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ABSTRACT KEYWORDS
Due to their abundance, high strength and stiffness, low weight and Biocomposite;
biodegradability, nano-scale cellulose fiber materials serve as promising Jute cellulose nanocrystals;
candidates for bio-nanocomposite production. Cellulose nanocrystals Gelatin;
(JCNCs) were prepared by sulfuric acid hydrolysis of delignified and Nanocomposites;
bleached jute fibers and were used to reinforce nanostructured Biopolymer.

biocomposites with gelatin by solution casting method under laminar flow
using dimethyl sulfoxide (DM SO) as dispersant. JCNCsand the composite
filmswere characterized with Fourier transform infrared spectrometry, X-
ray diffraction, differential scanning calorimetry (DSC), thermo-gravimetric
analysis, scanning electron microscopy. Tensile properties such as tensile
strength, elongation at break and antimicrobial properties of the composite
films were also measured and were compared with pure gelatin film. A
significant enhancement of the thermal, mechanical and antimicrobial
propertieswas achieved with asmall addition of cellulose nanofibersto the
gelatin matrix. The results of thermo-mechanical properties demonstrated
that JCNCs containing composites have higher thermal stabilitiesthan that
of pure gelatin. The detailed study showed that tensile properties were
enhanced up to 65% with 8% JCNCswith gelatinin the composite. M oreover
the composite al so exhibited high resi stance to water and good antimicrobial
activitiesthan that of pure gelatin. The outstanding and unusual mechanical
properties showed by the composite are dueto the formation of arigid filler
network inthe gelatin matrix which could be apotential scaffold material for
biomedical application such asin wound healing.
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INTRODUCTION

The production of nano-scale cellulosefibersand
their applicationin compositematerialshasgained in-
creasing attention dueto their high strength and stiff-
ness combined with low weight, biodegradability and
renewability . Cellulose nanocompositesmay not only
show magjor improvementsin mechanica propertiesbut
asoretain greater optical transparency with respect to
other polymer composited*™. In addition, there are
abundant and renewable sourcesof cdlulosematter from
which microand nanofibrilscan bederived, including
jute, flax, hemp, kenaf, cotton, wood, and sisal. Jute,
popularly known asthe““golden fiber” of Bangladesh,
isthe cheapest of all natural fibersand haslong been
used inlow-value products such asgunny bags, twine,
carpet backing etc. The percentage of crystallinity of
jutefibre(73.4%) iscong derably higher than other non-
woods (52-53%)!8. Thehigher crystdlinity injutefiber
indicatesitssuitability in the preparation of micro-/nano-
cellulosecrystds. It wasreported that acontrolled acid
hydrolysis can produce cdllulose nanocrystaswith an
elastic modulusof 150 GPa, whichishigher thanthat of
the S-glass (85 GPa) and Aramid fibres (65 GPa)[.

Gdatin asahydrophilic biopolymer specificaly in-
teractswith water and undergoesdrastic changesof its
phys co-mechanica propertiesdependingonthemois-
turecontenti.e., itspoor mechanical properties espe-
cidly when exposing towet and humid conditionslimit
itsapplicationin many areas'®*. Therefore, gelatin
materid sfor long-term biomedica gpplicationsmust be
submitted to crossinking usngawidevariety of chemi-
cal and physical cross-linking techniques, which im-
proves both thetherma and themechanica stability as
well aswater-resi stant properties of the biopolymer.
Thetraditiona adehyde-based cross-linkers (includ-
ing formaldehyde, glyoxal, and glutaraldehyde) have
shown great efficiency in protein modificationsin pro-
ducing biomaterials, but thetoxic natureof thesecom-
poundsduring material biodegradation processprohibits
their traditiona gpplications?4. Themainfocusof this
work wasto establish an optimum condition for ex-
tracting cellulose nanocrysta s(JCNCs) fromjutefiber.
Theresearch aso addressesthefabrication of JCNCs
reinforced gel atin nano-compositesfor potentia appli-
cationinbiomedica purposes such astissue engineer-
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inginskinsubstitutesor inwound healing. Thedetails
mechanical, thermal, water binding and antimicrobia
properties of the composite materials has also been
studied and will bediscussed inthefollowing sections
of thismanuscript.

