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Abstract

Xylitol is a sugar-alcohol with important technological properties, such as
anticariogenicity, low caloric value, and negative dissolution heat. It can be
used successfully in food formulations and pharmaceutical industries.
Its production is therefore in great demand. Biotechnological xylitol produc-
tion has several economic advantages in comparison with the conventional
process based on the chemical reduction of xylose. The efficiency and the
productivity of this fermentation chiefly depends on the microorganism and
the process conditions employed. In this article a simple continuous culture
with cell recycling was evaluated to enhance the capability of Candida
guilliermondii FTI 20037 to produce xylitol. The fermentation was initiated
batchwise by directly inoculating the grown seed culture in a 2-L bench-scale
fermentor. Continuous feeding was begun at a dilution rate (D) of 0.060/h
after the xylose concentration had completely consumed and the cell concen-
tration was about 4.0 g/L. At a dilution rate of 0.060/h the xylitol concentra-
tion was about 15 g/L and increased by about 35%, whereas the dilution rate
decreased by about 58%. Furthermore, the volumetric productivity, Qp, mark-
edly depended on the dilution rate, diminishing by about 37% as D was
changed from 0.060 to 0.025/h. These preliminary results show us that the
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continuous fermentation with cell recycling is a good way to study the xylitol
production by xylose-fermenting yeasts.

Index Entries: Xylitol; yeast; continuous fermentation; recycling.

Introduction

Xylitol has valuable properties that have drawn the attention of the
food and pharmaceutical industries. One of these properties is that xylitol
is a sweetener with anticaries effects, since it can not be metabolized by
mouth bacteria. In addition, its absorption by cells does not depend on
insulin. For these reasons, xylitol is suitable for use both in toothpastes and
in diabetic foods (1). Currently, this polyalcohol is produced by catalytic
hydrogenation of xylose extracted from hemicellulosic hydrolysates (2).
However, some yeast strains can convert xylose into xylitol under much
milder conditions than those required by the chemical process and with no
need of pure xylose (3). Adequate temperature, pH, aeration rate, and cell
concentration are very important for the success of this biotechnological
process (4–6). Because different strains have different demands, these
parameters must be adapted to each particular strain. In this preliminary
study, Candida guilliermondii FTI 20037 (7) was used to produce xylitol from
xylose, and a continuous culture with cell recycling was evaluated mainly
for improving cell and xylitol production rates.

Materials and Methods

Microorganism
C. guilliermondii FTI 20037, described by Barbosa et al. (7), was employed

in all fermentations. The culture was maintained on malt extract agar and
stored at 4°C.

Inoculum Preparation
C. guilliermondii cells were inoculated in 500-mL Erlenmeyer flasks

containing 200 mL of medium (5.0 g/L (NH4)2SO4, 1.0 g/L yeast extract,
0.5 g/L MgSO4 · 7H2O, 0.1 g/L CaCl2 · 2H2O, 1.0 g/L KH2PO4, and 30 g/L xylose).
After 40 h of incubation at 30°C on a rotary shaker (200/min), this culture
was used to inoculate the bioreactor.

Culture Conditions
All fermentations were carried out in a 2-L bench-scale fermentor con-

taining the same medium used for the inoculum preparation, except that
the xylose concentration was adjusted to 50 g/L. The fermentations were
started as batch processes. After 60 h, when the initial xylose was com-
pletely consumed and the cell concentration was about 4.0 g/L, the medium
was continuously poured into the fermentor. The continuous culture was
carried out at pH 4.0, 30°C, agitation of 300 rpm, aeration of 20 mL/min,
and dilution rate of 0.060 or 0.025/h.
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Cell Recycling

Cell recycling was performed by continuously pumping the contents
of the fermentor through an ultrafiltration module (UF Module, Fresenius,
Germany) with an ultraporous polysulfone capillary, 500 µm in diameter,
and 0.01 µm in pore diameter. The changes in optical density were mea-
sured on-line with a through-flow photometer and the data were recorded
by the process controller coupled to the fermentor.

Analytical Methods

Cell mass was determined by measuring absorbance at 600 nm.
The xylose and xylitol concentrations were measured through high-
performance liquid chromatography (HPLC) with a Sugar Pack column,
refractometer index (Waters, Division of Millipore, Milford, MA) and
water as mobile phase.

Results and Discussion

Cell recycling in a continuous fermentative process can lead to an
increase in the productivities of some biotechnological processes for the
production of propionic acid and biomass, such as Schizosaccharomyces
pombe (8,9). Therefore, this approach was employed to improve the xylitol
production by C. guilliermondii FTI 20037 at dilution rates of 0.060/h
or 0.025/h.

At the dilution rate of 0.060/h a pseudosteady state was attained after
188 h of continuous feeding, and the cell, xylose and xylitol concentration
values were respectively 13, 26, and 15 g/L (Fig. 1). The dilution rate was
then reduced to 0.025/h, a new pseudosteady state occurring after 129 h,
with cell, xylose, and xylitol concentration values of 13, 20, and 23 g/L,
respectively (Fig. 1). As can be seen, the xylitol concentration increased by
about 35%, whereas the dilution rate decreased by about 58%. The increase
in xylitol concentration can be attributed to a diminution in xylitol dehy-
drogenase (XD) activity inside the cell, because of inhibitory effects on both
biosynthesis and catalysis. Another possible explanation for these results
is the reduction of the amount of XD intracellular cofactor (nicotinamide-
adenine dinucleotide, NAD+). Because the internal concentrations of cofactors,
such as nicotinamide-adenine dinucleotide (NADH), nicotinamide-
adenine dinucleotide phosphate (NADPH), NAD+, and nicotinamide-
adenine dinucleotide phosphate (NADP) (essential in the xylose metabolism),
depend on the whole catabolic reduction charge (10), which, in turn, is
connected with the mitochondrial activity (11), the XD activity might ulti-
mately depend on the dissolved oxygen availability. Perhaps this high cell
concentration promotes a high oxygen-limited condition that favors the
xylitol production and excretion in the broth.

