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Fig.1 Flow chart of fermentation experiment
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Table 1 Response surface analysis factors and levels
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Table 2 Yellow rice wine sensory score
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Fig.2 Changes in reducing sugar (a) and alcohol content (b) during yeast fermentation alone
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Fig.3 Changes in total acid (a) and volatile esters (b) during yeast fermentation alone
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Fig4 Changes in the number of yeast

during fermentation of yeast alone
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Table 3 Physical and chemical indicators after fermentation

V.a =il &A1 B A% vol pN - 1 R Belg- 1! B 5 4/x107 CFU-mL™
S.cere 6.8 9.9 2.8 0.53 3.8
Han 7.6 6.8 3.2 2.41 8.0
2.1.2  BERERAN R RN ECE TEM A IR XA TS, 251 WLk 4,

S W07 AW B AT R B, B AT R

%4 FAABESAZABREITNGE R

Table 4 Sensory evaluation results of yellow rice wine with different fermentation methods

# & & ook A R A% BF R o
S.cere 6.3 +0.58 29.0+794  16.8+4.16 9.7+0.58 R RN S | X 61.8
Han 8.4 £0.58 293+£379 21.9+£436 10.6+1.53 B A 0 B B R AR 70.2
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W, o0, 5w DU R T AR R
JIT LAHG 2 T 040 B T R i A B R A, 5 20 DA T
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By LR S DU I RE A T 1) ST R A A5 20
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22 REBBEEELNITIE

221 RGBT AL

22.1.1 FERRRA T X EE R AR K B
5 AT, R PR S LA P B[R] B R A A
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Fig.5 Changes in yeast number during fermentation with simultaneous mix—and-stand (a)

and sequential mix—and-stand (b)
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Fig.6 Changes in reducing sugar (a) and alcohol content (b) during fermentation of yellow rice wine

with different mixing conditions
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Fig7 Changes of total acid (a) and volatile ester (b) during fermentation of rice yellow wine under different mixed conditions
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Table 5 Sensory evaluation results of yellow rice wine

# &% ok %4, A BER R o
SH 70+1.00 37.7+1050 212+1.00 13.0+1.05 HKAWE A%, ookEif ko 78.9
CH 46+152 33.6+11.01 17.0+1.02  10.6 +2.08 B ok R BB A AR RAT 65.8

23 EBIZH i 189 Rl 4 % IR TR 26~34 °C, I &R

231 PREFRLREAR G0N hE 8 nIAL K KB S BRI B, Ui AE
A E RO SR RGN, O R BT XNIRE VI, TR R EAT B A A R
R M A B & e A0 B R, iR R S i BB BRI EAE 32 O 45 K P Y 1 i 1k B
T 220 g/L i 3R EE S R T ARRCE IR N R 170 /L, AW R A v a2 i (AR 2 R
B i RN T ERZEAE Y A A A, A R R R ERR S, X T BE S A N TR i e e
B KT i O A RS BEREAE RO S R RIS T R A AR B, AT A B
S, GE R BV R AR L e, AR R IR S BT R 0N R B A
LA A SIS A B (160 g/L) (R MR M T AU T YRR, A RA R E
ARG BE &t A RE AR, JF Hool IR A BE  AMR &S mesAt, 28 DB R KB E N 32 CROY
RS )| E T % i

‘% T % 7 7 7 7

g ~ B /// / / -

=} = 3 S
B S % = o 2 ’ . s =
% %/// -5 B ?// / ¥

o = z . > B

3 = k| =

g 90 0 2 A 2 R R -

CIE Ry *E TR B
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Fig.8 Effect of initial reducing sugar concentration Fig.9 The effect of main fermentation temperature
on alcohol content and volatile ester content on the alcohol content and volatile ester content

of fermented yellow rice wine of fermented yellow rice wine
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Fig.10  Effect of initial pH value on alcohol content
and volatile ester content of sequentially fermented

yellow rice wine
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Fig.11 Effect of inoculum size on alcohol content
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and volatile ester content of sequentially fermented

yellow rice wine

Hl Design —Expert V8.0.6 %t it 43 #r 4k £ &% 1t
BoxBehnken Wi i i 46, L% 3t 3 & 3 /KFE,
17 g AL KA R WK 6,
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Table 6 Experimental scheme and re

sults of response surface methodology

Py pH 1A BAE  BABGL | BEF  BE pH{L AT EAE/g L

1 -1 -1 0 1.52 10 0 1 -1 1.42
2 1 -1 0 1.46 11 0 -1 1 1.41
3 -1 1 0 1.49 12 0 1 1 1.44
4 1 1 0 141 13 0 0 0 1.66
5 -1 0 -1 1.52 14 0 0 0 1.70
6 1 0 -1 1.42 15 0 0 0 171
7 1 0 1 151 16 0 0 0 1.68
8 1 0 1 1.33 17 0 0 0 1.69
9 0 -1 -1 1.58

A B AT AU, AR R e A Wi I A
5 0T Py T B TS 42 5 g 5 0 R IR EE (A |
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Table 7 Analysis of volatile ester regression variance model
I E KRR T T e B WL ¥ 7 F1a P1a B HH
B 0.23 9 0.026 39.65 < 0.0001 ok
AGRE) 0.022 1 0.022 33.89 0.0006 o
B(pH 1&) 5.512x107 1 5.512x107 8.47 0.0226 *
C(HArF) 7.812x107 1 7.812x107 12.01 0.0105 *
AB 1.000x10™* 1 1.000x10™* 0.15 0.7067
AC 1.600x107 1 1.600x107 2.46 0.1609
BC 9.025x107 1 9.025%x107 13.87 0.0074 ok
A? 0.058 1 0.058 89.72 < 0.0001 ok
B 0.042 1 0.042 65.03 < 0.0001 ok
c? 0.066 1 0.066 101.51 < 0.0001 ok
xE 4.555%107 7 6.507x10™
% PR 3.075x10° 3 1.025%x10° 2.77 0.1750 FRF
FiRE 1.480%x107 4 3.700x10™
iR 2 0.24 16

