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SUMMARY The ability of Candida guillermondii to produce xylitol from 
xylose and to ferment individual non xylose hemicellulosic derived sugars 
was investigated in microaerobic conditions. Xylose was converted into 
xylitol with a yield of 0,63 g/g and ethanol was produced in negligible 
amounts. The strain did not convert glucose, mannose and galactose into 
their corresponding polyols but only into ethanol and cell mass. By 
contrast, fermentation of arabinose lead to the formation of arabitol. On 
D.-xylose medium, Candida guillermondii exhibited high yield and rate of 
xylitol production when the initial sugar concentration exceeded Ii0 g/l. 
A final xylitol concentration of 221 g/l was obtained from 300 g/l D-xylose 
with a yield of 82,6 % of theoretical and an average specific rate of 0,19 
g / g , h .  

INTRODUCTION 

Xylitol, a naturally occuring five carbon polyalcohol, finds increased 
use as a sweetener in foods in relation with its higher sweetening power, 
its greater negative heat of solution and its anticariogenic property than 
common polyols (Pepper and Olinger, 1988). Furthermore, it may be used 
clinically as a sugar substitute for diabetes or of glucose 6 phosphate 
dehydrogenase deficient population (Ylikahri, 1979). 

The small amounts of xylitol present in certain fruits and 
vegetables render its extraction uneconomical. In industrial scale, xylitol 
is consequently produced through chemical reduction of xylose derived 
from hemicel]ulosic hydrolysates of birchwood or other xylose rich 
materials (HyvSnen and Koivistoinen, 1983). As the hemicellulosic fraction 
of these raw materials contains amounts of polymers of other sugars, the 
process includes extensive purification and separation steps to remove 
these by-products from xylose or xylitol (Melaja and H~im~il~inen, 1977). 
Therefore, the recovered yield of xylans as xylitol is about 50-60 % and 
xylitol production is relatively expensive. 

Xylitol can also be produced from D-xylose by many yeast species 
(Onishi and Suzuki, 1966). Xylitol can be secreted extracellularly as a 
metabolic by product of ethanol (Prior et al, 1989) or as the major 
product from D-xylose (Barbosa et al, 1988). The objective of the paper 
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was  to  i n v e s t i g a t e  if  xy l i to l  p r o d u c t i o n  b y  y e a s t s  cou ld  p r o v i d e  a n  
a l t e r n a t i v e  p r o c e s s  f o r  p r o d u c t i o n  of  xy l i to l  f r o m  x y l o s e  r i c h  m a t e r i a l s .  
T h u s ,  t h e  s p e c i f i c i t y  of  r e d u c t i o n  in r e g a r d  to  x y l o s e  b y  Candida 
guillermondii, a h i g h  xy l i t o l  p r o d u c i n g  y e a s t  w a s  f i r s t  s t u d i e d .  T h e  
s u b s t r a t e  t o l e r a n c e  of  t h e  s t r a i n  was  a l so  c h a r a c t e r i z e d ,  t h e  l eve l  of  
p r o d u c e d  x y l i t o l  d u r i n g  f e r m e n t a t i o n ,  a s  well  a s  t h e  y ie ld  of  xy l i t o l  
f o r m a t i o n ,  b e i n g  of  i m p o r t a n c e  f o r  t h e  s t e p  of  i s o l a t i o n  of  p u r e  c r y s t a l l i n e  
p r o d u c t .  

