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Abstract
In traditional rice shochu brewing, grain materials must be cooked

before the micro enzymic saccharification and alcoholic fermentation
proceed . A simplified process in distilled spirit brewing made with raw
rice material and raw rice koji to skip rice cooking step for easy operation,
but the process may cause slow fermentation or spoilage and low
production yield, so there is need to explore a suitable fermentation
conditions for raw material brewing of shochu.

This study is divided into three parts, the brewing began with
making of raw rice koji, followed by fermentation conditions for rice
wine, the final part is alcoholic distillation and aroma analysis. Koji was
made of uncooked rice with Saccharomyces peka, the wine yeast and
amylase producting fungi, Rhizopus formosensis. The koji was used to
inoculate the raw rice material. In culture period of ~ brew
starter,glucoamylase activity can reach to 120.8 units/g dry koji in seven
days.The ideal fermentation condition is 15% (w/w) koji inocution,

35mesh raw rice partical size, temperature 25~30°C and lactic acid added to
pH4.6 . Crude wine obtained after 7 days fermentation.Liquor yield reached to

61.62%. The flavor of rice spirit which is mainly high alcohols . The major
content is Isobutanol and higher content of ethyl acetate. And a large
amount of 2-phenylethanol. Raw shochu brewing can be done with raw

rice koji combined with uncooked rice method in this study.
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Tablel.Comparision of aroma and flavour components of

the fermented mash

different yeast.

in the 2L-scale fermentation from

s fh e e B | He
Strains| _. S L R . . E/A
P (ppm) | (ppm) | (ppm) Fe &
(Ppm) (ppm) | (ppm)
S-4 49 152 169 343 3.2 1.4 (0.93
K-9 57 121 161 279 2.5 1.7 (0.90
KF-3 | 58 143 217 396 4.9 1.5 |[1.24
KF-5 | 54 172 252 419 4.6 1.3 |1.10

E/A: Isoamyl acetate/Isoamyl alcoholx100 (2 & » 1999) -

14




PR 8 R G- o A8 B s ke B L A
Hbpen® L g 54 Srken T34 &4 o

AAA RGP LS RP EF o A ud A A
fa ~ B e FE -~ fp 7 F P EF BT RR S
LRes 3 BRFDF GLKES S PEFIRART
ZWFoﬁﬁﬁrfﬁd’ﬁi—ﬁ§$??@€%#kﬁﬁ
iR & (F fr sk 0 1999) o 19k £ F el PR F o
ZFEROREFE ORI i S R R AP
1 0-1,4 42fr 0-16 4+ B RKEBEX TR 2O 57 B
AR o b P A R EARY T LA P RS Rk R P T A
RNERRATLHBARS 2o B REFRL Pz 2R

BB R E s r v e s wek JCE (F o5 0 1999) o

N

s

%%mm£$$¢%ﬂaﬁﬁ¢ﬂ’ﬁél Lt
$ el AR REBRENET S foko

BE 2V HEATEY AN EROR RI0ET L KE S

3

i

&

fa > TR e fa RO g~ PR TR P ARF o BIFER Y D
ERBA O RELA I EARIFFE>FS>RE (B F 4o
2001) -
PR AR L L A3 R F S e EF L5 B0 550
WREM LR on L B RN AERY DL B
He ugpargd g fit sy %+ 2001)-
HEHed § A A Gd P A A g fE Ao A FAng f

15



ALFEAEY RS fREAA R A g F A R E
HLCEMT BT REDREREST ZSFOFLERTER
PRSEEE PTRI TR ABRA G A R A ERR
AR G A R A A R (GF 0 2002b) -

KA A FE AR A LR G e fig >~ SRR fafr B-
Fempmoov eSS P MEBeRT 432 - @ -
REFET BHE T AT 2R LIFpE e BB R R
BAIEE&ES - 2L BT P RFpIE8ES WLEY A
PRAEARERABRT B EREFHEI LA IE Y

FE it B S s ¢ 98% R ket o 1%-2%E % § E ke

m

$

N0 HoPo, g A n,ﬁméwj—fr&ﬁ,oéﬂ [
BT oM B AR S A R de g PR g R AP
FHEEMLPE v g BB AT F S T ok
PR (F frg > 2003) o 3 HY S R R R A 0 R FOE R
o2 WHE A4 fEace o ve LEGEFT EF L3 R ko
ERFF LA CF L R F ool SR - A
Fuahfge > L - AL ADH A4 5 B B
EXIEL G ERAFTEEERR S FRIEE DUH o d
A E wmie WHEL LR R DEG FL o EF
PN R Ren A Y BSR4k LA R
N FE Mo LF R FB R A R B L
Poof RPN A AMEAY DEBHEER Y NEREAE L D F
CEFE G REFHEEHMY B FRAELDRE (X
g ° 2003) -

