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Nutritional and environmental conditions of the xylose utilizing yeast Candida tropicalis were optimized
on a shake-flask scale using a statistical factorial design to maximize the production of xylitol. Effects
of the three growth medium components (rice bran, ammonium sulfate and xylose) on the xylitol
production were studied, each at three different levels and the highest xylose to xylitol conversion ratio
(57.2%) was achieved on using 20 gl™ of xylose, 15 gl™ of rice bran and 1 gl of ammonium sulfate. By
maintaining the pH of the growth medium at 5.5 using citrate buffer, the xylose to xylitol conversion
ratio was greatly enhanced (93.75%) over the use of or unbuffered growth medium and phosphate
buffered (88.3 and 83.8%).The least aeration rate was simulated by 40 ml of the growth medium at 250
ml™. Erlenmeyer flasks result in maximum xylose to xylitol conversion ratio (98%), by using 25 gl™ of
xylose, while maximum xylitol production (36.25 gl™) with a conversion ratio of 72.5% was achieved by

using 50 gl™ of xylose.

Key words: xylitol, Candida tropicalis, xylose, yeast, pH, aeration.

INTRODUCTION

Xylitol is a naturally occurring sugar alcohol with a similar
sweetening power to sucrose (Makinen, 2000). Due to its
unique pharmacological properties, world wide de-mand
is ever increasing (Emidi, 1978; Makinen, 2000b). Xylitol
(Cs H1,05) stands out from other polyols in preventing
dental caries (Biswas and Vashishtha, 1998). Xylitol is
also an advantageous sucrose substitute for people
suffering from diabetes, obesity and glucose 6-P
dehydrogenase deficiency (Grenby and Colley, 1993;
Parajo et al., 1998). Xylitol can also be used to prevent
middle ear infections in young children (Uhari et al.,
1998).

The development of an economic fermentative process
for xylitol production involves the selection of yeast
strains with high productivity, establishment of conditions
that maximize the conversion of xylose into xylitol and
optimization of these parameters for scaling up process
(Silva et al., 1998). In the conventional production optimi-
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zation procedures, one parameter is altered at a time,
while keeping the other parameters constant; this was to
understand the impact of that particular parameter.
Factorial designs have been employed for the optimi-
zation of the fermentative process because they offer the
possibility of studying several variables with a reduced
number of experiments (Rodrigues et al., 1998). For this
reason, statistical procedures have advantages over con-
vential methodologies in predicting the accurate results
basically due to utilization of fundamental principles of
statistics, randomization, replication and duplication
(Sreenivas et al., 2004).

For the economical production of xylitol, the initial con-
centration of xylose should be as high as possible.
Aeration also plays an important role in the bioconversion
of xylose to xylitol by yeasts (Walther et al., 2001) where
a high degree of aeration promotes cell growth, while
being detrimental to xylitol accumulation.

Optimum pH for xylitol production by Candida sp. was
generally ranged from 2.5 to 5.8 (Silva et al., 1998). The
pH alteration probably affects the growth by influencing
the activity of the permeases present in the cytoplasmic
membrane or of the enzymes associated to the cellular
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wall, which tend to coagulate and to precipitate under
their isoelectric points (Kampen, 1997). As the gap
between the extracellular and the intracellular pH values
widens, greater stress is placed on the cells and more
energy is expected to maintain the intracellular pH within
the range that permits growth and survival of the yeast
(Thomas et al., 2002).

Three experiments were designed and carried out to
investigate: Firstly, the influence of changing concen-
trations of the three components of the growth medium
(xylose, rice bran and ammonium sulfate); secondly, the
influence of maintaining the pH of the growth medium at
different values using two buffer systems; thirdly, the
influence of aeration rate accompanied by using high
xylose concentrations on the conversion of xylose into
xylitol by Candida tropicalis.