MATERIAL AND METHODS 

O r g a n i s m  a n d  medium : c u l t u r e  of  Candida gulllermondii NRC 5578 was  
m a i n t a i n e d  o n  s l a n t s  of  YM a g a r  (Wickerham,  1951). T h e  b a s a l  med ium w a s  
c o m p o s e d  o f  6,7 g/1 of  Y e a s t  N i t r o g e n  Base  (Difco) ,  10 g / g  of  Y e a s t  
E x t r a c t  (Difco)  a n d  20 g/1 of  s u g a r .  S u g a r  s o l u t i o n  was  a u t o c l a v e d  
s e p a r a t e l y .  
I n o c u l a  a n d  f e r m e n t a t i o n  c o n d i t i o n s  : i nocu l a  w e r e  g r o w n  a e r o b i c a l l y  in  
E r l e n m e y e r  f l a s k s  c o n t a i n i n g  t h e  a b o v e  med ium a t  30~ on  a r o t a r y  
s h a k e r  a t  150 r p m  f o r  26 h. F e r m e n t a t i o n s  w e r e  c o n d u c t e d  in  m i c r o a e r o b i c  
c o n d i t i o n s ,  u s i n g  500 m] f l a s k s  w i t h  400 ml m e d i u m  a n d  e q u i p p e d  w i t h  
c o t t o n  wool  p l u g s .  F l a s k s  w e r e  i n o c u l a t e d  a t  10 % ( v / v )  a n d  i n c u b a t e d  a t  
30~ on  a r o t a r y  s h a k e r  a t  150 r p m .  In i t i a l  pH o f  c u l t u r e s  was  6. 
A n a l y t i c a l  m e t h o d s  : G r o w t h  was  m o n i t o r e d  g r a v i m e t r i c a l l y  : 10 ml o f  
f e r m e n t a t i o n  s a m p l e s  w e r e  f i l t e r e d ,  w a s h e d  a n d  d r i e d  to  c o n s t a n t  m a s s  a t  
104~ S u g a r s  a n d  p o l y o l s  w e r e  d e t e r m i n e d  b y  HPLC u s i n g  a Browlee  
c o l u m n  a n d  r e f r a c t i v e  i n d e x  d e t e c t o r  (Wate r s ) .  B id i s t i l l ed  a n d  f i l t e r e d  
w a t e r  w a s  u s e d  a s  t h e  mobi le  p h a s e  a t  a r a t e  of  0,3 m l / m i n  a t  86~ 

RESULTS AND DISCUSSION 

F e r m e n t a t i o n s  o f  he mic e l lu lo s i c  d e r i v e d  s u g a r s  

When Candlda guillermondii was  c u l t i v a t e d  in  t h e  med ium c o n t a i n i n g  
D x y l o s e  a s  t h e  c a r b o n  s o u r c e ,  xy l i to l  p r o d u c t i o n  s t a r t e d  w i t h o u t  lag  
p e r i o d  a n d  w a s  c o r r e l a t e d  w i th  g r o w t h  (fig.  1). 
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F i g u r e  1. X y l o s e  f e r m e n t a t i o n  b y  Candida guillermondH 
m i c r o a e r o b i c  c o n d i t i o n s .  

grown in 
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In microaerobic conditions, xylose was entirely consumed after an 
incubation time of 46 hours (fig. i). An average specific xylitol 
productivity of 0,17 g/g/h and a final xylitol concentration of 14,1 g/l 
were obtained in these conditions. Throughout xylose fermentation xylitol 
yield was constant and reached a value of 0,63 g/g, corresponding to 69 
% of the theoretical. Ethanol was produced in negligible amounts (0,05 g/l 
after 46 h). 
For the tested initial substrate concentration, kinetic parameters of xylitol 
production by Candida guHlermondii NRC 5578 compared favourably with 
values reported with Candida tropicalis 1004 grown on 30 g/l xylose a 
xylitol yield of 0,57 g/g. At initial xylose concentrations of i0 g/l and 50 
g/l, a mutant strain of Candida tropicalis (HXP2) was found to exhibit 
calculated xylitol yields of 0,35 g/g and 0,77 g/g respectively (Gong et al, 
:L981). 

