The Society for Bioscience and Bi oengi neering, Japan

¥ 45, 4 A BERFFRICX 5 EEEEICBT 5% 249

{J. Ferment. Technol., Vol. 47, No. 4, p. 249~256, 1969)

B LRI IC & 5 EEEE ICBET 20198
(B3#) FEiEEECSH 5 Amylase DEjEBIC DWW T

EFRZ - MERE - LT B - BNE— - BNEE
WA - SHHIEA - REEK - LHESE - WU R
(BmR AR THHARR)

Studies on the Utilization of Some Enzyme Preparations in Sake Brewing

(ITI) Behaviours of Amylase in Moromi of Industrial Manufacture

Shigeyuki Masai, Toshihiko Akita, Masaru Yamashita, Taiichi Umemura,
Haruhiko Tokumura, Tatsuya Sakai, Masahito Shibata, Shizuo Okura,

Kaneyoshi Yamada, Minoru Kawamura

(Food Research Institute Aichi Prefecture, Shimpukuji-Cho, Nagoya)

In the preceding papers, one of the authors reported the physical and chemical actions
of amylases on steamed rice and concluded that the adsorption of a-amylase on steamed
Tice was likely caused by filtration by the steamed rice structures. The constituents of
hydrol (enzymatic digestive solutions) are sufficient nutrients for Saccharomyces sake in the
fermentation of diluted solutions.

This paper discusses behaviours of amylase during the moromi making. In stead of
koji enzymatic preparations were used in this study. Their enzymatic activities were adjusted
to equalize with the koji activities as a rule. When koji is used in the Sake brewing, the
change pattern of a-amylase content has a high and sharp peak around the seventh day of
the moromi processing, but the change pattern depends upon the time of koji addition. The
reason of this may be that the enzymes extracted from koji are not adsorbed by steamed
rice (saturated with water), and therefore, they accumulate in the liquid phase. On the
other hand, the peak in the a-amylase content was comparatively low in case that enzymatic
preparations were used. Its peak was preceded by a gentle slope in the change pattern.
‘This happened perhaps because a-amylase separated from rice starch and also the speed
of this separation was faster than that of the increase in volume of the liquid phase.

The change patterns of s-amylase in both cases have no peaks. The reason of this
may be that this enzyme is not adsorbed by steamed rice and it can be extracted readily from
koiji.

Digestion by these enzymatic preparations, especiallv Biodiastase produced much sludge.
This sludge consists of small particies of steamed rice and it still had a large a-amylase
adsorption capacity.

This occurred by the action of a-amylase adsorbed densely on the surface of steamed
rice structures. The fermentation may have been inhibited by the sludge formation. But
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this inhibition was due to the a-amylase action. This undesirable inhibition can be prevent-

ed considerably by decreasing a-amylase adsorption by steamed rice.

For instance, the use

of an enzymatic preparation in a tablet form is very helpful for this purpose.

The products made from the enzymatic preparations were by no means inferior to the

controls made from Koji.

It is possible to produce different types of sake with variant constituents of sugars by

proper combinations of these enzymatic preparations.
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Table 2. Analytical values of sake.

Moromi Yotal |Formol-l \pup | At opo1| Degree of  Turbidity Sake
No. ?c“f N | chudo | (%) color | pefore heat | After heat ——| cake

ml) (ml) (—Log T) transfer transfer [HAtsunomikiri (%)

A1l | 23 | 2260 | —26]| 19.9 0.026 58 85 163 | 19.7
A2 | 260 | 245 | —3.9! 19.6 0.023 53 95 161 21.0
A3 | 1.90 | 1.60 | —14.5| 22.8 0.018 45 99 94 24.5
A4 | 200 | 1.70 | —13.5]| 22.9 0.017 27 84 113 22.5
A5 | 1.8 | 2.50 | + 1.0 20.6 0.031 20 107 22 25.5
A6  1.95 | 2.30 | + 6.5| 20.8 0.027 21 149 36 20.8
A7 | 1.65 | 2.20 | +9.0! 20.7 0.025 20 170 45 | 25.7
A8 | 230 | 400 | —13.0| 19.8 0.056 29 26 28 ; 11.5
A9 | 210 | 35 |x0 20.5 0.057 38 2 2| 13
A0 | 1.90 | 2.30 | — 5.0 19.9 0.028 34 2 28 | 245
ALl 230 | 210 |~ 1.0 20.4 0.032 36 60 36 i 24.0
Al2 | 2,20 | 2.80 | — 4.0 20.2 0.024 28 62 42 22.0
A13 | 1.90 | 2.70 | + 6.0| 20.7 0.018 = 20 58 50 | 22.3
B1 | 27 | 270 —3.6] 19.6 0.02 | 62 92 128 | 20.7
B2 300 | 240  — 3.9 19.7 0.023 . 30 71 93 | 21.5
B3 1.8 | 1.70 { —17.5| 23.3 0.08 | 34 63 57 36.5
B4 | 1.90 | 1.80 @ —14.0| 23.2 0.027 | 42 11 119 37.1
B5 | 1.85 | 2.20 + 2.0 20.4 0.032 19 63 100 32.0
B 6 i 2.00 | 2.50 | + 2.0 20.3 0.082 | 23 130 132 22.5
B 7 170 | 260  +50 201 0022 20 | 52 | 73 30.8
B 8 | 2200 | 4.40 | —11.0 ! 20.0 0.065 | 31 ‘ 117 | 126 17.9
B9 200 | 3.10 ‘ ~13.0 | 19.6 0.058 3 106 | 114 25.7

