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ABSTRACT

In this study, Candida tropicalis BCRC 21436 was used as an experimental strain to be
optimized for the production of xylitol. The optimal conditions for the production of xylitol from C.
tropicalis were studied using the one-factor-at-a-time method. The optimal conditions for C. tropicalis
were found to be an agitation speed of 125 rpm, a temperature of 40°C, and a pH of 6. These
conditions resulted in xylitol production of 25.03 g/L. In addition to the one-factor-at-a-time method,

the response surface method (RSM) was used to optimize the production of xylitol by this strain. In
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the 2 factorial design experiment, the linear temperature term was demonstrated to have a significant

effect on xylitol production, Furthermore, the first-order with interaction model proved adequate (R?=

0.997). The optimal condition was then assessed using the steepest ascent method and central

composite design. However, the regression equation of the second-order response surface experiment

could not fit the applicability of this model for the experimental data. The one-factor-at-a-time
method and the RSM method both indicated that 125 rpm, 40°C, and pH 6 were the optimal
conditions for xylitol production by C. tropicalis. This is by far the most suitable set of conditions for

the production of xylitol from C. tropicalis. These conditions should be used as a reference point for

subsequent industrial production of xylitol through biological methods.

Keywords: Yeast fermentation, Xylitol, Response surface method
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ARPERS o R IR TSR IR ) — T » (AR T 20 /K IR B 3
t [26] - HEERME - KA - ABERA B REE E 0
B R AR RN » SRS - IR BT
BB EEHIE T - HPSRKERE A S 5 N BSRUL » FT{ERR
ZRRESZEIEN T WA EENASELRRENER 40%  H
EHRELT R RERERY 90% RIELH: H A i B2 2 JEFH R & TR MEPR
AR [27] 0 Xl aRA S5 RE
Bt AR e AR R R B2 SR ~ K - 8okt - R~ O
EESOE R EIET [8, 11] - BEFTEIR - AR &
HoAthh KA LA YreoE— e R R E AR R A A A B
BEFIFISHERER (Streptococcus mutans » — A B Y £ 52
A ) BRI AEA - TG CIRER pH (B T RERETTR D
A B B E R Y 55 4 - TR D ST S LR AR °T LA 2
Rz th H SRy S84 » IRE B ] LU BB R E 5 [48 h H
SR AVEEERE ( Streptococcus pneumoniae ) - ZE I [ 45

(Hemophilus influenzae ) 817535 - 13 Bl S Eli# £ 48 1EH
HEIEARE [24] o HPAARWERSE Z B 5 2T FHOA MU - (2L
RE - ETHREFEEL - PUAEME - SBR[,
22] » (EfSARMERE Z BRI K - HATC B 50 HE%
AR AN B~ SR OIS [20] -

H AR B ey B 5 7 U R A A B B A R (347 L
BUEAREERE S AU EENE  (LEVER MR HRE SR
SERERY) R0k SR /K g EE AR AHE ~ B AR - B4l E
FRE S = AR - Eeomm B MBS R a5
KR~ R~ S E RS EISARNERS [7, 12] - A
B EE B4 Ry NIRRT 73 1 50-60% FHA B AVAIMBIZT
FTfSEYIZEH B [15, 17-18] - M LELBIR BN E )7 > H
FEEREREN I EAY AT BRI 7% - £Y)

EREA R A ERA > Hrh SR AR T EAET AL
AHEREH B2 B - £ B 2 R R oK ERR 4 R A 7D
B B L RE A AR HERT - (B H AT B E R AR EE

THZESHREE (Candida) AYRERIE [19] - ABHZE(E H#
% M B OROBE fi & B JF - Candida tropicalis B Candida
guilliermondii 5 EZE BRI » HETT 3R A FE KRR HUERET > DA
— R —HT B RaE TR pH R R AR
HOHEE (Candida) AR A WIS RHE
LW -

