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Xylitol, a sw eetener com parable to sucrose, is anticariogenic and can be consum ed by 

diabetics. This sugar has been employed sucessfully in many foods and pharm aceutical p ro ­
ducts. The discovery of microorganism s capable of converting xylose present in lignocellulosic 
biomass into xylitol offers the opportunity  of producing this poliol in a simple way. Xylitol 
production by biotechnological means using sugar cane bagasse is under study in our 
laboratories, and ferm entation param eters have already been established. However, the 
dow nstream  processing for xylitol recovery is still a bottleneck on which there is only a few 
data available in the literature. The present study deals with xylitol recovery from  ferm ented 
sugar cane bagasse hydrolysate using 5.2 g/1 of alum inium  polychloride associated with acti­
vated charcoal. The experim ents were perform ed at pH  9, 50 °C for 50 min. The results 
showed that alum inium polychloride and activated charcoal p rom oted a 93.5% reduction in 
phenolic com pounds and a 9.7% loss of xylitol from  the ferm ented m edium , which became 
m ore discoloured, facilitating the xylitol separation.

Introduction

The use of lignocellulosic residues as energy 
sources in biotechnological processes helps to re ­
duce the environm ental pollution caused by the 
accum ulation of such residues on the soil and con­
tributes to the generation of valuable products 
(Molwitz etal., 1996; Silva et al., 1997).

Sugar cane bagasse, one of these residues, is 
generated by the Brazilian sugar-alcohol industry 
in large amounts. The hydrolysis of the hemicellu- 
losic fraction of this biomass results in a hydroly­
sate containing hexoses and pentoses, but also var­
ious degradation products (Felipe etal., 1977; 
Felipe et al., 1997). Several physico-chemical trea t­
m ents are necessary for removing these toxic sub­
stances from the hydrolysate before it can be used 
in bioprocesses. O ne of these bioprocesses, the 
conversion of xylose contained in sugar cane hem- 
icellulosic hydrolysate into xylitol, is under study 
in our laboratories (Molwitz etal., 1996; Felipe 
e ta l ,  1997).

Xylitol, a sugar with a sweetening power and 
chemical properties com parable with those of

sucrose , is anticariogenic and can be consumed by 
diabetics. In Europe, as well as in Brazil, this sugar 
has been em ployed in chewing gums, toothpastes 
and tablets. Xylitol is usually produced by a chemi­
cal process consisting in catalytic xylose hydrogen­
ation, which originates an im pure solution contain­
ing o ther sugars and polyols. The purification of 
this solution is difficult. However, since the xylitol 
yield and quality depend on its purity, the purifica­
tion process is indispensable. The discovery of mi­
croorganism s capable of converting xylose into 
xylitol offers an opportunity  of replacing the 
chemical process by the microbiological one, 
which dispenses with the need for a pure xylose 
solution and prevents the form ation of toxic resi­
dues coming from catalysis (Silva etal., 1998).

M ost of the ferm entation param eters for xylitol 
production have already been established (Silva 
etal., 1997; Felipe etal., 1977; Felipe etal., 1997; 
Silva and Afschar, 1994; Silva etal., 1997). How ­
ever, the ideal treatm ent of the hydrolysate and 
the dow nstream  processing for xylitol recovery are 
still a bottleneck on which there is only a few data 
in the literature. M ost papers on downstream  pro-
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cessing techniques are concerned with enzyme 
separation and purification, but the conditions em ­
ployed in these techniques can not be applied to 
xylitol recovery.

The present study deals with a simple and effec­
tive way of treating ferm ented sugar cane bagasse 
hydrolysate for xylitol recovery using aluminium 
polychloride associated with activated charcoal.

