,

5-dinitrosalicylic acid (DNS) method [21]. A 30 mL cap-

ped tube containing 1 mL of sample and 3 mL of a 1%

DNS solution was boiled for 5 min, then cooled, followed

by addition of 21 mL of distilled water to the reacted

solution. The absorbance was measured at 550 nm with a

spectrophotometer (Cary 60 UV–VIS/Agilent Technology;

Santa Clara, USA). The sugar amount was expressed in

glucose equivalents. The intensity of red color was deter-

mined by measuring the absorbance at 515 nm with a

spectrophotometer (Cary 60 UV–VIS/Agilent Technology;

Santa Clara, USA).

Determination of amylase, protease, and lipase

activities

Activities of glucoamylase, protease, and lipase were

measured based on the Korean Food Additives Code of

KFDA [22].

Determination of organic acids, volatile compounds,

and others

Amounts of organic acids were measured at 436 nm with

an HPLC (Waters 2695; Aminex HPX-87H exclusion

column (300 9 7.8 mm); and a Waters 2487 UV/Visible

detector). The flow rate of 4 mm H2SO4 as a solvent was

0.6 mL per min.

Amounts of volatile compounds were measured with a

gas chromatograph (Agilent 7890A GC; HP-INNOWAX

column (30 m 9 0.25 mm; 0.5 lm); Flame Ionization

Detector (H2: 30 mL/min; air: 300 mL/min)). One micro-

liter of solution was injected with an Agilent 7697A

Headspace sampler in split mode (30:1) at 200 �C. The

column temperature was held for 3 min at 40 �C, then,

increased to 100 �C at the rate of 7 �C per min, and again

increased to 200 �C at 8 �C per min and held for 10 min.

Nitrogen gas was used as a mobile phase at 1 mL per min.

The detection temperature was 250 �C.

The amount of monacolin K was measured at 237 nm

with an HPLC (Waters 2695; Waters C18 column (10 lm,

3.9 9 300 mm) and a Waters 2487 UV/Visible detector).

The solvent was 70% acetonitrile in 0.2% phosphoric acid

with a flow rate of 1.0 mL per min.

The amount of citrinin was measured at 502 nm with an

HPLC (Waters 2695; Waters C18 column (10 lm,

3.9 9 300 mm) and a Waters 2487 UV/Visible detector).

The solvent was composed of 0.1% trifluoro acetic acid and

acetonitrile (65:35) with a flow rate of 1.0 mL per min.

Statistical analysis

Data were expressed as mean ± SEM and analyzed using

the SPSS software package (IBM SPSS Statistics, Version

23). Differences between means were assessed using Sch-

effe’s multiple-range and Dunnet T3 tests. Statistical sig-

nificance was defined as p\ 0.05.

Results and discussion

Cell growth and ethanol production

in fermentations using M. koji or rice nuruk

Rice wines were produced by alcohol fermentation using

20% rice nuruk, 20% M. koji, and 30% M. koji and fer-

mentative characteristics were compared. The number of

yeast cells in fermentations using either rice nuruk or M.

koji reached a maximum value on the 8th day of cultivation

(Fig. 1A). Fermentations using both 20 and 30% M. koji

Fig. 1 Total cell number (A) and ethanol content (B) during

fermentation cultivation using rice nuruk and Monascus koji. (filled

circle): 20% rice nuruk; (circle): 20% Monascus koji; (filled triangle):

30% Monascus koji
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showed a similar cell concentration pattern and maximum

cell numbers were both larger than with use of 20% rice

nuruk. In later stages, the total cell number with 20% rice

nuruk was greater than with use of M. koji. The ethanol

concentration in rice nuruk and M. koji fermentations

reached approximately 8% (v/v) on the 5th day of culti-

vation and gradually increased with an increasing cultiva-

tion time until the 22nd day (Fig. 1B). The final ethanol

yield with use of 20% rice nuruk was 16.5% (v/v), and

14.2–14.6% (v/v) for the two M. koji fermentations.

The ethanol yield was dependent on the yeast cell

number during fermentation (Fig. 1). During the first ele-

ven days of cultivation, both ethanol concentrations and

cell numbers with M. koji were maintained at higher levels

than with use of rice nuruk. However, at later stages, the

situation was reversed. The ethanol concentration with rice

nuruk was maintained at a higher level than with use of M.

koji.

Variations in acidity and sugar content

during cultivation

Acidity values in fermentations using rice nuruk or M. koji

were both 0.28 on the 5th day of cultivation (Fig. 2A). As

the cultivation time increased from 5 to 22 days, the acidity

value with use of M. koji gradually increased to 0.37–0.39,

but with use of rice nuruk the value was maintained at

approximately 0.28, suggesting that organic acids with use

of M. koji were produced in larger amounts than with use

of rice nuruk.

Reducing sugar contents with use of either rice nuruk or

M. koji were greatly decreased during the first 7–8 days,

and subsequently gradually decreased until the 22nd day

(Fig. 2B). During fermentation, the sugar content with use

of rice nuruk was maintained at a lower level than with use

of both M. koji types, indicating that more sugar was

consumed for ethanol production with rice nuruk.

