The Society for Bioscience and Bi oengi neering, Japan

19824 28 mAEKIC L A 77

(MBI $60% 28 77-86. 1982)

MAEBRKICT L ABEBEOEE

RRAENMXF - BA EE-® EM-#K &2
M FIRE - Bl #—
BB T B BT

Saké making with use of uncooked rice. Criexo Kumacal, Masanort Mrvairi, C. T.
Huane, Itsuro Suzuki, Tosuro TaNaka, and HiroicHr Akivama (National Research
Institute of Brewing, Japan, 2-6 Takinogawa, Kita-ku, Tokyo 114, Japan) Hakkokogaku
60: 77-86. 1982.

Conventional saké making requires a large amount of heat for steaming of rice
grains in order to change the structure of rice starch to the a-form. We attempted to
make saké from unsteamed white rice (759, polishing yield) with the aim of energy
conservation.

We made saké according to the conventional saké¢ brewing method, except for the
steaming of raw materials and saccharification with rice kgji. For the saccharification
of raw rice grains, commercial enzymes obtained from Aspergillus oryzae, Rhizopus sp. or
Bacillus subtilis were used. Activity of the glucoamylase used for the production was 5
to 10 fold that of the conventional moromi mash. .

The resulting saké contained more than 189, of alcohol after 12-15 days fermen-
tation, and was of excellent quality and rich in variety.

Differences between the moromi of raw rice grains and that of steamed rice were as
follows:

(1) Material of the moromi of raw rice grains precipitated, while that of the traditional
moromi formed a suspension; the upper layer of the moromi of raw rice grains was a sus-
pension of yeast and the lower layer mainly consisted of raw rice grains.

(2) At the early stage of moromi fermentation, reducing sugars were scarcely accumu-
lated. Therefore, the density of the morom: filtrate was low.

(3) Amino acid contents in the resulting saké differed widely depending on the
activity of acid carboxypeptidase in the enzyme preparation used.

(4) After cessation of the alcoholic fermentation, reducing sugars and amino acids
in the moromi increased linearly.

(5) Separation of solids was easier in the moromi of raw rice grains than in the tradi-
tional moromi and the properties of the resulting saké cake differed from those of the
traditional one.
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Table 1.
(1) Small scale fermentation (200 g)

1-EAT 3 BRILABIETIT» 1.

FEABBEIUER K 200g ObOERML
ABTHTICINTAK 2 ml (75%%.8 18 ml, KH2PO4
3.9g, NaCl 0.75 g 2 LT 300 ml OkIE#KIC LTz
bHO) A TEEIIC L%, HETSERE L2 RK
1ml M7:0 2x107 Fin L7, #¥k30kg & 100kg D
bORMEEERAFERAL, BETHAS, 4HHET
BHALE.

BRA FHEBSOHMARBRACERFERILTY
% 707100 (RERERALH), 4BACERAZIO
THnta=7—¥K G#¥ s v b USEHRILEH) &
KT a7y v (RRMLERKASH), HEEERL L
THERAINTWE 7 7Y vS(BEABERS) O4AED
TR B RFZ 8D 2 W IZBA L, #K4D
0.05~2.5%% 3 B it 33 IRKICER L TRV .

HAHBEHIURBER 5 15°C, Bb 15°C,
{1 10°C, ¥ 8°C THA%, WK 1HICTFORREZ
#, BREEK 15°C T - % Tk L.

HARHHEIUCHEBAOST  ERTHESTEIC
BEUT—BIE, ~y FAR—R e FR7u=" S
5 7HENICELD FRRS BLIUSBR AT I/ BE
EAFEHTC L O T 3 B O RTT - 1o,

Proportions of raw materials in moromi.