M aterials and M ethods

Hemicellulosic hydrolysate

The hemicellulosic hydrolysate was obtained by 
acid hydrolysis of sugar cane bagasse. The hydrol­
ysis was carried out in a 350 1 steel reactor under 
the following conditions: tem perature of 121 °C, 
reaction tim e of 1 0  min, 1 0  1 water/kg sugar cane 
bagasse (dry weight) and 1 0 0  mg sulfuric acid/g 
sugar cane bagasse (dry weight). A fter hydrolysis, 
the liquid was concentrated by heating at 70 °C 
under vacuum , in order to obtain a xylose concen­
tration  of 5 0 -6 0  g/1.

Evaluation o f  different conditions fo r treating the 
hemicellulosic hydrolysate

Some degradation compounds, such as furfural, 
5-hydroxym ethylfurfural, acetic acid and phenolic 
com pounds, all of them present in the hydrolysate, 
act as inhibitors of the microbial metabolism. In 
order to minimize this problem  and consequently 
facilitate the xylitol recovery, the hydrolysate was 
previuosly treated . Analyses were carried out con­
sidering the factors pH (pH ), tem perature (T), al­
um inium  sulfate concentration (AS) and alum in­
ium polychloride concentration (AP) (Table I).

The hydrolysate was initially treated by increas­
ing the initial pH  (0.5) to the desired pH  value 
(Table I) by adding CaO. The precipitate form ed 
was rem oved by filtration. The filtrate was than 
heated  to the desired tem perature and supple­
m ented with aluminium sulfate or polychloride, 
under the conditions described in Table I. Finally, 
CaO  was used to adjust the pH  to 5.5. A fter 1 hour 
the trea ted  hydrolysate was filtrated to rem ove the 
precipitates, supplem ented with nutrients and used 
as a ferm entation medium.

M icroorganism and inoculum preparation

The yeast Candida guilliermondii FTI 20037 
from  the culture collection of the D epartm ent of

Table I. Experim ental matrix used to evaluate different 
conditions for treating the sugar cane bagasse hydroly­
sate.

Experim ent # pH T (°C) C oncentration (g/1)
AS A P

1 6.7 40 2.5 2.0
2 9.3 40 2.5 2.0
3 6.7 60 2.5 2.0
4 9.3 60 2.5 2.0
5 6.7 40 7.5 5.0
6 9.3 40 7.5 5.0
7 6.7 60 7.5 5.0
8 9.3 60 7.5 5.0
9 8.0 50 5.0 3.5

T -  tem perature; AS -  alum inium  sulfate; A P  -  A lu­
minium polychloride.

Biotechnolgy of the Faculty of Chemical Engi­
neering of Lorena, S.P, was used. The culture was 
m aintained at 4 °C on m alt extract agar slants.

The cells were previously grown in a m edium 
com posed of hydrolysate and the following nutri­
ents (g/1): yeast extract 2.0, CaCl2 .2H20  0.1 and 
(N H 4)2S 0 4 5.0. The cell cultivation was carried 
out in 125 ml E rlenm eyer flasks (containing 50 ml 
of m edium ) on a ro ta tory  shaker at 2 0 0  rpm, at 
30 °C for 48 hours. The initial cell concentration in 
all ferm entation runs was 1 0 7 cells./ml.

Fermentation o f  hemicellulosic hydrolysate 
to xylitol

The hydrolysate trea ted  as described in Table I 
was supplem ented with the same nutrients used 
for the inoculum preparation . The batch ferm enta­
tion was carried out in a 2.01 b ioreactor (New 
Brunswick -  Edison-N. J., U SA ) at 30 °C, 400 rpm 
under an aeration ra te  of 0 .2  vvm (vol. air x vol. 
m edium -1  x m in-1), corresponding to an oxygen 
volum etric transfer coefficient (K La) of 25 h _1. 
Samples were periodically collected from the fer­
m ented m edium  for evaluation of sugar consum p­
tion and xylitol production.