=~ MPRERA
(—) B
I 2 AR WERE L EEE R & Candida tropicalis
BCRC 21436 i Candida guilliermondii CRC 21559 » {4
HAYEIRIRT R FE AT E -
(Z) SBREEERITA
FCE 100 mL E{EEFEARY 250 mL ST - JRER
Rt E= R 5 mL BB AGVE > A 2 mL
HIRFEZBEIR > 1 24°C THFESE 24 /N - R 24
/N2 BAE ERPE R ARIER 95 mL JE{bREEE - 1E
25°C TAFEIEE 48 /NI - Z IR I B Sl Z FIRIEL 10 %
(viv) B#E %5 100 mL Az 2 250 mL SEEHR
FEEELAE 30°C ~ 100 rpm chE i Ee 168 /N « JE (LA
2 Yeast extra 10 g/L ~ Pepton 20 g/L ~ Glucose 20 g/L » 4z
BE RS Yeast extra 10 g/L~MgS0, 0.2 g/L~KH,PO, 15 g/L~
Xylose 50 g/L
(2) BREMRERS
Pl—R—AT R SR N T 28 - PR
B > RSB ER Z IR 10% (viv) FEfERY 100 mL
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AERER  WEEEERR 35°C (C. guilliermondii) Ed 30
°C (C. tropicalis ) #£44 pH 6 A [E§E5# (75 rpm~ 100 rpm -
125 rpm ~ 150 rpm) fRfFTHEETE 168 /N - (AT 24
INFFEUEE ST PREDRE 2 280 R LR ZEIR 10 %
(viv)$#fdE)> 100 mL B ERTEAL R R EEdR pH 6
REDEREE (25°C ~ 30°C ~ 35°C ~ 40°C ) » ##f By 125 rpm >
FEHETE 168 /NI AT 24 /NIFHIURE T © PRSI pH
ZRER o RRE(LR ZER 10 % (viv) $#fERY 100 mL 2
FRERESA AR B LIRS HSO, B NaOH i
PR LAA pH SR R pH 3 ~ pH4 ~ pH 5 ~ pH 6 Z A [F] pH
{Bef - RAEEEERAE 125 rpm ~ 40°C 5%4& 168h A 24 /NI
HUREII T « BEES A EIE R B 2 080 KB (L B2 BR
PA5%~10% ~ 15% ~ 20 % (v/v) $#fEFS 100 mL 2 B R
AL R EEE pH 6~ 125 rpm ~ 40°C 55 168h W
24 /NIFEURE AT -
() HEEEEANERE T

AEE L SREE R EENT# (High Performance Liquid
LT o PR ETE R RIER
Dl 0A%AE 4°C ~ 10,000 rpm "R 10min » Bl EEIR -
L1 0.45 pm 8RR LRSI » £ A HPLC 7347 HPLC
M EEE (Y 2 & By 00H-0135-KO0, Vastech Scientific Co.,

Chromatography, HPLC ) 3

Ltd » {EHIES A RI Detector ( Bischoff 8020, Germany ) - &
SHE A HITACHI L-2130 - S XEEREST 8 (Injection
volume ) By 20 pl > DLEEEF-7K 5 A 442 (mobile phase) »
157 (Flow rate) 0.6 mL/min ~ JE/& ( Temperature) 85°C
LT AT TR AR B R E RS A BLAKERE
gL -

[1]

~ GEREEET IR
(—) Candida guilliermondii 82 Candida tropicalis &4 EEANE
BtbEr

AW S 1T TRET W PR K WE B2 42 7 & Pk Candida
tropicalis BCRC21436 £ Candida guilliermondii BCRC21559
A AEAHERS 2 LR - FFEIR 10 % (viv) $#f#R 100 mL 4=
EREE T > £ 35°C (C. guilliermondii) &1 30°C (C.
tropicalis )’ #244 pH 6 &z 100 rpm &4 N HEfREE 168 /NI -
FipaERAIE 1 For > §55 80 Candida tropicalis HYASHE ¥
EAREERE RS ER
C. tropicalis fE5%%& 12 h B2 12.10 g/L i C. guilliermondii
fFE%E 168 h Il & 10.18 g/L - 524} C. tropicalis f£5%% 168h
‘ATE=EHFESE S > {2 C. guilliermondii {52 168h 127K

FEHOREL Candida guilliermondii #H'&

60

-
15

Xylitol(g/L)

o
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s
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A
Xylose(g/L)