MATERIALS AND METHODS
Microorganism

A xylose utilizing yeast was isolated from an Egyptian cultivated soil
(Kaliobia governorate) and identified according to the conventional
yeast identification methods based on its morphological and
fermentation characteristics as well as its assimilation of different
carbon, nitrogen sources ( using nitrogen base and carbon base
media) and vitamins according to Lodder (1971), Ahearn (1974,
1978) and Barnett et al . (2000).

Preparation of Inoculum

The yeast isolate was grown and sub cultured on a modified
Wickerham's agar medium composed of (g I'): malt extract, 3.0;
yeast extract, 3.0; peptone, 5.0; agar, 20 and xylose, 10.0 (pH was
adjusted at 5.5 + 0.1) for 24 h at 30°C.

Inoculum was prepared by transferring a loopful of a four days
old yeast culture, which was grown on a modified Wickerham's agar
slant into 25 ml of preculture medium with the following compo-
sition (g I'): D- xylose, 25; (NHai)2 SO4, 2.0; CaCl,.2H,0, 0.1 and
rice bran, 15 (pH was adjusted at 6.0 + 0.2) in a 250 ml Erlenmeyer
flask plugged with cotton-cloth sandwich and incubated in an
orbital shaking incubator at 100 rpm for 24 h at 30°C. The resultant
growth was centrifuged, washed with sterile saline, recentrifuged
and then, resuspended in a sterile growth medium to get optical
density value of 0.3 at 660 nm. 10% was taken as inoculum
volume for the fermentation medium, which has the same composi-
tion of the preculture medium.

Experimental design

A complete factorial design was chosen to do this study and the
statistical analysis was carried out using statistical analysis system,
SAS user's guide (2006). Duncan’s multiple range tests were
applied to classify the mean values as groups.

In the first experiment, effects of changing concentrations of the
three components of the fermentation medium (xylose, rice bran
and ammonium sulfate) on the xylitol production were examined
after 72 h, each at three concentration levels (Table 2). In the
second experiment, the effects of maintaining pH at different
values (5.0, 5.5 and 6.0) using two different buffer systems
(Phosphate and Citrate ) on the xylitol production was studied by
using a growth medium having the following composition; (gl™), D-

xylose, 20; (NH4)2 SO4, 1.0; CaCl,.2H,0, 0.1 and rice bran, 15.

In the third experiment, the effects of different aeration rates
(simulated by different volumes of the growth medium 20, 30 and
40 ml, each in 250 ml Erlenmeyer flasks) in combination with the
increment of the xylose concentrations from 25 up to 200 gl was
studied (Table 8), while the pH of the growth media was adjusted
at 5.5. Cultures were grown aerobically under submerged condi-
tions in 250 ml Erlenmeyer flasks containing the experimental
designed media. All experiments were carried out on an orbital
shaking incubator at 30°C and agitated at 200 rpm.

Analytical methods

Xylose and xylitol concentrations were measured by the methods of
Trinder (1975) and Sanchez (1998), respectively. Cell concentration
was determined by measuring the optical density at 660 nm.

RESULTS AND DISCUSSION
Yeast identification

The yeast isolate was identified as C. tropicalis according
to the standard methods for complete yeast identification.
Morphologically, white to creamy colonies were raised
and reproduce vegetatively by budding elaborating well
developed pseudohyphae with blastoconidia in dalmau
plate cultures on corn meal agar with no sexual repro-
duction (Table 1 and Figure 1).

Xylitol production

Effect of alteration in the medium

components concentrations

growth

The growth medium experiment is a 3° incomplete fac-
torial design with three replicates. Xylitol, the main
product of the xylose bioconversion by C. tropicalis was
produced under the prescribed conditions with varying
concentrations between 10.42 and 11.93 gl™* (Table 2).

On considering the average effects and the analysis of
variances (ANOVA) of the independent variables (xylose
and rice bran concentrations), each of them showed a “P”
value less than 0.0001 indicating a highly significant
response towards the xylitol production (Table 3). For the
ammonium sulfate, a significant response was obtained
with a “P” value of 0.0045.