Assay fo r  xylitol recovery from  the ferm ented sugar 
cane bagasse hydrolysate

The ferm ented hydrolysate was purified with al­
um inium  polychloride (A desol P rodutos Quimicos 
L tda P-887, Brazil) under selected conditions as 
shown in the statistical design. A fter treating the 
broth, activated charcoal (superficial area 500 to



12 S. S. Silva et al. ■ D ow nstream  Processing for Xylitol R ecovery

600 m 2/g, density 0.26 to 0.30 g/cm3, Synth 32603, 
Brazil) was added as described by G urgel (1993). 
The effects of the active charcoal both  on the clari­
fication of the m edium  and on the loss of xylitol 
during its recovery were investigated.

Analytical methods

Q uantitative determ ination of sugars, xylitol 
and acetic acid was m ade by high perform ance li­
quid chrom atography (H PLC ) using a Shimadzu 
chrom atograph (Kyoto- Japan), a B io-Rad Ami- 
nex HPX-87H colum n (300x7.8 mm) at 45 °C and 
0.02 n  H 2S 0 4 as the eluent at a flow rate of 0.6 ml/ 
min. The com pounds were detected by a R ID -6 A 
Shimadzu detector and a Shimadzu CR7A  integ­
rator.

Furfural and 5-hydroxym ethylfurfural were also 
determ ined by H PLC  using a H ew lett Packard RP 
18 H P column (200 x 4.6 mm) at 25 C and acetoni- 
trile: w ater ( 1 :8  v/v) with 1 % acetic acid as the 
eluent at a flow rate of 0.8 ml/min. The com pounds 
were detected by a U. V.-VS. Shimadzu SPD-10A 
detector and Shimadzu C R 7A  integrator.

Phenolic com pounds were estim ated by sum ­
ming up the areas of different com pounds that ab ­
sorb ultraviolet light at 270 nm. The analyses were 
perform ed in a Shimadzu high perform ance liquid 
chrom atograph, using a H ew lett Packard R P 18 
H P column (200 x 4.6 mm) with a w avelength of 
270 nm, at 25 °C and m ethanokw ater (1:8 v/v) with 
1 % acetic acid as the eluent at a flow rate of
1.0 ml/min. The com pounds were detected by 
using a U. V.-VS. Shimadzu SPD-10A detector and 
Shimadzu CR7A  integrator.

The clarification index of the hydrolysate was 
evaluated at 440 nm by using a Shimadzu U V  
150-02 double-beam  spectrophotom eter, accord­
ing to the m ethod described by G urgel (1993). The 
pH  of the samples was initially adjusted to 5.5 and 
then the m aterial was centrifugated and filtered 
through a M illipore M em brane GS (pore size = 
0.45 nm).

Cell concentration was estim ated by m easuring 
absorbance at 600 nm. The relationship betw een 
absorbance and dry weight (g/1) was given by a 
standard curve (0.1 O D  unit = 0.14 g dry weight 
cells/1 hydrolysate).

Results and Discussion

D ow nstream  processing of biotechnological 
products obtained by ferm entation processes from 
lignocellulosic biomass is critical and difficult, 
mainly due to the complex nature of the hydroly­
sates. In this way, a partial characterization of the 
p retreated  sugar cane bagasse hydrolysate ob ­
tained by dilute acid hydrolysis was initially car­
ried out (Table II). U nder the conditions used, a 
mixture of sugars (pentoses and hexoses) was ob­
tained. Xylose was the m ajor pentose presen t in 
this hydrolysate representing about 70% of the to ­
tal monosaccharides. The pentoses and hexoses 
were partly degraded into furfural and 5 hydroxy- 
methylfurfural, respectively. The presence of ace­
tic acid was due to the de-o-acetylation of ace- 
tylated sugars from the hemicellulosic fraction. It 
was observed that a significant amount of phenolic 
compounds, derived from the lignin degradation, 
increased after the hydrolysate concentration step. 
The acetic acid concentration also increased from  
3.68 to 6 .8 6  g/1. A  parallel increase in the xylose : 
glucose ratio was also observed. Hence, the con­
centration of the original hydrolysate corres­
ponded to a second and convenient hydrolytic step 
(xylo-oligosaccharides to free xylose with sim ulta­
neous de-o-acetylation). O ther com pounds like 
furfural and hydroxymethyl furfural were also p re ­
sent in the hydrolysate at low concentrations 
(Table II). According to the literature (Felipe 
et al., 1977; Felipe et al., 1997; Silva et al., 1998; 
Parajö et al., 1996; Parajö et al., 1998) acetic acid 
and phenolic compounds present in lignocellulosic 
hydrolysates are the most toxic compounds to  the 
xylose-ferm enting yeasts.

