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Environmental parameters affecting xylitol production from
sugar cane bagasse hemicellulosic hydrolyzate by Candida
guilliermondlii

MGA Felipe!, M Vitolo?, IM Mancilha®® and SS Silva*

1Departamento de Biotecnologia, Faculdade de Engenharia Quimica de Lorena, Lorena, SP; ?Faculdade de Ciéncias
Farmacéuticas, Universidade de S&o Paulo, Sdo Paulo; *Departamento de Tecnologia de Alimentos, Universidade
Federal de Vigosa, Vicosa, MG, Brazil

The bioconversion of xylose to xylitol by Candida guilliermondii  FTI 20037 cultivated in sugar cane bagasse hemicel-
lulosic hydrolyzate was influenced by cell inoculum level, age of inoculum and hydrolyzate concentration. The
maximum xylitol productivity (0.75gL "t h™t) occurred in tests carried out with hydrolyzate containing 54.5 gL 1 of
xylose, using 3.0 gL ~* of a 24-h-old inoculum. Xylitol productivity and cell concentration decreased with hydrolyzate
containing 74.2 gL ! of xylose.
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Introduction inhibitory action of the acetic acid has been attributed to

. . . . he undissociated acid concentration, which also makes it
Sugar cane bagasse is a plentiful and inexpensive sour '

of xylose, a pentose that represents 82% of the whole he ef—|-dependent [8].

- ; ; " The inhibitory effect could be overcome by using an
icellulose fraction. The xylose present in the bagasse N
hydrolyzate can be converted directly into xylitol KBan- adequate hydrolyzate pretreatment, a hydrolyzate-adapted

dida guilliermondii FTI 20037 [15]. This bioconversion yeast strain and/or bioreactors inoculated with high concen-

becomes an alternative for the catalytic hydrogenation Otratlon of cells. Among the yeast strains that ferment xylose

. . . “to xylitol in the hydrolyzates of agroindustrial residues,
xylose in wood hydrolyzates, the current xylitol production . - - . o
method. Xylitol has high commercial value due to its sweet-Ccandida guilliermondiiFTl 20037 has been identified as a

; o . . o L east that can efficiently perform this bioconversion.
Flng]g’z gg’imanogemc properties and clinical appl|cat|on§/ This study deals withytk?e effects of cell inoculum level,

Although xylitol production from xylose by micro- age of inoculum and hydrolyzate concentration upon xylitol

. . . . roduction from sugar cane bagasse hemicellulosic
organisms grown in synthetic media has already bee} . A .
reported [3,4,6,13,17,21], there are few data about thiderolyzate usingC. guilliermondii FT1 20037.

bioconversion carried out in hydrolyzates of lignocellulosic
materials. Moreover, the main problem in using suchMaterials and methods
hydrolyzates is the presence of substances toxic to yea

such as furfural, acetic acid and hydroxymethylfurfural (5- : o . X
X : : : Candida guilliermondiFTI 20037 described by Barbosa
HMF), which are produced during acid hydrolysis. The | [3] was maintained as a slant on malt extract agar at

gzrpn;]g des (t)f:]etshee ggrzgzcr)]ltjrg?if)nc?#esein t:gcélliiztr p?;;?(zgg?_ﬁgc. The cells, aged for 7-10 days, were transferred to 125-
cal conditions, dissolved oxygen concentration and pH o (;OEgliplmegfe;ylfcl)asséks %Ogguglmglfgh:nclosg thez (r)n ge(lj__llum:

the medium. Fermentation tests usi@y guilliermondii (NH,),S0;, 0.1 g > CaCh-2H,0 and 20.0 g L rice bran.

with increasing concentrations of furfural and 5-HMF . .
showed that these compounds inhibit cell growth in concen:rhe flasks were incubated in a gyratory shaker (200 rpm)

trations above 1.0 and 1.5 g% respectively [16]. Accord- at 30°C for 16, 24 or 48 h. Afterwards, the cells were col-

ing to these authors, growth inhibition was caused by théeCteOI by centrifugation (20089, 15 min), rinsed thor-

