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Abstract The influence of seven known inhibitors including formic add, acetic acid,
benzaldehyde, furfural, vanillin, guaiacol and hydroxy acid present in the hemicellulose
hy drolysate on the Candida tropics yeast cell growth and the xylitol fermentability was studied
respectively,and the inhibitory action of the three inhibitors which were formic add, vanillin and
benzaldehyde under coexistence condition was studied using two orthogonal revolving
combination design. The results indicated, the inhibitory action of these inhibitors with low
concentration on yeast cell growth was found, but they increase the specific productivities of
xylitol slightly. They finally can suppress the yeast cell growth completely along with
concentration increasing, cause the xylitol fermentability not to carry on completely. The results
also showed that the antifunction mutually between formic acid and aldehyde class inhibitors
regarding yeast cell growth, but only the obvious antagonistic effect mutually betw een formic acid
and benzaldehyde regarding xylitol yield from xylose and the specific productivities of xylitol To
all inspection targets, no antagonistic effect found in the aldehyde class compounds, but the
inhibitory action of them assumes the accumulation function.
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1
Table 1

of inhibitors on xylitol fermentation

Experimental factors and levels of the influences

Xi, Xa, X3,
Code value ( Benza}%e)h yde, (ng;“Llil n, ( FUT;;I/Ii)dCld s
+ r 1 1.2 1
1 0. 82 0.998 0. 82
0 055 0.7 055
-1 028 0. 402 0.28
- 0.1 0.2 0.1

2
Table 2 Experimental design and results of the influences

of inhibitors on xylitol fermentation

No. X X, X3 Y, Y, Y3
1 1 1 1 0. 824 0 0
2 1 1 -1 9. 647 0. 444 0. 122
3 1 -1 1 0.941 0 0
4 1 -1 -1 15. 000 0. 457 0. 086
5 -1 1 1 3.294 0 0
6 -1 1 -1 16. 118 0. 742 0. 173
7 -1 -1 1 1.118 0 0
8 -1 -1 -1 26.471 0. 866 0. 134
9 1. 682 0 0 6.118 0. 316 0. 065
10 - 1.682 0 0 17.294 0. 448 01
11 0 1. 682 0 15. 118 0. 396 0. 074
12 0 - 1.682 0 18. 000 0. 460 0. 078
13 0 0 1. 682 0. 882 0 0
14 0 0 - 1.682 17.941 0. 795 0. 148
15 0 0 0 16. 824 0. 426 0. 082
16 0 0 0 16. 647 0. 440 0. 086
17 0 0 0 16. 882 0. 436 0. 084
18 0 0 0 16. 765 0. 437 0. 084
19 0 0 0 16. 706 0. 440 0. 085
20 0 0 0 16. 706 0. 441 0. 085
21 0 0 0 16. 941 0. 435 0. 083
22 0 0 0 16. 882 0. 434 0. 083
23 0 0 0 17. 000 0. 431 0. 082
CK 26.5 0. 864 0. 082

Yi, Y2, Y3 (g/L), (g/g),

(g/g h)

Y1, Y2, Y3 means dried cell weights (g /L), xylitol yield from
xylose(g/g) , specific productivities of xylitol (g/g h), respectively.
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Table. 3  Variance analysis of the effects of three inhibitors

on yeast cell growth

Source DF SS MS F Pr> F
Xi 1 113.5281 113. 5281 23.08424 0. 000344 *
Xz 1 25.0432 25. 0432 5.092162 0. 041895
X3 1 589.9672 589.9672 119.9611 0. 000T *
X% 1 95.73408 95. 73408 19.4661 0. 000702 *
X Xz 1 0.918013 0.918013 0.186664 0. 672787
X1 X3 1 29.22301 29 22301 5.942066 0. 029899
X3 1 8.656228 8 656228 1.760115 0. 207444
X2 X3 1 39.38281 39 38281 8.00791 0. 014195
X3 1 169.4877 169. 4877 34.46281 0. 0001 "
Model 9 1069.297 118 8108 24.15841 0 0001 *
Error 13 63.93386 4 917989
Total 22 1133.231
*:p<0.05* *: p<0 0L
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Table 4 Variance analysis of effects of three inhibitors on

