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Abstract

Abstract

As a five-carbon sugar alcohol, xylitol is used as a natural sweetener in the food
and confectionary industries. Xylitol is also used in dental care owing to its
anticariogenic effect. Xylitol can be produced by natural xylose-assimilating yeasts
and fungi, especially Candida species. Xylose is a major pentose sugar found in
lignocelluloses and is the second most abundant natural sugar. As the most abundant
biomass resources on the planet, lignocelluloses can be converted into various
different value-added products including biofuels, chemicals, enzymes and cheap
energy sources. Lignocellulose materials can be hydrolyzed either by chemical
pretreatment or by enzymatic hydrolysis. The sugars produced from lignocellulosic
materials can be fermentated by yeasts to produce xylitol and ethanol.The
fermentation performance of yeast strains would mainly be affected by the inhibitors
existing in the hydrolysates including phenolic compounds, furan derivatives and
weak acids. The detoxification must be done to improve the fermentation efficiency.

In this work, a yeast strain with high conversion efficiency of xylose into xylitol
was isolated and identified as C.tropicalis SB18 by 18S rDNA sequencing. Enzyme
assay was conducted to prove that the xylose reductase in C.tropicalis SB18 was
mainly NADPH dependent. A two-stage fermentation strategy was employed to
investigate the fermentation condition of C.tropicalis SB18. Results showed that the
optimal nitrogen sources were urea plus yeast extract, the optimal innoculum level
was 0.5~0.6 g-L”', the best switch time of agitation speed was 36 hours, the agitation
speed in the first stage was 200 rpm and 100 rpm in the second stage, and the optimal
initial xylose concentration was 250 g-L"'. Under the optimal conditions, 207.65 g-L"
xylitol was produced from 250 g'L"' xylose in 250 mL flasks, corresponding to a
xylitol yield of 0.831 g-g". A batch fermentation was performed under 250 gL’
xylose in a 2 L bioreactor, and then followed by a fed-batch fermentation under 300
gL xylose, the final xylitol concentration were 207.8 gL' and 256.5 gL',
respectively, corresponding to the yield of 0.831 g-g™ and 0.870 g-g™.

The inhibition of phenolic compounds to the fermentation behavior of C.
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Abstract

tropicalis SB18 was investigated. The individual phenolic inhibitor, such as
4-hydroxybenzaldehyde, syrigaldehyde, vanillin and phenol and their mixture were
investigated. Data showed that phenolic compounds could decrease the activities of
xylose reductase, and consequently the cell growth, xylose assimilation and xylitol
accumulation. However no influences were discovered on xylitol dehydrogenase.
Phenol was the most toxic to C.tropicalis SB18, followed by syringaldehyde. Vanillin
and 4-hydroxybenzaldehyde showed little inhibition under certain concentration level.
Under the low concentration of inhibitors, neither the individual inhibitor nor their
mixture could affect the final production of xylitol. Higher concentration of phenolic
inhibitors could greatly increase the lag phase of cell growth, resulting in the decrease
of xylitol production and xylose utilization. The new isolate C.tropicalis SB18 could
degrade 4-hydroxybenzaldehyde and vanillin rapidly, partly degrade syringaldehyde,
and could not degrade phenol.

The lignocellulosic material of horticulture waste was pretreated by organosolv
method. The cellulose portion from organosolv pretreatment was then hydrolyzed by
cellulase produced by a mutated new isolate Trichoderma viride combined with
commercial enzymes Celic CTec. A final xylitol concentration of 100.11 g-L"' was
produced from the concentrated hemicelluloses hydralsates by C.tropicalis SB18,
with the xylitol yield of 0.81 g-g” and xylitol volumetric production 0.98 g-L™"-h™.
The enzymatic hydrolysates portion was fermentated for ethanol production by Pichia
stipilis, S.cerevisiae and their mixed culture. Under lower innoculum, ethanol
production from fermentation of Pichia stipilis, S.cerevisiae and the mixed culture
were 26.67 g'L”', 21.04 gL and 29.28 gL, respectively, corresponding to ethanol
yield of 0.355 g'g”', 0.471 g-g''and 0.48 g-g”'. At a higher innoculum level, ethanol
production of 28.71 gL', 22.63 gL' and 30.17 gL' were obtained from the
fermentation of Pichia stipilis, S. cerevisiae and the mixed culture, and the

corresponding yield were 0.47 g'g', 0.495 g-g”'and 0.49 g-g”', respectively.

Key words: Isolation; C. tropicalis SB18; xylitol and ethanol; phenolic inhibitor;
bioconversion of lignocellulose
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50% 1.4132 1.4200

EAEM AR 2o HERERE — R, TR B A — A, N I A
7, WA AR BEAR T RERE, A —FMIRBERTHRA, ORI BRI
JEE B BEANTO G AR B PR AR bR S R AR ALL, R BERE 0 BEAE AN . 3R 141
HUHE T AKE BRI RERE B FEA B E T . ARBERE ) 2 A7 A T KRGS T, R
ST RRAOM, U100 g TR, A RERIGE 8 ARERE 21 mg, S b
& 86.5mg, AL 89 mg, HED 131 mg, ™K 96.5 mg, W 107 mg,



S CERSRIA

Bl ﬁAQhwyﬁiQymmg1%%@ﬂ%%ﬁ%k%¢&ﬁ@ﬁ%@,ﬁ
SERERACHIL R A R ) =4, E AR 100 ml I 54T 0.03 mg~0.06 mg A
W, SRR NAR AR =4 KL 5 g~15 g AR

1.2.2 KRIEERIRERTIEE

AKERE (R B B B S Re R, o 1 L ISR )z, et BRI
B A A R A B i IR PRI )

(1) AW (1815 1 LA 5

AW B R DL AR B 4 BR B (streptococcus mutans) RS I, T35 i A
Levine! ™ HUAR (14 15 AR 56 R/ IS B 11 2k 36 UE T A BRI 6 AT Sk AR S
[f) %4 o Soderling! ) HIXUE TS IE W] T 2 F2 I e A7 20 1 4 A6 45 B8 5 1) T
f o Hrimech!™ 7E SE 50 i 25 L AR 1T LA DR78 FS B 1R 1 1) 2 114 i S AR e
H 60 MARTEHT [ 70 (K% BE ML ma A TERESR T (AR K (2, ABERE XN &
SR BEN, A0 EIA0 RS KT

(2) BEAR IR

AHEREAE D — M I REPERHOAA, e 5 AR SEANMLRE, AT ER
HUREEN AN, T HACE S, A g BRI E TS, & A TR R CE TR
BRI,

(3) R HEALAAR ] 5 e

AHERE AR AL BEN LA A5 (T, S5 T B I EUR PRIV . ARSI UE T,
VNI 0.1-200 mM IRACKERE . (L AUHERE . 22 9P0EmESE,  fe et B N At
5 (gt

(4) %A DRe

AW R R AR R B 0 BB AN 2% T E % JE 0 565 A 50 T Th Re AN s iy
I FH G TT S BT ZEPE T 96 S B8V 98 KRG B 897 2802 I % O e
5 N AR A Bh 2 412

(5) AWHE (1 R0L b 38 5 A

ACRE I T DA 3 A A7 2 B 1D 384 5, 8 3T 1 1 W Th Re 1 L FE B Ak
WE R, BRI, I E A i R G 5E, LSOO 1
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