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Efforts have been made to reproduce shitogi, a finely pounded rice powder and to make sakefrom

shitogi of the type produced in ancient times in Japan. As the particle size of the shitogi became

smaller, the rate of degradation of shitogi by glucoamylase increased. The pounding of shitogi

enhanced the saccharification of starchy materials. Tlte ancient Japanese alcoholic beverage

known as shitogi sake was made with cooked rice, dry yeast and tap water, using mould-infected

shitogi as the saccharifying agent. It contained 10.7-14.3% ethanol (v/v) and had a fine aroma

but a sour taste. We believe that we have reproduced the alcoholic beverage, shitogi sake which

might have been one of original Japanese alcoholic beverages.
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INTRODUCTION

In Western countries wheat and barley are utilised for

the production of bread, beer, whisky and vinegar. In

Japan, rice has been one of the most important grains for

food and the production of alcoholic beverages.

We have previously described several types of ancient

alcoholic beverage-1-6-'6. In ancient times, in some areas

of Japan, it seems that shitogi, a fine rice powder and

shitogi sake were made15. Shitogi was utilised as the

offering to the God. The latter alcoholic beverage might

have been utilised for celebrations and religious festivals.

In this study we tried to reproduce shitogi and discuss

the details of this ancient saccharification process. We

also tried to produce shitogi sake, an alcoholic beverage

of Japanese antiquity and we discuss possible details of

the ancient fermentation process.

MATERIALS AND METHODS

Preparation of shitogi

Commercial polished nonglutinous rice grains were

used as the starchy material for the preparation of

shitogi. Polished rice grains were washed and soaked in

tap water for 18-24 h at room temperature. The resulting

wet and swollen rice grains were drained in a wire

basket for 30 min and then pounded in a handmade

wooden mortar with a wooden pestle for 60-120 min to

make a fine rice powder, shitogi.

Mould strains

Aspergillus oryzae 102 was isolated from a Japanese soy

sauce koji. Rhizopus sp. 103 was isolated from a microbial

starter, Loogpang Kaoinag conventionally used for rice

syrup making in Thailand. Both strains are maintained

on 5% malt extract agar slopes in our laboratory.

Measurement of particle size

The size of particles in shitogi was measured with an

analytical sieve (Model SC-D; Ikemoto Rika Co. Ltd.,

Tokyo). lOOg of shitogi were filtered for 3-5 min through

10 sets of sieves. The mesh size of the sieves ranged from

8.6 (2,000 urn) to 235 (63 urn).

Enzymic degradation of various preparations of

shitogi

Enzymic degradation of shitogi was performed as

described by Takeda and Hizukuri5 with a preparation

of glucoamylase AN-2 from Aspergillus niger (Shinnihon

Kagaku Kogyo Co. Ltd., Anjo). The degradation ratio

was calculated from a comparison with the degree of

hydrolysis of potato starch (Wako Pure Chemical Co.

Ltd., Osaka) that had been treated with 10 N NaOH

under the same conditions.

Saccharification of infected shitogi powder

20g of swollen rice grain, 60 min- and 120 min-pounded

shitogi powder was inoculated with 2 ml of a suspension

of spores (1.0 X 108 cells/ml) of A. oryzae 102 and

incubated at 30°C for 3 d. The resulting material, infected

with A. oryzae, was mixed with 100 ml of tap water and

1 ml of toluene. Saccharification proceeded at 30°C for

4 d. The concentration of reducing sugars released was

measured by Bertrand's method1 and the degree of

saccharification was calculated.
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Preparation of shitogi infected with

mould

Infected shitogi powder

28g of 120 min-pounded shitogi powder was placed in

a 9-cm Petri dish and inoculated with a suspension of

spores of A. oiyzac 102 or the whole mycelium of Rhizopus

sp. 103 grown on 5% malt extract agar. After incubation

at 30°C for 5 d, the infected shitogi powder was utilised

as the saccharifying agent and the basic material for

ethanol fermentation. For comparison, unpounded swollen

rice grain was also used for the preparation of

saccharifying agent instead of shitogi powder.

Infected solid shitogi

28g of shitogi powder pounded for 120 min was mixed

with a minimal amount of tap water to make a

parallelepipedon-shaped solid rice cake or solid shitogi

(ca. 10 mm x 10 mm x 30 mm in size, ca. 33.3% moisture).

