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PRSI 22 B B HDYXHT-01 F i ARs & 7= Z BB & B
TZM

BEE, XEW, B, K, RES, FUE

PRI IEF Rl 24 e Y SRR S L S0, PAVKEE 150080

# E: KA Plackett-Burman (PB) 7 ik #= ¥ & 414-i% 4+ (Central composit design, CCD) *F1kva 3548 £ 84 Candida
shehatae HDYXHT-01 #)f) RAE K B A = TER 64 T L dATHAL. PB IR T 50 AT 45 R #ilds. ARER — A47.
BN F BN ERYAANE LA 4 NXERE, VACEFF AW B4R, KA CCD Frr &4 % (Response
surface methodology, RSM), #4157 A4k LEE L BEG) AL T ¥ 4 AABR% 1.73 g/L. BEBR — 247 3.56 g/L. B¥ &8 2.62 g/L
FadE A F 5.66 % , K B A R4 80 g/L, MgSO47H,0 0.1 g/L, pH 5.0, 32 7% & 30 °C, $3&% 100 mL/250 mL,
HARGER 140 r/min, K BEE1E] 48 h, AZAMH T AR T LB Z 2 TALE 26.18 g/L, ZMALHT 9 1.15 4%,

KR : RSB BLRE, RKAE, T8, " &0k

Optimization of xylose fermentation for ethanol production
by Candida shehatae HDYXHT-01

Jingping Ge, Guoming Liu, Xiaofeng Yang, Hongbing Sun, Hongzhi Ling, and Wenxiang Ping
Key Laboratory of Microbiology of Heilongjiang Province, College of Life Science, Heilongjiang University, Harbin 150080, China

Abstract: Plackett-Burman (PB) design and central composite design (CCD) were applied to optimize of xylose fermentation for
ethanol production by Candida shehatae HDYXHT-01. The PB results showed that (NH,),SO,, KH,PO,, yeast extract and inoculum
volume were the main affecting factors. With ethanol productivity as the target response, the optimal fermentation was determined by
CCD and response surface analysis (RSM). The optimal fermentation conditions were (NH4),SO,4 1.73 g/L, KH,PO,3.56 g/L, yeast
extract 2.62 g/L and inoculum volume 5.66%. Other fermentation conditions were xylose 80 g/L, MgSO,7H,0 0.1g/L, pH 5.0 and
250 mL flask containing 100 mL medium and cultivated at 30 °C for 48 h and the agitation speed was 140 r/min. Under this

Received: October 13, 2010; Accepted: November 24, 2010

Supported by: National High Technology Research and Development Program of China (863 Program) (No. 2007AA100702-6), National Natural
Science Foundation of China (No. 31070446), Educational Commission of Heilongjiang Province (No. 11551z011), Key Scientific and Technological
Projects of Heilongjiang Province (No. GAO07B401-6), Special Fund for Scientific and Technological Innovative Talents in Harbin (No.
RC2010XK002028), High-level Talents (Innovation Team) Projects of Heilongjiang University (No. hdtd2010-17).

Corresponding author: Wenxiang Ping. Tel/Fax: +86-451-86609016; E-mail: wenxiangp@yahoo.com.cn

B K m AR T &R (863 1K) (No. 2007AA100702-6), [H K HARERL2 I 4 (No. 31070446), T A HF T E AT H (No. 115512011),
BT AE R BOCE RIE (No. GAOTB401-6), W /RE T RHG G F A A WL % 400 H L7 2Rk A (No. RC2010XK002028), BT
REEFRZRNA (BEFHTN) SCFF & (No. hdtd 2010-17) B0,

