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ABSTRACT

Among the possible biotechnological alternatives to perform xylitol pro-
duction, the Submerged Fermentation (SmF) method has widely been in-
vestigated ultimatelty, using different configurations. However, little is
known on the use of the Solid-State Fermentation (SSF) to carry out such a
bioprocess. Taking into account the well-known advantages of this mode

KEYWORDS

Xylitol bioproduction;
Solid-state fermentation;
Sugarcane bagasse;
Residue;
Biotechnol ogy.

of operation over the SmF, this study aims at evaluating the potential of
Solid-State Fermentation (SSF) for this bioprocess. SSF runs have been
done at 30°C, under oxygen limited conditions, in polypropylene sachets,
using sugarcane bagasse as inert support, commercial xylose as substrate

and Candida guilliermondii as the fermenting yeast.
© 2010 Trade Sciencelnc. - INDIA

INTRODUCTION

Xylitol isan dternative high added-value sweet-
ener of great interest to thefood industry and the bio-
medical sector. Itislargely used inthe prevention and
treatment of several pathol ogiesY!. Research hasbeen
doneto producexylitol by biotechnologica routeasan
alternativeto the expensive chemical processof pro-
duction. An optimized biotechnologica processcould
be acheaper way to produce xylitol, becauseit would
takeplaceunder mild conditionsand utilizenot purified

hemicdlulosichydrolyzates?.

Currently, theresearch-work hasbeen focused on
theuseof microorganisms, especidly yeasts, for xylitol
production by Submerged Fermentation (SmF) from
hemicellulosic hydrolyzates. Inthiscase, the microor-
ganism, through acomplex, integrated multi enzymatic
system, usesthe xylose present in hydrolyzateto get
energy and, under certain conditions, allowsaccumu-
lating xylitol inthefermentation medium. Hydrolyzates
fromdifferent lignocdlulos cresdues, anongwhich sug-
arcane bagasse’®4 and rice straw>9, have been satis-
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factorily used asdternativemedia.

The Solid-State Fermentation (SSF) hasrecently
received specia attention because of several advan-
tages, mainly on engineering aspects, anongwhichre-
duced water activity and formation of gradientsof tem-
perature and nutrient and product concentrations.
Bioprocessing of agro-industrial residuesin SSF has
often beenfound very efficient!”. Many studiesabout
the application of SSF arefocused in adding valueto
agroindustry resdues, which havebeen extensvely used
asphysical support or source of nutrientsin SSF®. It
differssignificantly from SmF, mainly intermsof pro-
duction of enzymesand secondary metabolites, mixing
anddiffuson®.

Eveninfaceof many process advantagesas use of
low cost residues, higher productivities, low energy re-
quirements, lower wastewater production, extended sta-
bility of products and low production costs, littleis
known on the use of the SSF to carry out xylitol pro-
duction. Thisarticleaimsat evaluating SSF potential
using an agro-industria residue (sugarcanebagasse) as
aninert support for xylitol production.

MATERIALSAND METHODS

Preparation of theinert support

Thesugarcane bagassewasinitidly ground passing
through a14 mesh (1.41 mm) standard Tyler Sieveand
retained in a35 mesh (0.5 mm) sieve. After separation
and screening, it waswashed with distilled water and
dried at 100°C up to constant weight.

Microorganism maintenance and inoculum
preparation

Cdlsof theyeast Candidaguilliermondii FT1 20037,
bel onging to the culture collection of the Department of
Biotechnol ogy of the Engineering Collegeof Lorena
(University of Sdo Paulo), were maintained at4°C ina
medium containing agar malt extract (Merck,
Darmgtadt, Germany).

To preparetheinoculum, yeast cellswere cultured
at 30°C and 200 rpm for 24 h in 250 ml-Erlenmeyer
flasks containing 50 ml of acultivation medium com-
posed of 30 g/l xylose, 3 g/l (NH4)2S04, 0.1 g/l
CaCl2.2H20 and 10% (w/v) rice bran extract, placed
in an incubator, model G25-KC (New Brunswick,
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Edison, NJ). After growth, the cellswererecovered by
centrifugation, model CU-500 (Damon/IEC, Needham,
MA) at 2000 x gfor 20 min, washed and resuspended
inisotonic solution (de-ionized water) inorder toget a
highly concentrated cell suspension. To obtain aways
thesameinoculum (1.0 ¢/l wet weight), cell concentra-
tion of this suspension was determined and, then, ap-
propriate diquotswere added to thefermentation me-
dium.

Fer mentation conditions

All thefermentationswere performed at 30°C in
polypropylene sachetsins deagreenhouse containing
7 g of sugarcane bagasse embedded with 70 ml of a
previoudy-inocul ated fermentati on medium composed
of 50 g/l xylose, 39/l (NH4),SO,, 0.1g/l CaCl,.2H,0
and 10% (w/v) rice bran extract.

One sachet wastaken after every 24 hfor analy-
ses. All theexperimentswere carried out in duplicate,
and thestandard deviations never exceeded 8%; there-
fore, no additional statistical analysiswasconsidered
to be necessary.

Solid-liquid extraction (“Leaching”)

The samplesweretransferred from the sachetsto
250 ml-Erlernmeyerscontaining 50 ml of digtilledwa
ter (asextraction solvent) and incubated for 30 min at
30°C in a greenhouse, model G25 — KC (New
Brunswick, Edison, NJ), rotating at 200 rpm. After
vacuum filtration through qualitativefilter (14 um-pore
diameter), thefiltratewasanayzed by HPLC.