xylitol yield from xylose

Source DF SS MS F Pr> F

X1 1 0.063372 0.063372 15.36575 0.001759 *
X2 1 0.004373 0. 004373 1.06044 0. 321894
X3 1 1.083432 1. 083432 262.6998 (. 0001 *
X3 1 0.021763 0.021763 5.276989 (. 038867
X1 X2 1 0.001546 0.001546 0.374781 0. 550968
X X3 1 0.062623 0.062623 15.1841 0. 001838 *
X3 1 0.006792 0. 006792 1.646884 0. 221789
X, X3 1 0.002367 0.002367 0.573858 0. 462241
X2 1 0.015725 0.015725 3.812739 0. 072737
Model 9 1.261435 0. 140159 33.98444 0. 000T *
Error 13 0.053615 0. 004124

Total 22 1.315049

*:P<0.05% *: P<0 OL

53
Table 5 Variance anal ysis of the effects of three inhibitors
on specific xylitol productivity

Source DF SS MS F Pr> F
X 1 0.001825 0.001825 10.34108 0. 006759 *
X2 1 0.000341 0.000341 1.934214 0. 187647
X3 1 0.04273 0. 04273 242.1508 0. 0001 *
X3} 1 0.000152 0.000152 0.862176 0. 370051
X X, 1 1.1255-6 1. 12556 0.006375 0. 937576
X X3 1 0.001225 0.001225 6.942853 0. 020594
X3 1 0.000462 0. 000462 2.618392 0. 129626
X, X3 1 0.000703 0. 000703 3.984649 0. 067302
X3 1 0.000591 0.000591 3.350055 0. 090217
Model 9 0.048016 0. 005335 30.23408 0. 000T *
Error 13 0.002294 0. 000176

Total 22 0.050309

*: P<0.05% * : P<0 OL

Guangxi Sciences, Vol 15 No. 4, November 2008



9(% ) 2 ” ”

o

L. C. Duarte 18] , )
( Debaryomyces hansenii )

B B

, .
18
. L. C. Duarte "™ )

B

[1] Makinen K K. Dietary prevention of dental cares by
xylitol clinical effectiveness and safety[ J]. Appl Nutr,
1992, 44 16-28.

[2] Uhan M, Kontiokari T, Koskela M, et al- Xylitol
chewing gum in prevention of acute otitis media: double
blind randomised trial[ J]. Br Med, 1996, 313 1180-
1184.

[3] Granstrom T B, Izumori K, Matti L, etal A rare

sugar xylitol Part b the biochemistry and biosynthess

I HAE 2008F 11 % 1555 4

[5]

[9]

[10]

[11]

[12]

[13]

[14]

of xylitol[ J].
277-281.

Applied Microbiol Biotechnol, 2007, 74

Paraj J C, Dominguez H, Dominguez J M, et al.
Biotechnological production of xylitol Part T Interest
of xylitol and fundamentals of its biosynthesis [ J]-
Bioresource Technology, 1998, 63 191-201.

Roberto I C, Kinetic behavior of

Candida guillieemondii yeast during xylitol production

Mussatto S I,
from highly concentrated hydrolysate [ J]. Process
Biochemistry, 2004, 39 1433-1439.
Mussatto S I, Silva C JS M, Roberto 1 C, etal
Fermentation performance ofCandida guilliermondii for
xylitol production on single and mixed substrate m edia
[JI. Appl Microbiol Biotech nol, 2006, 72 681-686.
Hah n—Hagerdal B, Jeppson H, Pror B A, et al-
Biochemistry and physiology of xylose fermentation by
yeasts [ JI. Enzyme Microbial Technology, 1994, 16
933-943.
Nigam P, Singh D. Processes for fermentative
production of xylitol-a sugar substitute [ J]. Proceess
Biochemistry, 1995, 30 117-124.
Winkelhausen E, Kuzmanova S. Microbial conversion of
d—=xylose to xylitol[J]. Ferment Bioeng, 1998, 86(1): 1-
14.
Rodrigues R C L B, Felipe M G A, Slva JB A, etal.
Response surface methodology for xylitol production
from sugarcane bagasse hemicellulosic hydrolyzate
using controlled vacuum evaporation process varables
[J]. Process Biochemistry, 2003, 3& 1231-1237.
Martin B C, Almazan O, Marcet M, et al. A study of
three strategies for improving the fermentability of
hydrolysates for fuel
Sugar, 2007, 109

sugarcane bagasse ethanol
production [ J].