Moromi temperature (°C)  White rice (g) Water (ml)
1st Addition 15 35 52
2nd Addition 10 65 78
3rd Addition 8 100 130
Total 200 260
(2) Pilot plant scale fermentation (30 or 100 kg)

Moromi temperature (°C)  White rice (kg) Water (/)

~ Moto mash room temp. 3 (rice-kaji) 8
Ist Addition 15 15 15
2nd Addition 10 28 33
3rd Addition 8 54 74
Total 100 130

Rice of 75% polishing yield was used. After the first addition, a one day

interval was allowed for propagation of the saké yeast.

The temperature of the

moromi increased 1°C per day until it reached a maximum of 15°C, which was
maintained until the end of the fermentation.
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(5,000 rpm, 155RG# M EE) O—E5 % Table 2
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HHB L. IOEREKCOVTRBRERES
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Fig. 1. Time course of saké fermentation with raw
and cooked rice grains.
Amount of material (polished rice) was 200 g.
Symbols: Q, raw rice grains (Gluc-100, 2.5%);
@, raw rice grains(Gluc-100, 0.5%); A, raw rice
grains (Gluc-100, 0.25%); ¢, steamed rice for
30 min (Gluc-100, 2.5%); <&, cooked rice at
120°C for 30 min (Gluc-100, 2.5%,).
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Fig. 2. Time course of saké fermentation with raw
rice grains and raw rice flour.
Amount of material was 200g. Amount of Gluc-
100 used was 2.59, with respect to raw material.
Symbols: @, raw rice grains; A, raw rice flour.

Table 2. Properties of saké¢ made of raw and cooked rice.
. . Raw rice Cooked rice at Steamed rice
Raw rice grains flour 120°C for 30 min for 30 min
£ -100*
gt of Ghuc-100 2.5 2.5 0.5 025 2.5 2.5 2.5
Saké meter —20.5 -35.0 —-36.0 —23.0 —46.0 —26.0 —50.0
Alcohol (vol9,) 20.0 21.1 18.5 18.4 16.9 18.5 16.9
Acidity (ml) 4.25 4.30 3.20 3.20 5.75 4.70 5.00
Formol-N (ml) 8.00 8.00 7.20 5.60 8.75 4.05 4.45
Reducing sugars (%) 7.0 7.6 7.8 5.4 11.3 4.1 10.5
Original extract¥* 41.9 46.6 42.0 39.4 40.9 40.1 41.7

Saké was assayed by the standard method established by the National Tax Administration Agency.
*A glucoamylase preparation. **Original extract was calculated from the density (saké meter) and
concentration of alcohol according to calculation table A-78 established by the National Tax Admin-

istration Agency.
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BB END, £V HMERBEROMERD 50
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RHREBAET 7. £OHAHE% Fig. 3 WWRL
7ohs, 18HHEICT VI —VBEMI9%ITE L, R
ik L. & AAOWREIL Fig. 5 TRI DS, XRI3T
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Fig. 3. Time course of saké fermentation with raw rice grains on a pilot scale.
Amount of material was 100 kg. Gluc-100 was used at 0.5%, with respect to raw
rice grains. At point a, 20/ of water was added. Symbols; @, alcohol; O, saké

meter; A, acidity; €, formol-N.
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Table 3. Aroma components of saké made of raw rice grains.

Fermentation time Acet- Ethyl n-Propyl i-Butyl i-Amyl i-Amyl
(day) aldehyde acetate alcohol alcohol alcohol acetate — E[4*
11 10.1 91 202 258 247 12.7 4.9
15 12.9 89 168 255 245 13.5 5.3
25 11.0 100 225 266 242 2.5 0.9
Conventional saké 20~ 150~ 100~ 100~ 100~ 0~8
made of steamed rice 40 200 150 150 200

Concentration expressed as ppm.

Table 4.

*E[A was calculated by the following equation,
E[A=i-Amyl acetate X 100/i-Amyl alcohol.

Amino acid composition of saké¢ made of raw rice grains.