On considering the average effects of the factors inte-
ractions and the analysis of variances (ANOVA) of the
“rice bran x ammonium sulfate and “xylose x rice bran®
interactions, both of them showed a “P” value less than
0.0001, indicating a highly significant responses. For the
“xylose x ammonium®, sulfate interaction, a non signi-
ficant response was obtained with a “P” value of 0.1084.

Generally, by increasing the initial xylose concentration,
the mean value of the xylitol content was increased
significantly, while the xylose to xylitol bioconversion
ratios were greatly decreased (Table 4). For the
ammonium sulfate (Table 4) a non significant difference
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Table 1. Physiological characteristics of the xylose utilizing C. tropicalis isolate.

Carbon assimilation Carbon fermentation Vitamin
D- glucose  + D- glucose  + w/o vitamin +
D- galactose + D- galactose + wlo pantothenate *
L- Sorbose  + Maltose + w/o Biotine +
D- ribose - Sucrose + w/o Thiamine +
D-Glucosamine + Lactose - w/o pyridoxine +
D- xylose + Melibiose - w/o Niacin +
L- Arabinose + Cellobiose -
D- Arabinose - Raffinose - Urea hydrolysis -
L- Rhamnose - Inuline - Starch formation -
Sucrose + D- xylose -
Maltose + Starch -
Lactose - Nitrogen assimilation
Melibiose - Nitrate -
Raffinose - Nitrite -
Inuline - Ethyl amine +
Starch + Creatine -
Methanol - Creatinine -
Glycerol + Cadaverine -
Ribitol + Cycloheximide sensitivity
Xylitol + 0.01 cycloheximide +
D- mannitol  + 0.1 cycloheximide +
2keto-D- +
gluconate
Succinate + Citrate +

Figure 1. Scanned electron micrograph showing a branched pseudomycelium and blastospores of

C.tropicalis.
was found by using the three chosen concentrations (1, 2 interactions (Table 4), it was found that at rice bran
and 3 gI'™). A non significant difference of the xylitol mean concentration of 10 and 15 gl and by increasing the
value was also found on using 10 and 15 gI™* of rice bran, ammonium sulfate concentration, the xylitol mean value

while 5 g/l gave a lower mean value with a significant was decreased gradually. On using the rice bran at

difference (Table 4).

concentration of 5 gl and by increasing the ammonium

On studying the “rice bran x ammonium sulfate” sulfate concentration, an increase in the xylitol contents
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Table 2. Experimental design of the growth medium composition with alteration in the xylose, rice bran and ammonium sulfate

concentrations and their effects on xylitol production.

Xt/;’c_)lie Ammon(lgl:_rlr; sulfate thzgl_ti;an Initial pH Final pH Optlc(aég()ansny X()élll_tlt))I
20 1 5 6.12 4.11 0.059 10.42
20 2 5 5.96 4.08 0.078 10.79
20 3 5 6.08 3.88 0.082 11.10
20 1 10 5.79 2.6 0.087 11.07
20 2 10 6.0 4.2 0.090 10.87
20 3 10 591 2.76 0.111 10.79
20 1 15 5.88 4.55 0.119 11.44
20 2 15 6.22 4.10 0.074 10.90
20 3 15 6.05 4.01 0.078 10.92
25 1 5 5.9 4.3 0.990 10.89
25 2 5 6.02 3.92 0.083 10.72
25 3 5 5.82 3.80 0.095 11,11
25 2 10 5.89 4.22 0.110 11.51
25 3 10 6.10 3.84 0.110 11.28
25 1 15 5.99 2.25 0.110 11.13
25 2 15 5.98 4.02 0.103 11.00
25 3 15 6.10 3.93 0.099 11.41
30 1 5 6.10 3.97 0.099 10.63
30 1 10 6.2 4.37 0.100 11.93
30 2 10 6.38 4.1 0.103 11.66
30 3 10 5.95 3.82 0.103 11.74
30 1 15 6.05 4.25 0.123 11.25
30 2 15 6.03 3.96 0.123 11.29
30 3 15 6.17 3.81 0.099 11.58

pH initial was adjusted at 6.0 + 0.2, xylitol concentration was estimated after 72 h of incubation.