16



I~ 2ARER
(=) 2HBFR-#1

w02 4 FEE ijﬁﬁi,ﬁ/@ B g FkERED R b
M A EFHEM AL FEMRE AT LR AT A2 P
B A ohir (5 Aol 1 2003) B SEPLITRE B A AR CDRE 1 K %
Py o NS 2 ALE e e SR IR RN ¢ ol g o BRI £
2 Joks e 4 (% 0 2000) © 2R ERIFE A1 B 4 5 AR AR
frR G2 2 EMEP A A2 RZHFRI T ¥4 3 K3
FYFgE > 5 3 B of SORAL R B2 P PRFREOSIE E > 0T
G B A G R NREE O S K E RB(R 0 2001) -

-ar

(=) 2dp i RiZ
B2 A ks 2 pE1Y RIZ 0 oA - B A 2 T80 - ARG o
AR AR B IR IS B A KRR Lo § F RS PR AL
FEi-fr > VoA MR AR R R K R LA F A 2 w E
Bokfz a-l6 § FHEFEE L 548 o BETE A B kR F
B R B R IR S g B R R E > B R AR
TR s e e BE 0 B KR A R e 4 k5 5 F 2 B33 (A0 2001) o
p o o NN R S RS IR R 7 ol R R S E I AR 10
HE AR AERN I BB AT AL SR E B AT BT
Pt o MAWIE S RE R RHEVE BB ER k2T F A
REGEH L F PR S o d NS 2 SRR S R
A ope A A BT 0 ORI TR L2 M R R pRag
FAc b BELEEE G ARPBAL S 8 Fho BN A BRTRLN
dom BRI KRS X FH A T Ak 2 Ffe A4 B e b



Ar2 e li B o I ARk iR A R 2 A & F] & (L 0 2001) -

FEi©pa 2 ke R fiRar 4 B HARE R Mo PRiA MR
SopE it Be 2 SR R iRRD 4 R o I E o BB T BR S A RGR 2 KR
P RERHMT R R T RRE SBRERfoPH 3 B (A
2001) -
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(z) A ¥ FpEatp a7

AEA R 2 PR
Yoy dia BT A R {rBURIR R = B e e i
PEA RO B S B AR PRk A $ A & RS A
U A R - 3R 5 *p KfEL B A R AR T
R B R AT B PR e A B e o
# ’%ﬁ‘ﬁfﬁﬁ‘?ﬁﬁﬁ\ﬁﬁi;Bﬁ?%iﬁ%ﬂﬁﬁ
fai & R Ak o1 F(F1] 0 2000) -
S F R RO SR A B R e 2R F T B ARk B

(GA) > @ 3|3 84|58 ez » GAl {0 GAIl » 2 ¢ GAl it &7 a2 ks
+oo@ GANl % g v it 3] 4 9k & (Ueda » 1998) - @ 19 F fr 2 Mk
AP GAl 2 £ 83 0 o et 3 1% A2 GAl 7 £ K Fl 19k i
o2 9k 7 fose e ks KR 4 (& > 2000) -

2. Rolerdhagsr TR SR KR A R R P
AE S R E RALL R BRI e f B R

A AEDERFTIER ) R 2 RIEE 2 ‘r"-ﬂr-‘if-“]“l v

Wigf&rﬁ’“‘l“é%%i *?ia‘ﬂﬁﬁﬁ’ﬂ%?;ﬁ_@ﬁu;@g

ARBPR RA RALIAS Y B I AN e >34 > B

g

gh‘i

2 (F4e 4z » 2000) -
4ol B R R ﬁﬁﬁ/ﬁ@#""ﬁ"/\%%g’ﬁﬁ ,fzm_ﬁf-gr‘ft'é’% ¥

LR ERL R

it ’;? ‘%ﬁfl’ﬁ — f]:;g"ﬁ;}ﬁpﬁlj % TQ ‘lfur’g _9;,5’1‘ ;

iy

i F Y AR R H Rl A TN EEE B

MORTZ Pl e d BB ARE o F 2K Ed WHE B2

el m e ROE RS (B fr4z 0 2000) -
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gk ez F S EEFRAL A T od 20 A HaFd B2t ] A&
R SRR R 0 R A3 E S R R L S RIFPeE
LiEF o fefhi 3 REF PR T BB FRA 0 Bl e
F N KGR S B B R ROE S B 2 T T R R (e
#2 > 2000) -

3. # F% pH BEdHE 1 2 St i 5
ARFEREL SR PR RN R B R P
HpH 2 7 Ak et R8T o R W 2 B pH
B % 3.5 P FERRIFZ i pH E S 45(F v 5 1993) - @ fEH
5t pH3.5~6.0 2 FRIP i 70 ¥ 2 AFpEic® o

‘-h

4. 3 PRIE R R AR IS

SR AR ARSI E o F IR R Ko TR P B
A2 B R R R B5C~60°C o m At B o Mok 20K
Rl - A YR T R ORRRMN O R T W R
LuE o L A L R PFREEL L MEEFR T e f130
FrOFERFE LR T B R R S 26C~32C 0 i
w%&%ﬁkﬂvfﬁyi*ﬁ%m@&ﬂmc 35C - % ki
FREA AL EERFERPN > FFREAE N FEENR Y
Buh o FREERER PEARAFREX OFEAIRAR AR N
FA > Roptdupg it e 1993)
5. 4 Rl 2 Y