© FERZFRMEMARTATIKSHIEST http://journals. im. ac. en



B

PRAE: RS IER 22 B HDY XHT-01 F| FH AR A= 7= 2 B 1) & e T 2544k 405

fermentation conditions, ethanol productivity was 26.18 g/L, which was 1.15 times of the initial.
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WRBE G AR — Tz 4> | 8 T 09 AT HEA A TR
BB, E—E R ES T AR A B E
PL, S@glEi & E SR OGE, BN Ok
P Tl 3 8 AW 5T AR 2 e by ok ok, i e [
ER N BRI, R TRk Ak 1 52 B4R I R i iy HL
A, B, DR BER 4 3R 2 e R R
WEHTORERRE, BATAERMIE X,
AW S A 5T 21 4 S5O K i 7 ) v 5 AR T 4 A
) —Fh ol & IR B BTAF 4R K iR 1Y 35%
P AR Y 2T R T — T AT A S5 2T 4
JEORHAE W) S Ak A 7 SRR DGR R, 3 A AR
RWE RN B FE T DLBEAR T2 B AR 1Y 25%
DL BT PR AR o AT 9 I K T 7 R R X AR R
AR P2 A EE A T T T T T 1 TR T
Saccharomyces cerevisiae FBE R B ZH!, X
FERLE L T ARKERYIR 9% . AR AP H i A IAE &
TREAHE 7 B B TR 32 B I 2 ¥ & Candida | B2
IR, Pichia VS EARE Pachysolen 3 A&,
EATESR A LUR AR, B EATR R 52 77 LA
T e P i R AN S PR B, Rk, R R X S
PRI C B 32 ) e 4 v FL R W AR, A 2 i AW
FI R BB SR o AR SCRT B AR i 15l 22 i )
Candida shehatae HDYXHT-01, & B %) FH A b
HEAT £ T R BETT RN O B B Tl A (8 19 B b 2
— 0 SR JLAR AR FGSE P e SR R bR 2
FEAHR L, RAE PR (BEFEE R
SE I JE A ARG ) AR A B A AR 1A Ty
2, ARG T — S0t R AR A Tk

A SC LA R o — B U5, B Plackett-Burman
(PB)!' 7 2 F 0 4 4 % it (Central composite
design, CCD)"M%E4, SR AW LY 6 434775 RSM
(Response surface methodology)!'®, X /R H4 1R 22 1%
HDYXHT-01 AW L BER BT Z0E 0T THfE, L

Candida shehatae, xylose, ethanol, response surface methodology

H1 i w2 TR R N AW (9 5 AR T SRR R, AR5
VI BTN E TR B R 22 B HDYXHT-01 &
BEACHE = A= CBERE T, FOARBERI S | KRB ILR |
LN A2 T Je L WE = e AL TR A, XA AT
HE— 20 R T R R A T8 B SR AR BT 247 2 %
K7 AT P BRI A

W EErE

1.1 ##
1.1.1  F#r

R EER 2228 Candida shehatae HDYXHT-01,
IR A Yy s e s 2 it , AR S % Aty
rEIRAE, R REAREIITERE RIS
1.1.2  BFHFEE

P77 (g/L): AWE 20, HEFAME 20, BERE
¥y 10, pH H4X, 108 CKH 20 min.

ARBERI UG R WESE TR 5E (g/L): AME 80, (NH4),SO,
2, BEREKY 5, KH,PO, 5, MgSO47H,0 0.25, Jo/K
CaCl, 0.25, pH H#K, 108 ‘C K 20 min,

1.2 R AE
1.2.1  FhrFignims

PRBURNE P A — 2, HEAREAT 50 mL FhFRE
R 250 mL =fHF, 30 'C. 140 r/min }55% 24 h,
1.2.2  LHEIR I

BRI 5% R B N R B IRk,
FEW N 100 mL/250 mL =, 7€ 30 'C . 140 r/min
PAHeME R S 7 B 7 48 ho
1.3 Sthia&E

R TRV T PR A B & Tt el ek v SO € 3%
(HPLC) #£ 17 /2 #7 . HPLC 4. M E S N
SCL-10A, f145 LC-10ATvp Z&, RID-10A 7 Z= 460
#% UL M HPX-87H (300 mmx7.8 mm ,
HPX-87H Ion exclusion column) &4t ; 234514

Aminex
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KR ZER R IE 40 C, @iEHRIE 65 C, W
FHH 0.005 mol/L H,SO,, ¥ # 0.8 mL/min, LA
i 20 uL, KBS HTIE] 18 min.