Changes in activities of hydrolases

in the fermentation broth with cultivation time

The glucoamylase activity in the fermentation using rice

nuruk gradually decreased from 0.048 GAU on the 5th day

to 0.030 GAU on the 22nd day (Fig. 3A). However, with M.

koji, the enzyme activity was 0.037–0.050 GAU throughout

the cultivation time. The protease activity with M. koji was

maintained at higher levels than with use of rice nuruk

throughout the cultivation time (Fig. 3B). No lipase activity

was detected with use of either M. koji or rice nuruk.

There was little difference in the glucoamylase activity

between rice nuruk and M. koji throughout the cultivation

Fig. 2 Acidity (A) and reducing sugar content (B) during fermen-

tation cultivation using rice nuruk and Monascus koji. The reducing

sugar content (%, w/v) was expressed as glucose equivalents. (filled

circle): 20% rice nuruk; (circle): 20% Monascus koji; (filled triangle):

30% Monascus koji

Fig. 3 Glucoamylase activity (A) and protease activity (B) during

fermentation cultivation using rice nuruk and Monascus koji. (filled

circle): 20% rice nuruk; (circle): 20% Monascus koji; (filled triangle):

30% Monascus koji
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time. The glucoamylase activity level affects conversion of

starch to reducing sugar. Therefore, there was no difficulty

in sugar conversion with use of M. koji. However, the

protease activity with M. koji was maintained at a higher

level than with rice nuruk throughout the cultivation time.

Thus, greater amounts of flavor and aroma compounds,

which are partially derived from hydrolysis of proteins

[23], were produced with M. koji than with rice nuruk.

Varying patterns in organic acid content based

on the koji type

Amounts of organic acids in fermentations using either M.

koji or rice nuruk were measured (Table 1). At the end of

cultivation (after 22 days), total amounts of organic acids

with M. koji (20 and 30%) were higher than with rice nuruk

by 8.7 and 12.9%, respectively. The amount of citric acid

with rice nuruk was responsible for 20.0% of the total,

whereas citric acid was not found with use of M. koji. The

proportion of lactic acid to total amount of organic acids

was 30.3% with rice nuruk and 39.6–43.1% with M. koji.

The amounts of lactic acid with use of M. koji were 1.4–1.6

times greater than the amount with rice nuruk. Besides,

malic acid and succinic acid also existed as major com-

ponents in all fermentations using M. koji or rice nuruk.

Total amounts of citric acid, malic acid, and succinic

acid were similar, regardless of using M. koji or rice nuruk.

Differences in the total amount of organic acids with M.

koji or rice nuruk probably related to differences in lactic

acid contents.

Varying volatile compound contents based

on the koji type

At the end of fermentation, total amounts of volatile

compounds using M. koji were 46.3–54.1% higher than for

use of rice nuruk (Table 2).The amounts of each compound

with rice nuruk were highest in the order of isoamyl

alcohol, isobutanol, n-propanol, ethyl acetate, acetalde-

hyde, and isoamyl acetate. Isoamyl alcohol was responsible

for 64.2% (781 mg/L) of the total. In addition, methyl

alcohol, n-butyl alcohol, acetone, methyl acetate, and ethyl

caproate existed in small amounts. On the other hand, with

M. koji, amounts of each compound were highest in the

order of isoamyl alcohol, isobutanol, n-propanol,

acetaldehyde, ethyl acetate, and isoamyl acetate. Isoamyl

alcohol was responsible for 63.6–63.9% (1136–1191 mg/L)

of the total. Methyl alcohol, n-butyl alcohol, ethyl caproate,

ethyl caprylate, and isoamyl acetate were detected in small

amounts.

The total amount of volatile compounds with use of M.

koji was much higher than with use of rice nuruk. This

difference was due to higher amounts of isoamyl alcohol,

isobutanol, and n-propanol with M. koji than with rice

nuruk. In particular, acetone and methyl acetate were

produced only with rice nuruk, whereas ethyl caprylate was

present with M. koji.

Occurrence of monacolin K and citrinin

in fermentations using M. koji

Monacolin K, which is a statin [14], was produced at 12

and 16 mg/L in fermentation broths using 20% koji and

30% koji, respectively (Fig. 4), but was not detected using

rice nuruk. Citrinin, a mycotoxin, which is produced by

some strains of Monascus species [24], was not found with

use of either M. koji or rice nuruk.