412

410

~__ 9
L
\ \ 1° a
1} L ] L
56 3
\. /l . 3
%_ L | " /I ° _— 6 &
] o .g
5 / o/ ]
\ . / 4
52 \ /.
/ 2
50 1 1 1 1 1 1 1 /.. 1 1 1 1 1 g
0 % 4 7 9% 120 144 68 0 % 4 7 9% 120 144 168
Time(hr) Time(hr)

& 1. C. guilliermondii &2

C. tropicalis &=EE/REERELE#E (m) Candida tropicalis ; (@) Candida guilliermondii
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* 1. FEEHR EAREEEAERERR

F R Xylitol (g/L) Reference
Candida tropicalis 12.0 [10]; Kwon et al. (2006)
Candida guillienmondii 0.43 [6]; Carvalho et al. (2008)
Candida mogii TISTR5892 5.70 [25]; Wannawilal et al. (2015)
Candida athensensis SB18 0.98 [28]; Zhang et al. (2012)
D. hansenii UFV -170D 1.00 [23]; Sampaio et al. (2008)
D. hansenii SM-139 0.65 [13]; Misra et al. (2012)
K. marxianus YZJ015 1.49 [28]; Zhang et al. (2014)
K. marxianus 1IPE453 6.10 [9]; Kumar et al. (2015)
P. caribbica HQ222812 1.83 [14]; Mukheriji et al. (2013)
12.10
Candida tropicalis BCRC21436 This study
(25.03)*
Candida guilliermondii BCRC21559 10.18 This study
RN BIE R E bR 2 R
1= 60
Wl \. 40
= \\:\- =
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a L n o
g 1z
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Biomass{g/ L)

Time{ )

Time(hs)

B 2. REHEZEEHA Candida tropicalis 4 FE KBRS > 8528855 - (m) 75rpm; (e) 100 rpm ; ( A) 125 rpm ; ( V) 150 rpm

ETHFER > EASEEEE 168h 1% C. tropicalis ¥ C.
guilliermondii 155 %% 1 Aty iy B AT o] A2 A AHERT 2 1
R ER - (HEBERAEERAIA B MOEEELER > 2
MATHZEATEEZ F B - BAmERZES » C. tropicalis
EAERGRG TENSURGCHZ ZEMHE [10] > RILEEE
C. tropicalis {F R {&ETHET 2 Hitk - JHREELHANERR 2 4
PEMRMT: -
(=) EE¥ Candida tropicalis 4= EAKERE ~ B2 &
REFREE LR ER ZER 10 % (viv) B2 100 mL
A EE R - MR B ARAE 30°C » Edh pH 6 R [FIREER (75

rpm ~ 100 rpm ~ 125 rpm ~ 150 rpm) {4 N HHESE 168 /)N
I - EERGTRAE 2 Frr - $5REUR > B E 120 /N -
BAEEE T S S Ry s o IR AN E BTN E RS
» iR 75 rpm ~ 100 rpm ~ 125 rpm ~ 150 rpm 5 ARHERS
TEESRIE 1159/l 12.7 g/l ~ 13 g/L K 9.4 g/L » [RHL#
.2 W Ry 100 rpm 24 125 rpm > [RHEHEESE 125 rpm #ET TR
882 B o L SURIN G HRaT DR KE Ry A A AR 2+
e AR (0 rom) FHEFEEENREIRE - &
HERRVINAERES MR T A REE > SSOMEREREE
T A Y40 Candida parapsilosis B Candida utilis B4
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ERHANE [4] > TBREVER G EERE RS - R
E AR AR A R EANE TR AR 7 > BEORNE
BeE Bl [2] fEE—tH7E T IR 75 rpm Ryl
EHEFE LA Pichia caribbica B Candida guilliermondii BCRC
21326 MR BRI PRI HAR FE R 2 528 > DL 50
rpm~100 rpm~150 rpm {F Byfir i AE1THRET - &5 ERE0R 150 rpm
Ryl iR 1] -
(=) JBE¥ Candida tropicalis £ EARERE 2 &
KRERRIE(LRZER 10 % (viv) S 100 mL 4
FERRESL » FPEAERER pH 6 0 AEDRAE (25C ~ 30T »
35°C ~ 40°C ) > HEH £y 125 rpm > HEJHERE 168 /NI - R
GHERANME 3 AR 45 RS IR ER S AR AR S
EETEE 120 /N FE S TEETEORE T ANKERT 2 & B T
s > R B 25°C ~ 30°C ~ 35°C R A0TCHE » ACHERR 2 R
5355 8.08 g/l ~ 11.5 g/L ~ 21.6 g/L % 25.3 g/L - [R|HHi%IE
UL 40°CE By C. tropicalis 12454 A AR 2 B - fRIESC
JRRECEY » RSB LIEAT 24°C~45CH REA FEACHERS - T a8