. _ .oughly with sterile distilled water, centrifuged and resus-
gﬁtz'?/nm gsf fxrggtriil :gg ﬁ al;l\/kl)lé e?]n alssec:/ ?L&g oi:tee{i %lgcglétt'rco ended in sterile distilled water. From this suspension, an
inhibitor of the xylose to xylitol fermentation b§. guillier- de:ﬁggtﬁnggmmﬁ E:%r?c?é-ﬁ(t)r?[il())nw?g 1talBeg Kl) 3att%|r(1) tgf
mondii [6]; in the fermentation of a semisynthetic medium,60 1) T
the presence of this acid in concentrations higher than" gLt
3.0 g L'* reduced the xylitol yield and productivity. The

ﬁ}licroorganism and inoculum preparation

Preparation of the hemicellulosic hydrolyzate

A stainless steel reactor was filled with ground sugar cane
; ) o
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twice under vacuum and concentrated to a xylose concen-
tration of 37.6 g L* (10.0°Brix), 54.5g L (14.5Brix),

and 74.2 g * (18.3Brix) in a 4-L vacuum concentrator at
58°C. The concentrated hydrolyzate was treated as follows:
first, the pH was increased to 10.0 with CaO (commercial
grade), then reduced to 5.5 with,$0,. After each pH
alteration, the hydrolyzate was centrifuged (260§, 15
min) and the precipitate was discarded.

The treated hydrolyzate was autoclaved at°Cl@r 15
min, supplemented with 2.0 gt (NH,),SO, 0.1gL*?
CaCl-2H,0 and 20.0 g L* rice bran, and then employed
as the fermentation medium.

Glucose, arabinose and xylose (gL}

time (h)

Fermentation conditions
The fermentation tests were carried out in triplicate in 125-Figure 1 Xylose consumption byCandida guilliermondii 24-h inocu-
ml Erlenmeyer flasks, containing 50 ml of the fermentationum age, 37.6 g " xylose and cell inoculum level (gt): 1.3 e —),
medium described above, which were incubated on a gyrag-'g g(f,f;zj ﬁ]”o(iu?u?n(a_g‘ea))’_ fgfog_") ;X'?_Sﬁ’_c)e';'%ofgl(“_&'_e;’_e'
tory shaker (200 rpm) at 3@ for 45 h. The parameters 24.n inoculum age, cell inoculum level 3.0 g'land xyiose concentration
studied included cell inoculum level and age, and sugartg L™): 54.5 (—¥—) and 74.2 {-¢—); arabinose-{-0—), and glucose

concentration in the hydrolyzate. (—<©—) consumption are also shown.

Analytical methods in this medium, resulting from hydrolysis of lignocellulose.

The fermentations were followed by measuring the conAt an initially high yeast concentration (6.0 g}, acetic
sumption of glucose, xylose and arabinose, production of  acid was accumulated in the medium causing a decrease in
cell mass and xylitol, acetic acid concentration, and pHthe pH of the medium. These results could be due to the
The concentrations of glucose, xylose, arabinose, xylitol  occurrence of some modifications in the metabolic path-
and acetic acid were determined by high performance liquidvays of C. guilliermondii FTI 20037. A possible expla-
chromatography (Hewlet-Packard model 1082B) using a  nation for the increase in the acetic acid concentration in
refractive index (RI) detector and a Bio-Rad HPX87H the medium is tha€. guilliermondiimight have converted

(300x 7.8 mm) column, under the following conditions:  xylose into acetic acid in agreement with the results found
0.01 N H,SQ, as eluant; 0.6 ml mirt flow rate; column by Mahmouride®t al[9] and Neirincket al[12] for Pachy-
temperature 4%; detector attenuation ¥6sample volume solen tannophilusAccording to Neirincket al[12], xylose

