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Optimization of Perry Fermentation Technology Conditions
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Abstract

In order to enhance the alcohol yield of Saccharomyces cerevisiae DJO2, the preliminary fermentation
conditions were optimized by single factor test. The results indicated that the fermentation conditions
were: agar volume 80 mL, inoculum concentration 11% , initial pH value 5.5, temperature 20°C
fermentation time 8 d. The influence of twenty kinds of Chinese herbs, such as Pericarpium citri
reticulatae , as promoting factors on the alcohol yield of Saccharomyces cerevisiae DJO2 was investigated.
The influence of six kinds of Chinese herbs including Amomum villosum Lour on the alcohol yield of
Saccharomyces cerevisiae DJO2 were significant. The optimum fermentation conditions were determined by
plackett-Burman design and response surface analysis. The optimum level of these fermentation conditions
were ; temperature 22°C , culture volume 75.0 mL, pH value 5.71, fermentation time 8 d, Amomum
villosum Lour concentration 1. 0% . The alcohol yield of Saccharomyces cerevisiae DJO2 was 16.92% ,
which was enhanced 23.7% .
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JH B Saccharomyces cerevisiae DJO2 [ Hi3 2K | Ff Xt
R BEFAFHEATOOAL | HE— 25 18 03 % B 0 7 T RS Ag
715

1 s # ST E

L1 RE#H

W Bl Saccharomyces cerevisiae DJO2 ( )\ B 4R & B
AL 2 85 5 e aod R AR AR R G AR ) L iR
PR 7 A fn B o 2 Be Sl AR W) 52 3 & AR AF

KRG IR HE 20°Be BV,
L2 FENHF

SPX —300BS — I %1 A= {35 SR A48 , b 1587 iy B2 97
A B AT PR 2 W] 5 HZQ — F100 24 4x i Ik 3 15 57
ORI AE R A T s AIR TECH B 3 e T4
G, NG E 2R ] ;DN - 3A B 0B 18 4 40 BT
RGE2.0, TPACGHOE B A RA A .
1.3 EFHE

R FHFEIE I5 A B 100 mL, # 1k 55 5%
Bi Rl EE O 25°C  mFa] 2 10 d,
1.4 SHFEE

%% GB/T15038—2005 Hipiks & iyl s o
L5 RBHE
L5.1 BARKE

3 SRS 5 W 25 A 1R 2 W Ak (7E 100 mL £ ) o 3¢
BEFRIE R R Bl i O A 7B 801 R 7 A9 14 A7
PR0 IR E R AG pH (A B A HEAT A,
Wi bk PR Y R
L.5.2 RIFEN Ik

I3 20 WK rh 2k R CPEE N AR TN EZ
HH AL A R EE Y R T &R
WK BT RS W A dn i ZE PR e
2y () 5 07 1% 6 20 BRAP 2G2S H 3 g, a3 B
60 mLZER/K , HISCKET L h )5, =22 A id g, fx
Je FAZE MK 2 48 2 10 mL, R R 25 25780 o AT
2 A% e B B SR R RBUEY 0.3% ,0.6% .0.9% |
1. 2% FS I3 e e B 77k oh e i e AR 1 AR
xR (5 R B B B R ik R R ) A B 0 A
BB AU Bk 25 25
1.5.3 i Plackett-Burman iz 56 577 76 3% 37 &5 {4

e IR B Ik % N = 12 i Plackett-Burman iz I
BT, HET 1L ANR B IRRE « B v, W
Iy pH (B o EFP I 2, R EERT ] g 9 2 x DT
g KA g JRBE xg JEAR wyo HIAD vy, A TR R
PR Y-, AR VR 17 23 Ay Wi o R
1.5.4 Wi S i o3 A VA A A B 5 A 1

;i 1 Plackett-Burman iR 56, B & 7 5 4 & A
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2.1.1 W