FEE R HR AR A AN/ S &y 35°C-40°C [5] » 7EIEHATE
[E]HF 7R E53 Debaryomyces hansenii NRRL Y-7426 & AKHE
AR (RS Ry 28°C-37°C - T S5 AWFESEH! C. tropicalis 53
RS 3T C R AIERI R E R &I T [23] -
(M) pH ¥ Candida tropicalis 4= EEANERE ~ 28
KREERE(LEZER 10 % (viv) #1000 mL
AEERTEAL AR pH JHEE R pH 3~ pH4 - pH5 ~ pH
6 ZAN[E] pH fER{f: - R ESRAE 125 rpm ~ 40°C 558 168hr -
EERGETAE 4 For o S5 RSB pHE B ANERE &
FEREE 120 /NRF 2SRz (25.03 g/L) > [MiAE#ESE pH 3~ pH
4~pH 5 I > ARHEREE B S AE 144 /N ZF i 0 0 A Ry 21.5
g/L~22.8 g/L }% 24.6 g/L- 455 JREE ~ C. tropicalis 7 pH 3 »
pH 4~ pH 5~ pH 6 I & RERRE L & - AL C. tropicalis AEAE
BRmBEHEREE A4 AR EEAHERS » 1T B RACHE R B R R
£ pH 5 2 pH 6-pH {E ¥ AR AR & B AR
T S B R A Rl pH (BB /1R 4~6 Z[H - B9 S5
Candida guilliermondii NRC 5578 45 FE A HE B 523 pH (B 5y
6 > LERTFEIRIR 3535 Candida boidinii 4 EEACKER? 2 A # ik
% pH 7 [16] - S5A A HE HILL candida sp. A& FE A ERS £ 8
AR RAMEIE BB AN - BRI LU

£

AR Ky 30C [18] » ZRiMiFsE34 # Ll Candida
guilliermondii 1T 25 BEANE A2 A AHRRZIRY » AHERRAE R F K
SRPE LFHE N8 > REREE 35°C~40°CHIE [3] pH % 4-6 [5]
JRAHIZEL, Candida sp. B-22 (TR REAIRIEI R PRITYS RS -
% m\‘ R
wl \ — Ja
§ ! \x \ -3 %
S\' {10
o \ ]
—a s
/ﬁ? i
=L /1
a P 48 72 Tim:: 120 14 188 0 " I The;: 120 144 163

E 3. REIEEH Candida tropicalis 4 EEAREIE > B2EHE : (m) 25°C ; (o) 30T

;(A) 3T (V) 40T
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Kylitol(g Ly
Xyloselg/L)

-

\

A
N

&
:1:1:1:31:1 /
<46 3
, ____Af—”‘ . . a
e
= E
+ F
P g
40 __‘__.__-___.F_—n L 2
e ——a——a————
o) —"
: L L 1 Ly
] + 4+ g 35 o 1+ w2 + # % bl 4 18
Time(HR) Time{HR)

B 4. R[5 pH %3 Candida tropicalis 4= EEANEEE > 2548 pH: (m) pH3; (o) pH4; (A) pH5; (V) pH6

m
&

- A
_ 4
S
4
DI

s '3
E%H?ﬂéﬂ——--ﬁl % )
“‘*m\ o

B 5 FREZEHESH Candida tropicalis 4 EAREEE Y B EHHE: (m) 5% ; () 10% ; (A ) 15%; (V) 20%
(H) FEHEREES Candida tropicalis 42 EARKEEE ~ F22E AL 125 rpm ~ 40°CH5E 168hr o FEREEEAIE 5 Fivs »

