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Optimization for xylitol fermentation by different forms of
Candida tropicalis with response surface methodology
MA Wei-chao, LI Yi-jing, GAO Wen-hui, AN Jian—ping"

(The College of Life Science and Chemistry, Tianshui Normal University, Tianshui 741001, China)

Abstract: The xylitol fermentation experiments by using mycelial form and yeast-like form of Candida tropicalis
were designed and the results were analyzed. The quadratic polynomial regression model including the
concentration of xylose and xylitol,as well as four key factors (forms,fermentation temperature,pH,initial
concentration of xylose) were established and analyzed by Design Expert software. The result showed that,the
mycelial form had better ability for conversion of xylose to xylitol than yeast —like form;the increase of
fermentation temperature was favor to xylose conversion,and a higher pH did not improve the xylose
utilization;the initial xylose concentration had a positive correlation with the conversion rate of xylose. The
optimal conditions for xylose fermentation were.mycelial type,fermentation temperature 37°C ,pH 8.00,initial
xylitol concentration 60mg/mL,the concentration of xylitol reached 17.21mg/mL.

Key words: Candida tropicalis; form; xylitol; response surface methodology
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MIZS o AN R ZS R IR R AN Rl 70 25 1 )00 41 s 4 R R AR JH IR A 22 W BE R P9 A2 = AR IE 1) Ak Az = e A
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1B 22 I RE L LUK Mo BRI AP RIS 1 55
ﬂi*}%@%ﬁ, AN [F) 2R 285 1) P B R AR i ds B PR AR N 11 #HRl5{yse
TERIIFALTRE S AVSANI ™ HASBE 9 1 R0% P 22 18 B (Candida tropicalis , T PR AT 5
WDIRAPAETETT e ASIAERTWIN MG BRZZIERE o100 17700 g oy o 1300 300 o 24 400 B0 £ 968 o0
AP IE T BE A T 302 AN R R A 1 Ry ¢ ACARAT ;s ZZ 2R T FRIE 10°Bx3E 28T YXESFRFE KR
LIRS AR FARIARRRE ™ A48 b5 AW o0, | e 51970.029% , SUALE50.19% , BEREE0.5% , G4k
HN0.1% , 1§15 — 2080 1.0% , i R 4% 5% (24h ) % Jn Jiili
VRS B 201 1-04- 18 * i iU & A SR 4 24K 2 10mmol/L) , pH6.5: YM B 7= 5k 22
BB D448 (1980-), B A4, BHIF, FF 50 7 1 & 3 R 7T b F710.3%, 5 FAWR0.5%, I BEHY0.3%, pHA.5 5 KL

. FEIEM R WEA%, I REE0.25%, 1 A 15£0.25% , 1 1%
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SrpTal, FE el B2 4m R AE MR BR A | s How 2
&)k oy Hr et
1.2 KWHIE
1.2.1  PASTI PG IR 2 e BE s i85 3% AR AT xS
TG AR 22 T B TE A 38 HIE 70 SR, 4E20mL YXLYM
R FRIE T or e NGRS RS, 43 A HopH Y
6.5M4.5, ¥FYXALE215r/min42°C N R IR B 75, YMAE
215r/min27°C K FE KL 78« 4dJm BURREER, Mg H 2R
K B L2 AR BT 52 O DgoofH. -
1.2.2  ARFERREENES  E25mLE FEE i A 1mL
AL A 3mL DNSIRF, 53447, 7K 12min,
A, 25mLA B 5 25 o AWK 490nm Ak Il 5 Wl
JE AR, AR AR 1h & [P U3 07 R 50 A S AP 5
1.2.3  ACHEEE S I e vk B I AE 0.5 mIL Y
0.5mL = AP B RV A, 3 E 8min 5 NG L W iR
7110.5m L1 22 €0, iR, 75 SmL, 35 7K %5 30min, A H 5 T
25mLA T E B RR S, TEPEASTOnmAb I 5 W
JEARL,  MRPE AR g 28 3] )T 7 RV 50 L AR S AR I
S o ARIE TR 2 AT TS AR L AR ARBE AL =K
PR AR B /) G 15 7 6 v AME AR J5E o
1.2.4  RPEEE RS D250 B T2 FH i N 1]
B AT BS . i S TET O 2 A T A BT AR
BE 48 20 (1R S 96 R B3 A T 4T 43 HTiF o7, w2, K
Pl S (°C) , pH X ) 4 AR HE I B (mg/m1) [¥) B 92 {H
I X~ X X XGRS, 2 B8 20 20 (D 3 B 7~ 34T
ifi .