BN S RO TR b AR 4+,ﬁﬂﬁﬂﬁvﬁmm_ 7B
H¢ 4J[,ﬁgﬂa,jgﬁ'”&rj%(pn » 1993) o & F iR o B A% 5~7
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TP A AR RO BRIFF I ELFENERS L EPR
FHZEEFTT o LAEFLHIRF  #FErP L3 10
TR L IR IR T AFEYDEEDT > F R
B4 32CH™ » BRI 2 25 HPF T RS T 7§

or
3

2R b LR RFREAL Y FE L AT v LR 8
PRid > 2 < DA R B AP IR P i AR 4R ) i B AR (oY 2 A
IR KRR R R R EF A SRR R

TAREVE R AR TR R DRSS (R R

‘gh‘i

1981 & § § ¥ 3R 2 fI* A & GIFR R 2 2 4 Asp.awamori
NRRL 3112 {v Asp.niger #& &>t 8 4 + > 30C#: & 3 * # & ks pis >
T e etk B iR R BEF R fr o e pH 3530 CT A A5
o 4 AE P A E IS B 82%(Seiuosuke - 2000) o & B e
BB AR LA R AR IS d R L PR

Hrprgfop* £ P NRAA 21T ELL o

TE K FP A R RBF RS F S g R
ET S SR T AR L E R R ForE ESVER S
B RORL A1 AR R 4 AR iy BIFH R ERES BB RURLETR
pEL R R FEEMER R L ot FaER S A AR (58 > 1990) -

CEatin
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N

AT
) % R

A ¥ % P& = Rhizopus formosensis §- Saccharomyces peka 4 ftp @

FLEFREET AR FREFE LY
(=

A w0 e

o

(=

Iy

(=

) R

3,5-dinitrosalicylic acid Fp & 7 Panreac QuimicaS.A.U = @ o
D-(+)-glucose pt-p % B Sigma = & o

Yeast extract ~ potato dextrose agar(PDA)pEp & & Himedia = &
Potassium sodium tartrate ~ NaOH > phenol - acetic acid ~ HCI % -
BGREE S PP LW BB G AN F -

Lactic acid F£ p Choneye Pure Chemicals = & -

Z % O00FpE rp B P it @ e

Sucrose( ¢ #Ei RwF))PER o FEL LG F LD @ oo

) 3 & AL e

FFe# % £ :potato dextrose agar(PDA)

F#FE & £:12~13 °Brix £ #£% ~ 0.3% yeast extract ~ pH5.4

P 7 #c3s & A yeast and malt extract agar(YMA)

1. #FRFITL0XFE%RFF 22 > Taiwan) e

2. EHENEFTEEH (Flrstek model:S302R » — = L3 »
Taiwan) -

)5 4 ¢

1. =27 8 (Oster regency » USA) -
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. 28 8 % 4 (Firstek » model:RI-150 » Taiwan) °

2
3. ## = H % (Huxleyhl-340 » &~ p % ¥ » Taiwan) -

1. 58 1 % 45 (Firstek » model:S302R > Taiwan) -
2. A
3. WpEy
(=) 74 :
1. 1L zA4g¥g(t B > GLG-145 > Taiwan) -
2. F;N4ARE(FE > GLG-145 > Taiwan) o
3. BN Ae#e (4B TP o MN-1000 > Taiwan) e
(T)- m 15 R :
1. pH meter(SP-2200 > Suntex > Taiwan) °
2. k&7t 4 2+ (Spectronic 20 Genesys @ model 4001 » USA) -
3. £ A% ik g 8 (Hettich EBA 12 > Japan) o
4. # g f2E -Rkig ¥ (Firstek model:B101: — = # 4 > Taiwan)
(+ )i A 47 R B
1. § 48 % 7 & (gas chromatography)/ X 4& &g+ i 4 | % (Flame
ionization detector)(G-5000A - Hitachi) -
2. /4 g 1 capillary column > 60 m » 0.25 mm ID
()8 F # 42T RE :
1. "BH & 40 & 47 R/ X G314 8] F (FID) (PerkinElmer
Clarus 600) -
2. /4 g 1 capillary column - StabilWAX® -DA 60 m>0.25 mm
ID > 0.25 mdf -
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TR- R ARG WiTIAR
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l

AT

l

¥ T Saccharomyces peka f# Fjf<

l Rhizopus formosensise 12 # ff=
e 278

l

3 flgn

i

“on R S

l

%8 30°C
R R 75~80%
BRT=

o —

ST

R e

Bl- o~ 20 B A

Fig.1 procedure of making raw rice koji.
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TR S ARERS N EREMEE P N EA L R

i~ i

ER
l > ;c,f;f
T

A (A7)
P HC R
v : v
FR e 7
v
# EiF

Bl= ~ IR s 2 ORVW AR PR FERTZ AR
Fig.2 The process of Japanese rice shochu with uncooked rice

brewing.
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L
(-) BE* A %

Bofe 47 2 45532 A A 100 mL #5250 mL = & #g @ o 121°C
20 min F 2 F 0 FA AL 0 BRI K L R R SIB AR 172
BARE A4 LAY RS ¥ 02 80rpm £ 30C T R