AEERRE LA ZFRLL5 %~ 10 % 15 %~ 20 % GEREDT > FmEOEERS D HRARBRELRE
(viv) $ERY 100 mL Z A FERE L - %L pH 6 - 5% 144 /N EEF ekl > REAATER Ry 20% 05 H B 0 A
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4

i SO0l B AR EE AR TR Ry 10% 5 15% 2 B EAHE L 2T ERG

FEEEREEE R 10% ) 15%RAHERR 2 & B (eI 144 /)N ABFELAEE (X)~ pH (X) FORE (X3) RRIrsE
RFEE R » SRy 24 9/l F2 20.49 g/l > {HIEHIEE R B KW E R RIMOBREE0ET 2° ZINT#E - 22 2K
20%IFf > ACHERS B AR 120 /NP EZ TRz s 18.08 g/L > 11T Taat S ER L ONERR E EANR 2 Fror - It i eAE 2
FAEREE R Ky 5% - AHERS 2 FE EAERTE 168 /NP ET RS =R e 10 dHEER - KIERRE Ry 24.82 9/lL - [EEERGE A
21.8 g/L - [IEHENE 2 BB B G (H E RS R R RERE T BEFH (% 3) prEd 2B TR (1)
PR R - B RGAE RSE T ARSI b R AR AT RRR 6

s RSy TR R E Y % - R ERE 10% 5 5 i Y=4.026+2.82X,-0.28X,-4.03X3-0.28X,X,-2.82X; X3

Bk

- +0.28X, X3 (1)
(73) BAEIFEdh i A#RE T Candida tropicalis A2 EEARHERY 2 i

BETTREEE Y BoAKERE 2R (g/L) - fkE (effect) HI
R TR EREF AN E 8 B2 7R T Hil
(X)) ¥ARIREERATRE - i pH E (X2) FOf
& (Xo) AR B8 NI RS R A B P s AR
FERL - 3R 3 JRAISHURE 2 B ERE (p< 0.05) - 1
pH R P BRI - NI R 2SS S A AR E

R
ARy PL—— N T E 5 U5 U#E(T Candida tropicalis
EEY N s vk 2 RN Wabeiiors s SRkl PSR ED)
RATEM - TR BB E 2 RN - NIEARTST
JRAI A el e i A RET C. tropicalis AF FEAHERY 2 i (bR
o

% 2. P HARTEETEBR

“ F0OT s (pm) Xe (pH)  Xa (C)  AREERER gIL)
1 100 5 35 2.42
2 150 5 35 14.81
3 100 7 35 241
4 150 7 35 12.66
5 100 5 45 0
6 150 5 45 0
7 100 7 45 0
8 150 7 45 0
*9 (C) 125 6 40 24.25
*10 (C) 125 6 40 24.82

*9 (C)~*10 (C) EBduuaE
Xyt 8 (rpm) 5 Xp : pH; X 1 SEE (°C)

% 3. 2’ WO R TFREHER AR

Parameter Coeff. Pure Error T P

Mean/Interc. 4.026 0.26775 15.0784 0.042159
Xy 2.82 0.26775 10.5686 0.060058
X -0.28 0.26775 -1.0093 0.497042
X3* -4.03 0.26775 -15.0784 0.042159
X1 Xz -0.28 0.26775 -1.0000 0.5
X1Xs3 -2.82 0.26775 -10.5686 0.060058
XoXs3 -0.28 0.26775 1.0093 0.497042

R-sqr=0.997

Xy T @ (rpm) 5 Xz pH; X3 1 RE (C)

T : T test

*Probability < 5%
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# 4. P ER TR B RESR

Parameter SS df MS F P
Xy 64.0599 1 64.0599 111.6959 0.060058
Xz 0.5843 1 0.5843 1.0188 0.497042
*Xs 130.3951 1 130.3951 227.3591 0.042159
X1 X, 0.5735 1 0.5735 1.0000 0.500000
X1 X3 64.0599 1 64.0599 111.6959 0.060058
XX 0.5843 1 0.5843 1.0188 0.497042
Pure Error 0.012 2 0.006
Total SS 260.8305 7
R-sqr = 0.997

