
J. lust. Brew., January-February, 1994, Vol. 100, pp. 3-6

PRODUCTION AND CHARACTERISTICS OF RED RICE SAKE
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Red rice seke was efficiently produced from unpolished red rice without cooking by use of rice koji
prepared with shochu koji mold. Asperglllua kawachii, as saccharifying agent. A comparative study
was made of red rice sake made with rice koji and red rice wine made with a preparation of glucoamylase

known as Sumizyme. Red rice sake contained about 13% ethanol and its acidity was 8.6. Large amounts
of volatile compounds, such as isobutyl alcohol and ethyl acetate, were found in the red rice sake.
The red color of the red rice sake was more intense than that of the red rice wine. The quality of red
rice sake was better than that of red rice wine, as assessed by gas chromatography, spectrophotometric

analysis and organoleptic testing. In accordance with the traditional method for sake brewing, red
rice, rice koji and tap water were added to the initial mash. The red color of the red rice sake made
with these additions was more intense than that of red rice sake made without these additions. The

rice wine was somewhat improved by these additions, as assessed by organoleptic testing. The body
of the resultant rice wine was fortified with dextrin and its mild characteristics were derived from

sugar and dextrin.
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Introduction

In Japan, red rices have been cultivated and used for tra

ditional celebrations in some provincial villages and towns

but their industrial application is very rare.

An attempt has been made to use aromatic red rice that

contain a pigment in its bran layer in rice wine brewing.

It has previously been reported the characteristics of aro

matic red rice wine that had been produced economically in

an uncooked ethanol fermentation system8-9. It has also been

reported that red rice wine could be made from a mixture of

red rice bran, a by-product of Sekihan cooking and polished

nonglutinous rice10.

In this report, a description is made of the application of

rice koji, made with shochu koji mold, Aspergillus kawachii,

as saccharifying agent instead of a preparation of glucoamyl

ase to the brewing of red rice sake without cooking.

Attempts to improve the quality of red rice sake by tra

ditional sake-brewing procedures, namely, the Dani-jikomi

method4 is discussed.

Materials and Methods

Rice Grains

Unpolished red rice grains (Oryza saliva var. Indica,

Shiun) was purchased from Kajiwara Beikoku Co. Ltd.,

Kyoto, ground to particles of 2-3 mm in diameter and used

as the material for red rice sake brewing without cooking.

Commercial polished nonglutinous rice was used as the start

ing material for koji making.

Yeast

Kyokai no. 9 yeast is conventionally used for brewing

Ginjo-shu, a special grade of sake with an excellent flavor.

It is routinely maintained on a slant culture of 4% malt

extract medium. To prepare a seed culture, 100 ml of 4%

malt extract medium in a 500-ml Sakaguchi flask were inocu

lated with Kyokai no. 9 yeast from a freshly grown slope

culture and incubated on a reciprocating shaker (105 rpm)

at 30°C for 2 d.

Saccharifying Agents

Rice koji prepared with shochu koji mold, Aspergillus

kawachii was used as saccharifying agent. For comparison,

Sumizyme, a glucoamylase produced by Rhizopus sp.

(Shinnihon Kagaku Kogyo Co. Ltd., Anjo) was also used

as a saccharifying agent.

Procedure for Red Rice Sake Brewing

As shown in Fig. 1, 30 g of ground uncooked red rice,

10 g of rice koji as saccharifying agent and 100 ml of tap

water were dispensed into a 300-ml Erlenmeyer flask and

inoculated with Kyokai no. 9 yeast (8.0 x 108 cells/ml) (run

1). The pH of initial mash was adjusted to 3.5.

For comparison, 0.2 g of Sumisyme was used as sacchar

ifying agent instead of the rice koji (run 2). Ten grams of

cooked nonglutinous rice were added to the mash to give

the appropriate initial glucose content. The pH of the initial

mash was adjusted to 4.0.

Total glucoamylase activity of the initial mash was adjusted

to 2.0 x 104 U/mash. Ethanol fermentation without cook

ing
2.3.7.8.11 was performed at 30°C. The decrease in weight

of the Erlenmeyer flask, plus the gas trap, and its contents,

due to the evolution of CO2, was measured every 24 h.