20 ul. Cell concentration of the inoculum was determined metabolism byP. tannophiluds associated with an interac-

by comparing the optical density of a cell suspension tion between cell density and oxygen limitation. It can also
against a standard curve (absorbance at 60&iny cell  be noted (Table 1) that the xylitol yield and productivity
weight). Cell concentration of the hydrolyzate was meas-  decreased to 58% and 50% respectively and final cell con-
ured directly by counting in a Neubauer chamber [15]. centration increased by increasing the inoculum concen-
tration from 3.0 to 6.0 g t*. According to Nolleauet al

[13], a perturbation in yeast metabolism could be related

to the dissolved oxygen in the medium, which becomes
Effect of cell inoculum level limiting as the cell concentration increases. Thus, a limited

The effect of cell inoculum level (0.1, 0.5, 1.3, 3.0 and  oxygen supply to cells causes incomplete xylose metaboliz-
6.0 g L'Y) was studied in hydrolyzate containing 37.6¢ L ation leading to acetic acid accumulation, among other

of xylose and a 24-h-old inoculum. From Figure 1 itis clear  possible effects. The acetic acid, in turn, would interfere
that in all fermentation runs glucose was completely conwith several points of the yeast metabolism, such as xylose
sumed after 22 h, whereas the arabinose concentration uptake through the cytoplasmic membrane, inhibition of
(about 7 g %) remained approximately constant during the xylose reductase activity and/or biosynthesis. According to
fermentation run. Moreover, xylose consumption was com-  Chung and Lee [5] aedl &j24], there is an optimum

plete after 45 h of fermentation using 3.0 g'lof a 16- or  inoculum concentration under which the fermentation rate

Results and discussion

24-hinoculum in tests carried out with hydrolyzate contain- promoted by the yeast grown in lignocellulosic hydrolyzate
ing 37.6g L of xylose. A decrease of around 40% in would be enhanced.
acetic acid concentration and an increase in pH were also It must be pointed out that acetic acid, glucose and

observed in the presence of inoculum concentrations up trylose were metabolized simultaneously (data not shown),

3.0 g L'~ These phenomena were similar to those observed  as already observed $tipitis [20] and C. blankii

in fermentations wittC. guilliermondiicultivated in a semi-  [10,11].

synthetic medium [6] and witHPichia stipitis Candida

blankii and Candida utilis grown in hemicellulosic Effect of inoculum age

hydrolyzates [7,11,19,20]. The ability &. guilliermondii  The effect of inoculum age (16, 24 and 48 h) was evaluated

FTI 20037 to metabolize acetic acid is useful in xylose to  for hydrolyzate containing 37% @i xylose and

xylitol conversion using lignocellulosic hydrolyzate as the 3.0 g L™ of inoculum. Modifications in xylose consumption

main medium constituent. The acetic acid is always present  (Figure 1) and xylitol production (Figure 2) were observed
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Table 1 Effect of cell inoculum level, age of inoculum and hydrolyzate concentration on final cell concentration (X), xylitol productivity (P) and xylitol 253

yield (Y,,9). The initial and final acetic acid concentration (HAc) and pH are also shown. All tests were carried out using 45-h cultures

Inoculum level Inoculum age Xylose X ot P HAc pH
(gL™? (h gL (cells mF?) x 10°® (99" (gL™h) (gL™
0.1 24 37.6 0.60 0.75 0.52 39328 5.3/6.1¢
0.5 24 37.6 1.37 0.75 0.52 3.78/2.03 5.3/6.1
1.3 24 37.6 1.63 0.71 0.52 3.78/2.35 5.3/5.9
3.0 16 37.6 1.07 0.58 0.48 3.77/2.88 5.3/6.5
3.0 24 37.6 1.03 0.62 0.52 3.78/2.55 5.3/5.9
3.0 24 54.5 1.46 0.74 0.75 4.70/3.72 5.3/5.9
3.0 24 74.2 0.66 0.51 0.57 4.89/6.27 5.3/5.0
3.0 48 37.6 1.12 0.51 0.33 4.00/2.69 5.3/5.5
6.0 24 37.6 1.29 0.36 0.26 3.78/4.91 5.2/4.7
aCell inoculum level.
bAge of the inoculum.
cInitial acetic acid concentration and pH.
dFinal acetic acid concentration and pH.
Y s theoreticak 0.917 g g* [3].