xi= X=X /AX = (D

T s x— A AR T G R s Xo— B A8 8 20 S AE s Xo—
SZO6 H 0 T AR B s AX - B AR AR 2P K

MY S0 Be vk, SEOG B AR 1B b e 2 3RV
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Y=bgt+ Y, bX+ Y, bXX; K@
i=1

i=j=1

2@, Mn=4, W7 FE Q) a8

Y =bo+b X +b, X5 +b3X;3+b, X4 +b 1 X 2 4+b2n X0 +b3s X5+
buXi + bpX X, + bisX X5 + by X Xy + bsXo X5 + by XXy, +
b3, XX, )]

T Y= A CRBEIAR . (mg/m LD /AKE AR B
(mg/mL) /ARPEFHEALZ (%)) s bo— B EE I s by by by K b,—
2V R B bianbisnbiusbosboy M by — A8 H I ZR K by
bas by Mby— " IR ITER L

TE R W S 00 1 64 b, Xh a4~ R 38 (R R L pHL R
Pt BE < ) AR A IR BED BEAT WIT 5T, B 2L I 27K,
LR HBIEIANAKF, L5458 2o PR FR bR : AOPE IR
J¥ (mg/mlL)  AFEEREARE (mg/mL) FIARPEELALZ (%) o

R SLI B R F AR K g

Table 1 Factors and levels of response surface experiments

K . M=
A HR B RFERIE (C) C pH D YIEABHAE (mg/ml)
-1 [ERp 27 6 20
0 32 7 40
1 e 37 8 60

VE s RIS s OF R AP A + AR K
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¥ FHDesign Expert

ARSIV B s 3 AT MR g ST
Bh5e i, He S g6 e vt A

7.1.4.0%44: (Stat—Ease 2> 7)) 4ifi

FAOV St WA
2 HBRESMW

21 REFITEREMHKE
SEUG VT M S5 R W FR2 . SEEHAR I ST Y 4 T
FHDesign Expert 7.1.4.08A 4 ) 58 B -
R2 IR AR
Table 2 Experimental design and result

YIZARME YOARRERE  Y3AHE

SH4 A B C D WKE WL Hex
(mg/mL)  (mg/mL) (%)
-1 -1 -1 1.40 0.54 291

0 19.48 3.43 16.70
0 11.45 6.59 23.07

-1 0 1.92 4.66 12.24
0 24.56 1.95 12.66
1

N I = Y S N
|
—
|
—
|
—
|
—

-1 1 -1 0.38 12.62 21.17

0.63 0.16 0.83

-1 -1 -1 1 40.47 1.80 9.21

1 1 -1 -1 0.32 4.40 22.37

1 0 1 -1 3.02 5.47 32.21

1 1 -1 0 0.49 9.46 23.94

12 -1 -1 0 1 47.18 1.89 14.78
13 1 0 1 1 14.82 14.34 31.74
14 -1 0 0 -1 2.68 1.03 5.93
15 -1 -1 1 -1 3.81 1.29 7.96
16 1 1 1 0 1.43 11.04 28.62
17 -1 1 1 0 2.97 4.45 12.01
18 1 0o -1 1 33.70 5.99 22.78
19 -1 0 1 -1 4.15 2.06 13.00
20 -1 1 0 1 2.13 12.24 21.15
21 -1 0 -1 1 34.86 4.22 16.80
22 1 0 ) 8.66 9.31 29.69
23 1 1 -1 1 1.33 15.04 25.64
24 -1 1 0 o0 1.16 9.95 25.62
25 1 1 0 1 1.81 14.11 24.24