Analytical determinations

Cdll concentration wasdetermined by optical den-
sity (OD) measurements at 640 nm, using aspectro-
photometer, model DU 640B (Beckman Coulter, Ful-
lerton, CA). A previoudy-constructed cdibration curve
was used to relate the OD measurementsto dry cell
concentration of samplesof both thissuspensionaswell
asthat used for inoculum.

After samplefiltration through Sep Pak C18filter,
xylose and xylitol concentrationswere determined by
HPLC, model LC-10-AD (Shimadzu, Tokyo, Japan),
equipped withan Aminex HPX-87H (300 x 7.8 mm)
column (Bio-Rad, Hercules, CA) and arefractivein-
dex RID 6A detector, under thefollowing conditions:
injectionvolumeof 20 ul, column temperature 0of 45°C,
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0.01 N H_SO, asthemobile phase used at aflow rate
of 0.6 ml/min.

Themicrophotograph of the support surfacewas
obtained using an optical microscope, model N107/T
(Coleman, SantoAndré, SP, Brazil).

Fermentation parameters

Thexylitol volumetric productivity (QP, gl-1h-1)
wascd culated astheratio of xylitol concentration at the
end of therun (Pf, g/l) tothefermentationtime(t, h).

Theyield of xylitol on consumed xylose(YP/S, g/
g) calculated astheratio of Pf and the difference be-
tween thestarting and thefina xyl ose concentrations.

RESULTSAND DISCUSSION

Theresultsof xylose SSF by C. guilliermondii, in
termseither of xylose consumption or xylitol formation
can be seen in Figure 1, while Figure 2 shows the
corresponding progressive increase in cell
concentration.

0,25 0,07

T 0,06

o
)

1 0.05

o
[y
[$,]

T 0,04
1 0,03

o
s

T 0,02

Xylose (g/ g of support)
Xylitol (g/ g of support)

0,051
} 0,01

0 0

0 24 48 72 96 120 144 168 192
Time (h)

Figurel: Timebehaviorsof xyloseconsumption and xylitol

production during SSF

They are very similar to the results obtained by
SmF, demonstrating the potential of thispromising
modeof operation. In specid thecell grow behavior, at
thebeginning of fermentation therewaslow cell growth,
but at theend it accel erated.

Thedecreasing pH behavior illustrated d soin Fig-
ure 2 wasindeed expected by the fact that cellswere
metabolically activeduring the bioprocessand then con-
sumed (NH,), SO, asthe nitrogen source and xylose
asthe carbon source. It wasinfact previoudy demon-
strated that theformer activity isresponsiblefor con-
tinuously release of protonsand thelatter for CO, de-
velopment*Y,
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Figure2: Timevariation of cell concentration and pH during
SSF

Preliminary results(not shown) suggest that xylitol
production can beincreased using abuffer solution that
alows SSFto proceed a constant pH. ThepH decrease
was quicker in this process comparing to the SmF
operation. Thisisprobably dueto the occurrence of
oxygen limited conditions at SSF that stimulated the
consumption of both nitrogen and carbon sources. For
thisreason, futuresattemptswill bemadeusing externa
oxygen supply toincreasexylitol production by SSF.

Optical microphotographswere doneat theend of
theruns (192 h) (Figure 3), in order to verify the cell
growth during SSF as well as to demonstrate the
potential of the sugarcane bagasse asinert support. It
can be seen that cell growth was effective, as
demonstrated by theuniform cell growth ontothewhole
surface of bagassefibers.
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Figure 3 : Optical microphotograph of candida guillie-
rmondii cells(400X) on sugar cane bagassedoneafter 192h

of fermentation

No reliable comparison can be made between the
theoretical xylitol yield on consume xylose (YP/S=
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0.917 g/g) estimated on the basis of theknowledge on
themetabolism of C. guilliermondii’*? and thevalue ob-
tainedinthiswork (0.338 g/g), becausetheformer was
obtainedin SmF. Therefore, an aternativeway to esti-
mate the theoretical yield for SSFis needed to com-
pareitsperformancewith the one of SmF.

Another fermentation parameter that can beuseto
make acomparisonisthevolumetric productivity that
reached inthisstudy avaue (QP=0,066 gL*h?) one
order of magnitudelower than that obtained by our re-
search group for SmF at sameinitia xylose concentra
tionusing cdllsimmobilizedinthesamesupport™. These
results suggest that not only that the SSF processis
remarkably slower than the SmF one, but also that the
mechanism of cdll adhes on could becompletdly differ-
ent. Asmentioned earlier, theoxygen limited conditions
insdethe solid material could haveincreased thecon-
sumption of nitrogen and carbon sources, thusacidify-
ingthemedium. Therefore, athough superficia growth
could have been somehow promoted, the anaerobic
conditionsing dethesupport could havelimited xylitol
formation.

CONCLUSIONS

Althoughxylitol production by SSFusing sugarcane
bagasse as an immobilizing support is presently
unsatisfactory compared to that ensured by SmF, in
SSFthecdll growthwaseffectiveand uniform onto the
wholesurfaceof bagassefiber. Thisresult suggeststhat
theuse of thisnovel methodol ogy could be successful.
Experimentsusing optimized oxygenation conditionsto
SSF processwill becarried out aswell asthe study of
thisprocessin continuous mode.
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