The solid shitogi was placed in a 9-cm Petri dish and

inoculated with fungal strains as described above. The

Petri dish was incubated at 30°C for 5 d. Infected solid

shitogi was used as the saccharifying agent and the basic

material for ethanol fermentation.

Ethanol fermentation of shitogi

Ethanol fermentation of mash that contained swollen

rice grains and shitogi powder infected with

A. oryzae

64g of swollen rice grains and shitogi that had been

pounded for 60 min or 120 min was utilised as material

for ethanol fermentation. Swollen rice grains or shitogi

was placed in a 300-ml Erlenmeyer flask, inoculated

with the suspension of spores of A. oryzae and incubated

as described above. Infected shitogi was mixed with 100

ml of tap water and 3 g of dry yeast. The initial pH was

adjusted to pH 4.8. Ethanol fermentation was carried out

at 15°C for 8 d. Each Erlenmeyer flask, equipped with a

gas trap, was weighed every day and the amount of CO2

evolved was calculated.

Ethanol fermentation of mash that contained powdered

or solid shitogi infected with Aspergillus

or Rhizopus

28g of ground rice grains (2-3 mm in diameter) were

placed in a 300-ml Erlenmeyer flask, mixed with 50 ml

of tap water and cooked at 100°C for 15 min. The

mixture was then cooled and mixed with 28g of infected

powdered shitogi or solid shitogi, 50 ml of tap water and

3 g of dry yeast. The initial pH of the mash was adjusted

to pH 4.8 for the mash that contained A. oryzoi'-infected

shitogi and to pH 4.2 for the mash that contained

R/iizopMS-infected shitogi. Ethanol fermentation was carried

out as described above.

General analyses

Fermented mash was centrifuged at 6,000xg for 10

min, filtered through filter paper 101 (Advantec Toyo,

Tokyo) and analyzed. Acidity and reducing sugars were

quantitated as described previously10.

Analysis of aroma

Fermented mash was centrifuged at 6,000xg for 10 min

and the supernatant was filtered through filter paper

101. Ethanol and other aromatic components were

analyzed by gas chromatography6.

RESULTS AND DISCUSSION

Particle size of shitogi

The dominant diameter of shitogi that had been

pounded for 60 min was 250-1,000 urn and that of 120-

min-pounded shitogi was 180-250 um (Table I). As the

duration of pounding increased, the particle size of the

shitogi decreased.

TABLE I. Particle size of shitogi.

Particle size

Mesh

8.6

12

16

30

42

60

83

119

166

235

(uin)

(2,000 )

(1,400 )

(1,000 )

(500 )

(350 )

(250 )

(180 )

(125 )

(90 )

(63>)

Ratio of particles (%)

Pounding

60

6.9

13.0

20.5

20.7

10.7

23.0

0.2

0.1

0.1

4.8

time (min)

120

1.9

6.6

5.7

8.5

14.2

35.1

20.5

5.2

1.3

0.6

Enzymic degradation of various preparations of shitogi

As the duration of the pounding of rice grain was

increased, then the degradation ratio of shitogi treated

with glucoamylase increased (Fig. 1). In the case of 60-

min-pounded shitogi, the degradation ratio was 30% as

compared to alkali-treated potato starch; in the case of

120-min-pounded shitogi, the degradation ratio was

more than 40%.

The pounding process enhanced saccharification of

starchy materials in rice grains. In this study, swollen
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min-pounded shitogi infected with A. oryzae (Fig. 3). By

contrast, ethanol fermentation did not occur in the mash

that contained unpounded swollen rice grains.

30 60 90

Pound time (min)

FIG. 1. Effects of the duration of pounding on degradation

of rice grains and shitogi by a preparation of

glucoamylasc from Aspergillus uiger

rice grains were used as starting material and a wooden

mortar and wooden pestle for preparation of shitogi

following the historical procedure15. In such cases, the

gelatinisation of the starch by physical pressure or heat

might be limited.

Saccharification of shitogi infected with

A. oryzae

Pounded rice, shitogi, seemed to be more easily

saccharified by A. oryzae than unpounded rice (Fig. 2).

After a 4-d incubation, the degree of saccharification of

60-min- and 120-min-pounded rice was 40% and 50%,

respectively. In the case of unpounded swollen rice, only

a little saccharification was detected.