[\*)
N
—_
|
—_
|
—_
|
—_

0.59 0.34 1.74
243 0.68 3.89
2.86 1.05 6.13

NN
[N
—_ |
—_
[
—_ =
— O
[
—_— =

29 -1 -1 -1 0 16.29 1.66 6.99
30 1 0o 0 -1 2.16 4.51 25.26
31 1 1 1 1 2.36 17.21 29.85
32 1 0 0 1 24.26 8.46 23.68
33 1 1 0 -1 0.96 2.71 14.26
34 1 0o -1 -1 0.90 5.37 28.14
35 1 -1 1 0 14.48 3.55 13.89
36 -1 1 1 1 3.16 15.92 28.01
37 -1 0 -1 0 20.43 2.23 11.38
38 -1 1 -1 -1 0.17 2.13 10.75
39 1 1 1 -1 3.18 1.11 6.60

47.18 1.11 8.67

N
S
—_
|
—_
|
—
—_

41 -1 0 1 1 40.69 3.91 20.26
42 -1 -1 1 1 51.02 2.49 27.70
43 1 -1 0 -1 3.90 1.25 7.79
44 -1 -1 0 O 21.81 1.65 9.04
45 -1 0 0 1 38.88 2.38 11.28
46 1 -1 -1 0 14.36 2.31 9.01
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H% Y,=—269.57979+13.70680xB+0.83407xC+3.84399x
YIZRPE Y2ARBERE  Y3AM D +0.024687 xB xC —0.10022 xB xD —0.063707 xC. xD —
sS4l A B C D RE W Hetex 0.18725xB>+0.22107xC?+5.85760E—003xD>
(mg/mL) _(mg/ml) (%) Y,=—254.12451+14.08168xB-2.74916xC+3.67596x
a7 -l 03526 4.85 19.61 D +0.024687 xB xC —0.10022 xB xD —0.063707 xC xD —
48 -1 1 0 -1 030 2.88 14.62
9 1 1 0 0 106 950 2439 0.18725xB>+0.22107xC?+5.85760E—~003xD?
50 -1 1 1 -1 579 1.74 12.24 Horfr, A JEFEREAY, (6 JE B 227 .
51 1 0 0 0 8.47 8.36 26.50 2.3 KELZGXAERERIRENEIN
5201 -1 0 0 1669 265 1139 a4 AKEE ] SR 5 22 45 B, 97 423 511 U1 O P
53 1 -1 1 1 3410 3.65 14.10 ik F 53 (p<0.0001) , Y5 R B R>=0.8718, X W
sS4 -1 0 0 0 1856 2.12 9.89

22 EEZFEHXNAKRERENIIN

FJH Design Expert 7.1. 4054 %] 5286 25 St 474y
B, RNA Y Ty 22 43 M ILER3 . g5 SR 7, IS el )= 75
FRIE B R 3 (p<0.000D , ¥ 58 F2 HUR?>=0.9453, X % ]
94.53% 1) LG8 A 1178 S vk m] b [T U= ABE 70 SR At e

HE3 7 LA Y, BIA T G (p<0.0001) FIDIA]
T WHEARBEAR D (p<0.0001) X £ ACKHE IR & 52 i #%
WA T (E D (p=0.0003) 5200 5 25 5 11 CIA 1
(pHD (p=0.5784) ¥ Wiy A I 25 s AE A B I, BD (p<
0.000D) 524l & 2% ; ACLADFIBBIY §4 0 i =%, Hoer
LTS M I AN S 35 o 3 U I 1 B 3l B8 RN U AR AR i
PR ROV W S, L J5E R AT 4 A A 5 W A DR 25 6
AMER BEH A2 HAEH B s2m . AR R B THEA=—
2.18.B=-9.63F1D=11.51, 1] Z05EM K1 25208 1) 3=
WRNBLT> A3 = AT UG AHE % 58 > TR 5 > T 78S o 3 3ok 8 25 (] )
S i S 2 (3D FRAT 4 ACKIE AR FEE X 52 i) ACKE U 25 X
T B (A JHREE (B W pH (O IR A M FE (D) 1)
/& AW EIVEY Rt P