Table II. Partial characterization of the sugar cane b a ­
gasse hydrolysate.

Hydrolysates

C om ponents (g/1) Original C oncentra ted

Glucose 1.21 5.45
Xylose 23.22 80.90
A rabinose 1.22 5.73
Acetic acid 3.68 6.86
Furfural 0.84 0.01
H ydroxym ethylfurfural 0.07 0.10
Phenolic com pounds 2.50 10.28
pH 1.14 0.49
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Table III. Xylose and Acetic acid concentrations in the sugar cane bagasse hydrolysate treated  with A l-salts accord­
ing to the conditions described in the experim ental design.

A L-SULFATE A L -PO L Y C H L O R ID E
E xperim ent # Xylose (g/1) A cetic acid (g/1) Xylose (g/1) A cetic acid (g/1)

1 69.1 5.9 67.0 5.8
2 68.9 5.8 71.1 5.3
3 72.1 5.8 72.1 5.3
4 69.1 5.8 73.0 5.4
5 67.3 5.7 69.2 5.3
6 70.4 5.5 70.6 5.3
7 72.2 5.5 70.8 5.2
8 72.8 5.5 67.4 5.2
9 71.1 5.5 70.5 5.2

The effect of aluminium salts on the rem oval or 
reduction of such com pounds from the hydroly­
sate was verified before its use for the production 
of xylitol by Candida guilliermondii. A ccording to 
Table III the acetic acid was partially rem oved 
from  the hydrolysate using both  Al-sulfate and Al- 
polychloride, the latter acting in a more effective 
m anner as a flocullating agent. According to 
R am os (Ram os, 1998) the acetic acid rem oval can 
be a ttribu ted  to the fact this com pound is present 
in the depro tonated  form in the medium when the 
pH  values are greater than its pKa (4.75) and it 
has a negative charge which interacts with the pos­
itive charge of the Al-gel. Thus, an electrostactic 
in teraction  occurs betw een the gel and the acetic 
acid, causing its removal from the precipitate 
form ed. In the same way, the clarification of the 
hydrolysate and the rem oval of phenolic com ­
pounds w ere determ ined. It is clear from the re ­
sults shown in Table IV that a clarification index 
around 70%  and a rem oval of phenolic com ­
pounds around 30% were attained.

The sugar cane bagasse Al-salts treated  hy­
drolysate was tested  for xylitol production by C. 
guilliermondii. A ccording to Table V, the xylitol 
production rates w ere not influenced by the Al- 
salt used in the p retreatm en t. However, an 
increase in xylitol concentration was observed 
after the ferm entation  of A l-polychloride treated  
hydrolysate, which can be due to the effec­
tiveness of this salt in the rem oval or reduction 
of the m icrobial inhibitors present in the ferm en­
tation medium . W hen this salt was used, a xylitol 
concentration of 49.34 g/1 was detected  (Table V). 
This is very im portant, since a high xylitol con­
centration  in the b ro th  facilitates the dow n­
stream  processing of this com pound. Thus, these 
Al-salts, especially the A l-polychloride, can be 
successfully used in the trea tm ent of the sugar 
cane bagasse hydrolysate for ferm entation into 
xylitol. Their flocculent properties which are re ­
lated to the overall charge and to the pH, are 
im portant for the rem oval of particles from 
aqueous solutions. Al-salts have also been used

Table IV. Clarification and rem oval of phenolic com pounds from  the sugar cane bagasse hydrolysate trea ted  with 
A l-salts according to the conditions described in the experim ental design.