Activities U/ml

Activities U/ml

5 10 15 20
Cays
Fig. 1. Change patterns of a-amylase during Fig. 2. Change patterns of a-amylase during
moromi (enzyme preparation). moromi (koji).
5 B EABOEKDOFIKITK » THEEGDREDZ = MT2ETOMIZ TS U il SN BRI 20K
7o 'u?%‘ UOBEROTE R OETHe s L EAL ol e, oK & TT UTERABCE 8115 O TP OBAGE

Johio TEBROEATIS S UEROMLEERL TEIENR C FaskeaTn T o = NlEiE T 5 U
J:l A Tdh-TRSEALHE THrh- THE S SN AN BRSSO TPRBICER I
NBEDTHDH. ILoDEERELT D LB AKIIKE B, Lkeh- TPFROBRGEENERE TS, £ORBIC
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AD10BLT (EBHADQESLIT) 1185 EBEHRA
DRI HOoONTESHEIIFEERIGIVDH
BNEENEIDDEL RTINS, ChidBEER LS
BRCBRBINIKRETHS. FLETHSHLIT L
LS ICEERFITITIL » e BAENKD a-amylase O
FRIVBRBEORE, BMEABEICOVTIRIRAODERED
Fot. BEHLAADOHMMEEIKEDE>TNEDT
PHRIZOKEL, EPRPOBRERLSHOYT
BT TEEXNLATIE aamylase DOEEIL 04
ITREWE AP SHERET E, 29 UHADEED LS

Activities U/ml

Fig. 3. Change patterns of s-amylase during 125 B EWEICE—71GET 3 BB BN S
moromi (enzyme preparation.). Tk 5 OB TS Ui ORI L D130 5

PPRTHDEHLND. bHHTRIANRA»SA Y
WOHBEMES LD, ChOER, BRICDNTIEIHR
TR T 5.

3. s-Amylase OEE s-Amylase (3 a-amy-
lase & R78 - TEKICKHTHBEBEMMNLY, Tl
5 Uh oot S L WO THAMBTOSEIRES 1
LRI TH S, Figs. 3, 4 JMEAE LTEIUUT
BOOBOANERIFHEL O PPEBETH S, FEE
IR BB LT AD C &ICE 5P a-amylase D
O UBIRS C &R, REARBRBIRENRESE
Fig. 4. Change patterns of s-amylase during KRB AEIET T2 ORELE LTRECRET 5

moromi (ko). DTHES. 2 OROWHEUTNE ST

Activities U/ml

LT 5.
4. WA BEEO—EESIRE EORIED
ST Y FHH 5L, BEOBEE, HEDITDONTK
1 CBERFULA TR DI DEWTEM T A ELET RS
T EMS - o, AERBRESLADTHORDE L A
FBIOOTRARTRERN LA, BEEKANIZ
& - THEINT 2 BBEZRTATIIOEY D BIZKAF]
LHEEBEFEE T T T3, ZOBEZIZKANIIZLS
‘ , BHEETH - T—RBOoF )V FTURREH o H Lz h
Doys 20 DENAZBY, COERRREOHBIZE - TRES
N5, EHAANBROBEOEHNEILEHTHHD
FKABOITEHOBFETEH » TRKANLROBE
(EEMCRBELSERER) OZiz by TR
RS RERANRE SN TR BEE LT 5, L OHITARONTOL Z2TH o7z COBRINH
o LZ OB TR C TERE aOMbcy s F Y/ EEETO CETHES LEMTREILA S
WEREDETIZED 2 LIZEISRN 228D TH 5. Do T

Activities U/ml
n
[S)

w
[$)
o

Fig. 5. Change patterns of a-amylase during
moromi (koji, 33 B.Y.).