KREFRACEE . B 1 mL BT 1.5 mL B0
#1,13 000 r/min &> 10 min, {38 3% M T HPLC
I3
1.4 PBigitifid 2 &R FiXiE

BRI ) LA S S 37 25 AR R T 4 SR )
S, N T PR R R AR, WX R R K
Gy MR IR A AT AL . AR AR S 00 2 A 0 R 2Rk
WA R e, TR . MERRRY . BEIR AU K
ZERE R WA — 05 5K pH (H  HeFh i
B % U E TN W i S R AR SR A R B i 15 W

ARG N PB IR B0 15 T 0 R, SRR
W4k (X)), B EH () MEEER (X)), pH H
(Xo) HERR L (Xs)  BRFRIRE (Xe) RIREWRE (X)) X
TAHEF, D Xy, Xoo Xioy X iX 4 BRI £,
DL Z P i i AE , v FH Design-Expert 7.1.3 {4
AT GR 1), SRR, IR
H53HT, RS Z e — kBl

#1 PBRERITEZEREKTEE

Table 1 Experimental variables and levels of variables for
PB design
Level
Source  Variable
-1 0 1
Xi (NH4),SO; (g/L) 0 1 2
X, KH,PO, (g/L) 1 3 5
X; Yeast extract (g/L) 0 1.25 2.50
X, pH 4.0 45 5.0
Xs Inoculum volume (%) 1 3 5
Xe Cultural temperature (°C) 30.0 32.5 35.0
X %&1%12(152/)0;131 Eask) >0 e 100
1.5 HFAEEIT (CCD)
N F Design-Expert 7.1.3 # 4 , % H

Box-Behnken [ CCD U515 PB v 1 2 A
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T TR, W e A A R o AR Al
3B AT 5 22 43 B A RLIA 43 B 4006 3145 — R [al
HJ7 R, T £ 7 e KB S H il Xk 7 DG B PR ¥
R
1.6 Nz EHREL AY 5 #736 3E

Hl Design-Expert 7.1.3 #A4¥EALIR T 4 S5
M 7 T A Y SR A T AU, AR B AL i 25 R A X
0 Oy B AT VAR S AT R T 22 0 B, B E
FOR AR 5 DA R AT A (A9 AR I, 1 722 6 R BRLAE, 4 PR
T A 3 0 SHGH T R BER RIS, DASS 1AL Al
T SEEE, IR E e LIRS R
1.7 REEEM AL

22 M 1 TR D0 A 7 35 7 5 2 i T ) e T 4 R
BN S L OKFEERE, BB TR0 B Fh B oA 3 Y
R AR R IR . R IEERC VR 3 L, B
JZ 30 C, % 40 r/min, @& 0.1 vvm, K EJEM
48 ho

2 ER54H

2.1 PBRITERS SR

F PB i B2 5 ) £ B it 1) 2 A 3R A
Wt AR W 2,

K H Design-Expert 7.1.3 B4 XHA A8 617
ST (R 3), SRR Z T —IAUA AT R Y=8.33+
1.54X,+1.33X,+3.83X3+0.20X,+1.18X5—0.94X,+0.28X,
W H Prob (P)>F {H/NT 0.05 fLh %, LAY
P>F{EH} 0.0216, RUZHEH G E, BRITEPHTIE
{1 Il XSRS AR &5 SAHOC R AL RP=0.9451, $iHH
MOCHER AR, RIEHE R Adj R7=0.8490 FH]
84.90 %% 1 12 56 BCHE 1 722 S P W okt [ 1 A2 8 Of fi
B 5 A R B Cy BRAK, 050 1 P15 J32 FRORS 16 32
CyfE%T 17.24% , F/R PB iU 1Y) T {5 B ARG 1 32
Bl K% (Adeq precision) A A0fE 5 5
HME, KT 4.0 SO EHE, ARER% LR T
9.539,
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#2 PBREWITSEHER
Table 2 Experimental design and results of PB design