4] pr2 14> PR 1mL 12 0.9% NaCl 7% 7% 55 5 7 4R 18 0 % 3%
HYMAREHR > 30CAHm e % 48hr 2285 - 2% 2
R SR Sl oF
(=) R Ems £
1.PDA #iN 32 %

Bedl s % 4R 2 R E Y B S 6 mm L I E F o PR S
BEPDAR AR P -0 30CHEA56% > FH 2 A1 EH 2w
F o
21k I =+ e B

B b ik 2 +<z,gwa]%~ ,;].fge (T o 1 E R ];—]fﬁ, i dkie Sk

=
A6 ko xR T HR R~ 0.9% NaCl & Fok # # Ee 3 > 4 e b ik
S E Pl et .
3.9 KPR

B 20 RSB A2 0 oF o 4~ 10mL F Aok 0 R 5 1502 121°C~ 20
min i = 7 > A A S mL Rk R F iR o 30C2 % 7

X i TLe KA ;gqr%?;ﬁg«ﬂig‘%ﬂo

(Z) BlEFE2 N FRY 2R A
Pr- LB AAFZ 0 KBS 0 4o~ 450 mL E AR (S D F IR £
By AR RA I RIER F BRI ERE L R &
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Rl & 2. 65% k& » 14 3:2 et ] 4 )4 ~ Rhizopus formosensis 32 +
R ¥ /% f- Saccharomyces peka fi¥# F3t &k » LI S L HUS 2
IS 34 el A B > HEA G RE(F R Aok A5 P

— KPS A (L E H E PR RAPYRE L - #HE ~ 30°C

BEHTRBA SRR ATS80%: L (RES 2 4 EHAKER)

5 A PRRFHL £ F 0 DBRBIER A 2 KRR IR B
- AR NORIEEL LRI o

(=) &
LiFpg® £ 408 4 il f

#-3F % w5 kA i 1B 35 mesh 2 & Al & 5 & W B~ 60 5. 35 mesh
gufs w 5K B o~ 250mL = & FEEEg e o & P A~ O E A Y S
10% (w/w) ~ 15% (w/w) ~ 20% (W/w)= Fé o

BERAS TR G 125 BRI SRR P FAS TR
2 B o

FUT R A CRED(FIZ) 0 B e g 0 4 30°C i
- 2 (Ble ) #HPBPIFRLAsE ABREfpHE - 1k
AR QEEHERS Y

PR RV S & R R S

Foke kkE s & w & 35 mesh ~ 20 mesh ~ 10 mesh
Wk o &L P60 i EF L G K 250mL = &g o ¥ g
15% > 3 £k TR 5 1250 v e FEE (Ck4) o F s i
ZEA N 30CEFFRE- 2 > FRPTFIFRTLLE - ARE
fepH E -
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3RS P
Bk 2 R K s RR1S 0 & 35 mesh 2 éF i &F 0 B~ 60 5. & 250
mL = &3g¢ » 24 2 P 15% > A Bk~ 2R 5 1250 55 2
BEREE (k) F ek vz £4F 0 A w300 25°C~20°C T
B X FROFLEFFRETLLAE - ABREfopH & -

4F RN FRES PR
Bk E 2% R o b Rets > 5 35 mesh 2. & i & > B~ 60 5. 3 250
mL = &355¢ > &4 » PP 15% > A B kA TRt 5 125, £ 2
FURER R R pH B3 46 0 g ok B H R (k3) 0 = £4ERER
W 30CTHES A FRYPFIFRTLAE ABEfopH & -
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Bl= ~ = &R 2R PR

Fig.3 Uncooked rice brewing with uncook flack fermentation.

Ble ~ 4 klghpg 7 X 1552,

Fig.4 Uncooked rice brewing after 7 days fermentation.
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(I )74 %

FEES R (S HA = g f@fﬁm CO, » B~z f%% 100 mL
Bt 1L ZARALN e e Bk it & 300mL-d b ¥ 4R E(RIT)

AIRER > BloZa2 B R 5 80C » L 4EEY ¥Rt 23 95
Co i ERILAOE - Fend R Rk FEFR EIRE
FE AL R 100 mL ehiz B o B-ZeAp R iR (T IEH R RIS 3R IR

& A FAPPR BT E ALY B BN RERI) ) 4R
Bole batz B R PRINEGT ZG T 2 FRs 225 TH - K5
TR 6 BARR e B B RE P R R G Ry E
¢91.5% JFps iEyR B B 7 AR 3 OEHE A 40%F Gk (30 % 4 >2003)
FVe e b5 A IR IIERRR 5 ok > T4 B2 5 B2 AR
RITEH Z R 2B T e R F B A AT
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BT ¥ REHLE