AT R — 726 DM TloRI3 LY 5. FUMRMHEICOWT BRFTEORAEELT
SInTa#m, E—r7OHXZIS CHESMEIGHIE LEEOEECFHVIRPEEEDT L. OHEEZE

IR - T, iR LB HI OB AR RAOERIZTBOT RO 515, Gluczyme DE&IT
B =7 BB oL =u3, 25 U 13475 { Biodiastase TiZHERAIZ . OERAZE
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L LT a-amylase OIERICX S 6D EEZ S5,
Table 3 [THE(LIKIE ST AA DA ) RPE D5
W2, 20 RIS EHED SATHKEKRERDL
WADOHMLUIzbDEALNE., $AARITIDEY
MEODOITEARIC S - I SEARBHICET ITRE
N5 EIZE - TEBEIEKEEDWDAE DS
LR T UTHEELLZLDTHEAS. FUYRELT
BEAETD BOREBXREEE BEEANCE AEL a-
amylase DIREHITDNTHEXRKDENERDESLT
WRTTHDH. COFHrD a-amylase DFEIT DN
TRELIHTEE L.

Table 3. Analytical values of sludges.

Centrifuged moromi at 3000 rpm. Further centri-
fuged the upper layer at 10000 rpm. Deposits were
offered for the analysis.

Yeast does not recognized microscopically in this
portion

\\'\\\\\ Starc}ol v:lue Total ni/trogen
— s 04V
Samples | (&) (%)
Hydrol 88.2 1.17
(digest by
Biodiastase) 77.4 1.43
| Ochiawa 863 1.47
Moromi : Sake
| C
l (crude) 35 9 ). 70

*. Dry basis

PHED 00 & AL EER ORI T o - THEK
SPRBLE~BTT 2 BRBARL T, Fig.6 132
OBEAERN L7260 THS. CORDTEHHOR
BIZONTREE LD - O TEBDLAATIRE
DEHTHAS. 5 UHAOEETLA YV RPED
MR & D BRI L T L h SR T L KRB
DHEBNZH CRSDPSOMBHEEZ SN D, 5E
ICHEHMIT T 5 a-amylase DFERIZEEN L #E & DEE

Middle stages
of Morom’

While water
absorbing

First stages

! initial M s
! of Moromi

Enzyme source | | 6

Enzyme
preparatior ;
i Steamed rice -

Koli PR i
; Liguig phase
! Steomeg nce - - - -
Fig. 6. Models of a-amyiase transference.

Note: -: a-Amylase, G: Produced sugars.

MEORETH D & Lichy, 75 UHBATREKD =
O TEREL S, BRFUDATREBR S ICIERME
MEHRLTNBEENZEZS, AV ICERELTELD OB
B L7z RERIT X SICBRMEAO BN TE LB
FE TGN TRPERIZART 5. ZOROBEOHE
Y2 DTN LDOIET amylase OJEERRICEE LT
NWHDT AN BRTRIBMETS LI RETH

6. BENSURICDNT ERFLATAHY O
BN ETIIDMADEETH S &5 L o,
FEHEABIIBOTEDLSUEEL S LTND
IO TRER OB A N . BROREILTIE a-
amvlase & s-amylase OAEFEIEH TMENNTISHE
EAET LA ONTOANEENEAEE LS
EBEFNT VR OMIIEROFESER LIS NIEIS
SIVARICERE LIS 8 57180 DI a-amylase
D ETEITEBHAHLDHRILTH S, BHTHD
Eo T BRIIEEN L E BDND. a
Amylase O% =9 F!% s-amylase DAL -»TH
LUH2 CER3BLEBEETS &M THIZN
B, 20Xl al s EonsvanMETHOE
FHATIZC D CHA LD B 5 fo/¥ T VA
BRI NS, 75K aamylase DFhE T 0 HEICD
NI OBERFIHERTH 5 C &b SRR
EOEBIIONTHRETALERIH 5.