% BE KT P<0.05 ;% i 83K T P<0.01;P>0.05. W35,

x8 MHEEWITHSN
Table 8 Model feasibility analysis

I8 AR AL
Ao 2 0.026
3 4E 1.53
TR RH 1.67
TR 5K £ F T A 0.052
FR R 0.9808
AR EINE 0.9560
ERUEVESY 4 0.7825
(ER 34 17.723

MW T MESALUAEHR, HAEK PIHE<
0.0001 , it B 12 [m] V5 A5 75 58 B 4 I8 3% /KO | 2 4830
B P AR 0.1750>0.05, 2B AL G0 i 3
R R AL R=0.9808, KW 98.8% 145 4f v] L HI X
AT R SRR 5 MR EE R 17.723>4 28 S R BUH
1.67%<15% ; LA L3 #7250 B 2 (] ) 45 2 5 4k 56
PUA RAF, AT LA 000 A 1 98T A 45 % TR o
1) F AT

AP R —RI A (P<0.01) M i &K
F LB 1 C(0.01<P<0.0) A 5k 3 7K 3 kI A2
B?.C* ¥ M W 5 3 K SF (P<0.01) ; 8 B0 BC A%
Y F K (P<0.01) ,AB Fil AC ¥R .3 (P>0.05),

MR B EE (A) ,pH {E (B) HR i (C)3 45200
20 FAERTJN, 2% 50 DR 28 X0 Jh I v 0 4 K T 2
YR R /MK IR R A (33.89)>C (12.01)>B
(8.47),
2321 BEALFIE 5400 W T A LA Ve (R %
A 56 R 1 I b il 4 = 4 5% ) g0 b v 1Y, 3 o
JH Design expert 8.06 FF4r#r, 153 A B iR
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O, I ELIEE i il v e B 0 158 B P PR 3R 22 (] 14 38
AR S AH B, EE R i T RRCT 28 Ul B
R BAE BN, S m 2B AR AT L3RR A
RZEMAZ BRI B ERRE, FadnyPmis
FEE WA IR |, 2 WY DX 3R A 28 T A T B 35 A s
TE MR 2 0T IR | 3 1 AH A TS 35 R & 12
AL i OB DR AR TEE . AR T
DIE W, TR X T SH O A #5 4 g 5 2 5 T i
KA CREEIRE)FI B(pH 1H) & B4 T BE
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Fig.12  Response surface and contour map of the interaction between factors on the content

of volatile esters in yellow rice wine
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Studies on Yellow Rice Wine Technology Using Mixed Fermentation of Saccharomyces cerevisiae

and Hansenula anomala

Zheng Chaoqun', Chen Chen', Jiang Yujian', Zhang Lei', Xie Guangfa®
(“School of Food and Bioengineering, Zhejiang Gongshang University, Hangzhou 310018
Key Laboratory of Pollution Exposure and Health Intervention of Zhejiang Province, College of Biology and Environmental
Engineering, Zhejiang Shuren University, Hangzhou 310015)

Abstract Saccharomyces cerevisiae and Hansenula anomalies as yellow rice wine fermentation strains, the fermentation
characteristics of the two yeasts on the 18 °Bx saccharification solution were investigated respectively. It was found that
the alcohol-producing capacity of Saccharomyces cerevisiae (9.9% vol) was stronger than that of Hansenula anomala (6.8%
vol), and the volatile ester content (2.41 g/L.) of Hansenula anomalies was significantly higher than that of Saccharomyces
cerevisiae (0.53 g/L.). Further comparing the mixed fermentation pathways, the alcohol content of sequential mixed fermen-
tation (8.1%vol) was slightly lower than that of simultaneous mixed fermentation alcohol (8.7% vol), and the volatile es-
ter content (1.59 g/l.) was significantly higher than that of simultaneous mixed fermentation (0.56 g/L.) (P<0.05). Com-
bined with the physical and chemical indicators of the fermentation process and sensory evaluation, it is more appropriate
to choose a sequential mixed fermentation route. Through the combined experimental design of the single—factor and Box—
Benhnken Center, the response surface of the volatile ester content of the sequentially mixed fermented rice wine prod-

ucts was optimized by selecting three factors: the main fermentation temperature, pH value and yeast inoculation amount.
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The results showed that the optimal parameters for sequential mixing of standing fermented yellow rice wine were: fer-
mentation temperature of 31.5 C, inoculation amount of 1.0x10” cells/ml., and pH of 4.2. The verification experiments
showed that the volatile ester content of sequentially mixed yellow rice wine under this condition was (1.66+0.028) g/L.,
which was not much different from the predicted value of 1.70 g/L., which was 213% higher than the fermentation of
Saccharomyces cerevisiae alone. In this study, the fermentation pathway and application effect were elucidated for the ap-
plication of non-Saccharomyces cerevisiae in yellow rice wine fermentation.

Keywords H. anomala; mixed strains; yellow rice wine; fermentation curve; process optimization