Fig.5 Distillation devices.
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I~ st
(-) CO 2 =&
PFRFHF e RIZ > CO 2 X R F R et R o 54 & £ 3
boo @ EREARY 4 A2 COd FEE R Pl BRI TZ 4
A 24 PP E - o RER A LB RERAL 2 CO,
DIRFE ML R RIE > A COE D pFEAT 2K > PIAR AR R PR T o
FI* = 2 RRIFPE Y - F PRSP LN TR EIFH A
=B e BW 2 SRR R 4 R (0 2000) -
(=) pHE
B PR o A1 pHmeter il H pH i o
(=) ERiEz 2RI
1.4 47 2
AR 21 E (S oo B A K B2 ( Dinitrosalicylic  acid
DNS)(Miller » 1959)ip] @ s&#k crp & » RIS fude{d s 7 > 7 7 Ak »
FER g v Uie3 5 A kPR AgBETiRFE VP RRF R
4 R EMRd 2. 3-5 A-5-A A KPEE o AR R B75nm Tk B B
Bt o Tl P R EF o R RBEE D E o
277 pe B
A ;% :1% 3,5-dinitrosalicylic acid ~ 0.2% phenol ~ 1% NaOH -
B /% :5% Na,SO, -
C /% :40% Potassium sodium tartrate °
Dt % m-1mLB /R4 » 99MLA R o
3.4 174 3¢
B4 figife %+ 5500 rpm & 15min 4 > B EF R kAR £
Polmb 2 ks » ImL 2 Dig g R £353 > 22 100 'C-Rig 4e
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FA5Smin 224~ CR AR > AT FE 0 2 575 0m 2k
ET Ak

B4 5 Fetll 3 I ik B o D-(+)-glucose i3 ik o 4 1T R R AR
TRt (R ) 0 BRI s kR R 2w RS AR s

dRHETEINRSLERBETE -
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R2=0.9981
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0.7
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S 0.5
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<03
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0.1
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Glucose content (mg/mL)
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(w) # R B s 2 B 2
l‘Lﬁj— Pt m:@.‘%
P15 &Y gk gt 250mL 2 = &5g¢ o e r 100mL 2z

0.5%: NaCl 3% » > 2 B+ & 3 pF > 2 Whatman NO.1 j&

Aiig o P72 ik T & 42 f% % & (Narahara et al., 1982) -
2.3 F e B

00.2M fi pk % #%:0.2 M acetic acid solution ~ 0.2 M Na-acetate

solution 2 3:7 v+ &R & > 12 pH meter 33 & pH 1 5.0 -

(20.5% NaCl ;3 ;%:5 5. NaCl 4c > & KA f%> 4c » 50mL 2 0.2 M

p L e > TR 1l
(32%F 3 B B2 5 T A AR O A B RAK O Ao s
ERRRME AL 0 A e kT2 2 100mL -
CNiES STy i &

B~ 10mL 2% v 3 ks B35 50mL = £5gF o 4er 2mL 2
02Mﬁﬂ%ﬁ%@&w%%%*ﬁSmm’ﬁ%lmLﬁﬂ%%iﬁ
fr% > > 40°C T FE & 20 mins # %4~ 1mL IN NaOH i3 7%
Bak B R T R 30min st r HCEH e 55 2141 18 41
* DNS 2R 247 ® 0 59 F#oeA ulir 10 mL 4 k5 Sk
Fefelml Z4-KFrjepiir ot o E 2 285140075 &
60 min %5 » #r4 = 1mgGlucose % & % £ 7 1 B2 = E = (unit)
(# - 1993) -
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(I) Fp z BRI iFF 23+ %

M- A 2 022 um  filter ik 0 1% F 4P & 17 k(gas
chromatography » GC )i& 7 iFpt 7 £ # 47 (Bl - ) » R & 54 W gk
EpF e £ 2%~ 5% ~ 7% ~ 10% ~ 12% - 15% % % )k & e % i (8]
N) o iRB g G FERARE SR P RR

PR 2 E 2 S I A F R R R R AT

W2 VB F B ZRIFEIINPBHIF L SRS 65% 0 Flpt
o 65%FTE F 2 EE(kg)te 0 £ % iR ) 42 £ (ko)
= RO AUEE (R 0 2000) 0 2 gt deTE e

A 65% (vol) & iF(Kg)
B A gy = x100%
Fa 0y 44 (ko)

£ LA RER > ST IE E 4o

1.Detector temperature:240°C
2.Injector temperature:240°C

3.Carrier gas:N,
4.Flow rate:1.5 mL/min
5.Split ratio: 1:20
6.;1 %+ % :0.2 uL
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hoo s AT S iE e

Table 2. Program temperature of ethanol analysis.

rate temperature hold
("C/min) (C) (min)
- 40 4
5 240 30

Bl= ~ F AP A 47
Fig.7 Gas chromatography.