Fermentation time (day)

11 15 25 42
Aspartic acid 2.37% 2.16% 2.79% 4.58%
Threonine 6.46 7.03 7.00 6.04
Serine 2.68 2.78 3.07 5.14
Glutamic acid 9.21 9.26 9.42 8.89
Glycine 3.41 3.45 3.53 4.19
Alanine 8.64 8.77 9.23 9.34
Cystine 2.41 2.37 2.70 3.52
Valine 4. 46 4.53 4.85 6.18
Methionine 1.94 1.96 2.09 2.70
Isoleucine 2.30 2.46 3.16 4.70
Leucine 9.74 9.57 9.65 9.35
Tyrosine 6.56 6.58 6.25 7.03
Phenylalanine 10.14 9.84 9.18 5.22
Ornithine 0.36 0.35 0.69 0.57
Lysine 2.91 3.05 4.01 4,49
Histidine 1.16 1.28 1.55 1.89
Tryptophan - 0.69 0.09 0.67
Arginine 16.67 18.10 16.03 10.99
Proline 5.59 5.75 4.73 4.80
'(rn‘:tgjll (%e;g{;t 0.72 0.68 0.94 1.29

BERT v -, BEEEA VT INEEL, BIFSRE
EBRULON. —F, BECHEKLT I BELS
W EpS, TOMBESMTUIER, 25HBETO
MBRBEEO T 1 / BAREEHNEEZRRZTDONE
»-otc (Table 4). REMER, 22HETLHHE LB
A, NV, qvag vy, YO vOMmE T At
S¥UVRR, V)V, J2=NMT 5=y, TAMF=VD
BWOHRED Sz,

QLHBEICEHMULHRERT I /BRS8N L0,
FERABE~NOFALTRETH B4, KANKEIE6 »
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ENCEND, BHLEIESIEEDL1 DD 24 7
DB EMRBINT. T-REESESE LTS
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7eBAR, WThoOBAKLEE, EEBLUT I/
BSEinL, XOWBRLEHR L THWAZEBHLNT
bH5.

Fig. 5 ici, 16BHO L AADBEHEEZRLIZY,
BEHAHICELIHAAREATS, BLKDOLHICK
RS U CRREA L1257, e~k Hick
BUTFTUTHERINICTEE, BREBSEBET S EEO

ad Addtion & 10 20 25

15
Brewing time ( deys )
Fig. 4. Time course of saké¢ fermentation with raw

rice grains incubated with various enzymes.

The scale of moromi was 200g rice grains.
Symbols: O, Gluc-100; A, Uniase-K; @, mix-
ture of Kokugen and Uniase-K; A, Clarine-S.

Table 5. Activity of enzyme used for saké making with raw rice grains.

Enzyme Amount Acid Acid carboxy-
preparation (g/rice 100 g) a-Amylase Glugoamylase protease  peptidase
Uniase-K 1.0 450 990 3720 1920
Gluc-100 0.5 1890 387 2820 5040
Mixture of

Kokugen: 1.0
Kokugen and {3 . 25" 0 'g 1531 300 1111 585
Uniase-K
Clarine-S 1.0 1730 380 19275 26650

Enzyme activities are expressed as units/g-rice. Enzymes were assayed by the

procedures described in the references.?—19

Table 6. Analysis of saké made from raw rice grains with various enzymes.

Enzyme Fermentation time @ .. .. Alcohol Acidity Formol-N  Reducing Original
preparation (day) € (vol%)  (ml) (ml) sugars (%) extract
. 14 —4 18.0 3.50 1.35 4.08 35.2
Uniase-K 1% 42 ~32 18.0  3.50  4.40 8.04 40.4
16 —25 14.2 2.7 . 5.26 5.88 32.0
Gluc-100 0.5% 42 —64 15.0 3.0  8.55  11.76 10.8
Mixture of
16 +4 18.0 2.70 2.05 2.88 33.8
Kokugen (1%) and _
Uniase-K. (03%) 42 19 18.6 2.95 4.65 6.48 39.0
. 16 ' —23 15.2 3.45 8.50 5.00 33.5
Clarine-$ 42 —52 15.2  3.50  9.50 9.56 38.9
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Fig. 5. Appearance of small scale moromi-mash
after sixteen days fermentation from the final
addition. ' '