Xyt EEIHR (rpm) 5 Xo @ pH; Xs ¢ RS
SS : Sum of squares

dF : Degrees of freedom

MS : Mean square

F : Ftest

*Probability < 5%

5. RETHRERERGR

Factor

B (rpm) pH R Xylitol (g/L)
Step

(1) New Base 125 6 40

(2) Unit 25 1 5

(3) Slope 1 -0.1 -1.43

(4) Correspondent 25 -0.1 -7.15

(5) Experiment
No.1 125 6 40 24.4
No.2 150 5.9 33 19
No.3 175 5.8 26 17
No.4 200 5.7 19 11
No.5 225 5.6 12 8

MR R > WVHRRRIRE - 3R 3 fal{eAl — PRk T
AEIRE (BB (R-Sqr=0.997 ) » (AR EEREEFINIEHHE
Z— B R 4 Pl ABE HURE SRR I AR A R
7
2. FEFHEBREE

it B F AU S S BT R - A 2°
TSt g > AT B s RSO R ETH 8 B SRRl
i 2° R BB bR E BASA  RHEE (Xy) $EE A
FEEORIE (Xa) BIREEK pH (Xp) {HREM IR ZR - I
P =R Z (REEE TR E R HIRR AL P B BB I I (e
N EE el R B (R EIRRERTAT - bt
RERETHER (S B ERBI RAE R - FETT BBt RS R0k 5
AR - SRR E B DU —4HE R (R E iR R
B Feigr (2449/L) -
3. LR E B

EEGETH T R (F AT R E RS (B R E =K
i B RE (i B AT A ORI E Bt LR B
A ELABET RS S AT =s B MEREIT AT R 4T T > R PR 20y
R LA SR A KB SR O & A A2 A R > it A bt
HEM = HERERS - (RIBPEF IR B BREE R - FsE—4l
(125rpm~40°C ~ pH 6) F B RLA SRR R Ry R ARG
A B E B S aEE - ORI Bt RBEERAIR 6 -
FEETTIEIER TR (R 7) 38638 3 (EEREE N T SRR AV
B RE R - (0 IR [ I ey e B B o R B SRR
SLREMERFAE 120 rpm~130 rpm [ > s fE BRI RSERTF AR
35CLAE 40CLUT » pH RILMAKERFE 6 - BRI AERRAYZE
EA G B 6 RIS pH WA EARER R 8 2 ]
I o 1 e P 5 v 4 ] Lt [ ey i B4 2 e A i R
BUR - MR R AT AT S TR et (2)
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Y=18.96281+2.51774X,+0.12644X,-3.41836X3-4.92518X
-3.68510X,2-2.48222X,2-0.22250X, X ,-2.28600X 1 X5
+0.17200X,X3

(2)
TEF 6 HP R {FAIARERS 2 B e 55 16 45 T 5F 16 4HAYES
BRI R 125 rpm ~ 40°C ~ pH 6 > FEREIRAE PAHERS 2 8 Ky
25.13 g/l PL4&E R 2° (N B Beta f 2 i A A L ( 24.82
oL HIRMAHRE - SBIMEERSITEERAZR 7 Fs  BER
% (R-sqr=0.66728 ) &Rtz T2 U AL UIHIZREH
SEREAE BB LAV - e O R B
Byt (£ 8) HulLUSHl F Rt A A EEY: - HuE

g (lack-of-fit) ZEEIF/KAE (p>0.05)  BFoRILICEE
FITR SRy — R A A R U A 2 - IR R DL — 2
ATt < Bl TS —PE el e i e < s R
E R LA Candida tropicalis 2E ZEAHERS 2 i fFe (- -
(t) DIERisR 4 EAKERE

P b 0 DL — 2R — R 7 D5 A ] e o i B s n A PR
Candida tropicalis 4z FE AT 2 fe bR - 4528558 C.
tropicalis f g {F & 125 rpm ~ 40°C ~ pH 6 AR E R 5
25.03 g/L - & 7 K DAL IR T 3 B EERPTIS4E R - &5
SEUR LR o] SRR S AR 8 e 2 B AR » I %y E AT BA
Candida tropicalis 4= FEAKEES > i g -