Y,=14.32 -2.18 xA —9.63 xB +0.38 xC +11.51 xD +
0.94xAxB—-1.79xAxC—-1.68xAxD+0.12xBxC—-10.02x
BxD—1.27xCxD—4.68xB*+0.22xC2+2.34xD? = @

(D@

K3 ORPEVARLEL J5 7253 H
Table 3 ANOVA for regression model of xylose

87.18% IV <2 U6 Hr H 11 A% S 1 T FH b [ ] Y A5 70 >k i
B BRATLLE W, =AETA 5D (p<0.000D , B
GRLEE (p<0.0001D) , D (WIUAEARBEIREED (p<0.0001) X
AT W R E S 2 255 G T (pHD (p=0.0457) 541
18 B Z KT FEAZ H A, BD (p<0.0001) 5 M A i
L e s AN . X R A IR A )
UG ACHH U S 1) 20N I 5, FLVRL S ) A AR I 5
PR TR AR E B A A8 AR e . AR &
A A=1.33.B=3.25f1D=2.88, 1] &l 50 X 1~ 3=
AN ) 2 R A = W BE S PTAR AR BES B 7 . ai ik
B [0 1 3 B A 53X (3D SRAT A B ik B2 X6 56 Wi A B
M A 5 () R T — TR R (A LIRS (B) L pH (O W HJEE A
A (DD 1Y) ik 22 1A ] YA A 7 oy

Y ,=5.14+1.33xA+3.25xB+0.65xC+2.88xD+0.30x
AxB+0.25xAxC+0.38xAxD-0.14xBxC+2.55xBxD +
0.71xCxD+0.14xB+0.060xC>-0.24xD? D

= DDA

Y,=20.71800-0.57446 xB —0.93123 xC -0.88921 x
D —0.028804 xB xC +0.025473 xB xD +0.035337 xC xD +
5.41104E-003xB%0.060049%xC>-6.046 18 E-004xD? =, (8)

Y,=14.57369 —0.45463 xB —0.43763 xC —0.85150 x
D —0.028804 xB xC +0.025473 xB xD +0.035337 xC xD +
5.41104E-003xB*0.060049xC*~6.04618E-004xD> =, (9)

wa OARPERERDARERL Ty 720y b
Table 4 ANOVA for regression model of xylitol

A pim B WETS FE Pl

e e SR F B BT P PE Uit (i

iR 1432 11396.83 13 876.68  53.16 <0.0001 iR 514 966.74 13 7436 20.92 <0.0001
A 218 25571 1 25571 15.51 0.0003 A 133 95.09 1 95.09  26.75 <0.0001
B -9.63 3339.25 1 3339.25 202.50 <0.0001 B 325  379.15 1 379.15 106.64 <0.0001
C 0.38 5.18 1 5.18 031 0.5784 C 0.65 15.12 1 1512 425 0.0457
D  11.51 4768.30 1 4768.30 289.16 <0.0001 D 2.88  297.65 1 297.65 83.72 <0.0001
AB 094  31.62 1 31.62 192 0.1738 AB 0.3 3.23 1 3.23 091 0.3462
AC  -1.79  115.56 1 11556 7.01 0.0116 AC 025 219 1 2.19 0.62 0.4369
AD  -1.68 101.64 1 101.64 6.16 0.0173 AD 038 512 1 5.12 1.44  0.2372
BC  0.12 0.37 1 0.37 0.02 0.8824 BC -0.14 0.50 1 0.5 0.14 0.7102
BD -10.02 2410.80 1 2410.80 146.19 <0.0001 BD 255 15573 1 15573  43.8 <0.0001
ch  -127 3896 1 3896 236 0.1321 ch 071 11.99 1 11.99 337 0.0738
B2 -4.68 26298 1 26298 1595 0.0003 B? 0.14 022 1 022  0.062 0.805
¢ 022 0.59 1 0.59 0.04 0.8514 2 0.06  0.043 1 0.043  0.012 09127
D2 234  65.88 1 65.88  3.99 0.0525 D2 -024 0.70 1 0.7 02  0.6592
Ui & 659.62 40 16.49 k7 142.22 40 3.56