Run X X X X, Xs Xe X; X Xy X X1 Ethanol productivity (g/L)
1 0.2 5 0.5 5 5 30 100 1 1 -1 -1 8.90
2 2.0 5 0.5 4 1 34 50 1 1 -1 1 7.10
3 0.2 1 0.5 5 1 34 100 -1 1 1 1 3.60
4 2.0 1 2.5 5 1 34 100 1 -1 -1 -1 9.70
5 0.2 1 2.5 4 5 34 50 1 1 1 -1 10.90
6 0.2 1 0.5 4 1 30 50 -1 -1 -1 -1 1.30
7 2.0 5 2.5 4 1 30 100 -1 1 1 -1 16.00
8 0.2 5 2.5 4 5 34 100 -1 -1 -1 1 11.80
9 2.0 5 0.5 5 5 34 50 -1 -1 1 -1 9.00
10 2.0 1 0.5 4 5 30 100 1 -1 1 1 8.30
11 2.0 1 2.5 5 5 30 50 -1 1 -1 1 14.80
12 0.2 5 2.5 5 1 30 50 1 -1 1 1 11.80

MWFE 3P ER, X BB, X, R NHERBEAE B pH 5.0, RE 30 C, X
’fﬂﬂ) X; (BeRERY) PRy P>F(HE/MT 0.05, 4 100 mL/250 mL), HEpEF7 30 ks, Aod A%
HERWHE R, X (HERE) B P>F{HH 0.0653, e e
?ﬁl_?iz, HARWFARE, FILEE X X0 24 ;o@eg it BEREATRE

X3 Ml X5 4 AT HTPOHEE . Table 4 Experimental variables and levels of central
composite design
3 PBIRITHEAFMEES R Vartable Level
Table 3 Variance analysis and regression analysis of the -2 -1 0 +1 +2
PB design X,: (NH,),S0, (2/L) 00 1.0 20 30 40
Source SS MS F  psp Coefficient Standard X, KH,PO, (g/L) 0.0 20 40 60 80
estimate error
X;: Yeast extract (g/L) 0.0 1.5 3.0 45 6.0
Model 182.15 26.02 9.84 0.0216
Xt Inoculum volume (%) 1.5 3.0 45 6.0 75
Xi 2296 2296 8.68 0.0421 1.54 0.52
X, 21.33  21.33  8.07 0.0469 133 0.47 7T< H Design-Expert 7.1.3 X #0415 HA K
X5 112.85 112.85 42.67 0.0028 3.83 0.59 é}’*ﬁ‘ 39? EHJA U\gIﬁ_t m Jﬂﬁ*ﬂ-ﬁ
Xs 0.48 0.48 0.18 0.6920 0.20 0.47
¥ 1680 16.80 635 00653 18 047 Y=25.42-1.35X,—1.48X,—-0.49.X;+1.23X,+0.069.X, X,+
’ ’ ’ ’ ’ ’ ’ 0.34X, X3+1.21.X, X, +1.13X,X3+0.44 X, X,—0.56 X3 X,—
X 6.75 6.75 2.55 0.1854 -0.94 0.59
’ 0.59X12—3.29X22—2.45X32—0.61X42 , Xﬂ‘ [l U5 7 72 43
X7 0.96 0.96 0.36 0.5787 0.28 0.47
Cor total 192.73 X} O BEFE B R RN B3 (P<0.05), X\Xy. XoX3
R=0.9451 Co17.24% 2B A B (P<0.05), X2, X7
Adj R*=0.8490 Adeq precision=9.539 5 . ) . o .
PO oy i NTTRS QAT S CINEE SR
2.2 CCD fifkig&it4 R 5L w4 (P<<0.0001), AT FHASEAT IR BT . F K4 10.08,

Xt PB i Hh O e ) R R R R AL . BEER ZIOCHICRECKH R7=0.9039, FHH 90.39% 1) LA
T TEREAY . AP 4 TR Design-Expert RS AL AT LA H RS RL fRE , (IR RS2 BR G AL
713 BT DA AT, FREKERMEWE 4, B RIERE R Adj R7=0.8142 £ 81.42%1)
oAt PR 2 U DU AR B 1 % R B (. fask IR B 1% AR S T IR I AR Ok i g
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Table 5 Experiment design and results of central composite design