Table 3. ANOVA for xylitol production as a function of alteration in the xylose, rice bran and ammonium sulfate

concentrations.

Source DF Mean square P>F
Xylose 2 1.26926068 <.0001
Ammonium sulfate 2 0.13056698 0.0045
Rice bran 2 1.20228660 <.0001
Xylose and ammonium sulfate 4 0.04340681 0.1084
Xylose and rice bran 4 0.26864824 <.0001
Ammmonium sulfate and rice bran 4 0.36279847 <.0001
Error 53 0.02174217
Correct total 71 11.69008750

DF, Degree of freedom

was observed. In conclusion, the effect of the ammonium
sulfate on the xylitol production was greatly affected by its
combination with the rice bran, whereas, the effect of the
rice bran on the xylitol production was not influenced by
its combination with the effect of the ammonium sulfate.
On studying the effect of “xylose x rice bran®
interactions (Table 4), it was found that the general effect

of the rice bran was not influenced by changing the
xylose concentrations, whereas, the general effect of the
xylose was greatly reduced on using 5 gl of rice bran
with 30 gI™* of xylose.

So, it can be concluded that changing of the growth
medium composition led to an increment of the xylitol
production and the optimum composition could be
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Table 4. Mean values of xylitol production as a function of xylose, rice bran, and Ammonium sulfate concentrations and their interactions.
Mean . . Mean Mean Xylose + Mean Xylose Mean
Ammonium Rice i y
Xylose value of Mean v_alue value of Ammomum value of Ammoniu value of and value
1 ) Sulfate of xylitol bran . sulfate + Rice . . . .
g™ xylitol 1 1 xylitol -1 xylitol m sulfate xylitol Rice of Xylitol
(g™ content (g™ bran (gl™) -1 4
content content content (g! content bran (gI!)  content

30 11.50381" 3 11.26583" 10 11.42292* 1 x10 11.56667 * 30 x3 11.66167 * 30 x10 11.8200 #
25 11.22500° 1 11.16542 * 15 11.28593* 2 x10 11.44889 ® 30x2 11.55833 25 x10 11.5566 °©
20 10.93148 ¢ 2 11.15750 * 5 10.82190 ® 1 x15 11.40556 ® 30x1 11.36222 8 30 x15 11.4577 ©
3 x10 11.30111 8 25x 3 11.31667 8 25 x15 11.2988 ©
2 x15 11.12889 © 25x2 11.22000 B¢ 20x15 11.1011°
3x5 11.12667 © 25x1 11.09500 P 20 x10 10.9366
2x5 10.76333 ° 20x1 11.01556 ° 25x5 10.9300 ©
1x5 10.65778 ° 20x3 10.95111 P 20x5 10.7566 ©
20 x 2 10.82778 © 30x5 10.6933 ©

Means with the same letters are not significantly different.

obtained by decreasing the ammonium sulfate
concen-tration from 2.0 to 1.0 gI™ and rice bran
from 15.0 to 10.0 gI™.

Effects of pH maintaining at different values
by using different buffer systems

Two buffer systems were used to maintain the pH
of the growth medium at three different values
(5.0, 55 and 6.0) in comparison with the
unbuffered medium. Maximum xylitol production
(18.75 glI'") was achieved after 72 h using a
growth medium buffered by citrate at pH 5.5
(Table 5). Rodrigues et al. (2003) studied the
effect of different pH values (3.5, 5.5 and 7.5) on
Candida guilliermendii FTI 20037 and found that
the maximum values of xylitol volumetric produc-
tivity and xylose volumetric consumption were
attained at pH 5.5. Abdel-Aziz et al., 2005)
showed that, the optimum value of the initial pH

depends on the employed type of yeast, where
xylitol production was enhanced at pH 5.5 for C.
tropicalis, Debaromyces hansenii and C.
guilliermendii, while the production enhanced at
pH 4.5 for Candida shehatae. These results are
in accordance with that obtained from this work,
where the pH value of 5.5 was the optimum for
xylitol production.