20000
18000 *>—
16000
14000

12000 .
10000 ad
8000 v=11
6000 R
4000 *
2000 —

0

Peak area

0% 2% 4% 6% 8% 10% 12% 14% 16%
Ethanol content (%)

B~ UFpE R AR AR
Fig.8 Standard curve of ethanol concentration.
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(=) Hc® A F =& Bl
Ltk B s ki 2 pe ]

A% 10mL 2 €55~ B A KFHFRE FE R ES 8
ENRFIATIPE LB T R L ER TR BT SR
T hfrd o et 8 HALL stock Bk o £ p ot stock R

P B ﬁ_;ﬁf@% A8 4% By~ By~ By~ By~ By~ B~ By (uL) 0 A
fer ¥ e BB R 10mL TR ALY 0 A B R
HRE- A2 FER > & kR KR L4 -
d Pz 2 REREE R B F AT RA TS 7T
FRlkAR E(mg/L) £ d pRlz2@&kR D (ML) @ -85

2 FAE

L
E

—

E-D/Dx100%= E* (%)
FLERKA -15% 3 +15% 2 BoF Lo 47 2

Ik

AT
- AR TR SRR EE MR ATRERESRRKRESR
Az tral REFPRUFAEEEAEAERINEELER
£+15%F BF 4 0k o AR RSk B ST A R AR M GE(RY)F < g
0.995 -
2. A EA R A AT
B A A 0.22 pm filter @ g iF » BRFL? > L MTER P #iE

Rk Su(B 4 )#F MR AL F 49 45 R(HS-GC)® 47 & wl & & e
BT 2= G HERESR S ATIEE AT

1.Detector temperature:240°C

2.Injector temperature:240°C

3.Carrier gas:H;
4. Flow rate:1.5 mL/min

5.Split ratio: 1:14
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B4 ~ B F k7K
Fig.9 Headspace gas chromatography.

2=~ AR AR R
Table 3. Program temperature of aroma analysis.

rate (°C/min) temperature (C) hold (min)
- 40 8
3.5 120 5
8 190 5
10 250 15
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I R RS
- R EERE
ARG DE RS B fE* 748 Saccharomyces peka » 3t AL & 33
AL IBCEERE A EH YMAR A F 22 300C T 4
24 [ pEL (RS Q) SEMEEEELS  IBERLE LFLFE
BOBRAYIRIRA 240 BRREMERIIR 2R RA
e (B b) 5B % kRl T AR & AW E Y 5 4.9x10°CFU/ML -

Lass % quﬂfv&m}‘}/ﬁgﬁif’sl,ﬁ*’

Z 1&?\1{%%‘@@%%

AR5k B of FE i & % 12 i jA 48 Rhizopus formosensis - 4 § B 4L
FRAAI A EAEPHM B UPDA LR AL W b iF
AR ARERE - 30CHAHRET - FHGUEHL LS L L
N4 AN GRS T (R (W - 8) R R
BB+ gt RERY TR LI RIFR T

KA WE R R EE A e~ FA R R AR 4
BWHF2 w3 BERERAFTAYUS T X BHE - b) > tas Wi
P e
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Bl ~ Saccharomyces peka ff/FE+ i

(@) %45 % 2> 7 (D#FFRB £ 24 ) B2 2 Fie
Fig .10 Saccharomyces peka
(a) Smear cultured Saccharomyces peka (b)Starter of
Saccharomyces peka after cultured 24 hours.

(a) (b)

Bl - ~ Rhizopus formosensis 12 #& f
(A)PDA 2 % 2 i (D) 2420 £ g
Fig.11 Rhizopus formosensis

(a)PDA cultured Rhizopus formosensis (b)Starter of
Rhizopus formosensis after cultured 7 days.
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N 19;,“-‘44#,?];&;7? % 4

i%%uﬁiﬁ%ﬁﬁéﬂﬁﬁﬁﬁaéﬂﬁi%ﬁﬁiﬁﬁ,
RN Gkt K (B2 @) kBEtkE
R s 1015 RyooRk s 2 KA BR 7 E 4] & 50-60%z2 B o
Gk R IEE A(BLC o) RAES BRI 4E > 3 30CE
B~ 75-80%c g R T R ETRH- X  BRPFEFERRS
s ,ﬁ;tgm4 R LT R P SR A K PR T e
Bl v R FE L IE RSBSOS 2
S 4eBl L = o

Bl = &r 58 RO R IFEns LR 7 G 56 24 | P

G PR AEE TR i e A L d B 4 HEREHS R
ek PR fogc LR (B S b) s B = SRS R Kb
Frii b iV 25 BT 4024 ) PRI tE e L fR A T e B Ao
PSRRI Y X S b EEEET E TR F 0 3 iE 1208
units/g dry koji 5 S BRI E N 2 B R R 4 30°C R S
73% > @ i p KR RIBL B R L 3MC FRB[I Y XL Y

b T fo0 0k G ocd R 6 S R LR E S A F

) $90 R Ao A (B 2 d) o M PR A SRS B~ ap

Ry o & 37t RIEHEAE T B R A 5 L TE MR g Tt de ) Blid bR
RS P MR Ae R TTRY CEFE LA ARARR PR
R A - RPN KB M L oAy RE D IRT -

fin

paul
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Bl =~ 20 AP A & A
(@)*c » FFET 555 2 4 5k 44 (b)FPa 2 1 Mis e
g * (d)gs M- = 2P

Fig.12 Raw rice koji-cultivating situation during cultured
(a) raw rice cakes (b)koji culturing(c)koji powder(d)koji after
cultured 7 days.
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Bl = PP S R AR R A2 BT )

Fig. 13 Changes of glucomylase activity of R. formasensis during
koji-cultivating period.
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N 1ot
(- )T BHE R PR