Bl 5N R R L. dEA
W, BV & XF Saccharomyces cerevisiae DJ02 HH R 5
e 7R IR, T A 2B VAR ek ) 4 00T, 9 3R A B i, 244 ¢
Wi 80 mL( A BEAS fw 4 100 mL) i, B 4 i 46
KBBR8 UK A0k 5 1 e ARy R D,
7T T 5 11 2 B 52 B R ), DR s 9 30 5 R R
Ry RS o BT LL, B DL 80 mL Dy,
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Fig. 1  Effect of volume of liquid on ethanol yield of

Saccharomyces cerevisiae DJ02
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Fig.2  Effect of inoculum on ethanol yield of

Saccharomyces cerevisiae DJ02
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Fig.3 Effect of incubation temperature on ethanol yield of

Saccharomyces cerevisiae D]J02
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Fig.4 Effect of initial pH value on ethanol yield of

Saccharomyces cerevisiae DJ02
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Fig.5 Effect of fermentation time on ethanol yield of

Saccharomyces cerevisiae D]J02

2.1.6 RN TR

AR Fp 2 50 25 X Saccharomyces cerevisiae DJ02
YRR I3k 1 B

MR T LA I, My Ad AL 8 2 AN (B B A
B~ 6 Bf H 25 X} Saccharomyces cerevisiae DJO2 [ H}
TR 2 F AT 38 I A, G v R R B A Xk
Saccharomyces cerevisiae DJ02 [ H ¥ 2 384 i &5 3R 2
s FOR B IR A IR X2 B G P AR 4
5, BEAE WS E A FR B o, S SR 5 W R

MIRFECH 0. 9% i}, ik 3] KKy 13.68% , X HR
HHEEN 8.87% .

F1 MPEFIHBEERNZM
Tab.1 Effect of stimulating factor

on ethanol yield %
o 245 25 AR R 43 5 %
R
0.3 0.6 0.9 1.2
1zE 7. 84 7.54 7.86 7.97
AL 7.81 8.16 7.82 7.96
NGRS 8.09 7.96 7.86 7.78
T 8.02 7.74 7.68 7.52
o 7.96 7.82 7.75 7.85
W 7.97 7.70 8.13 8. 11
S 13.21 13.22 13.31 13. 10
e 13.16 13.32 13.21 13.15
EE 7.69 7.91 8.19 8.24
YRl 13.06 12.77 12.75 13. 60
KL A 13.35 13.36 13.25 12.94
T 7.58 7.60 7.97 8.00
TR 7. 66 7.71 7.76 7.88
954 7.89 7.70 7.73 8. 04
He ¥ 7.81 7.94 8.10 7.48
JE R 13.11 13.16 13.39 13.40
% ) 13. 16 13.54 13.56 13.53
SEill 7. 64 7.89 7.92 7.88
Wi 13.21 13.38 13. 68 13.10
Pz 7.86 7. 60 7.61 7.62
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1y SPSS Hf: %of 3 90 45 2R R 47 GE it o A, OF Bl g
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PO . B S DR SRR E MR B iR pH
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Tab.4 Experiment design of five factors and five levels