The final pH was decreased by a mean value
(ApH) of 2.813 for the unbuffered medium, by
0.716 for the phosphate buffered medium and
finally, by 0.412 for the citrate buffered medium
(Table 5). A direct correlation was found between
the xylitol production and the decrease in pH
values where it was increased by decreasing
ApH values. This decrease in pH values was also
reported by Silva et al. (1998) in fermentation
medium without pH control and by Abdel-Aziz et
al. (2005), where they found a decrease in the pH
values by about 2 to 4° in the case of C. shehatae
under unbuffered growth conditions. Sanchez et

al. (1997) reported that, the pH of the fermentation
medium determines the metabolic activity of the
cell, thus, a modification in the pH might cause
some micronutrients to precipitate and so become
unavailable for assimilation. Raising the external
pH closer to the intracellular pH places less stress
on cells and less energy is wasted in maintaining
the internal pH within a range optimal for growth
(Thomas et al., 2002)

Average effects and the analysis of variances
(ANOVA) of using different buffer systems, pH
values, incubation times and their interactions, all
showed a “P” value of less than 0.0001, indicating
a highly significant response (Table 6). The
highest xylitol content was obtained on using
citrate buffer, followed by phosphate buffered and
finally, by unbuffered growth media with a
significant difference (Table 7). Effect of the
incubation periods was also studied and the
highest xylitol content was obtained after 72 h
followed by 96 h and finally after 48 h with a
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Table 5. Experimental design of the initial pH of the growth medium, the buffer system and the incubation time and their effects

on xylitol production.

N Incubation . Mean value of  Optical density  Xylitol

Buffer system  pH initial time(h) pH final ApH ApH (OD) (/)
48 4.34 0.66 0.125 10.65

5.0 72 4.4 0.60 0.152 15.35

96 4.8 0.20 0.127 15.07

48 4.5 1.00 0.152 12.43

Phosphate 55 72 4.56 0.94 0.147 16.09
96 5.08 0.42 0.156 15.27

48 5.04 0.96 0.241 14.28

6.0 72 5.08 0.92 0.253 16.77

96 5.4 0.60 0.716 0.260 15.74

48 4.2 0.80 0.136 15.9

5.0 72 4.52 0.48 0.131 16.2

96 4.81 0.19 0.140 15.58

48 4.93 0.57 0.202 15.51

Citrate 5.5 72 5.0 0.50 0.209 18.75
96 5.24 0.26 0.199 16.31

48 5.42 0.58 0.290 16.98

6.0 72 53 0.70 0.314 17.26

96 5.65 0.35 0.412 0.305 16.74

48 2.49 2.50 0.324 9.79

5.0 72 2.56 2.44 0.436 11.99

96 3.27 1.73 0.180 10.05

48 2.24 3.36 2.107 11.99

Unbuffered 5.5 72 2.02 3.46 2.474 17.67
96 2.36 3.14 2.525 14.47

48 3.0 3.00 0.221 9.34

6.0 72 31 2.90 0.246 10.31

96 3.19 2.99 2.813 0.562 9.07

Initial xylose concentration=20 g/l.

significant difference. On studying the combined effects
of using “different buffer systems x different pH values®
(Table 7), it was found that the citrate buffer at pH value
of 6.0 gave the highest xylitol content followed by that
obtained at pH 5.5 with no significant difference.

The xylitol contents of the medium buffered at pH 6.0
were decreased by extending the incubation time for 96 h
(Table 7). This could be attributed to the conversion of
xylitol into xylulose by xylitol dehydrogenase (lkeuchi et
al., 1999). Incubation period of 72 h, favored the pH 5.5
over pH 6.0 with no significant difference.