F. ~ r.m.~e.n~Qn.s~.-.~L"ia~di.vJ.~ual-h~mic~.e~u~Q~sic.~-sug~r~s~-Q~h~r.a~-t.han~`~a~ 
The specificity of reduction in regard to xylose by Candida 

guillermondn" was evaluated in studying the ability of this strain to 
ferment non xylose sugars commonly found in hemicellulosic hydrolysates. 
End products of glucose, mannose, galactose and arabinose fermentations 
by Candida guillermondii are presented in table I. 

Table I. End products of glucose, mannose, galactose and arabinose 
fermentations by Candida guillermondii grown in microaerobic conditions. 

carbon source glucose mannose galactose arabinose 

fermentation time(h) I0 13 20 90 

substrate used (%) i00 100 I00 23.6 

End products 
biomass (g/l) 
polyol (g/l) 
ethanol (g/l) 

3 , 8  
0 
9 .5  

3.0 
0 
9.4 

3 . 5  
0 
8 . 8  

3 . 3  
1 . 1  
0 

Glucose, mannose and galactose were rapidly fermented by Candida 
guillermondii, their specific uptake rates beeing 2,2 ; 1,8 and 1,5 times 
higher than for xylose. These hexoses were utilized by the strain only 
for growth and ethanol production : their corresponding polyols were not 
detected in the culture medium (table 1). Ethanol yields ranged from 0,44 
to 0,47 g/g for the three studied carbon sources, whereas the volumetric 
rate of ethanol production from mannose and galactose were respectively 
about 25 % and 55 % lower than the corresponding value for glucose. 
The specific rate of arabinose uptake (0,02 g/g.h) was very low, being 
one twelfth of xylose. By contrast to hexoses, the strain produced 
arabito] at the expense of arabinose. Accumulation of arabitol from 
arabinose in oxygen limited conditions has been observed with xylose 
fermenting yeasts (Chen and Gong, 1985). Bolen and Detroy (1985} 
reported with cell free extracts of Pachysolen tannophilus, that L- 
arabinose can serve as inducer and substrate for NADPH2 linked xylose 
reductase. Arabitol formation could consequently result from action of a 
single aldose reductase with differing substrate specificities, although the 
existence of a separate enzyme could be possible (Bolen and Detroy, 1985; 
Wang and Letourneau, 1973; Suzuki and Onishi, 1975). 
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R e por t ed  r e s u l t s  show t h a t  t he  f e r m e n t a t i v e  p r o c e s s  with Candida 
gulllermondii could  p r o v i d e  an a l t e r n a t i v e  rou t e  fo r  p r o d u c t i o n  of xyl i to l  
f rom xylose  r i ch  materials .  F i r s t ,  t he  s t r a i n  g rown  on xylose ,  r a p i d l y  
e x c r e t e d  e x t r a c e l l u l a r y  xylitol.  F u r t h e r m o r e ,  t he  y ie ld  of xyl i tol  format ion  
is v e r y  a t t r a c t i v e  in compar i son  with t ha t  r e p o r t e d  fo r  the  chemical  
p r o c e s s  (Melaja and  Hiimal~ien, 1977). 
F u r t h e r m o r e ,  t he  fundamen ta l  po in t  is t h a t  the  s p e c i f i c i t y  of r e d u c t i o n  in 
r e g a r d  to  xy lose  by  Candida guillermondii is h igh .  This  phys io log ica l  
p r o p e r t y  of t h e  s t r a in  is of  pr ime impor tance  as xyl i to l  p r o d u c t i o n  is 
ob l iga t e ly  a c h i e v e d  by  r e d u c t i o n  of non isola ted  xy lose  d e r i v e d  f rom 
hemicet lulosic  h y d r o l y s a t e s .  In  o x y g e n  limited cond i t i ons  which lead to  
h igh  yield of  xyl i to l  from xylose,  Candida gulllermondii did not  c o n v e r t  
g lucose ,  mannose  and ga lac tose  into t he i r  c o r r e s p o n d i n g  polyols .  
F u r t h e r m o r e ,  t he  s t r a i n  metabol izes  t h e s e  s u g a r s  to e thanol .  Neve r the l e s s ,  
Candida guillermondii c o n v e r t s  a r a b i n o s e  into a rab i to ] ,  b u t  a t  a low r a t e  
and  yie ld  of a rab i to l  p roduc t ion .  
I t  r e s u l t s  t h a t  the  biological p r o c e s s  could a l lev ia te  o r  c o u n t e r a c t  t he  
l imiting o p e r a t i o n s  which c h a r a c t e r i z e d  the  chemical  p roce s s ,  as 
c h r o m a t o g r a p h i c  f r ac t i ona t ion  with r e c y c l e  s t eps  to  remove  non xyl i to l  
polyols  o r  non xylose  suga r s .  I n d e e d ,  t he  f e r m e n t a t i o n  of a hemice]lu]osic 
s u g a r s  mixture  by  Candida guillermondii could r e s u l t  in the  format ion  of 
xyi i tol  with on ly  e thano l  and a rab i to l  as by  p r o d u c t s .  In  t h e s e  condi t ions ,  
e thano l  could  be eas i ly  s e p a r a t e d  from xylitol ,  w i thou t  a l t e r a t i on  of xyl i to l  
yield.  F u r t h e r m o r e ,  Candlda guillermondii has the  ab i l i t y  to ut i l ize e thano l  
as c a r b o n  s o u r c e  fo r  growth.  On the  o t h e r  hand,  s e p a r a t i o n  of a rab i to l  
f rom xyl i tol  can  be ach i eved  t h r o u g h  c h r o m a t o g r a p h i c  f r a c t i o n a t i o n  which 
less  a l t e r s  xyl i to l  yield than  those  used  in the  chemical  p r o c e s s  of xyHtol  
p r o d u c t i o n  (Melaja and Hamalainen, 1975). 