(1297): 33-39.

Internationgal

Paraj J C, Dominguez H, Dominguez JM, et al.
Improved xylitol production with Debaryomyces
hansenii Y-7426 from raw or detoxified wood

hydrolysates| J]. Enzyme and Microbial Technology,
1997, 21: 18-24.

Martin C, Galbe M, Wahlbom C F, et al. Ethanol
production from enzymatic hydrolysates of sugarcane
bagasse usng recom binant xylose-utilising
Saccharomyces cerevisiae | J]. Enzyme and Microbial
Technology,ZOOZ, 31 274-282

Rao R S, Jyothi Ch P, Prakasham R S, et al
Xylitol production from corn fiber and sugarcane
bagasse hydrolysates by Candida tropicalis [ J].
Bioresource Technology, 2006, 97 1974-1978

429



[15]

Martinez E A, Slva J B A, Giulietti M, et al.

Downstream  process for xylitol produced from

fermented hydrolysate [ J 1. Enzyme and Microbial
Tech nology , 2007, 40 1193-1198.

compounds from sugarcane bagasse hemicellulosic
hydrolysate treated with activated charcoal before or
after vacuum evaporation [ J]

Engineering, 2001, 1& 299-311.

Braz J Chemistry

[16] Sampao F C, Torre P, Passos F M L, et al Influence [18] Duarte L. C, Carvalheiro F, Tadeu J, et al. The
of inhibitory compounds and minor sugars on xylitol combined effects of acetic acid, formic acid and
production by Debaryomyces hansenii [J]. Applied hydroquinone on Debaryomyces hansenii physiology
Biochemistry and Biotechnology, 2007, 136 165-181. [J]. Applied Biochemistry and Biotechnology, 2006,
[17] Rodrigues R C L B, Felipe M G A, Silva J B A, et al. 129-132 461-475.
The influence of pH, temperature and hydrolysate
concentration on the removal of volatile and on—volatile ( . )
(£4% 423 Continue from page 423)
[3] s s . [J]. [11] Myers W R. Response surface methodology[M ].
, 1996, 26( 3): 152-181. Encycloedia of Biopharmaceutical Statistics. New
[4] , > . [J]. York Marcel Dekker, 2003 858-869.
, 1998, 25( 4): 202-204. [12] Placket R Lt, Burman J P. The design of optim um
[5] ( )[M]. : , multifactorial experiments [ J]. Biometrika, 1946, 33
1984 655-670. 305-325.
[6] . . . [13] . M ] )
[J]. ,2005, 13(5): 9-13. 1996 94-180.
[7] > , s [14] s s , . Penicilium sp
[1- ,2003, 6 28-30. []1] ,2006, 5
[8] Dharmsthiti S, Kuhasuntisuk B. Lipase from Pseudo- (16): 67-70.
monas aeruginosa LP602 biochemical properties and [15] Wiyada Mongkolthanaruk, Waerawee Prob-narong,
application for wasterwater treatment [ J]. Journal of Sithiwat Lertsiri, et al. Growth and lipase production
Industrial Microbiology & Biotech nology, 1998, 2t 75~ of a psychrotrophic Acinetobacter calwaceticus in an
80. MSG-containing medium [ J]. J Gen Appl Microbiol,
[9] Han Soojin, Jung Ho Back, Moon Young Yoon, et al. 2004, 50 29-33.
Expression and  characterization of a  novel [16] > )
enantioselective lipase from acinetobacter species SY-01 [J]. ,2007,27
[ J] Biochimie, 2003, 85 501-510. (11): 66-72.
[10] Weuster-Botz D. Experimental design for fermen—
tation media development statistical desgn or global ( : )
random search [J]. JBiosci Bioeng,2000, 90 473-483.
430 Guangxi Sciences, Vol 15 No. 4, November 2008