On studying the combined effects of the “buffer sys-
tems x incubation periods” (Table 7), citrate buffer gave
the highest xylitol contents after 72 h followed by 96 and
48 h and the same effects were also noticed on using
phosphate buffered and unbuffered media. These results

indicated the favored effect of the buffer types over the
incubation time.

Effects of using high xylose concentrations and
different volumes of the growth medium

Since xylitol formation in yeasts is most sensitive to sub-
strate concentration and aeration rate, the effect of the
initial xylose concentration was further investigated by
testing concentrations higher than 30 to 200 gl * in
combination with the effect of using different aeration
rates.

Maximum xylitol production (36.25 g/l) was achieved
after 72 h by using 50 gl of xylose and 40 ml of growth
medium, while maximum xylose to xylitol conversion ratio
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Table 6. ANOVA for the xylitol production as a function of alteration in the buffer system, pH
initial and incubation time and their interactions.
Source DF Mean square P>F
Buffer 2 173.2203420 <.0001
pH 2 26.5399494 <.0001
Incubation time 2 42.6240198 <.0001
Buffer and pH 4 22.1227531 <.0001
Buffer and incubation time 4 5.3555123 <.0001
pH and incubation time 4 4.3396475 <.0001
Error 62 0.2255209
Correct total 80
Table 7. Mean values of xylitol production as a function of the buffer types, pH initial and incubation time and their interactions.
Buffer Xylitol pH Xylitol Incubation  Xylitol Buffer type and Xylitol anzu:;irutg :ﬁon Xylitol ins:bzzzn Xylitol
type content nitial content time (h) content pH initial content . content ) content
time(h) time(h)
Citrate 16.577* pH55 15.3422" 72 15.5319 " Citrate x pH 6.0 16.981"  Citrate x 72 17.406 *  pH55x 72 17.295%
Phosphate  14.658® pH6.0 14.0589° 96 14.2415® Citrate x pH5.5 16.857*  Citrate x96 16.225%  pH55x 96 15.316 °
Unbuffered  11.557¢ pH5.0 13.3915° 48 13.0193 ¢ Citrate x pH 5.0 15.892 %  Citrate x48 16.098%  pH6.0x 72 14.748 €
Phosphate x pH 6.0 15.587 %  Phosphate x 72 16.047®  pH5.0 x 72 14.551 €
Phosphate x pH 5.5 14.698°¢ Phosphate x96  15.353°  pH 6.0 x 96 13.855°
Unbuffered x pH 5.5 14.470¢  Unbuffered x72 13.141° pH6.0x 48 13.572°
Phosphate x pH5.0 13.687°  Phosphate x48 12573  pH50 x 96  13.5522°
Unbuffered x pH 5.0 10.594 %  Unbuffered x 96  11.145°  pH55x48 13.414°
Unbuffered x pH 6.0 9.6077  Unbuffered x48  10.385°  pH5.0 x 48 12.071°F

Means with the same letters are not significantly different.

(98%) was achieved after 96 h by using 25 gl™
(Table 8).

On considering the average effects and the
analysis of variances (ANOVA) of the independent
variables (initial volume, xylose concentration and
incubation time), each of them showed a “P” value
of less than 0.0004 indicating a highly significant
response towards the xylitol produc-tion. Also, the

average effects of the different factors inte-
ractions, all have a “P” values less than 0.0001
indicating a highly significant responses towards
the xylitol production (Table 9).

Small change in oxygen availability induce
changes in yeast metabolism and consequently in
xylitol excretion (Martinez et al., 2000), this
influence is likely to be related to the generation of

co-factors essential for the activity of xylose
reductase and xylitol dehydrogenase as well as
for ATP production during oxidative phosphor-
ylation. Generally, by increasing the volume of the
growth  medium, the xylitol content was
increased(Table 10), with a significant difference
on using 40 ml against 30 ml, while a non
significant difference was found by using 30 ml
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Table 8. Experimental design of the growth medium volume, xylose concentration and incubation time and their
effects on xylitol production.