* 6. TULERRERRRETR

ol FE (rpm) oH S xylitol (g/L)
1 -1 (100) -1 (5) -1 (35) 2.45
2 -1 (100) -1 (5) 1 (45) 0
3 -1 (100) 1 (7) -1 (35) 2.48
4 -1 (100) 1 (7) 1 (45) 0
5 1 (150) -1 (5) -1 (35) 14.77
6 1 (150) -1 (5) 1 (45) 0
7 1 (150) 1 (7) -1 (35) 13.02
8 1 (150) 1 (7) 1 (45) 0
9 -1.68 (83) 0 (6) 0 (40) 4.9
10 1.68 (167) 0 (6) 0 (40) 7.1
11 0 (125) -1.68 (4.32) 0 (40) 8.3
12 0 (125) 168 (7.68) 0 (40) 10.7
13 0 (125) 0(6) -1.68 (31.6) 9.2
14 0 (125) 0 (6) 1.68 (48.4) 0
15 (C) 0 (125) 0 (6) 0 (40) 24.72
16 (C) 0 (125) 0 (6) 0 (40) 25.13
15 (C) 716 (C) A LBER—%
F7. PLRRERSETHERR SR
Parameter Coeff. Pure Error T P
Mean/Interc. 18.96281 4.561003 4.15760 0.005960
X1 251774 2.127750 1.18329 0.281450
X X1 -4.92518 2.387982 -2.06249 0.084764
X, 0.12644 2.127750 0.05943 0.954543
XoXo -3.68510 2.387982 -1.54319 0.173730
X3 -3.41836 1.773890 -1.92758 0.102186
X3X3 -2.48222 1.059777 -2.34221 0.057670
X1 Xo -0.22250 2.688611 -0.08276 0.936737
X1 X3 -2.28600 2.150889 -1.06282 0.328758
XoX3 0.17200 2.150889 0.07997 0.938864

R-sqr=0.66728
Xy T B (rpm) ;X ¢
*Probability < 5%

pH; X : R

Ul



10
MEHTREEMHT $+a% 58 RE-O/\F

(a) (b)

L

10
% 91(‘_) ) T 80 90 100 110 120 130 140 150 160 170 180 E 7;8
I -20 wErpm)
[ 6. B pH H4EREETE _ROEMEE (a) HESLHEE (b
# 8. R ERESGT SRR
Parameter SS df MS F P
X1 80.970 1 80.9702 1.400165 0.281450
XXy 245.996 1 245.9961 4.253850 0.084764
Xz 0.204 1 0.2042 0.003531 0.954543
XoXo 137.715 1 137.7155 2.381424 0.173730
X3 214.869 1 214.8685 3.715582 0.102186
XaXs 317.246 1 317.2458 5.485926 0.057670
X1 X3 0.396 1 0.3960 0.0068495 0.936737
X1 X3 65.322 1 65.3224 1.129579 0.328758
XoX3 0.370 1 0.3698 0.006395 0.938864
Pure Error 346.974 16 57.8290
Total SS 1042.832 15
R-sqr=0.66728
Xyt §ER (rpm) 5 Xo * pH; Xs * R
70 410 Im N “Z\::[f"‘ﬁ"ﬁ
30
o 15 ARHERS By R INERR I —FE - A] N B - B DL S AR
o 7 1% B BRBEZINRINY - AT B iR AR ERE A4
—_
2 t Y 16~ E B B Candida tropicalis BCRC21436 Ei1 Candida
= 30F =
Z EXR guilliermondii BCRC21559 /4 7 A iz 2 thife » 43 C.
2 i d J £
; | 4-; tropicalis % C. guilliermondii 58 & Bilk - B ——
S 1
& J ; P T s | DRI~ 7 725 B e e il T B B 1A e C. tropicalis 2B EEACHE
10 1
T & ! s EcmfiR: o 45 R IE =505 C. tropicalis 42 A
0 L ' ! ! - ! 0 Jo e B R B &y 125 rpm~40°C ~pH 6> RlEfZZE S £ 25.03
0 pt 43 3 % 120 L) 168
Tine(t) o/L> bt Fs H AT LA C. tropicalis 42 FEAKERE 2 S R4 = 1) >
B 7. D AR 3 SRR I AOR (R E T Ry TR G LA WA T TR R B A dE AR BT
(m) Xylitol ; (e) Xylose; (A ) pH; ( V) Biomass ZEHEAE -
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