S u b s t r a t e  t o l e r a n c e  of Candida guilIermondii 
Global p a r a m e t e r s  fo r  the  f e rmen ta t i on  of xy lose  with Candida 

guillermondii a t  init ial  xylose  c o n c e n t r a t i o n s  v a r y i n g  f rom 10 g/1 to 300 
g/1 a r e  p r e s e n t e d  in tab le  2. 

Table  2. E f f ec t  of t he  init ial  s u b s t r a t e  c o n c e n t r a t i o n  (So) on t h e  
f e r m e n t a t i o n  p a r a m e t e r s  of Candlda guillermondii g rown  in microaerob ic  
cond i t ions .  

So Tf 

( g / l )  ( h )  

10 46 
20 6 9 . 7 5  
50 165 

110 238 
150 238 
200 291.5 
300 406 

xylose xyli- Yv/s  qp Yx/s  l.max Yz/$  
used tol 

(~) ( g / l )  ( g / g )  g / g . h  ( g / g )  ( h  - 1 )  ( g / g )  

i00 6.2 0.46 ! 0,08 0.31 0 . i i  0.04 
97.5 14.2 0.59 0.11 0.15 0.13 0.02 
98.3 30.9 0.59 0.10 0.09 0.11 0.02 

100 68.7 0.60 0.17 0,10 0.03 0.03 
100 110.3 0.70 0.20 0.04 0.03 0.02 
i00 151.7 0.71 0.22 0.03 0.02 0.03 
100 221 0.75 0.19 0.02 0.01 0.02 

An i n c r e a s e  in the  initial  s u g a r  c o n c e n t r a t i o n  f rom 10 g/1 to 300 g/1 
led to ac t i va t i on  of xyli tol  p r oduc t i on .  Indeed ,  the  xyl i to l  yield i n c r e a s e d  
g r a d u a l l y  with So inc reas ing .  The h i g h e s t  va lue  in xyl i tol  yield was 
o b t a i n e d  a t  So = 300 g/1 and r e a c h e d  0,75 g /g ,  c o r r e s p o n d i n g  to 82,6 % of  
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t h e  theore t i ca l .  The low yield of xyl i tol  ob t a ined  from low xy lose  
c o n c e n t r a t i o n s  were due to i ts  use  mainly fo r  cell mass p r o d u c t i o n  ( table  
2). Ethanol ,  co p r o d u c t  of xyl i tol  in xylose  metabolism, did not  i n t e r a c t  in 
the  d e p e n d a n c e  of xyl i tol  y ie ld  with the  ini t ial  s u g a r  level.  I ndeed ,  
w h a t e v e r  the  initial  s u g a r  level  may be, e thano l  yield was v e r y  low and  
was a r o u n d  0,03 g / g  ( table 2). 