The ethanol yield of fermentations was apparently

related to the number of yeast cells rather than to the

activity level of glucoamylase for conversion of starch to

reducing sugars because the higher ethanol yield was in

agreement with a higher cell number with use of rice

nuruk, despite a lower glucoamylase activity. Sugar con-

version was considered to be sufficient, regardless of use of

Table 1 Organic acids in

alcohol fermentation broths at

the end of cultivation

Compounds Content (mg/L)

20% Rice nuruk 20% Monascus koji 30% Monascus koji

Citric acid 22.62 ± 2.00 – –

Tartaric acid – – –

Malic acid 33.87 ± 1.46a 25.20 ± 1.56b 31.42 ± 1.47a

Succinic acid 40.95 ± 0.69b 55.27 ± 0.81a 53.02 ± 1.34a

Lactic acid 46.39 ± 2.03c 65.81 ± 2.27b 74.51 ± 1.59a

Acetic acid 9.17 ± 0.35c 20.05 ± 0.73a 13.74 ± 1.77b

Total 152.99 ± 0.91b 166.34 ± 3.94a 172.69 ± 2.38a

– not detected

Data (n = 3) were expressed as mean ± SEM and analyzed using the SPSS software package (IBM SPSS

Statistics, Version 23). Differences between means were assessed using Scheffe’s multiple-range and

Dunnet T3 tests. Values with different superscript letters are significantly different at p\ 0.05
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either rice nuruk or M. koji, considering that large amounts

of reducing sugars still remained at the end of

fermentation.

Organic acids found in fermentation broths were con-

sidered to be derived from glycolysis or/and TCA meta-

bolism [25]. Larger amounts of organic acids were

produced using M. koji than for using rice nuruk, indicating

that with use of M. koji, sugars would have been actively

converted to other metabolites, but not to ethanol. Volatile

compounds probably originate from reducing sugars and/or

amino acids in fermentation broths [26]. The protease

activity level with use of M. koji was higher than for use of

rice nuruk, indicating that more amino acids with M. koji

can be made via enzymatic hydrolysis of proteins. As

expected, much higher amounts of volatile compounds

were obtained using M. koji than with use of rice nuruk.

Organic acids and volatile compounds, which are the flavor

and aroma components of ethanol fermentation, are

responsible for the quality of alcohol beverages [26]. They

were produced in larger amounts using M. koji than with

use of rice nuruk, suggesting that a better quality of alcohol

beverage product can be made using M. koji.

Monacolin K, which was produced in alcohol fermen-

tations using M. koji, is known to lower the cholesterol

plasma level [14, 27, 28]. It is also known as the com-

mercial statin drug lovastatin. There are reports [14, 15, 29]

that monacolin K is present in metabolites of Monascus

ruber. Monascus-cultivated rice is known as red yeast rice

and can be used as a food supplement that is comparable in

effect with statin drugs [30]. In the United States, use of red

yeast rice in patients with statin intolerance is medically

recommended [31]. On the other hand, citrinin, which is a

hepatotoxic and nephrotoxic mycotoxin, is produced by

some Monascus species [27, 32]. According to the Ministry

of Health and Welfare of Japan, the amount of citrinin in

Monascus pigments used as food additives should be less

than 200 ppb [27]. Fortunately, since citrinin was not

detected in any fermentation broths herein, there is no

problem with use of M. koji as a food supplement. In this

Table 2 Volatile compounds in

alcohol fermentation broths at

the end of cultivation

Compounds Content (mg/L)

20% Rice nuruk 20% Monascus koji 30% Monascus koji

Acetaldehyde 40.41 ± 1.59c 79.37 ± 1.84b 107.74 ± 0.92a

Acetone 4.32 ± 0.23 – –

Methyl acetate 1.38 ± 0.07 – –

Ethyl acetate 66.09 ± 0.70a 62.61 ± 0.65b 63.59 ± 0.91ab

Methyl alcohol 8.65 ± 0.19b 8.71 ± 0.10b 10.11 ± 0.62a

n-Propanol 110.90 ± 0.87c 199.69 ± 0.85b 169.88 ± 1.20a

Isobutanol 185.07 ± 1.07c 272.56 ± 1.21b 311.44 ± 2.74a

Isoamyl acetate 9.72 ± 0.48a 3.02 ± 0.04c 4.52 ± 0.26b

n-Butanol 7.21 ± 0.23b 13.52 ± 0.36a 12.03 ± 0.66a

Isoamyl alcohol 781.42 ± 1.11c 1136.36 ± 3.48b 1191.93 ± 2.68a

Ethyl caproate 1.62 ± 0.18a 1.90 ± 0.11a 1.54 ± 0.07a

Ethyl caprylate – 1.97 ± 0.02a 1.85 ± 0.09a

Total 1216.79 ± 1.01c 1779.71 ± 6.62b 1874.63 ± 7.88a

– not detected

Data (n = 3) were expressed as mean ± SEM and analyzed using the SPSS software package (IBM SPSS

Statistics, Version 23). Differences between means were assessed using Scheffe’s multiple-range and

Dunnet T3 tests. Values with different superscript letters are significantly different at p\ 0.05

Fig. 4 Monacolin K content during fermentation cultivation using

Monascus koji. (circle): 20% Monascus koji; (filled triangle): 30%

Monascus koji
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respect, alcohol beverages made using M. koji are expected

to have advantages of both good flavor and an active bio-

logical effect.

In conclusion, if rice nuruk is substituted for M. koji in

ethanol fermentation, formation of organic acids and

volatile compounds in fermentation broths will be greatly

enhanced. As a result, a higher quality of alcohol beverage

can be prepared using M. koji and alcohol beverages can

function as a health-care product due to the presence of

monacolin K.
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