Predictive Actual value Predictive Actual value

Run X; X X3 X, value of ethanol of ethanol Run X, X, X3 Xi value of ethanol of ethanol
productivity (g/L)  productivity (g/L) productivity (g/L) productivity (g/L)

1 1.00 2.00 1.50 3.00 22.84 23.50 16 3.00 6.00 4.50 6.00 18.68 19.00
2 3.00 2.00 1.50 3.00 16.91 18.00 17 0.00 4.00 3.00 4.50 2431 23.00
3 1.00 6.00 1.50 3.00 16.60 16.80 18 4.00 4.00 3.00 4.50 18.93 17.00
4 3.00 6.00 1.50 3.00 10.94 13.00 19 2.00 0.00 3.00 4.50 15.23 14.20
5 1.00 2.00 4.50 3.00 20.03 21.10 20 2.00 8.00 3.00 4.50 9.31 7.10
6 3.00 2.00 4.50 3.00 15.47 17.10 21 2.00 4.00 0.00 4.50 16.60 16.00
7 1.00 6.00 4.50 3.00 18.31 21.10 22 2.00 4.00 6.00 4.50 14.65 12.00
8 3.00 6.00 4.50 3.00 14.03 14.60 23 2.00 4.00 3.00 1.50 20.51 17.10
9 1.00 2.00 1.50 6.00 23.11 24.80 24 2.00 4.00 3.00 7.50 25.43 25.60
10 3.00 2.00 1.50 6.00 22.01 20.20 25 2.00 4.00 3.00 4.50 25.42 25.60
11 1.00 6.00 1.50 6.00 18.64 18.00 26 2.00 4.00 3.00 4.50 25.42 24.80
12 3.00 6.00 1.50 6.00 17.81 19.00 27 2.00 4.00 3.00 4.50 25.42 25.90
13 1.00 2.00 4.50 6.00 18.08 17.00 28 2.00 4.00 3.00 4.50 25.42 25.40
14 3.00 2.00 4.50 6.00 18.35 20.40 29 2.00 4.00 3.00 4.50 25.42 25.20
15 1.00 6.00 4.50 6.00 18.13 19.30 30 2.00 4.00 3.00 4.50 25.42 25.60

#z6 HULHARBWER-_MAESH

Table 6 Anove for response surface quadratic model

Source SS dr MS F PoF Coefﬁcient Standard
estimate error
Model 599.76 14 42.84 10.08 <0.0001
X 43.47 1 43.47 10.23 0.0060 —-1.35 0.42
X, 52.51 1 52.51 12.36 0.0031 —1.48 0.42
X; 5.70 1 5.70 1.34 0.2648 —0.49 0.42
X, 36.26 1 36.26 8.53 0.0105 1.23 0.42
XiX> 0.08 1 0.08 0.018 0.8957 0.07 0.52
XX 1.89 1 1.89 0.44 0.5149 0.34 0.52
XXy 23.28 1 23.28 5.48 0.0335 1.21 0.52
XX 20.48 1 20.48 4.82 0.0443 1.13 0.52
XXy 3.15 1 3.15 0.74 0.4028 0.44 0.52
X3X, 4.95 1 4.95 1.16 0.2975 -0.56 0.52
X 24.70 1 24.70 5.81 0.0292 —-0.95 0.39
X2 296.25 1 296.25 69.71 <0.0001 -3.29 0.39
X 164.50 1 164.50 38.71 <0.0001 —2.45 0.39
X2 10.26 1 10.26 2.41 0.1412 -0.61 0.39
Residual 63.75 15 4.25
Pure error 0.73 5 0.15
Cor total 663.51 29
R*=0.9039 Adj R*=0.8142
Cv=10.53% Adeq precision=11.056
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FIH] Design-Expert 7.1.3 #{BXT bl R E 4y
TR, B R 1.73 g/L . Wi 4
3.56 g/L. WEREHY 2.62 o/L MR 5.66% , HA
SRS PB I pH 5.0, JEE 30 C R
100 mL/250 mL, MgSO, 7H,0 AR B PR 2 R Al
Wi 0.1 g/L, FAVESTNZ AT R ik
M 26.30 g/L (B 1),