As xyli tol  yield,  t he  r a t e  of xyl i tol  p r o d u c t i o n  i n c r e a s e d  when the  
ini t ial  s u g a r  c o n c e n t r a t i o n  i n c r e a s e d  and  did no t  exceed  200 g/1. At So = 
200 g/1, the  va lue  in spec i f ic  xyl i tol  p r o d u c t i v i t y  was 2,4 times h i g h e r  
t h a n  the  qp va lue  o b s e r v e d  at  So = 10 g/1. I n v e s t i g a t i o n s  r e l a t ed  to the  
evo lu t i on  of the  speci f ic  xyl i tol  p r o d u c t i v i t y  d u r i n g  f e r m e n t a t i o n s  showed 
tha t ,  when the  initial  s u g a r  level  did not  exceed  200 g/ l ,  t he  maximum 
va lue s  of  qp were  o b s e r v e d  in the  f i r s t  20 h o u r s  of cu l t u r e .  At So = 300 
g / l ,  inh ib i t ion  by  the  s u b s t r a t e  c o n c e n t r a t i o n  invo lved  an i n c r e a s e  of the  
f e r m e n t a t i o n  time r e q u i r e d  to r e a c h  the  maximum va lue  of qp. 

By c o n t r a s t  to the  xyl i tol  p r o d u c t i o n  p r o c e s s ,  g r o w t h  p r o c e s s  was 
g r a d u a l l y  inh ib i t ed  by  an i n c r e a s e  in the  ini t ial  xy lose  c o n c e n t r a t i o n .  
Both t he  yield and  the  spec i f ic  r a t e  of cells  p r o d u c t i o n  dec l ined  when t he  
amoun t  of xy lose  ini t ia l ly  p r e s e n t  in the  c u l t u r e  i n c r e a s e d  ( table  2). At 
t h e  h i g h e s t  t e s t e d  va lue  in So, xyi i to l  was p r o d u c e d  in cond i t i ons  which 
approx imate  to the  condi t ions  of r e s t i n g  cel ls  ( table  2). The c h a n g e s  in 
spec i f i c  g rowth  r a t e  coe f f i c i en t  d u r i n g  f e r m e n t a t i o n  d e m o n s t r a t e d  a 
t y p i c a l  inhib i t ion  of g r owt h  p r o c e s s  by  the  s u b s t r a t e  level.  When the  
ini t ial  s u g a r  c o n c e n t r a t i o n  i n c r e a s e d ,  a d e c r e a s e  in the  maximum va lues  of 
t~ was noted ,  the  h i g h e s t  va lue  of 0,11 h -1 be ing  o b s e r v e d  a t  So = 20 g/1 
and  50 g/ l .  F u r t h e r m o r e  the  f e r m e n t a t i o n  time a t  which the  maximum 
va lue s  of 11 occu red ,  i n c r e a s e d  with the  init ial  s u b s t r a t e  level  i nc reas ing .  
Compared to xyli tot  p r o d u c t i o n  p r o c e s s ,  t he  h i g h e r  s ens ib i l i t y  of g rowth  
p r o c e s s  to a n y  i nc r ea se  in the  init ial  xylose  c o n c e n t r a t i o n  was also 
o b s e r v e d  with Candida sp  B22, a h igh  xyl i tol  p r o d u c i n g  y e a s t  s t r a i n  
(Chen and Gong, 1985). 

