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PR IMEFRIR - ASREEDIEES 71 3R R0k > PRETTRERE B MR 7 58 i 2 S R
BB o RPN RIBEREERE - A TPOR A KSR - AEIR
% I8 2 0 S S A JRR U R R DL A5 R R o RS SR BRI R — i R R 2 I
CBERFRMRA R T2 82 o AR EREP IR POR SRR« 72 S 30 Ry HAER - DL
SKAPERAAY 32 SR LR VB B > Bk Fermivin PDM®1 Danstil B® B #k 24k %8
BRI E I E S B BE 77.19%H1 66.16% ; ifii Magic Koji®Eitk4d: Kk %
BRI H B S8 59.67%  KRIEFIAE A E R HE A8 &8 2883 EAH
B (p <0.05) o THEFRPORZERANNT > ARBEREVSAREERE SR BKe
A IE G RRLRRAE & & - B A BRI E BN T > Rl ZR 8R4
USSR 7R BRIV RRL AR 2 PRI P 5 2 B R » RS SREUT - FEERIA R ZRBRESRT
ZRERPMARICIHERE S & > (EER&EIHEIENT ~ MEHE - K9 ~ ik bs

V) ~ R AT LR < 5 - ARSI E R SRR AN A - Sk
HEBHEHE - BMHEEE IR SEYE A E AR -

RAGEER © oK~ 5RY  E RN - BEREE - R KA -
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RS PR RS A AR K BRI Y -

e B G BTG i R AR A ~
A~ WRETERI PR - DABDRHECRE ~ T30 R
AREICRHRR ~ B bR R L
M ITTEIE R R OR AR (Yamauchi et al.
2006) > SEFAREEKERE SIS (Adachi et al.

2005) - AR B (Mitsui 2002) - FHRBE
P E S e B B E - BISMESSE
& P AE By B2 i 68 2 5 B0 AR B e SR R TR
(Mussatto et al. 2006) » R FIFIR R4
FEEMEIERE (Kida et al. 1998; Kim et al. 2008)
Hh - HERR R A LSS (Wampler & Gould
1984; Kim et al. 1989; Stojceska et al. 2008) ~ {E
Fot AR FAVH R (Yang et al. 2003) » BifF
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R BB U HE R AR A 2 W R AR R 5 5%
(Leathers 1998; Romero ef al. 2007) °

B S AR E ST (SEE) BOPREIEOR
FEREK ~ EmR - KNV NERER RS
W o EFEWTR AR Ry — = B AR E BAMER
(lignocellulosic) ¥1'& » DUfEHE (fiber) fy 3 3E
JFoRE - R EERE - RSB - 3
Bl ~ HZPREE A FFIMA AT 2258 (Mustafa
et al. 2000; Santos ef al. 2003; Mussatto et al.
2006) - FEEEHRPE R DL R 50k - Hpgk
JSE5 R ESEAE B SRR A R 7252 - (]
ES|E P e S STL - £ B STih Sl AN
A1 IRIFEIIA WTO » B A R P A P S5 ) B
Ji > RWRERT AR AR Bt ARG - TR
TR EEEE - G EIR R AR IHEF]
F o ANEAEE T B MRS R - R
ANFIRERF AR - B RHEE T B 5 SR R
BRI