Procedure for Red Rice Sake Brewing by the Dan-jikomi

Method

A traditional sake-brewing procedure, the Dan-jikomi

method4, was applied to the brewing of red rice sake (Fig. 2).
Fifteen grams of ground uncooked red rice, 5 g of rice

koji and 50 ml of tap water were dispensed into a 300-ml

Erlenmeyer flask and inoculated with Kyokai no. 9 yeast

(8.0 x 10s cells/ml). The pH of the initial mash was adjusted

to 3.5. Ethanol fermentation was performed at 30°C (run

3).

For run 4, a mixture of 30 g of ground uncooked red rice,
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unpolished red rice 30 g

— ground to particles of 2-3 en in dianeter

■ saccharifying agent

koji 10 g or Sunizyne 0.2 g and cooked rice 10 g

■ Kyokai no. 0 yeast (8.0 x 10" cells/nl)

■ tap water 100 nl

uncooked ethanol feroentatlon

30-C

- filtration

red rice sake or red rice wine

Fig. 1. Procedure for the brewing of red rice sake or red rice wine.

unpolished red rice 15 g

— ground to particles of 2-3 on in diaoeter

«- koji 5 g

«- Kyokai no. 9 yeast (8.0 x 103 cells/nl)

*- tap water 50 nl

uncooked ethanol fomentation

sot:

unpolished red rice 30 g

koji 10 g

tap water 100 ol

uncooked ethanol fomentation

30-C

- filtration

red rice sake

Fio. 2. Procedure for the brewing of red rice sake.

10 g of rice koji and 100 ml of tap water was added as feed

after 4 d to an initial mash that had been fermented in the

same manner as run 1. Fermentation was continued at 30°C.

Assays of Enzymatic Activity

Glucoamylasc activity was measured by the method

described previously". B-Glucosidase activity was measured

by the methods of Mega el al? and Paus and Christensen6.

Quantitation of Ethanol

Ethanol was quantitated as described previously8 with a

gas chromatograph (model GC-14A; Shimadzu Co., Kyoto)

12 3 4 5 6 7
Fermentation time (d)

Fig. 3. Time courses of fermentation of mashes with koji and Sumi-
zyme as saccharifying agents.

Symbols: •, koji was used as saccharifying agent (run 1); O, Sumi-
zyme (run 2).

equipped with a 3.1-m PEG-HT column (Gasukuro Kogyo
Inc., Tokyo).

General Analytical Methods

Samples of fermented broths were filtered through 5C

filter paper (Advantec Toyo Co. Ltd., Tokyo) and analyzed

as previously described". Reducing sugars were quantitated
by the method of Bertrand1. Acidity was measured by titrat
ing 10 ml of fermented broth with 0.1 N NaOH". Spectropho-

tometric analysis of the red rice sake was performed with a

spectrophotometer (model DU-7; Beckman, U.S.A.).

Analysis of the volatile substances of red rice sake was perfor

med by gas chromatography8. Organoleptic tests were also
carried out to evaluate the various fermented broths.

Results

Red Rice Sake Brewing with Koji

Figure 3 shows the changes in the cumulative amount of

CO2 generated from mashes that contained rice koji (run 1)
and Sumizyme (run 2) as saccharifying agents. Each fermen

tation was continued until the generation of CO2 gas from

the mash ceased. As shown in Figure 3, ethanol fermentation
of uncooked red rice was achieved with both rice koji and

Sumisyme as the saccharifying agent. Even though the glu-

coamylase activity in the initial mash in runs 1 and 2 was

adjusted to 2.0 x 104 U/mash in both cases, the fermentation

of the mash in run 2 proceed more rapidly than that of the
mash in run 1.