B A BREFRA DY Bfep AS AR Bow kA
FEPPR T B SUPEE R A AR Y 2 2 0 F P
S A R Y R R N A
AR ARRAF A F R BRI R RERERET
M SRR T o e & DREE 4 i - (1R 0 1996) o A R 3FPAE
FhA KRR Rt PR R AT RSN EY PYEF

£E(T o LR f9E TR A h é*K

RalS

W R A L ?ﬁ"ﬂiﬁi—ﬁ’» TR F 0w 35 mesh B & ch2

/4

A5 60 R0 TR A G o B~ 10% - 15%
20% 49 8 B

B Rt 5 1250 M LR Y 30 °C T ik 72 % ehg
:

ik

CERP R E AR RERAA L URRIFP Y - F AT
PR BOFPE A SR Bn AW Bt A K P W g
S e Blte JAARBERT 7 R REHCRL Lo
Bl B o

d Bt v g Aadpe R E AP R AARE R DEREEET
R s fEEEE T B end B 1 20% gt B e iR S B o
- 2 hCO 4 A e i 6g/Kgmash» PG Tl 42 < £

|
NN

IS

ppuul

CO gk » R MR * s > A Fpg* £ 5 10%fr 15% > Wi & 2
39/Kgmash = + 7 CO, 5 § # AT & = X {8 > 11 200798 & 2 o0
CO & ™ & B g 7 112§ 19.82 g/Kg mash- g PR a8 ie* RIT >
THEREHL A BEF BARRE LS E o ERPHL S E
#3) 20729 e AFRET X 08 CO 2 R S AR 5 BT
FEE R R RER 5 R R A S BT A

-

|~
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‘e 1S%IFIHE AR~ 1 12 COx A2 2 £ 5 14.87 g/Kg mash » 827X &
HEES5~6 X 212 2 CO 4 & MAREIF L E MM e 2 8% > R P PR
BRI PR A G RIKF 0 T P EOFRESE 0 @

10%:Ffg* €8s » X s > CO A 2 & & 13.72 g/Kg mash » ¥

ekm MAREIRG HA BT AE Z FAEA IR Ko Tt AR
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Weight loss (CO, g/Kg mash)

(2}

25

20 /./'f —
15 3

/ /‘% —4—10% koji added
10 —o—15% koji added

/// —=—20% koji added

O T T T T T T 1
1 2 3 4 5 6

Fermentation time (days)

~

BlLtw 4 K EaERY 3 R EE L Pl

Fig. 14 Weight loss changes during rice shochu fermentation
with different amount koji added.
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B2 2247 FFa* E8p8a2 pH 2% 53 Bor s
A 48hriuts » pH @i d 553 1 3.6 MR P-EH 4 5 LG
P FpEenier o i 5B TCARIRDL & 2 F uisd] o Peif Rfesg
i SFH o R RET AL BN HAY o o F A
BpAedne iy ELATIR o § R PE T8 X 0018 0 B ERPRR 2 pH T g vE
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Fig. 16 Residual sugar changes during rice shochu fermentation
with different amount koji added.
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Table.4 Effect of amount koji added on pH, residual sugar, ethanol

content and yield of producing alcohol.

Amount Residual sugar Ethanol content ~ Production yield
kojiadded P (mg/mL) (%.VIV) (%)
10% 3.81 0.085 11.59+0.52° 46.09
15% 3.74 0.094 14.52+1.15° 55.23
20% 3.83 0.115 15.43+0.76° 57.24

Values are means+S.D. of triple determination
Values displaying different superscript letters (a, b, ¢) within each
data are significantly different according to the Duncan test (0.05%).
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Fig. 17 Changes of weight loss during rice shochu fermentations
with different raw rice particle size.
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Fig. 19 Changes of residual sugar during rice shochu
fermentations with different raw rice particle size.
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Table.5 Effect of different raw rice particle size on residual sugar, pH,

ethanol content and yield of producing alcohol.
Ethanol content Product yield

Particle  Residual sugar y
size (mg/mL) P (%, VIV) (%)
10 mesh 0.7446 3.93 9.74+0.57¢ 37.04
20 mesh 0.7374 3.83 11.76+0.79" 44.73
35 mesh 0.539 3.66 14.74+0.35% 56.06

Values are meanstS.D. of triple determination
Values displaying different superscript letters (a, b, ¢) within each

data are significantly different according to the Duncan test (0.05%)
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Fig. 20 Changes of weight loss during rice shochu fermentations

with different fermentation temperature.
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Table.6 Effect of different fermentation temperature on residual sugar

, pH, ethanol content and yield of producing alcohol.

Ethanol content  production yield

Residual sugar
temperature pH
(mg/mL) (%, viv) (%)
20C 0.26 3.74 9.73+1.25 37.01
25C 0.1267 3,7 14.39+1.51° 54.73
30C 0.1237 3.63 15.62+1.64° 59.41

Values are means£S.D. of triple determination
Values displaying different superscript letters (a, b, ¢) within each
data are significantly different according to the Duncan test (0.05%)
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Table.? Effect of lactic acid added on weight loss, residual sugar,
pH and yield of producing alcohol.

