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Abstract : Bacterial nanocelluloseis asubject of
extensveresearch duetoitspromising potential appli-
cationsin medicine, veterinary and cosmetics. Inthis
paper, effect of structural characteristicson enzymatic
hydrolysisof bacterial nanocellulose (BNC) and mi-
crocrystalline cellulose (MCC) hasbeen studied. De-
Spitethesimilar degreeof crystdlinity and laterdl Sizeof
crystallitesfor both cellulose samples, aconversion
degreeof BNC after enzymatic hydrolysiswasconsd-
erably higher than of MCC. Themain distinctivefea-
ture of the BNC sampleisahigh porosity and devel-
oped surfaceof nanofibrils Asagaing, theM CC sample

INTRODUCTION

Among variousorganic maerids, cdluloseisamost
appropriate for preparation of various types of
nanomaterias, sncethisabundant natural polymer has
ananostructured organi zation and specific properties
such aslow density, hardnessand abrasivity; ability to
structura and chemica modification; biocompatibility;
biodegradability inthe nature, etc. Currently, several
kindsof nano-scae cdllulose materialsareknown such
as nanofibers, nanoparticles and bacterial
nanocel lulosg™.

Despite of abundant investigations, somefeatures
of the nanocellul oses have been not studied yet, and

containscoarselow-porous particlesthat haveapoorly
devel oped surface. Although drying reducesthe porosity
of thesamples, thedry BNC retainsamuch higher pore
volumeand grester enzymatic hydrolysability thanthe
dry MCC. Dueto highly porosity and devel oped sur-
face, the BNC sample acquiresahigh accessibility to
moleculesof cellulolytic enzymesthat promotes enzy-
matic hydrolysisof thissamplebothin never-dried and
dry state.  © Global Scientificlnc.

Keywor ds: Bacterial nanocellulose; Crystallinity;
Porogity; Specific surface; Enzymatic hydrolyss.

namely atransformation process of celluloseinto glu-
coseunder effect of cdllulolytic enzymes, and depen-
denceof enzymatic cleavage on structural parameters
of the nanocellulose. Asis known, any kind of the
nanocel lul ose hasadevel oped specific surfacethat may
contribute to enzymatic hydrolysis. However on the
other hand, ahigh crystallinity of the nanocelluloseis
an important factor that might hinder the enzymatic
cleavage. To solve the problem, what structural fac-
tor playsaprevalent rolein enzymatic decomposi-
tion, various nanoce luloses can beinvestigated. How-
ever, such kinds as nanofibers, nanofibrillated
celluloses and nanoparticlesareless suitablefor this
purpose due to low purity, presence of extraneous
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admixtures (oligosaccharides, hemicelluloses, lignin,
extractives, sats, etc.) and non-cellulosic functional
groups (carbonyl, carboxyl, sulfonic, etc.) that candis-
tort theexperimental results. Themost suitablemodel
to solvethisproblemisbacterid nanoce lulose (BNC),
whichin contrast to other kindsof nanocellulose does
not contain non-cellulosic admixtures and functional
groups.

The BNC isasubject of continuing research and
hasgreat commercid interest intermsof manufacturing
of new biomedical products having improved
biocompeatibility and biodegradahility, etc. Main appli-
cation areas of the BNC can be cosmetics (e.g. moist-
ening masksand creams), aswell asmedicineand vet-
erinary (e.g. nano-implantants)i**.

The BNC isproduced by severa speciesof ubig-
uitous fermentation bacteria, most importantly
Gluconacetobacter xylinug>®. Theforminglongand
thin elementary nanofibrilshaving lateral sizeof 7-10
nm are aggregated to microfibrils. Thene ghboring mi-
crofibrilsinterlaceand form bandshaving spongy struc-
turefilled with water; therefore, the never-dried BNC
containsextremely high content of the embedded wa-
ter, up to 99%. Theformation of BNC by fermentation
opensup new vistasfor thein situ shaping of cdlulose.
Thisbio-shaping alowsobtaining pdlicles, beads, fi-
bres and hollow bodies by changing the conditions of
the bacteriacultivation. The bacterial nanocd luloseis
characterized by high purity, developed surface area,
enhanced crystallinity, high content of Cl_crystalline
alomorph and increased degree of polymerization*57,
To discover the effect of nanostructure on the enzy-
matic digestibility, it is advisable to compare the
nanocd lulosewith another cellulose samplehaving no
nanostructure.