E% 12056.44 53 g% 110896 53
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o, 5@ 2R, 5 (9 2 227,
24 EEFGEXNAEEALENZIN
ARME LA SR VAR Ty 2205 BT W3R S, b pir 43
[A] U= 77 B dk 2 52 35 (p<0.0001) , ¥ 7E FHR?=0.6351,
KM 63.51% 1) T2 50 F50 1) 2% S v o] abke (R = A 78 ke
MRS . ERARS T AN, X AME AL Ak 2 52 0 B 2 =5 1) X T
HAGEED (p=0.0002) , B GiLJED (p<0.0001D) , D (FI44
ARBFAREE (p<0.000D) 5 K7-C (pHD (p=0.018) 5L M ik
B KV o IX 3 BH B 7Y 95 RS R 4k AR i B (1)
SOV ISR o AR R R BN T A=3.26.B=4.79 1 D=
4.28, T SAHE W PR 7 1) 3= 280N, 2 NS A = e BE > 4]
URABEM S ST . W 2B B S AT KX (3D 3k
AHE LA SRS M AHE PR P R =R A (A Wi
J& (B pH (O HILHAME AT (D 1 — ik 22 1 A =] )5
TR Ny
Y,=16.56+3.26xA+4.79xB+2.38xC+4.28xD+1.19x
AxB=0.86xAXxC—1.18xAxD—1.87xBxC+0.15xBxD+
1.50xCxD Ao
B ao .
Y,=—104.01725+3.27274xB+12.17603xC—-0.2983 1x
D —0.37304 xB xC +1.45012E —003 xB xD +0.074967 x
CxD XA
Y,=-96.02704+3.74855xB+10.46552xC—0.41613x
D —0.37304 xB xC +1.45012E —003 xB xD +0.074967 x
CxD a2
Hodh, A D &R, X A2 JE w2,

RS ARBERALR AR TT 2253 H

Table 5 ANOVA for regression model of conversion rate of xylose

AU pm mmE WETFS P P

R

Bl 1656 2529.17 10 25292  7.49 <0.0001
A 3.26  575.57 1 575.57 17.03 0.0002
B 479  824.94 1 824.94 24.41 <0.0001
C 238  204.30 1 2043 6.05 0.018
D 428  659.17 1 659.17 19.51 <0.0001
AB  1.19 5094 1 5094 151 0.2262
AC  -0.86 2633 1 2633  0.78 0.3823
AD  -1.18  49.97 1 4997 148 0.2306
BC -1.87 8349 1 83.49 247 0.1233
BD 015  0.50 1 05  0.015 0.9033
CD 1.5 5395 1 53.95 1.6 02132
k2= 145290 43 33.79

E";Fﬂ 3982.06 53

25 BT EHINEN

EH 3~ 5 T] Bl = X £ ACKH A BE R 5% i, A2 B I
BDiA M it 35 /K, ACADIE L 35 /Ky %o T AR i
RS TR 520, A2 HL I BDIA B ik 25 /K15 0o A 44 4k
FAFFEWY, A8 IR AN 2% . WMOEFAZ B INBDA#
T o £ A A S R AS Bl B S5 (1T 5 15