2.3 WiFRINER

N TR A A SR, TERAL R, B
TTEZIRE 4 K, 0015 8 L FE = & 26.30.,26.10,
25.70. 26.60 g/L, =it FHI{E N 26.18 g/L,
H#{E 26.30 g/L AEE 42T, BONAEEEIA S T
99.54% , X & B3 56 {F 0 S B A 1) A AR 4 1) 1015
Pk, ALBERIATEE . ARALFTTE 80 o/L AWE A BERE 5%
Ferh W 48 h, LBEF RN 22.70 /L, ARALSE TE [FIFE
(5T 21453 0.41 g/g, ZEEF7# 0.55 g/(L+h),
ABEFIHR 79.81% , LB~ EikF] T 26.18 g/L, &

PALTTIY 1.15 £, X B 5 R 20000 1 SEal 1,
FIH PB Bt B Ry 1 5 1% 15 7% 4 R 10 £ fL B
T RIFRCR .
2.4 RIS {RZEE HDYXHT-01 & BRI
s R

DAABE A E—fc i, RIS L A RERER N3
P B AL S R BT AT T Lk B G o 15 31 TR
MR 22 B HDYXHT-01 &M<k, 455 0K 2.

M & 2 AT LUE RG22 1% £ HDY XHT-01
TESTERE T, AW 232 BE G A I I [] 7 SEE T 2%
12Tt , 48 h Ik Ee K (H 80.49% ; TEREA K EET R,
SR AR IR R AR, SR KA,
S K 48 h, LBEM - HiA R &N 26.90 g/L; 4
P A5 3R A, Bt e PR A () ) A B I T o5, 7E 4~16 h B K
318, A 20 h DU SN, 48 h ik i K AE 0.42 g/g;
CBET AN 4~8 h AL, 8~16 h JLPAEAKAR/NN,
FE 20 h JGHF AR K, 7E 48 h ik K{H 0.56 g/(L-h),

D X=1.73 X,=5.66
1 ZEr=E RN Rz mE E

E X=1.73 X,=2.62 F X=1.73 X;=3.56

Fig. 1 Response surface methodology of ethanol productivity. (A) (NH4),SO4 (X;) vs KH,PO,4 (X2) with constant levels of yeast
extract (X3) and inoculation volume (X4). (B) (NH4)2SO4 (X)) vs yeast extract (X3) with constant levels of KH>PO, (X>) and inoculation
volume (X3). (C) (NH4)2SO4 (X)) vs inoculation volume (X4) with constant levels of KH,PO4 (X>) and yeast extract (X3). (D) KH,PO4
(X>) vs yeast extract (X3) with constant levels of (NH4)>SO, (X)) and inoculation volume (X3). (E) KH,PO4 (X2) vs inoculation volume
(Xs) with constant levels of (NH4),SO4 (X1) and yeast extract (X3). (F) yeast extract (X3) vs inoculation volume (X3) with constant
levels of (NH4)st4 (X]) and KH2P04 (Xz)
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Fig. 2 Fermentation curve of Candida shehatae HDYXHT-01.
XA S5 R U T I R AR TE AT K TR RE TR
FEFRIE, AR BA BRI A A ™ S BERYRE T, (H
T A WERE S B SR RNER AN ], I LA SEE 5 5 1Y
I P AT R AL, 123 28 SRR I I S 2 A A
AR BEFAE KRR A B8 T — 7 B BEAl
3 wH
A5 38 3 e 17 T TR BT L 0 R e R e
22 HDYXHT-01 AKHEREER 4 SHE (R
B, BERR AS . BERBBYREER ) HEAT T RN
B, 345 TRIX 4 AN AR R Z I E
H75 %
Y=25.42-1.35X,—1.48X,—0.49X5+1.23X,+0.069.X,.X,