M

ERZWE

=1 AW e S SN S Pl Ie S
WA - PRI RS (1) POREERE © 54K
TIA 2.5 S EBEF 7KK - REVRIR B
A 0.3% Pk bEES (a-amylase) Spezyme®AA
JREZER 1 /7]NKf - R 22 60°C IRFAIA 0.3% K
b B% % (glucoamylase) Optimax® HP7527
(Enzyme Solutions Pty Ltd., Australia) B ZE{R
NERER 4 /NERf - EIRERERA 35°CIRE - T4
BRI ERRIE (FREZER 0.5%) *
IR 11-13 K& - ZRRE RN brix HBHIGE
TRE > HORE— AR 14 RERICIGERE - FOEIE
4 (100 mesh) JBRJE > BER AR TS L IH5E
Ry W05 KA - 33 H i B B R} B AR ELHE Cepage
Melot® ~ Fermivin PDM® ~ Fermicru LS2®#[1
Fermicru VR5® (DSM Food Specialties B.V.,
Netherlands) Danstil B® (Lallemand S.A., France)
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%o (2) AKREEIE ¢ IRORMAEKRTD 2.5 fE ATk
% HEREA 0.5% (FUREZE) B4 KER
(8 Magic Koji® » K2 T2 EIR A
FIFCER) » 288 14 RERAUERY (100 mesh) JBRJE
53 B EANE DUESRPERA - P IAEETAE 60°C it
HPFERE TR SR (RIS ORI ) - 1Tl
FEIG3AFTIE HGAN [F] R R 2 W P 1P 28 A
FEFL o
AREAFR AR IR

SRRSO Danstil AV{ Danstil C®
(Lallemand S.A., France) » {f&_F itk =
TEI TR RACES » PRI ISR R A] 4 Fe 2K
BRARTECZRERTR » 153 i R 2R B A 2% By
FH o RZKERIPREA KRR T - IR BT B -
RASZK R WEAC B PEHE (100 mesh) FAJE ST
BERS PRI B P19 IR« ZXEPRE R ns i
R = SELL 1200 B » FEAREITIR
FRAATLHI - R INEGR NGRS 100°C » HE
HITT PRSI RS R R 10-13%HI{82 1 7%E8 -
FRETR Z EERIIRE  RGETEN (100 mesh) JEAJE
FEHFTHUS 2 [ RS - FrA Rt 60°C
KEZB T T AT LU R BRI R S 2R R
FERR -
SHRIEHE

F R B TS IR 60°C MEHZERAS - AERZ
PR R ST NYMEER T 38T+ (1) 7K53 2 K
FES g BRAAE 105°C THZEEHEE » FERNE - DL
HRBRIREE SRR AL EE - Q) HERH
B FERE 0.2 g A8 - 2255 Micro-Kjeldahl Method
ST RS E (N HERESE
L N% x 595 £IRx<Z (AOAC International
2000) - (3) FHAEWS  FGFFE 1.0 g BEAS » FIFITRIE
REWFZEHUEEE  (Tecator, Soxtec System HT2)
HEFT Soxhelt IEFEHL DLZBKEGRHH 1 /NRfE%
HIZE (AOAC International 2000) ° (4) FHIEHE -
I ZE A e M IR I 2 B A » 4K AOAC J ik
(AOAC International 2000) » FI] FIRH S HEH] B 4E
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B (Tecator, Fibertec System I) HI%E ° (5) JK
5% REREETEERESL S g DL 550C IR{biREIE
(AOAC International 2000) - (6) R/K{LEY) -

LA 100% JkZE7KSy ~ RS ~ FAENG - FHiE
HMES IR FITS A8 = (7) #IEEH'E * DA Lowry et
al. (1951) JiiE 2 BEfEI T H A MRS 2%
Na,CO; » HUfX NaOH - (8) J#fehs ~ el ~ #
Wk © RN < ZEHL DRE IR R B 0 A
85-90°C Bkl 80% ZEHER INEAEEL
ZINKF » BB AR SREEREAREN 4 K
A A EP AR HORT AT B AR RS R IR 2%

LA 80% Z B R E A RME - Ml FIEZR AR A
#% 0.7 N HCI Bk ik i 2 7NE; > BfeC
A FJEZEH0R - SREEAREN 2 K - SHFEEET
WO DA AR AR I 0 - DAREE /K ER
TRIE - FRIERE R IHERE <RI A - WA E
ZEHR 2 7Tk 2 i > W LU Ry s T AR E
(Dubois et al. 1956) - ¥R LA GHERE - J7HENE)
x 0.9 KRz © (9) EHEEKy - & &L Juliano et
al. (1981) J7iE53#4T - BRASEAR 1 N NaOH {EH]
40C FIEM 2 /Iy > FERROIR SOHE - HlE
ODgy° (10) FERG * EHEARSENIA trichloroacetic
acid FREEFTREFAEE EDIR - AHELHE
U LA Folin-Ciocalteu /5{%£5347 (Singleton &