Table 4 [ZE=F ALK - THEE NS v 2 L BB
ANDEBIIDONTLONEDTH D, R LD
% a-amylase DFEHADOBEEL B THHTIK
T3 DIERMEE DS LTHD. T Uh ool
LIIBRBANZRIL - 0 b DT H B HBEKITH L TRD
HOREML T2 30 EEZ TEL. s-Amylase DI
FEEHREE & [E U TH L0 OHBROEL, BEORITAR
FEITBNTZH LOBEDEZILERITE ->TINAD. a-
Amylase DM FHoET T EEREL ST TH
HITEE L7 BEREAIC L5 DI 73D a-amylase
OHENETHEITE - TS, DED a-amylase
WCEAHEMHILENTOLEDEVLE, ZOH7:
DO Z 5 DRI LTHRE CHNTH
WNEHE S, $2X10D 4 Ca-pantothenate 75 5 UITER
iE & L Thl A 7z polypeptone DXNEN FH LD B3
TR THRE U ciB LR ORI - 8 TEZ D S
EMAILB T S EEEBORRERE, »50VE%E
ELEFA BT BRI DL TOMES 2 RE

LT,
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Table 4. Effect of enzyme balances.
Components of Enzymes Analytical values
Test moromi |
procedure Total U( X 103) Balarlce Nihon T"A F_N D_S ! A.lC
Steamed | Water « S S/a shudo (m]) (ml) (%) (%)
rice (g)| (ml)
200 205 | 14.4 2.0 0.139 | Be6.6| 8.2 3.4 | 5.17 9.4
9.9 2.2 0.222 | Bed.6| 7.0 3.6 | 5.77 | 12.3
10.2 3.6 0.353 | Be3.0| 5.4 4.1 | 6.16 | 13.9
Enzvme 9.8 5.6 0.576 | Be2.8| 5.2 3.8 | 5.68 | 13.8
o] i.ons 6.8 5.3 0.780 —18.6 4.6 3.6 5.46 14.0
soiut 3.0 3.0 1.000 — 3.3, 3.5 3.1 | 4.04 | 15.2
+ 3.0 v 1 —3.0| 3.0 2.6 | 3.82 | 15.2
+ 4.4 | < |- 1.3 3.2 2.6 | 3.68 | 15.3
(Control) (Koji) l (0.3—0.5) ' — 3.6 ! 3.3 4.3 4.02 | 15.0
170.0  12.0 | 0.071 [Be10.7| 3.5 | 4.2 | 6.24 | 8.5
130.0  20.0 | 0.154  +17.5| 3.6 2.4 | 0.24 | 13.8
Control 90.0  30.0 \ 0.333 | +20.5 1 3.7 2.6 | 0.22 | 15.5
ontro 50.0  40.0 0.800 | +18.5 3.9 3.4 | 0.15 | 16.2
20.0  50.0 2.500 | +19.21 38 2.8 | 0.18 | 16.2
10,0 50.0 | 5000 | +195| 87 | 26 017 | 16.4
|
Be8.7, 3.2 4.0 | 7.20 9.0
+13.5' 3.8 2.5 | 0.51 | 15.2
Ca-Pantothenate +14.5 4.1 1.6 + 17.6
0.4g Same above +14.5, 42 | 2.2, 015 | 17.8
| +15.6 | 3.8 1.8 | 0.15 | 18.0
Enzyme | +16.0 | 3.9 1.4 | 0.12 | 18.2
tablets 1 :
| Be8.7| 3.5 4.9 | 4.18 9.5
! | +1g.5 3.9 | 4.5 | 0.18 | 15.4
Polypeptone | I +18.5 4.1 2.8 0.20 15.7
.[ l.2g Same above (4165 41 43 | 011 | 180
| § | +16.8| 3.8 3.6 | 0.14 ' 18.0
; 1  F180, 38 33 0 017 | 182
| | Be8.5 3.2 | 4.6 | 660 | 10.2
ICa Pantothenate 1250 41l 32 | 036 | 166
g ! Same ab L+ 6.5 4.6 2.1 0.32 17.3
| Polvoentone | ame above | +10.0 | 4.2 | 2.4 | 0.19 | 18.0
onpeR e 4+ 8.6 4.2 0 2.2 1 0.16 ' 18.2
5 Ze | +80 42 18 | 014 182
4. aBIU s WMERONT v RARBERRDATI
=2 L) a OHELTFTFRNEBBERD 2, ChRFEEL
E1IBT S amylase OFEEIDOTHRETL T a-amylase ICEZHETH D, BEEMLITHST
ROT EEMmRAEE. B EITH->TZOBEIZERMICIDEOIHLET S
1. a-Amylase [2HSAKRO 2 5 Lo BENEFETIZ 7z,

2T LA uOD{%KfD”?’P%&’D" 53, WD bf‘i 5. BRBERZOWECS UHAEREL -7, W
o, i, Lz BT HEFICHEBNZ TS - 7-. Biodiastase & Gluc-

A TIRTAESIEEA Y- b

S UBETEEEND t Y~ OED T ABEIRIZTH zyme DOEAICK - T (EELOBESARRE LT

U P F RO MmAs 2 C*‘Gi 35, BERFLAT BIBEOMER A 2 v b r— T 5 & ESHIROERE
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