+0.34X, X3+ 1.21.X, X,+1.13X,X3+0.44X,X,—0.56 X3 X 4—
0.59X,°>-3.29X,°-2.45X;°-0.6 1.X,,

SPZAE R TR AL B, B e T dedd A I R 1
R e 1.73 g/L. BEfR S 3.56 /L. LM
2.62 g/L. M 5.66% . pH 5.0, L 30 C . W
& 100 mL/250 mL, MgSO4-7H,0 0.1 g/L, 81 i
WZ AT QR R KN 26.30 g/L. FIH
ZARAC KA AT HOR R R B, LT3 77 5
26.18 g/L, SIAE 26.30 g/L AEH 43T, MK
FEIR BN T 99.54% , 3k 3 W1 50 {E F1 S Br(E 4] A AR
R LA PE, RAEREAL AT GE

I A K T A, TR R Y R I e A B
KR E, LTSl & 22.70 g/L, fiftf5ik
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#) 26.18 g/L, JEMALHTHY 1.15 £, X RHFEHH
ZR I R ELRL b, R PB 53 K e I If B X R
T M RAL IS T RAFIIRCR . 5 L RBERECR
BiFE 48 hJE, ABEFIHIRS 80.49% . LI 7 H
26.90 g/L, ZIE183 0.42 g/g . ZBEF7 % 0.56 g/(L-h).
XPIZ AR I LT 32 M A TR R0, L L 32
TR 3% Vv, Hgt OB Y I B bk
(YHFK-2, F#li R W) 09 £ BT a2 68 1 vl LLIS 3
4% (VIV). FIFRAREE 0 LA RS B £ B 5
WAL TR, Rz U X R B I 22 P b
R EAME = L BERRIS b, YL H— 4k TZ-8 &
PR MR, WA R AR ORI R
WP 40 g/L, WRIE N 30 T, ## 90~110 r/min, 4]
f pH 4.5~5.0), ZEE=HR 11.02 g/L, ZEHHRN
0.311 glg, AHEFIFHFIAET] 86.9% . BEM-fm2" 2%t
RIS 225 CICC1766 #E1T T4 &5, 15
PN SR A RRAE AR E N 60 g/L MM, CmE™
i 23.64 /L, MILIRIRRMRIE S T 14.98%, LB
FRIRF] 0394 g/g; FIXTRASRIATRE F1HEARE
A, R T RO RN 25.08 g/L RAEMR, 4
FEAS R 0.418 g/g, RFNFILTFHEM 90.8% - i
VIR R B 22 B BE CICC1766 KB 60 g/L
K, H 2=l 20.52 g/L, ZEHER K 0.34 g/g,
KB BB 74.5% , X CERERTZEEN N 3%
VIVyo BIBERT UL, ARSCAF BN KR EELE R, AR
G AL 3 LU SRR ) #1 E 1mi o

R B R IR T SZ BE D, R AR
PR LB . NIUA IO IE 45 oA, IRIA 1S
24 P B AE I FAARE P B, AR I 282 37 BUAOH
e BE BB U1 s g PR A S RO I R R A
W, 2% 55 NADPH A58 (19 A A JF i (XR) Y
TG 17 R E A, SRR AR 2 52 30 Sk B
B A B AR W B s R T TERF SR ARG IS R 2
fFfE HDYXHT-01 Bf 2 B, AR B iy, Ak
() FH 2R, AR BE IR 3] 100 g/L 1, ABER
HIR B 65% /47, AR EE ) 80 /L B, AKHF
A 70.75% , 3% 505 S RiF 5T 45 SR 2 250
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W3R 22 R HDYXHT-01 F) AR WEA: 7= B0 & B T. 244k

411

i o
h 80 /L I, H: 2Py g R TR R A 2

{HEXFT HDYXHT-01 H#REDL, YA BRIk
e, &k

J# 5] 48 h IF43 5124 22.70 g/L #10.39 g/(L-h) (RAGALHT
by, IFHAZANERE T, FIFHAS R K
A, Ol E AT LI EE] 26.18 g/L, LFEEAGRIAE]

FRISAEAY 89.13% , imic i T HAHGE"1 ) itk nr
UL, RIS 22 HDYXHT-01 (A% 5 B 5 5
VTR AR REIE N 4 R A — MR R o
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