Red Rice Sake Brewing by the Dan-jikomi method

Figure 4 shows the changes in the cumulative amount of

CO2 generated from the mashes in runs 3 and 4. The first

3 4 5 6 7 8 9 10 11 12
Fermentation time (d)

Fig. 4. Time courses of fermentation of mashes with addition of

feed. Arrow indicates the addition.
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TABLE I. Characteristics of red rice sake and red rice wine

Run

Saccharifying agent

Ethyl alcohol (%, w)

Isobutyl alcohol

Isoamyl alcohol

n-Propyl alcohol

Acetaldehyde

Ethyl acetate

Ethyl lactate

Isoamyl acetate

Final pH

Acidity (ml)

Reducing sugar in

filtrate (mg/ml)

Total glucose in feed (g)

Total glucose in

fermented mash (g)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

(ppm)

1

Rice koji

12.8

220

319

37

1000

606

ND°

ND

4.0

8.6

3.3

31.8

0.2

2

Sumizyme

12.8

184

310

16

124

399

1

2

4.3

6.1

3.3

31.8

0.2

ND, Not detected.

feed was added after a 4-d cultivation in run 4. Ethanol

fermentation of uncooked red rice was successfully achieved

with rice koji when the Dan-jikomi method was used.

Properties of Rice Wine and Sake

The acidity of the red rice sake produced in run 1 was 8.6

and was higher than that of the red rice wine in run 2 (6.1).

Organoleptic testing revealed that the aroma of the red rice

sake produced with rice koji as the saccharifying agent had

rather mild and rich characteristics. The quality of the red

rice sake made with koji was better than that of the wine

made with Sumizyme. Large amounts of volatile compounds,

such as isobutyl alcohol and ethyl acetate, were found in the

red rice sake made with rice koji (run 1) by gas chromatogra-

phy (Table I).

Properties of Red Rice Sake made by the Dan-jikomi

Method

The acidity of the red rice sake produced in runs 3 and 4

was 8.6 and 9.1, respectively (Table II). The amount of

TABLE II.

Run

Addition

Characteristics of

addition and with

red rice sake made

addition of feed

3

No

without

4

Yes

Ethyl alcohol (%, v/v) 12.8 12.8

Isobutyl alcohol (ppm) 220 215

Isoamyl alcohol (ppm) 319 284

n-Propyl alcohol (ppm) 37 68

Acetaldehyde (ppm) 1000 772

Ethyl acetate (ppm) 606 638

Ethyl lactate (ppm) ND' ND

Isoamyl acetate (ppm) ND 1

Final pH

Acidity (ml)

Reducing sugar in

filtrate (mg/ml)

Total glucose in feed (g)

Total glucose in

fermented mash (g)

4.0

8.6

3.3

31.8

0.2

4.2

9.1

2.2

47.7

6.3

volatile aromatic compounds contained in the red rice sake

in run 4 was lower than that contained in the red rice sake

in run 3. However, organoleptic testing revealed that the

quality of the red rice sake from run 4 was higher than that

from run 3. The red rice sake from run 4 had been somewhat

improved by the addition of fresh feed, as assessed by organo

leptic testing. The body of the resultant red rice sake was

fortified with dextrin and its mild characteristics were derived

from sugar and dextrin.

Spectropholometric Analysis of the Red Rice Sake

Produced by the Various Methods

The filtrates of the fermented mashes, namely, red rice

sake (runs 1, 3 and 4) and red rice wine (run 2), had a

characteristic wine-like red color (Figs. 5 and 6).
Spectropholometric analysis of the various rice wines

(Figs. 7 and 8) revealed a characteristic absorbance at 530 nm

for every sample of red rice sake and wine.

The red color of the red rice sake made with koji was

more intense than that of the red rice wine made with glu-

coamylase, as judged by organoleptic testing and spectropho-

tometric analysis. The B-glucosidase activity of rice koji and

glucoamylase was 0.6 U/10 g rice koji and 2.6 U/0.2 g glu-
coamylase, respectively. When the B-glucosidase activity in

the saccharifying agent was lower, the resultant rice wine

had an intense red color.

The red color of the red rice sake made by the Dan-jikomi

method was judged to be more intense than that of red rice

sake made without additions by organoleptic testing and

spectrophotometric analysis.

Discussion

Red rice sake was effectively produced by use of rice koji
as saccharifying agent and the Dan-jikomi method. Rice koji

may play an important role in the extraction of red pigment

from the bran layer of red rice and in the improvement of

the quality of red rice sake. The B-glucosidase activity of

rice koji was lower than that of Sumisyme and the red
pigment may, thus, be protected from enzymatic digestion.

, ND, Not detected.

Fio. 5. Photographs of red rice sake and red rice wine. Red rice
sake made with koji as saccharifying agent (K) and red rice

wine made with Sumizyme (O).