Volume of growth Initial xylose Incubation H final Optical density Xylitol
medium (ml) concentration (glI)  time(h) P (OD) concentration (gl™)
o5 72 4.65 2.451 10.05
96 4.84 2.433 19.75
50 72 4.67 2.013 27.85
96 491 2.408 30.17
75 72 4.8 1.641 21.24
96 4.6 2.397 22.15
100 72 4.82 1.721 11.36
96 4.55 2.324 17.64
20
125 72 4.75 1.453 16.54
96 4.47 2.310 16.54
150 72 4.55 1.609 15.53
96 4.22 2.181 12.83
175 72 4.42 1.723 11.54
96 4.76 2.12 13.79
72 4.56 151 8.77
200 96 4.6 2.00 8.54
25 72 4.87 2.165 20.23
96 4.74 2.88 16.15
50 72 4.68 2.268 20.14
96 4.89 2.453 25.91
75 72 4.66 1.776 19.2
96 4.68 2.367 28.45
100 72 4.96 1.735 14.55
96 4.55 2.198 17.69
30
125 72 4.65 1.759 14.11
96 4.82 2177 14.5
150 72 4.77 1.574 13.63
96 4.26 2.258 16.17
175 72 4.55 1.862 10.93
96 4.58 2.05 11.84
72 5.54 1.661 10.86
200

96 4.62 2.017 11.68
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4.82 2.155 17.04
4.82 2.325 24.51
4.68 2.218 24.42
4.7 2.407 36.25
4.7 2.064 21.24
4.64 2.436 30.31
4.72 1.858 15.19
4.86 2.151 19.59
4.62 1.565 9.09
4.63 2.199 16.04
4.69 1.686 9.92
4.73 2.09 15.12
4.65 1.839 11.93
4.65 2.022 12.44
4.53 1.825 11.61
4.51 1.981 10.12

Table 9. ANOVA for xylitol production as a function of alteration in the volume of growth medium xylose

concentration and incubation time.

Source DF Mean square P>F
Volume 2 26.696527 0.0004
Xylose 7 630.744890 <.0001
Incubation time 1 411.68 <.0001
Volume and xylose 14 29.807146 <.0001
Volume and incubation time 2 41.409394 <.0001
Xylose and incubation time 7 29.293110 <.0001
Error 110 3.206521

Corrected total 143

5938.179300

against 20 ml. In related studies, Nolleau et al. (1993)
and Winkelhausen et al. (1996) reported that reduced
aeration levels favored xylitol over ethanol production by
C. boidinii, C. guilliermondii and C. parapsilosis.

The maximum xylitol production was obtained by using
50 gl™ followed by 75 and 25 g™, with a significant diffe-
rence between the obtained results (Table 10). Rosa et
al. (1998) investigated the effect of initial xylose concen-
tration on C. guilliermondii FTI20037 and found that,
xylose concentration of 15 to 60 gl was the best for the
production of xylitol. The correlation between xylitol
accumulation and xylose concentrations may be a
consequence of an oxygen reduction, resulting from high
cell densities of highly concentrated substrates (Silva and

Afschar, 1994).

By studying the effect of increasing xylose concen-
trations more than 100 g/l (up to 200 g), the xylitol
content values were decreased with no significant
difference (Table 10). Extremely high initial xylose
concentrations would be detrimental to the xylitol yield
and this could be attributed to the generated osmotic
stress, which could be induced in the microorganisms by
the excess amount of sugar in the medium (Walther et
al., 2001). Vongsuvanlert and Tani (1989) observed that,
in cultures of C. boidinii there was a significant reduction
in the xylitol concentration (from 36 to 18 gl™) when the
xylose concentration was increased from 100 to 150 g™,
a fact probably caused by osmophilic effects or substrate
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Table 10. Mean values of the xylitol contents as a function of volume of growth medium, xylose concentration and incubation time and their interactions.