Main purpose of this paper was to study the de-
greetransformation of bacteria nanocelluloseinto glu-
coseunder effect of cdllulolytic enzymescompared with
microcrysalinecdlulose

EXPERIMENTAL

Materials

Never-dried sample of BCN waskindly provided
from Department of Chemistry and Earth Sciences of
Institute of Organic and Macromolecular Chemistry,

Friedrich Schiller University, Jena, Germany. Toremove
surplus of water, the never-dried BNC sample was
centrifuged at 3000 g for 15 min.

Besides, the sample of microcrystalline (MCC)
cotton cdlulosewasinvestigated. Thenever-dried MCC
was prepared by hydrolysis of cotton cellulose with
boiling 2.5N HCl for 1 h; thehydrolyzed cellulosewas
neutralized and washed to pH=7. Toremove surplus of
water, the never-dried M CC samplewas centrifuged
at 3000 gfor 15 min.

Toobtainof dry celluloses, the never-dried samples
werecentrifuged to remove surplusof water, rinsed with
absol ute ethanol and dried at 60°C for overnight.

Enzymatichydrolyss

Thecdlulose sampleswereenzymatically hydro-
lyzed to determinetheir accessibility to cdllulolytic en-
zymes. For this purposewe used thecommercid cdlu-
lase preparation Cellic Ctec-2 produced by Novozymes
A/S, Bagsvaerd, Denmark. Enzymatic hydrolysiswas
carried out in 20-mL glass bottles each containing
sampleswithloading of 10g/L in50 mM acetate buffer
(pH=4.8). The sampleswere thoroughly mixed with
the buffer and then Ctec-2 was added to obtain dose
of 10 mg enzymeper 1g of dry cellulose. The closed
bottleswere placed in ashaker incubator at 50°C and
agitated at 150 rpm during 10-72 h.

Theconcentration of thegl ucose(Cg, mM) obtained
as aresult of enzymatic hydrolysis of the cellulose
sampleswasdetermined by HPL C-gpparatusof Agilent
Technologies 1200 Infinity Seriesusing theAmines
HPX-87H column. Main conditions of the HPLC-
analysiswere: temperature 45°C; mobile phase 0.005
M sulfuric acid; flow rate 0.6 ml/min. The hydrolyzate
was preliminary filtered through 0.45 um Nylonfilter
and degassed. Conversion degree (CD) of cellulose
samplesat enzymatic hydrolysiswas ca culated by the
equation’®:

CD=100% (C/C,,) )]
whereC_ isthemaximum concentration of glucoseat
100% conversion of cellulose.

Wide-angle X-ray scattering (WAXS)

WAXS- diffractograms of the sampleswere re-
corded in the 2@ angle range from 5 to 50° using a
diffractometer “Rigaku-Ultima Plus” (CuK_—radia-
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tion, A=0.15418 nm). After recording of the
diffractograms, the background was separated, and
selected X-ray patterns were corrected and normal -
ized. Thendiffractionintengtiesfrom crystalineand non-
crystallineregionswere separated by acomputerized
method. Thedegreeof crystallinity (X) wascaculated
according to equation(”:

X=[l_deo/fi_ do=F_/(F_ +F,) @)
wherel istotal intensity of the corrected diffractogram
after subtraction of the parasitic background; | isin-
tengty of thecrystalinescattering; F_isareacf thecrys-
tallinescattering; F__isareaof theamorphous scatter-
ing.

Thelateral sizeof crystallites (L) was determined
by animproved WA X S-method™%, Thereflection at
20,22.5-22.7°wasisolated, itsintegral width (B) in
radianswas measured, and correctionsfor instrumen-
tal factor (A) and lattice’s distortion (3 ,) wereintro-
duced. TheL-valuewas calculated by the equation:

L =A/[(cos®, (B2 - A)°9)2— (28, sin © )7]°° ©)
Optical microscopy (OP)

OPimageswere obtained using auniversal com-
puterized optica microscope“Eclipse LV-UDM?”. The
never-dried sasmplewasfreeze-dried and groundina
“Waring”-mill at 10000 rpm for 1 min. The dry MCC
powder was placed onto an object glassand investi-

gated.
Scanning electron microscopy (SEM)

SEM imageswere obtained using an electron mi-
croscope “Hitachi S-4700. The never-dried sample
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was preliminary freeze-dried, and then its micro-sec-
tion was coated with monomolecular layer of gold. The
mi cro-section was placed in amicroscope, evacuated
and el ectronicimage was obtained.