The h i g h e s t  f e r m e n t a t i v e  p e r f o r m a n c e s  of Candida guil lermondii  
were  ob ta ined  a t  So = 300 g/1. A f inal  xyl i tol  c o n c e n t r a t i o n  of 221 g/1 was 
o b t a i n e d  with a yield of 0,75 g / g  (82,6 % of theor i t i ca l )  and  an a v e r a g e  
spec i f i c  r a t e  of 0,19 g / g . h ,  the  las t  ment ioned  va lue  be ing  13,6 % less  
t h a n  the  maximal qp va lue  ob ta ined  a t  So = 200 g/1 ( table 2). The 
f e r m e n t a t i v e  p e r f o r m a n c e s  exh ib i t ed  by  Candida guil lermondil  compare  
f a v o u r a b l y  with those  r e p o r t e d  fo r  o t h e r s  xyl i tol  p r o d u c i n g  
microorganisms .  Chen and Gong (1985), us ing  Candlda sp. B22 grown of 
xy lose  a t  So = 249 g/ l ,  r e p o r t e d  a qp ,~  of 0,27 g / g . h  and  a xyl i tol  yield 
c o r r e s p o n d i n g  to 84,5 % of theor i t i ca l .  Two o t h e r s  t e s t e d  xyt i tol  p r o d u c i n g  
yeast strains, Candida ~ropicalis HXP2 (Gong et al, 1981) and Candida 
boidinii (Vongsuvanlert and Tani, 1989) showed the highest amounts of 
produced xylito] (144 g/] and 39 g/l respectively) at respective values in 
So of 200 g/] and I00 g/]. 

CONCLUSION 

From the data presented, Candida guillermondii is characterized by 
a ihigh potential for production of xylitol from xylose rich materials. First, 
the specificity of reduction in regard to xylose by the strain is high. 
Among the tested hemicellulosie derived sugars other than xylose, only 
arabinose was converted in its corresponding polyol. Furthermore Candida 
guillermondH exhib i ted  h igh  yield and rate of xyli tol  production, 
particularly at high initial xylose concentrations. Final concentrations of 
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xyli tol  up to 100 g/1 can be expec ted  to be a t t a ined ,  th is  be ing  of pr ime 
impor tance  fo r  the  s t ep  of isolat ion of p u r e  c rys t a l l i ne  xylitol .  Compared 
to t he  chemical  way f o r  xyli tol  p r o d u c t i o n ,  t he  h igh  f e r m e n t a t i v e  po ten t ia l  

o f  the  s tud ied  y e a s t  s t r a i n  permi ts  to c o n s i d e r  spec i f ic  condi t ions  of t he  
biological  way, p a r t i c u l a r l y  the  mild condi t ions  of p r e s s u r e  and  
t e m p e r a t u r e  used  d u r i n g  the  r e d u c t i o n  s tep .  

NOMENCLATURE 

Qp : a v e r a g e  vo lumet r i c  p r o d u c t i v i t y  of xyl i tol  (g xylitol/1 p e r  hour )  
qp : a v e r a g e  spec i f ic  p r o d u c t i v i t y  of xyl i tol  (g xy l i to l /g  of cells p e r  
hour )  
So : initial xylose  c o n c e n t r a t i o n  (g/ l )  
t f  : incuba t ion  time (hours )  
YP/s : xyli tol  yield (g of xyl i tol  p r o d u c e d / g  of xylose u t i l ized)  
YE/s : e thanol  yield (g of e thanol  p r o d u c e d / g  of s u b s t r a t e  ut i l ized)  
Yx/s : cells yield (g of ce l l s /g  of s u b s t r a t e  ut i l ized)  
p : specif ic  g rowt h  r a t e  coe f f i c i en t  (h -1) 
l~max : maximum speci f ic  g rowth  r a t e  coe f f i c i en t  (h -1) 
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