AT S, M pH=7.00F, W LA ACKE W B L 48 AR
PR 1P 56 22 0 1EAH 2, RIREHR BE 15 AR BE 1) 9
TN A DS o RIS B e eF s AR R 5 i 2

148 o12z23m

TR

RV S R 37°CHY, RIS 46 A R 5 24 60mg/mlLL,
ZEARBEIR LA T AR o XU W A L 5 - WD 2
A I T LA H AT FH Sk A B (4 1 3 52 i AR K.
Ll 2 P 5 78 (PRT 1) T 22 288 CFR1 1) (1 1 8 T P& 7
FR A BEW, R WILE R A PR RN AT 4 A Bl A
FESAETN , R 22 B R T il b AR IR PE AR T B 7Y,
X W B 22 TR R FH AR 1 e 0 e R0

SARERE (mg/mL)

3
£
Y
3
o
%
=S
by

52.0 06"
o T
D: WA FE (mg/mL) 2800 552" 3900 B i fr (o)

BT IR A I L L A IR UL S X 25 AR B 1 i
Fig.1 Effect of initial xylose concentration and fermentation
temperature on final concentration of xylose

HH 20T K, 2 pH=7.0 0, A P it 5 A7) 4fi A Bl
55 AHERE A L ) S R I IEAH G o ARl LA
RISy, 75 BE AT Ui A BE A A REPE e AW e ™ 15 [+

a

£

25

E

Eed

®

e

< S 37
40.00". 45

3000~ 32

D: MIHEABEK E (mg/mL) 2000727 207 B: RFEELEE (O

B2 WIRRAHE I L b A IR PR A I 7 B P S

Fig.2 Effect of initial xylose concentration and fermentation

temperature on xylitol production
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(L34 1487)
B, WTAE AHE U BE AEATC K S I, 75 T i R i 5 4 g
PR RS o 1 R IR iE B FA] Uy AR ik B2 340 48
BRI T-BF 5 A A 55 B ARG s A~ R 38 /K1 [R) i
TR AHHBEIR SE IR W T v o 24 A TRUR R 37°C W14k
ACHEIR BE g 60mg/m LB}, ACHE A BE 34 21 5 = 7K1
IX U A R IR . WTUE AR AR B8 S JLAS HAE R X AR
FEEE P B SR . PR TR IR (1] 2a) FiI T 22 71
CE2b) [Py ST ], o 35 s i ey, BB e Rl — K&
Pt B2 R AR AWM R, A 22 84 R I A B 1
WKL TR R I A TR, IX e T T 22 TR A i
=g AN I
2.6 SEIG TN

H T Design Expert A4 UL AL Th B8 3k 45 St &
P S5 ALE S AR I 11 B3 K T 4 17.2 1 mg/mL, Sh B Y
AN ICHE R T I BB AN R 6T 7 - T 22 T i i 22 1 KT
R E37°C, pHB, WIUEARNEA EE60me/mL. 2k T 51k
FEETR A7 250 M, B N AE 2 17.21mg/mL, BEAT T 641
TR 56 E S 06, 45 TR DL 3R 62 ACRE WA B T 15 s
A AH 3T, AF R 35 22 Y TE 29 LR 5 30E WIS R 0 5 T
VEPCAL AR I A 1 1 25 1) DB S I ERL T A2 T AT 1 o

6 ACHEREIAR FE ARSI T 1 B S A

Table 6 Experimental and predicted values of xylitol

concentration
+ ABEEER
(mg/mL) .
=N —N *HX‘JHE
S R Bk % )
L s (DC”;l pH  PHIREE FRIIMY FLsefE T
- (mg/mL)
1 W 37 8 60 17.21 17.19 0.13
2 &R 37 8 60 1721 1732 0.63
3 Wam 37 8 60 1721 17.02  1.13
4 e 37 8 60 1721 1695 1.49
5 RWeA 37 8 60 17.21 1726 030
6 WA 37 8 60 17.21 17.14 043

3 #Hit
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