57 2 ]

Rossi 1965) » H.& &= L% GAE (Gallic acid
equivalents) FIR °

/R

TEBEEERIEENEEERZER

A [ R BT R SR I T 19 AR 2K B R R
45 B s B K B BE 5.40-7.03% FT 4 oK 3% B
3.02% » HAAEAHERE RANE 1A f1Zk 1B > 34
KW WRIME ) 66.16-77.19% ~ FHHENH
6.39-7.58% ~ JK 4% 1.11-120% ~ FH % 4&
2.86-4.89%FIIRAALAY) 10.99-20.93% o K
R — st 72 A I R 8 RE B kA (R 1T 5 P 22
B AOREERAPTRR HA R B B RN 22 22
SR AR - FEETAZORZERAPRT » ARSI
2 BRIKEEE (59.67%) ~ = i S i
(19.45%) FH=RIRLABAE (6.35%) - AEERE
SRR 71 5% 85%KE H EE FIRIFRHYE 240
B (H2P)ET) M EEE 7.80% 0 fHIEG
1.20% > JK453 Ky 0.26%FH#8HE 0.29% Rk L&
P 90.44% o FREE RIS - IR SISk Ak
(LRGP » 5 B BOR R X A
53 BRIERD AN o RIPGRIAS o AR S B[]
BRI R KRB AT 4-16 £5 -
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Table 1A. Effect of yeast strains on proximate composition and yield of fermented rice dregs from steamed and raw

rice (dry weight basis)

Source of Yield¥  Crude protein Crude fat Ash Crude fiber Carbohydrate
Yeast strain rice (%) (%) (%) (%) (%)
Cepage Melot steamed 540 68.79+0.67b*  7.58+0.26b 1.18£0.00 a 4.89 +1.39 ab 17.55+091 ab
Fermivin PDM steamed  6.64 77.19+098a 6.95+031b 1.20£0.06a 3.67+0.01 be 10.99+0.81 ¢
Permicru LS2 steamed  7.03 7443+0.6la 7.53+0.03b 1.15+0.08 a 432+0.10bc 1256 +0.72 ¢
Fermicru VRS steamed 526 6897+037b 6.39+0.08 b 1.14£0.01 a 2.86+0.07¢ 20.64+0.54a
Danstil B steamed 582  66.16+0.37b 7.12+0.08 b 1.11+£0.01 a 470£0.09abc  2093+031a
Magic Koji raw 3.02  5967+18lc  1945+093a 1.10£0.20a 635+0.19a 13.44+2.75bc

“ Value = mean + S.D.
¥ Yield % = dry weight of rice dreg/weight of raw rice grain.

* Means within a column followed by the same letters were not significantly different at the 0.05 probability level based on the least

significant difference (LSD) test; N = 2.
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Table 1B. Effect of yeast strains on chemical components fermented rice dregs from steamed and raw rice (dry

weight basis) *

KPS 5

Free sugar Crude starch Amylose Total phenolics
Yeast strain Source of rice (%) (%) (%) (mg/g)
Cepage Melot steamed 5.60+£0.74b” 6.87+0.29b 0.84+0.03b 30.80 £ 0.65 be
Fermivin PDM steamed 0.85+0.03d 7.74+021b 0.50+0.01b 31.80£0.33 ab
Permicru LS2 steamed 1.00£0.05d 9.38+£0.07 a 0.51+0.09b 30.61 +£0.86 be
Fermicru VRS steamed 8.10+0.05a 6.64+0.13 be 0.75+0.03b 29.40+0.16 ¢
Danstil B steamed 1.96 £ 0.06 cd 7.66+0.02b 141+033a 29.68+0.16 ¢
Magic Koji Raw 294+£1.05¢ 556+0.81c¢ 1.21£0.08 a 3294+£043a
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? Value = mean £+ S.D.