35 v taining 24-h cells. In tests carried out with hydrolyzate con-

taining 54.5 g o' xylose, the highest xylitol production
(34.4 g ') was observed (Figure 2), which corresponds to
an increase of 44% in the xylitol productivity as compared
to hydrolyzate containing 37.6 gt of xylose (Table 1).
However, the utilization of a more concentrated hydrolyz-
ate (74.2 g L* xylose) resulted in a pronounced diminution
of xylose consumption and xylitol production (Figures 1,2)
with a decrease of 24% in xylitol productivity (Table 1). In
this case, the final cell concentration diminished (around
50%) and the acetic acid accumulated in the medium during
50 fermentation (around 28%). Thereby, controlling the acetic
time(h) acid content in the medium (preferably absent or lower than
Figure 2 Xylitol production by Candida guilliermondii 24-h inoculum 3.789L7) IS- a fqndamental approach 1o |mprOV|r_lg the
age, 37.6g I xylose and cell inoculum level (g): 1.3 (—e—), 3.0 xylose to xyllto_l bloco_nversmn_. More accurate s_tud|es are
(—m—) and 6.0 {—a—); 37.6 g L' xylose, cell inoculum level 3.0 gt ~ needed on this subject, mainly on eventual interaction
and inoculum age (h): 16-0O—), 24 (—m—) and 48 {~A—); 24-h  between dissolved oxygen and acetic acid concentration.
inoculum age, cell inoculum level 3.0 gLand xylose concentration Finally, a high xylitol production, 34.0gt (+1.54),
(@L™): 545 €V—) and 74.2 -¢—). corresponding to a 4.53% coefficient of variation, was
attained by growingC. guilliermondii FTI 20037 in sugar
in tests carried out with 16-, 24- or 48-h inoculum. The ¢@ne bagasse hydrolyzate containing 54.5'gdf xylose
highest xylitol productivity (0.52 g t* h™) occurred when  USing & 24-h-old inoculum (3.0 g'B). It was also observed
a 24-h inoculum was employed, while a decrease of aboﬁﬂat this yeast can aSS|m|Ia§e acetic ac[d, suggesting th_at
36% was observed with a 48-h inoculum (Table 1). As pro-INese cells may act as a medium-detoxifying agent, which is
posed by Sreenatfet al [18], who observed similar & positive aspect for the microbiological process of xylitol
behavior for a 24-h inoculum of. shehatagolder cells production using xylose-rich lignocellulose hydrolyzate.
would have their growth capabilities reduced owing to the
influence of the culture conditions employed. However, theacknowledgements
age of the inoculum influenced only the xylitol productivity _ ) .
(Table 1). Meanwhile, the final cell concentration remainedThis work was supported financially by CNPqg.
practically unchanged and 24-33% of the acetic acid in the
medium was metabolized. It might also be possible that oldkeferences
cells of C. guilliermondii FTI 20037 have their xylose-to- _ , _
xylitol bioconversion capability depressed due to the inhj- 1 Aguirre-Zero O, DT Zero and HM Proskin. 1993. Effect of chewing
- . ) . xylitol chewing gum on salivary flow rate and the acidogenic potential
bition of intracytoplasmic xylose reductase activity (XR). ot gental plaque. Caries Res 27: 55-59.
Tests to confirm this observation, by measuring the XR 2 Bar A. 1986. Xylitol. In: Alternative Sweeteners (O’Breen Nabors L

activity during fermentation, are needed. and R Gelardi, eds), pp 185-216.
3 Barbosa MFS, MB Medeiros, IM Mancilha, H Schneider and H Lee.
. 1988. Screening of yeasts for production of xylitol frarxylose and
Effect of sugar concentration . some factors which affect xylitol yield i€andida guilliermondii J
The effect of sugar concentration (37.6, 54.5 and |nd Microbiol 3: 241-251.

74.2 g ') was evaluated utilizing 3.0 gt inoculum con- 4 Bicho PA, PL Runnals, JD Cunnigham and H Lee. 1988. Induction
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