ES
K I . A

- WM RGE pH{H REEME AR
x,/C x,/mL Xy xs/d IE %,/ %

-2 16 70 4.9 5 0.7

-1 18 75 5.2 6 0.8

0 20 80 5.5 7 0.9

1 22 85 5.8 8 1.0

2 24 90 6.1 9 1.1
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Tab.2 Design and response value of Tab.5 Results of response surface analysis experiment
Plackett-Burman experiment e X, X, X, X, X, IR R, /%
H 1 -1 -1 -1 -1 1 11.58
r?% X] XZ X"& X4 XS X6 X7 XS X9 XIO Xll .
/% 2 -1 -1 -1 1 -1 11.15
1 1 -1 1 -1-1-1 1 1 1 -1 1 1436 3 -1 -1 ! ! ! 13.00
2 1 1 -1 1 -1-1-1 1 1 1-1 1217 4 -1 -1 ! -1 -1 12.66
3 -1 1 1 -1 1-1-1-1 1 1 1 13.28 5 -1 ! ! -1 ! 9.28
4 1 -1 1 1 -1 1-1-1-1 1 1 13.01 6 -1 ! -1 -1 -1 8.39
5 1 1 -1 1 1 -1 1 -1-1-1 1 15.63 7 -1 ! -1 ! ! 7.57
6 1 1 1 -1 1 1 -1 1-1-1-1 14.78 8 -1 ! ! ! -1 8.99
7 -1 1 1 1 -1 1 1-11 -1 -1 13.95 ? ! -1 ! -1 ! 16.03
8 -1 -1 1 1 1 -1 1 1-1 1-1 13.64 10 ! -1 ! ! -1 14.84
9 -1 -1-1 1 1 1 -1 1 1-11 1L11 1 ! -1 -1 ! ! 16.83
12 1 -1 -1 -1 -1 10. 23
0 1 -1 -1-1 1 1 1 -1 1 1 -1 13.69
11 -1 1 -1-1-1 1 1 1 -1 11 12.88 13 ! ! ! -1 -1 14.48
14 1 1 1 1 1 13.74
2 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 10.95
15 1 1 -1 -1 1 12.23
" 16 1 1 -1 1 -1 11.03
3 L Plackett-Burman iz 3§ 1% 3 N
&3 MU WA EER 17 0 0 0 0 0 14.35
7K R 5 M 3R 18 0 0 0 0 0 14. 48
Tab.3 Factors, levels and effect results of 19 0 0 0 0 0 14.31
Plackett-Burman experiment design 20 0 0 0 0 0 14.07
IR 24 7 ) 21 0 0 0 0 0 15.26
LES — . vhE WF 2 0 0 0 0 0 13.94
-1 1 :
e 23 2 0 0 0 0 14.78
5 SRS %, /C 18 22 5.11
HIRLES 24 -2 0 0 0 0 7.67
W it x, /mL 75 85 3.87 4 25 0 2 0 0 0 13.42
Yith pH {H x, 5.2 5.8 4.30 3 26 0 -2 0 0 0 11. 04
. 27 0 0 2 0 0 14.37
B v,/ % 9 13 -0.06 11
28 0 0 -2 0 0 10. 43
KBTI x5 /d 6 8 3.14 5 29 0 0 0 2 0 12.96
PSR x/ % 0.8 1.0 -0.09 10 30 0 0 0 -2 0 12.43
" 31 0 0 0 0 2 12. 89
WA RT3 B x, /% 0.8 1.0 5.77
32 0 0 0 0 -2 11.16
I B (A B B g/ % 0.8 1.0 -0.23 3
145 % Y, _ S, N N f— 3
RE A AR 5 B g /% 0.8 1.0 0.34 6 8w,  REERT ] oy BP " %, 5 AN EEHISME S B
JERMEFUNEL 2,0/ % 1.1 1.3 -0.30 7 R CIREZIE I RN
FACAR TR B /% 0.5 0.7 0.16 9 R, = -464.36694 +1.252 71X, +4.210 75X, +

34.070 83X, +21. 677 08X, +248.400 00X, +
0.021 500X, X, +0. 812 50X, X, +0.012 500X, X, +
1. 168 75X, X, + 0.200 00X,X, —0. 158 00X, X, —
1. 612 50X,X, —0.366 67X,X, —4.291 67X, X, -
1.562 50X.X, —0. 190 94X; —0. 020 500X, -
5.22222X: -0.396 25X; —56.375 00X

I B 42 A8 B R Rl A O R e BB R =
0.972 9, UL W A4 Jr FE i 005 B BB UF . R 6 Jr
ZE03 AT AT, Il A A Y F-AG 0 3, UG P 4
9 R Bl E 5 A 3E L BB IR RO R S X, X,
Xy X Bo X, Z (8] 1 06 &, A5E800 A] LA b XA R 11y
25 Rt g 2 R AT T
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Tab.6 Analysis of variance of model