A L •SULFATE A L-PO L Y C H L O R ID E
E xperim ent # Clarification R eduction of Clarification R eduction of

(% ) Phenolics (% ) (% ) Phenolics (% )

1 29.41 23.06 26.96 24.50
2 43.78 17.49 58.29 18.08
3 30.52 21.35 33.55 25.23
4 43.72 17.51 52.25 20.53
5 49.89 24.79 55.17 25.42
6 68.74 29.15 65.73 30.92
7 62.45 25.63 68.60 26.66
8 68.44 30.29 71.89 31.06
9 65.36 23.66 72.95 28.59
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Table V. M icrobial xylitol production rates attained from 
ferm entation of sugar cane sugar bagasse hydrolysate 
treated  with Al-salts.

Sugar cane bagasse AS Xylitol Yp/s Qp E
hydrolysate treated 
with:

(% ) (g/1) (g/g) (g/l-h) (% )

Al-sulfate 98.80 45.30 0.63 0.63 68.30
Al-polychloride 98.80 49.34 0.69 0.69 74.80

AS: consum ption of xylose; Yp/s: xylitol yield; Qp: xyli­
tol volum etric productivity; E: ferm entation  efficiency.

in o ther processes requiring rem oval of particles, 
such as w ater and w asterw ater treatm ent.

The ferm ented sugar cane bagasse hydrolysate 
was subm itted to tests for recovering the xylitol 
produced. A t this stage, the hydrolysate was 
treated  with 5.24 g/1 of A l-polychloride and acti­
vated charcoal. The purification steps were p er­
form ed at 50 °C, pH  9.04, for 50 minutes. A ccord­
ing to Fig. 1 the increase in activated charcoal 
concentration prom oted a reduction in the pheno­
lic com pounds still present in the broth. A  96.3% 
reduction was observed when using 25% of acti­
vated charcoal. The use of 15% of activated char­
coal was sufficient to produce a significant reduc­
tion (95% ) in the phenolic compounds. A  loss of 
xylitol as a consequence of the trea tm en t with acti­
vated charcoal was also observed. This loss was 
proportional to the increase in the activated char­
coal concentration. The maximal xylitol loss oc­
curred when 25% of activated charcoal was used. 
The adsorption property of the activated charcoal 
in adsorbing substances such as sugars, reduced- 
com pounds and also xylitol is well known (Gurgel, 
1993; Frazer, 1989; R odrigues et al., 1995) In our 
tests, a preferential adsorption of phenolic com ­
pounds present in the b ro th  in relation to xylitol 
was observed.

The com bination of two chemical properties, 
flocculation and adsorption, has been successfully

Activated charcoal (g/1)

Fig. 1. Effect of activated charcoal concentration on xyli­
tol (■ )  and phenolic com pounds concentration ( • )  in 
the ferm ented sugar cane bagasse hydrolysate trea ted  
with A l-polycloride and on the loss of xylitol (□ )  and 
reduction of phenolic compounds (O ) from this m edium .

used in some technological processes, such as the 
purification of sucrose (Spencer and M eade, 1967; 
Kirk and O thm er, 1978). Thus, the utilization of 
A l-polychloride in com bination with activated 
charcoal is a good approach for the treatm ent of 
the ferm ented hydrolysate, in order to recover the 
xylitol. To efficiently clarify the sugar cane bagasse 
hydrolysate and reduce the phenolic com pounds 
with an insignificant loss of xylitol, A l-polychlor­
ide and 10% of activated charcoal were used. As 
a result, a 93.5% reduction in the phenolic com ­
pound was observed and xylitol was recovered 
from  the broth  with 9.7% of loss of this com ­
pound.
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