¥ Means within a column followed by the same letters were not significantly different at the 0.05 probability level based on the least

significant difference (LSD) test; N = 2.

ENGTY = B S =y A o A g AT
PRI I R 2 I FH R oy e R R PSR - 1Y
1 08 2 B o3 RO B 25 1 o0 T S SR A 2%
1B » —fis Pk CFG B8RS (amylose) FIScH#
Weky (amylopectin) o AGREE AT KPR IR
&R Ry 556-938% 0 H b H Bk E
0.50—1.4% » ZEHA 1 PG RESEE BA A AR SR /K ST AH
Weky FEE SCHE R o WRRRERE S &
0.85-8.10% » % B A& BhHY R HE & S (KA
[G] » HEMIFIBRPRZEIERE JIAERA o KPGRHERD &
HFy 29.40-32.94 mg/g > EEHL 85%FE HEN
FoKREED 3.30 mg/g M E (BBESNTE
K o K FREED & SEAIHAN S —R - $ R E
K 9-10 £5 - HEMITEREREEAE oK AR 73 i
G H R RE R P A P B - BT DUE R iR
R rhHRERIRE - WA & R AR R
#eifer= o Shen et al. (2009) Z3ATAEBAT AL
8 Wy & Ky 1.08-12.44 mg/g - H o DL K
1.08-2.51 mg/g #{K, - Bhanja er al. (2008) HfE
KIFRIHIAE Aspergillus oryzae W KEFHZ
PIZEH 7K VS M AE B 553 A Ry 0.58 mg/g Al
8.22-10.60 mg/g °
AEBEERR S 2R

FIRAS IR /K B R R PR 1% » o I A
FFE#E Danstil A 1 Danstil C > A fAZREERT AR

BEAER FTISCER KT S AT— s B RS SR
W13 2A o RGP EH'E ~ s -
FLEHE ~ IR MK b EME S &SR
T2.12-7432% ~ 7.28-7.68% ~ 444-4.64% -~
1.01-1.30%F1 12.96-14.26% o F&EEAKFPRAIHE
FEHE ~ HAEDT ~ MUEHE ~ IRk b EYRE
& B A4 B 6233-63.74% ~ 755-934% -
547-5.74% ~ 1.16-1.31%F[1 19.87-23.49% - FHEL A A
ZRERPIA > ZAERREM S ARINERE > HA
¥ e RABAE RO KA L &1 - HoAth Bl o3 anfizie
B ~ RHISHRD ~ ESESRORIAR o RARRK
TR IR 0.83-1.11% ~ 8.21-9.32% ~ 0.87-1.12%
F1 2.99-3.04% + [fij 7% 86 2K 85 40 2 43 51 Ry Fe
0.94-2.43% ~ 8.42-8.47% -~ 1.44-1.89% Fl
2.57-2.79% (5% 2B) o FHELHA AR ZXEHPGTA - 7580
KGR B TN R = B Sk & = - i
DEEEE > ZRERPHEAMTIHE B S R ¢ B
Wk o > ZRERGERPIRAE AR o AHRE R ~ K
g3~ FREAE ~ IROKL S ~ WRBERER B SRR
HE RSSO - EEKRTERE
FERRA FTEGZ SR -

T &

B SMRREAELE (E) B REROR
FER TR ~ F5 -~ RERVNEEFE SRS
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Table 2A. Effect of distillation on proximate composition of rice dregs from wine fermentation (dry weight basis) *

Crude protein Crude fat Ash Crude fiber Carbohydrate
Yeast strain Distillation (%) (%) (%) (%) (%)
Danstil A No 7432+ 1.40a” 7.28+0.35b 1.01 +0.00 ¢ 4.44+0.09c 1296 £1.66 b
Danstil A Yes 63.74£1.29b 7.55+0.27b 1.16 +£0.01 b 547+£030ab 2349+125a
Danstil C No 72.12+£0.10 a 7.68+0.36 b 1.30+0.03a 4.64+0.17bc  14.26+0.06 b
Danstil C Yes 62.33+0.16 b 9.34+0.08 a 1.31+£0.00 a 574+£0.26a 19.87+0.03 a

“ Value = mean + S.D.