B RBE ARdER CFOr FfH P {EH(Prob>F)

R 14.39 0.50 180.11 5.76 0.002 4
X, 1.89 0.26  85.43  54.65 <0.000 1
X, -0.48  0.26 559  3.57 0.0853
X, 0.73 0.26  12.94 8.28 0.015 1
X 0.32 0.26  2.41 1.54 0.2405
X, 0. 68 0.26 10.96  7.01 0.0227
X, X, 0.22 0.31 0.74  0.47 0.505 8
X\ X, 0.49 0.31 3.80  2.43 0.147 1
X, X5 0.025 0.31 0.01 0.01 0.9377
X, X, 0.23 0.31 0. 87 0.56 0.470 2
X, X, 0. 30 0.31 1.44  0.92 0.357 8
X, X5 -0.79  0.31 9.99  6.39 0.028 1
X, X, -0.81 0.31  10.40  6.65 0.025 6
X; X5 -0.11 0.31 0.19  0.12 0.7315
X, X, -0.13  0.31 0.27 0.17 0.688 3
XX, -0.16  0.31 0.39  0.25 0.6270
X3 -0.76  0.23 17.11  10.95 0.007 0
X3 -0.51 0.23 7.70  4.93 0.048 4
X3 -0.47 0.23 6.48 4.15 0. 066 6
X3 -0.40 0.23 4.61 2.95 0.114 1
X2 -0.56  0.23 9.32  5.96 0.0327
2.3.3 R T 23 B K B A A R A ST

fi ) Design Expert 25445 11 )5 75 i ok 2 i iy
IDATTRVA N7 S B T Ve S U AL TR AN ]
Kl 6 firm

HI AT 6 AT 1, B 37 il 2 2 5 W) T R Y R 2N
2, YO pH R WA R FR 0 B0 W N O I I
] o AR K0 pH A L B R T N 1] 22 1] ) 52
PR R A B F B el W, w025

X R AE S AR Z R AL, AL A
BT RO P A o 24 X092 T T 58 ) 52 T AN 2 AR A
Fo

X [ U 7 i R AT U6 A 43 A, A5 2 o 7 T R £ 2%
F R AR BUAE . A YOl se v, 75 2 e B IE
Ay B IR IR 22°C WA 75. 0 mL B 4R pH {H
5,70 KBRS ] 8.0 d AR BB 1.0% o 1E
AR P P R AT AR E) 17, 24%
2.3.4 JFRERERIUE

H T e A% 1 O A0 435 7 w7 T G Ak 1 32 2H ik
orp W AT A R . R BiR R R
{1} K % Saccharomyces cerevisiae DJO2 , % P B8 ¥k 7F It
FAF T RN 16.92% , 550 WAE 17. 24 % 4%
AT, L e T AR T4 T 23. 7% .

3 &£

(1) JE ik PP 2 i 8 1 R A R B SRR
REW AL 80 mL AR BUSTEL 11% W) 4G pH {H 5.5,
KR 20°C R e ] 8 d,

(2) 3 s e 2 300 38 A 7, R A AT
K S JREANRIR K 6 Fift v 24 %0 32 AR 1 R
2R R B R T B B R R
kE T 13.68% ,

(3) i@t Plackett-Burman 56 & #1 , 76 % HE
LA REG R b S A s ma 35 19 R O« B 97
JIE R W) IR pH A I ) DL K A AR
%o

(4) il id Box-Behnken H1.0x2H 5 B 11X 52 Wi
WARRER S DMHERE— LU, R w0 T 5 vk
XRS5 R AT 30, A5 B AR A0 s B R IR
22°C B 75.0 mL W) 4G pH {H 5. 71 4 1 i) 1)
8 d AP IRFL 040 1. 0% , ILA HU B SR o 16.92%
EE AR $E 1 23.7% .
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