1, Clarine-S; 2, Gluc-100; 3, Uniase-K.
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PHOICHBEL, Ta—-Z16HET20%, 23HET
B21%IC#E Lic. U LEEIZ Fig. 3 @ 100 kg A4
HERRITEL, HEG 20080 & > SEEOE
BEBYON LD 7. FHRINBZLSic, BREH
BOZVENGAHPICBET SEEBEOED - /-,
BEREIE LT/ v 2 1002 F /- Fig. 3 S LT,
BUEA N R F VRS F L —CIEOMER AU 2 =

R ~ L-20
2
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Fig.

6. Time course of saks fermentation made with raw rice grains incubated with Uniase-K

The scale of moromi was 30 kg of rice grains. (1), Uniase-K 1%; (2), Uniase-K 0.5%.
Symbols: @, alcohol; O, saké meter; A, acidity; 4, formol-N; A, reducing sugars.

Table 7. Analysis of saké made from raw rice grains with Uniase-K.

Uniase-K 19,

Uniase-K 0.5%,

Fermentation time (day)

16 25 16 25
Saké meter +23.5 +20.4 +23.0 +15.5
Alcohol (vol%,) 21.0 21.6 19.2 21.2
Acidity (ml) 3.05 2.80 3.10 2.90
Formol-N (ml) 1.70 2.60 1.50 2.40
Reducing sugars (%) 0.44 0.76 0.47 1.71
Original extract 36.0 37.5 32.8 37.6
Rate of saké cake (%) - 9.6 - 11.8
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Fig. 7. Time course of saké fermentation made with raw rice grains

incubated with 0.1% Uniase-K.

The scale of moromi and symbols are the same as in Fig. 6.
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x =
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mBEAE. DT, BUXCE 3RROEERES &
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RO B EET VS VOMRIIE, TEICRE
B (Aspergillus awamori) DT I 5 —EBEHEERLED
T35 —FIERENTNEELT, EFHOT v
—VRECEHEOLTIREALTVS. CORE
BB BHROET v 7 VELITH O B L BERIT
BILHDTIINE L, A. orvzae, Rhizopus sp. H 53
B. subtilis 2R & L, EEICHEBEESCBY MUK
Ads0BBRERE LTHRIN TV ZEERESR
KTh5. HBABOEEDSHH T, HNISIC
LBEAK 1g ¥R VOFHME ML -7 17—
¥ 245, ravaT iy —+ 40, BT T —¥
735, B NV EF URFFEH—H 11000 TH 5. U
LOBEHENOTEE, AP THRAK IOk BLU
100 kg (A AW EBER @R, BX 1g%472D o
735 —FIONTIZ0.2~84%, S a7 7 —F¥IL
DINTI2.5~256%, B v 57— IO\ TiR0.5
~5f%, BEHILVEFVRTFEF-FIDONTIZO0.2
~5EQEETHY, ZOBEOREREINETLRS,
R KBNBOET v 7 v LIAE S 5 DI3HEK
B, ARSI vaT s —€5~10fEE0ins Lk
EEAEIT > 70, 4%MOBERE OHEKREEZER LT
HEXT v 7 v OMGIAREBE T 2R, BERM
BRAEMIIC KRS Lz,

ABTOHASFER, LALEEG, ZBREASE
138, BIZEEBEEICEL T T . £F v 7 5
{LOBEBEDHER> SAMBR LT V7 Vi, B
Bed B O ER: U THESERE Th LICIREBTT b
TWBDOMERTHE0, EESDOERTII Fig. 21
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