¥ Means within a column followed by the same letters were not significantly different at the 0.05 probability level based on the least
significant difference (LSD) test; N = 2.

3R 2B. ZABEAPRIRIEYM LR R

Table 2B. Effect of distillation on chemical components of rice from wine fermentation (dry weight basis) *

Free sugar Crude Starch Amylose Total phenolics
Yeast strain Distillation (%) (%) (%) (mg/g)
Danstil A No 1.11£0.12b” 821+0.12a 1.12+£0.06 be 29.93+0.06 a
Danstil A Yes 2.43+0.06 a 842+0.27a 1.89+£0.12a 25773+ 1.66b
Danstil C No 0.83+0.09a 932+1.04a 0.87+0.16 ¢ 30.52+0.63 a
Danstil C Yes 0.94+0.04 a 842+0.37a 1.44+0.18 ab 27.94 +0.40 ab

* Value = mean + S.D.

¥ Means within a column followed by the same letters were not significantly different at the 0.05 probability level based on the least

significant difference (LSD) test; N = 2.

BeRE > HWRIDAREAE R ~ FREEE 2R E
FERAKMEY R EZEEE (]9 50-70%) » IR
EEEEHE (20-35%) (Santos et al. 2003;
Kim et al. 2008; Stojceska er al. 2008) > ZZ k57
Mokl it F 2L R Ve - HMH & EmER
60-77% » Jg&i= i HADFHEERH - 2MEEETE
TIB R Ryam BRI — « BERE—i
LABE 1R 85% M KA F Ry S BEIF R - T —fi H
ABLVEE WA A KB IE H 3R 30-70% -
Hisamatsu et al. (1995) 2437385 H AR —
TEE R B S8Ry 17.1%F1 37.1% »
FEpES =R 63% FlI 42% - Tsutsui et al.
(1998) S HTHZEEEWRIFI 2 I E 44.6% ~ ik
KALEY) 37.4%H17K 53 7.2% o HATE R FIRY
e R I B 2R A 25 YR I AR 4 A8 4 A
A A E 0B & 28 EAR R 2l
A o AHECHE > ARG RIRY R ER AN & (Bl

BEFERTAIRRDY) By 8.59-14.74% » s8I H9H Ky
1 o HATE B RIFI S E AR o 22 B 2
TP 7E s E AN [5) BT B PR 9 38 2 3 3 A R P
B — s GERTE RS SRR A
FESERE R EAE - DI ISR R BLTR - Kl
KPR B BROE A - AR EHE
EERE -

RIS 2T AT 70-80% > (7= 71 9Ky
BT By 19.7-22.6% (Lai et al. 2001) » A
B AR LIS LR (a-amylase) FIHE(E
B2 (glucoamylase) HETT [ B =X Hoy 7K fig
FIME(E - A& TER YR (endoamylase) »
FIRY o-1,4 AORET) 8 - KA /K e ORI Bl
B REHRIIMNIIRIEEZE (exoamylase) > EH
JFA B SR S SR B IR R M R o-1,4 R
a-1,6 HURET| 8 - M/KAR LA &R (van der
Maarel et al. 2002) o AZREGPIRTIERE A4 251



MRS LB & o- 14 1 o 1.6 ] 1K
SCHEMY - T BB & B - ZRIEE R
EH IR BRIk AR ST - T SR
BEE 47.890% WKHEEEH (rice protein
isolate) (Morita & Kiriyama 1993; Shih & Daigle
1997; Shih ef al. 1999) -