Initial volume

Xylose

Incuball— xyiitol Cofg’;‘r’]‘:'reatio Xylitol \'lg'ltl:fr'] Xylitol  (ml) and xylose ~ Xylitol Conf;r_‘f)ri“on Xylitol '”'itr']i'u"boa::?ne o xylitol
(h) content N content content + Conél-‘i‘nlt)ratlon content incubation time content time content
(h)
9 18.9150 * 50 27.6817 * 40 18.0817 * 40 x 50 30.678 * 50 X 96 31.025 * 40 x 96 20.845 *
72 155333 © 75 24.0883 © 30 16.8640 ° 20 x 50 29.170 * 75X 96 27.256 ° 30 x 96 18.020 ®
25 18.2267 © 20 16.7269 B 40 x 75 26.142 B 50 x 72 24337 © 20 x 96 17.879 ©
100 16.2928 ° 30x75 24.175 B¢ 75X 72 20.920 ° 30x72 15.707 ©
125 14.7511 30 x 50 23.197 °¢ 25 X 96 20.501 ° 20 X 72 15.574 ©
150 14.0833 F 20x 75 21.948 "E 100 x 96 18.668 F 40 x 72 15.318 ©
175 12.2261 F 40x 25 21.008 © 25X 72 15.952 F
200 10.4433 © 30 x 25 8.497 M 125 x 96 1582 F
40 x 100 17.747 F 150x 96 14.957 ¢F
20 x 125 16.83 ¢ 100 x 72 13.916 ¢
30 x 100 6.507 © 125 x 72 13.682 ¢
20 x 25 15.175 " 150 x 72 13.208 ¢
30 x 150 15.150 " 175 x 96 12.774 ™
20 x 100 625 M 175 x 72 11.677 7
30x 125 14.502 ™ 50 X 96 10.571 7
20 x 150 14.360 ™ 75X 96 10.315
20 x 175 12.955 ¥
40 x 125 12.922 *
40 x 150 12.740 ¥
40 x 175 12.295 ¥
30 x 200 11.457 X
30x 175 11.428 X
40 x 200 11.122 X
20 X 200 8752 -

Means with the same letters are not significantly different.

repression of xylose-metabolizing enzymes. In
contrast to our results, Gong et al. (1981) noticed
that C. tropicalis HXP2 produced more xylitol
when the xylose concentration was increased
from 5 to 20%.

The mean value of the xylitol production was
increased significantly by increasing the incubation

time from 72 to 96 h (Table 10). Generally, by
increasing the growth medium volume within a
xylose concentration ranged from 25 to 100 g7, an
increase of the xylitol production was recognized
(Table 10). By using xylose concentrations of 50
and 75 g within a growth medium volume ranged
from 20 to 40 ml, maximal xylitol production

values were achieved.

Mean value of the xylitol production was increa-
sed significantly by increasing the incubation time
from 72 to 96 h and the volume of growth medium
from 20 to 40 ml (Table 10). There is no
significant difference in the mean values of xylitol
production on using different volumes of growth



medium at incubation time of 72 h, while after 96 h
incubation period, there is a significant difference on
using 40 ml growth medium in comparison with 30 and 20
ml (Table 10).

After incubation times of 72 and 96 h, increasing the
xylose concentrations led to a decrease in the xylitol
production, with the exception of 25 gl™ that gives lower
xylitol content than that of 50 and 75 gl™* (Table 10).

Conclusions

Applying of the statistical factorial design experiments
leads to improving the tolerance of the C. tropicalis yeast
to the high xylose concentrations with enhanced xylose to
xylitol conversion ratios. Maintaining the pH value at 5.5
by using citrate buffer leads to a raise in the xylose to
xylitol conversion ratio from 57.2 to 93.75% by using 50
gl™ of xylose. Further enhancement (98%) could be
achieved by decreasing the aeration rate by using 40 ml
as a volume of medium and decreasing the xylose con-
centration to 25 gl™.
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