Fermentation Weight loss Residual sugar
time(days) (CO, g/Kg mash) (mg/mL) PH
1 3.35 1.953 4.59
2 7.28 0.11 3.66
3 9.76 0.432 3.73
4 12.87 0.426 3.71
5 14.54 0.236 3.67
6 16.35 0.195 3.71
7 17.22 0.172 3.76
Ethanol content(%,v/v) 16.02+0.16 - -
Production yield(%) 61.62 - -

Values are meanstS.D. of triple determination
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Table 8. The retention time of calibration curve and measurement
error of aroma compounds.

AF A FAPER R? PhHER FRER  FAE FRER  EAE
(mg/L) 1(mg/L) (%) 2(mg/L) (%)

Diethyl acetal 2.65 0.99709 249.6 256.92 2.94 265.48 6.36

(e 45hE)

Ethyl acetate 4.8 0.99839 2686.6 2711.16 0.91 274757 2.26

(¢ pee fia)

1- propanal 10.35 0.99935 755.5 783.30 3.68 753.3 -0.29

(& 7 %)

Isobutanol 12.8 0.99732 466.1 477.21 -4.05 452.47 -2.92

(£ p%)

3-methyl-1-butanol 18.25 0.99908 452.76 401.93 -11.22 510.7 12.68

(£ ~ps)

Ethyl lactate 23.74 0.99833 1663.38 1560.79 -6.17 1645.63 -1.07

(5*pee fa)

1- hexanol 23.87 0.99920 83.1 71.35 -14.13 86.69 4.32

(& = i)

Furfural 27.93 0.99849 166.6 163.97 -1.57 163.38 -1.93

(%)

2-phenylethanol 42.91 0.99747 37.95 38.73 2.06 42.44 11.84

(B-%2 p#)

Ethyl palmitate 47.2 0.99698 21.24 18.05 -14.97 19.03 -10.38

(1R e e fia)

Ethyl oleate 52.0 0.99907 5.17 5.42 4.84 5.73 10.83

(# pee fia)

Ethyl linoeate 52.0 0.99947 10.24 10.83 5.76 10.55 3.03

(I i fe e fia)
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Table.9 Effect of different fermentation temperature on aroma

content.

Aroma 30°C 25C 20°C
Ethyl acetate(mg/L) 32.9 trace trace
1-propanal(mg/L) 42.7 37.8 32.8
Isobutanol(mg/L) 163.8 96.8 29.8
2-methyl-1-butanol(mg/L) - 329 25.7
3-methyl-1-butanol (mg/L) 308.2 168.6 112.1
Diethyl acetal (mg/L) - 289.2 279.1
Ethyl lactate(mg/L) 93.9 trace trace

2-phenylethyl(mg/L) 64.9 25.7 17.6
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Fig.26 GC profile of lactic acid added fermentation.
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Table.10 Effect of lactic acid added fermentation on aroma
content.

Aroma control pH4.6
Ethyl acetate(mg/L) trace trace
1-propanol(mg/L) 12.8 17.3
Isobutanol(mg/L) 28.5 54.5
2-methyl-1-butanol(mg/L) 25.5 40.3
3-methyl-1-butanol(mg/L) 1145 189.1
2-phenylethyl(mg/L) 25.4 15
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Table .11 The effect of redistilled process on aroma content in
different collection segment.

Aroma head cut middle cut tail cut
Ethanol content(%) 63.89 43.76 8
Ethyl acetate(mg/L) 818.5 101.2 trace
Diethyl acetal(mg/L) 27.55 7.78 -

1-propanal(mg/L) 218.7 79.9 trace
Isobutanol(mg/L) 1091 224.0 6.16
2-methyl-1-butanol(mg/L) 367 72.0 trace
3-methyl-1-butanol(mg/L) 2860 617 trace
2-phenylethyl(mg/L) 20.4 55.9 91.1
Ethyl palmitate(mg/L) 17.3 - -
Ethyl oleate(mg/L.) 9.7 - -
Ethyl linoeate(mg/L) 4.2 - -
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Table .12 Comparison of aroma content in different shochu

Wort Wort Brown Brown Rice Rice Flamingo Jar lichiko Rice
shochul shochu2  shochul  shochu2 shochul shochu2 spirit Flamingo  shochu  shochu
Ethanol content(%,v/v) 48 33 51 27 52.5 23 28.5 40 25 43
Diethyl acetal(mg/L) - - - - - - - - -
Isobutanol(mg/L) 698 274 385 62 291 25 217 308 182 224
Ethyl acetate(mg/L) 179 39 107 - 86 16 137 211 - 101.2
1-propanol 278 214 735 362 306 25 83 97 80 79.9
2-methyl-1-butanol(mg/L) 452 161 317 41 250 18 145 209 121 72
3-methyl-1-butanol(mg/L) 1370 528 734 118 751 67 643 913 492 617
2-phenylethyl(mg/L) 111 189 69 165 84 212 72 84 76 55.9
Refrence %(2004) % (2004) % (2004) % (2004)- - %(2004) % (2004) % (2004) % (2004) % (2004)  This
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