AR R R B S R R w RS E
HE - i R E R E R E 2 E
SR EAHRTE (0 <0.05) AMEAESES
F o HpPRAE R AR o BERHMER 2R
FAVERREE IR BOPERG - (B4 REIE T RE ]
FHECAE 25 - PRI BGaT AT HET B RE B AR R
EEE RS IR RE I BRI R B
S EEIRAESR - LA RHSE - BURBRR
T FI ST R SN - R ZROR B IR TS
FHPIBERIA AR MY AR 24 - BURRE E K
SME A G R T 22 Ry E S s 3 - #H
B2y - AR R B EE R AR Bl T A PR
KIPIME » FoRARLY M RERSA A RE - T
HOHLE HE & B AR SR B R ZOR 3
W - HEHIAEKR R ERE RS R E R E -
RIS I 5 MR KR A BT e SRS R R R D
&3] 3-10% (Santos et al. 2003; Kim et al.
2008) ° JE EORIEURIKIS 1 %RLEENG - A B
ARBRAPTHIAI BT = 19.45%00 N &
B EERPOREEATRT (6.39-7.58%) - H#EH]
A KPR B SR EE IR IIRE ST - HEER
TEFIRSEHINAIEAE - FhaBRRe s A R B A
FROR S HOPE A S MER BV R ol FeK
MEAG BB SR ] — AR BRI - B H A
A R EEREE A AR AIRE R - R — S RSE
DIRERE o IR A K5l 7 BRI 7 221
ZARLEE > D BRI AIRE IR AR H
PSR FH AR R I 1A ARt FRAGS
DRGSR AT RARY T A BE A B R 2K
A -

FpETERS ) 11

PRSI ] AT R 2K BRRT AR RE R > 20
TS ZRERPRRIR ZR BRI - W 2R A
AR AT - DIHASGERB1 - H
ESERIETEY RIS S AT 2 I ST LY Al
FoZRBRWGHT - S RZRBRERID S AP > &
1 X ORI R SR 75 DURHPS R — it
ZRER DAY =R - P DU R0 A o 2 BE Y
GERIEY -t HEay Sas: 1 STE )N ke SIUE L 5
E LT MARRIRATR Bz R e T
H A8 - B e B M - SRR AR SR]
TS > RZARBKITIE LLZA B e B
JEFHRYZER] - FHAGEERREIR - SRR
FERH RIS M B AEHESR SRR ITR A F] > oK
LY iRpse EC RN WAL YT IR Y A= Y=Y ST
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Effects of Yeast Strains and Distillation on Nutritional Composition

of Rice Dregs '
Shwu-Jene Tsai>* and Tsung-Yen Wu?

Abstract

Tsai, S. J. and T. Y. Wu. 2009. Effect of yeast strains and distillation on nutritional composition of rice dregs. J.
Taiwan Agric. Res. 58:106—113.

Fermented rice dreg is a valuable by-product of rice wine manufacture. This study was carried out to
determine effects of yeast strains and distillation on nutritional components of rice dregs using rice
variety TNG-71. Wine fermentations of steamed or non-steamed rice were inoculated with different
commercial strains of yeast (Scharomyces cerevisiae). At the end of ambient fermentation, the solid
dregs were separated from thin stillage and then used for chemical analyses. Results showed that the
nutritional composition of rice dregs was affected by strains of yeast as well as the source of rice grain
(steamed or non-steamed). For examples, crude protein, the main ingredient of rice dregs, was 77.19,
66.16 and 59.67% for the treatments of yeast strain Fermivin PDM" in steamed rice, yeast strain Danstil
B® in steamed rice, and yeast strain Magic Koji® in non-steamed rice, respectively. In addition, there
was a positive correlation (p < 0.05) between dried yield and protein contents of rice dregs. Compared
to fermented steamed rice, the rice dregs from fermentation of non-steamed rice had lower protein content
but higher fiber and lipid. Since distillation of fermented mash is an important processing for spirit
production from rice, the chemical composition of distilled and non-distilled dregs was compared.
Results showed that the distilled rice dregs had lower protein but higher fat, fiber, ash, carbohydrate, free
sugar and amylose, compared to the non-distilled rice dregs. Unlike the reported low protein of
lignocellulosic distillers’ grains, the dreg from rice wine manufacture contains high protein, and thus, may
serve as a potential source of plant protein for food.

Key words: Rice, Rice dregs, Chemical composition, Yeast, Fermentation, Distillation.
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