Time (d)

FIG. 2. Saccharification of various preparations of shitogi

infected with A. oryzae. Symbols: ▲, infected

swollen rice grains; O, infected shitogi made by

pounding for 60 min; •, infected shitogi made by

pounding for 120 min

Ethanol fermentation of mash that contained

swollen rice grains and shitogi powder

infected with A. oryzae

After an 8-d incubation, about 3.8 g and 5.8 g of CO2

had evolved from mash that contained 60-min- and 120-

2

Q.

CM

O
o

Time (d)

FIG. 3. Fermentation curves for mashes at 15°C that contained

swollen rice grains and shitogi powder infected with

A. oryzae. Symbols: A, swollen rice grains; O, shitogi

made by pounding for 60 min; •, shitogi made by

pounding for 120 min

Ethanol fermentation of mash that contained

infected shitogi powder and infected

solid shitogi

Figure 4 shows that fermentation occurred in every

mash tested. From 10.7 to 14.3g of CO2 were evolved

from the mash. The fermentation rate of the mash that

contained shitogi powder was higher than that of the

mash that contained solid shitogi. The fermentation rate

of the mash that contained R/rizopws-infected shitogi was

higher than that of the mash that contained Aspergillus-

infected shitogi.

FIG. 4. Fermentation curves for mashes at 15°C that contained

shitogi powder and solid shitogi infected with A. oryzae

and Rhizopus sp. Symbols: O, shitogi powder infected

with A. oryzae; •, solid shitogi infected with A. oryzae;

A, shitogi powder infected with Rhizopus sp.; ▲, solid

shitogi infected with Rhizopus sp.
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TABLE II. Characteristics of sake made with infected shilogi powder.

0

Pounding time (min)

60 120

Total CO2 output (g)

Final pH

Acidity (ml)

Volume of filtrate (ml)

Reducing sugars

in filtrate (mg / ml)

0.3

4.7

5.3

66.0

0

3.8

5.2

1.5

70.8

0

5.8

5.1

3.5

72.5

0

Ethyl alcohol (%, v/v)

ii-Propyl alcohol (ppm)

Isobutyl alcohol (ppm)

Isoamyl alcohol (ppm)

Isoamyl acetate (ppm)

Ethyl acetate (ppm)

Acetaldehyde (ppm)

0.4

1.3

9.1

22.0

0.3

12.1

55.3

3.7

10.6

63.2

129.1

0.4

103.6

215.8

5.3

22.0

22.0

214.3

1.5

378.0

236.4

Organoleptic test-1

a ++, good; +, acceptable; - bad.

Characteristics of shitogi sake

Sake made from swollen rice grains and shitogi

powder infected with A. oryzae

Ethyl alcohol was detected in the mash of 60-min- and

120-min-pounded rice at concentrations of 3.7% and

5.3%, respectively (Table II). The concentration of ethyl

alcohol in the mash composed of unpounded rice grain

was 0.4%. The acidity of the filtrate of mash that

contained pounded rice was lower than that of the mash

that contained unpounded rice. The aroma of the sake was

analyzed by gas chromatography. Higher concentrations

of higher alcohols and esters were detected in the sake

made from pounded rice, shitogi. Shitogi sake made from

120-min-pounded rice had a fine aroma and was more

flavourful than the sake made from unpounded rice.

Sake made from infected shitogi powder and infected

solid shitogi

Sake made with shitogi powder contained higher

concentrations of ethyl alcohol than that made with

solid shitogi (Table HI). Sake made with Rhizopus-

infected shitogi was more acceptable than that made with

i4sperg///HS-infected shitogi according to organoleptic tests.

Sake made with /ispergj/JHS-infected shitogi had a mouldy

smell.

CONCLUSIONS

Even in ancient times, microbial starters, such

as koji", was probably used for ethanol fermentation.

These used micro-organisms that had accumulated

spontaneously on shitogi. Infected shitogi might have been

converted to an alcoholic beverage by wild yeasts or by

some directed process, as were of mead and honey

wine2-4 in ancient times in the Middle East, North Africa

and Europe.

Evidence remains limited but we are now making a

great effort to determine the origins of ancient Japanese

alcoholic beverages to enhance our understanding of the

evolution and history of indigenous alcoholic beverages

from all over the world.
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4.2
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82.0
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0
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4.1

3.5

94.4

0
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4.6
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1.4

727.5

139.7
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a ++, good; +, acceptable; - bad.
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