Por osity

Porosity of the samplesor total volume of pores
\Y p) inthewater mediumwastested by method of water
retention vaue (WRV) usngacentrifugd force3000g
for 15 mini*+12,

RESULTSAND DISCUSSION

Kinetic curvesof enzymatic hydrolysisof cellulose
samples are shown on Figure 1 and 2. These curves
are characterized by afast increasein the conversion
degree (CD) of cdlluloseinto glucoseduring 20-24 h
and followed by reducingintherateof hydrolysis.As
followsfromtheinvestigations, thefind conversonde-
gree of never-dried BNC after enzymatic hydrolysis
was about 1.6 times higher than of never-dried MCC.
After drying, theenzymatic digestibility of both cellu-
lose samplesisreduced, but thefina conversion de-
gree of thedry BNC remains about 1.5 times higher
than of thedry MCC sample.

To explaintheresultsof enzymatic hydrolysisitis
expedient to study the structural characteristicsof the
cellulose samples. SEM investigations show that the
BNC hasanetwork structure consisting of interwoven
long and thin nano-fiberswith averagediameter of about
10nm (Figure3). In contrast to bacteria nanocedllulose,
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Figurel: Kinetic curvesof enzymatic hydrolysisof never-dried cellulose samples
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Figure?2: Kinetic curvesof enzymatic hydrolysisof dried cellulose samples
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Figure4: Micro-photograph of microcrystalline cellulose (magnification 300 x)
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themicrocrystaline cellulose contains coarse particles
with alength of 50-100 um and width of 20-30 um
(Figure4).

Onthebasisof average diameter (D) of theBNC
nanofibersand M CC particles, the specific external
surface of the samples can becal cul ated:

S, = 6k/D @)
wherek iscoefficient of dimensiondity.

Ascan seefrom TABLE 1, the BNC hasawell-
devel oped specific surface. The devel oped surface area
of bacterial nanocelluloseiscorrelated with high po-
rosity of thissample. Moreover, these structural pa-
rameters of BNC greatly exceed characteristics of
MCC.

Asisknown, thecrystalinity isanimportant factor
affecting the enzymatic cleavage of cdllulosg™®. How-
ever, from structural investigationsfollowsthat both
BNC and MCC sampleshavesimilar crystallinity de-
gree(0.76-0.78) and laterd sizeof crystdlites(8-9 nm).
Despitethisfact, the enzymatic cleavage of BNC was
much higher than of MCC (Figure 1, 2).
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Themaindigtinctivefeatureof BNCisthat it con-
sstsof ahighly porousnetwork of nanofibrilshavinga
developed surface (TABLE 1, Figure 3). Asagainst,
the M CC sample contains|ow-porous micron-scale
particlesthat have apoorly developed surface (TABLE
1, Figure4). Although drying reducesthe porosity of
the both samples, the dry BNC retainsamuch higher
porevolumeand greater enzymatic hydrolysability than
thedry MCC (Figure 2, 5).

Thus, highly access ble nano-dispersed structureis
amainfactor promoting enzymatic conversion of bac-
terid nanocd luloseinto glucosebothin never-dried and
dry state.

TABLE 1: Sructural characteristicsof cellulose samples

Characteristics BNC MCC
Crystallinity 0.78 0.76
Lateral size of crystallites, nm 8 9
Specific surface, m/m?® 6x10° 2x10°
Porosity, cm®/g 23(30)* 0.8(2.2)*

*Note: The porosity for never-dried samples was shown in
brackets

m Never-dried

m Dried

BNC

Figure5: Porodty of thenever-dried and dry cellulose samples

CONCLUSON

Effect of structura characteristicson enzymatic hy-
drolysisof bacteria nanocelluloseand microcrystdline
cellulose has been studied in this paper. Despitethe
amilar crystdlinity degreeand latera Szeof crystdlites
for both cellul ose sampl es, the conversion degree of
BNC after enzymatichydrolysiswascong derably higher
than of MCC. Thisfact can beexplained by thewell-

MCC

devel oped porosity and surface of the nano-structured
bacterial cellulose. Duetothesestructural features, the
BNC sampleacquiresahigh accessibility to molecules
of cdlulolyticenzymesthat promotesenzymetic hydroly-
sisof thissamplebothin never-dried and dry state.
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