Table 1 shows that when the dilution rate was reduced from 0.060/h
to 0.025/h, the xylose-specific consumption rate (QS), xylitol specific pro-
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ductivity (qP), volumetric productivity (Qp), xylitol/xylose yield (YP/S),
and xylose/cell yield (YX/S) diminished by approx 38, 57, 36, 7, and 33%,
respectively. However, the volumetric productivity of 0.91 g/L · h was at
least 50% higher than those attained in batch culture (0.47 g/L · h) (12) and
in continuous culture without cell recycling (0.51 g/L · h) (data not pub-
lished). A similar result was observed in the continuous propionic acid
production by Boyaval and Corre (13). According to these authors, such a
result could derive from physiological perturbations suffered by the yeast
resulting from nonspecific inhibition, substrate limitation, and/or change
in the intracellular water activity. In addition, high cell concentration, as
occurs in the cell recycling approach, can inhibit growth and/or the whole-
cell metabolic capability (14). To overcome these problems, Groot et al. (15)

Table 1
Parameters Related to the Xylose/Xylitol Bioconversion

Through a Continuous Culture with Cell Recycling

 D, Xylose,b QS, qP, Qp, YP/S, YX/S,
h–1a g/L g/g · h g/g · h g/L · h g/g g/g

0.060 18.1 0.080 0.070 0.91 0.84 0.78
0.025 29.5 0.050 0.030 0.58 0.78 0.52

aD, dilution rate; QS, xylose uptake rate; qP, specific xylitol production; Qp, volumetric
productivity; YP/S, xylitol produced/xylose consumed; YX/S, biomass produced/xylose
consumed.

bXylose, xylose in the fermented medium.

Fig. 1. Pseudo steady-state concentrations as a function of time for xylose/xylitol
bioconversion by C. guilliermondii FTI 20037 in a continuous culture with cell recycling.
—�—, dry weight; —�—, xylose; —�—, xylitol.
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suggested working at high aeration rates; otherwise, the high amount of
cell would promote a dissolved O2 shortage, which should cause perturba-
tion in the intracellular oxireduction power at the end.

These preliminary results encourage us to further explore this type of
fermentation system; for example, using different dilution and aeration
rates, mainly to improve the microbial xylitol production rates.

Acknowledgments

The authors would like to thank Ms. Maria Eunice M. Coelho for her
valuable efforts in the review of this paper. We are also grateful to “Conselho
Nacional de Desenvolvimento Científico e Tecnológico–CNPq”-Brazil for
their support.

References

1. Felipe, M. G. A., Vitolo, M., Mancilha, I. M., and Silva, S. S. (1997), J. Ind. Microbiol.
Biotechnol. 18, 251–254.

2. Hyvonen, L., Koivistoinen, P., and Voirol, F. (1982), Adv. Food Res. 28, 373–403.
3. Silva, S. S., Mancilha, I. M., Queiroz, M. A., Felipe, M. G. A., Roberto, I. C., and Vitolo,

M. (1994), J. Basic Microbiol. 34(3), 205–208.
4. Felipe, M. G. A., Vitolo, M., Mancilha, I. M., and Silva, S. S. (1997), Biomass Bioenerg.

13(1/2), 11–14.
5. Silva, S. S., Ribeiro, J. D., Felipe, M. G. A., and Vitolo, M. (1997), Appl. Biochem.

Biotechnol. 63–65, 557–563.
6. Felipe, M. G. A., Vitolo, M., Mancilha, I. M., and Silva, S. S. (1997), J. Ind. Microbiol. 18,

251–254.
7. Barbosa, M. F. S., Medeiros, M. B., Mancilha, I. M., Schneider, H., and Lee, H. (1988),

J. Ind. Microbiol. 3, 241–251.
8. Blanc, P. and Goma, G. (1987), Bioprocess Eng. 2, 137–139.
9. Chan, E. C., Ueng, P. P., and Chen, L. F. (1989), Appl. Biochem. Biotechnol. 20–21, 221–232.

10. Dietzelmuller, G., Kubicek, C. P., Wihrer, W., and Rihr, M. (1984), Can. J. Microbiol.
30, 1330–1336.

11. Stryer, L. (1992), Biochemistry, Guanabara K., ed., Rio de Janeiro, Brazil.
12. Silva, S. S., Quesada-Chanto, A., and Vitolo, M. (1997), Z. Naturforsch. 52, 359–363.
13. Boyaval, P. and Corre, C. (1987), Biotechnol. Lett. 9(11), 801–806.
14. Blanc, P. and Goma, G. (1989), Biotechnol. Lett. 11(3), 189–194.
15. Groot, W. J., Van Der Lans, R. G. J. M., and Luyben, K. (1993), Bioprocess Eng. 8, 235–246.