EXPERIMENTAL

Materials

Jute sampleswere purchased from thelocal mar-
ket and were cut into small piecesof about 0.5-1cmin
length, washed thoroughly with theflow of water tore-
moveforeign materialsand driedinan ovenfor 3hrsat
105+2°C for drying and to remove moisturefromit.
Gdatin (TypeB from cattle bones, Bloom strength-240
g, and Pharmaceutical grade) granuleswere supplied
by the Globa Capsules Limited (GC.L.), Barisal,
Bangladesh.

Methods

Prepar ation of microand nano crystalsfrom jute
fibers

Dried sampleswere soaked in absol ute ethanol (5
mL/gjute) for nearly 12 hours and then washed with
distilled water. Thewashed samplewasagain dried at
100+2°Cinanovenfor 2 hours. Wax and fat freedried
samplesweretreated with 10% (w/v) NaOH solution
at 60°C to remove lignin. The black liquor containing
ligninwasremoved by frequent washingwith distilled
water until dl thedkali wasremoved. Thedried sample
was bleached with 5% NaOCI (5 mL NaOCl/g
ddignifiedjutesample) by congant dirringtill thesample
becamewhite. Bleaching not only makethesamplewhite
but dsoremoved any ligninif remain after ddignification.
The samplewasthen frequently washed with distilled
water and dried in an oven at 100+2°C for 2 hours.
The bleached jute sample was hydrolyzed by 64%
sulphuric acid solution at 55-60°C for 5 hrs(9mL acid
solution/g bleached jute samples). After hydrolyss, the
samplewasfrequently washed with distilled water by
centrifugation at 20000 rpm for 45 minsto removefree
acid. Centrifugation wasrepeated 5times. Findly pre-
cipitated was collected from thevial of centrifugeand
driedinafreezedrier and JCNCswere obtained. The
dried JCNCssampleswerecharacterized by FTIR/ATR
(Modd-01831, Shimadzu Corp. Japan).

Au Tudian Yourual



MSAIJ, 11(3) 2014

Mohammed Mizanur Rahman et al.

107

Fabrication of JCNC reinforced gelatin
nanocomposite

JCNCsweredispersed in DM SO at aconcentra-
tion of 5-15mg/mL by ultrasoni cation. Nanocomposites
were fabricated by blending the desired amounts of
JCNCs (1-10%) and gelatin solution (90-99%). The
mixturewas ultrasoni cated for 30 minutesfor homoge-
neousdispersion before casting under laminar air flow
on silicon paper followed by dryingin avent oven at
50°C. Pure gelatin film without JCNCs will be consid-
ered as control. Before various characterizationstests,
theresulting filmswerekept in conditioning desiccators
of 43% relative humidity (RH) for oneweek a room
temperature to ensure the equilibration of the water
contentinthefilms. The dried filmswereanadyzed by
ATR.

Thermogravimetricand differential thermal analy-
sis(TG/DTA)

Thermal degradation measurements of gelatin-
JCNCsnanocompositeswith various JCNCs contents
werecarried out usngaTG/DTA 6300 (Seiko Instru-
ment, Inc. Japan) system controlled by an EXSTAR
6000 station. Samplesof about 2.5 mgkept into alumi-
num cell were heated in the temperature range of 30-
600 °C at a scanning rate of 20 °C/min under nitrogen
atmosphere. Differential scanning calorimetry (DSC)
measurements were done to understand thermal be-
havior of gelatinand JCNCsreinforced biocomposites
2-4 g wastaken in an aluminum pan and pellet was
formed in sample preparation machine under pressure.
Thepe let wasthen placedin Differentid ScanningCdo-
rimeter (Modd: DSC-60, Shimadzu Corp., Japan). The
temperature range was maintained from 30 °C to 500
°C and thetemperature wasincreased at arate of 10
°C/min. theflow rate of nitrogen gaswas 20 ml/min.
Thusthedifferentid scanning caorimetry of puregela-
tin, JCNCsreinforced gelatin composites & JCNCs
were observed.

Tensileproperties

Thetensilepropertiesof thecompositesweremea-
sured by using aUniversal Testing Machine (modd:
H50K S-0404, Hounsfield Series S, UK) with 5000 N

load range at a crosshead speed of 20 mm/min. The
specimenswerecut into dog-bone-shapeand then con-

—= Fyf] Paper

ditioned at 25 °C and 65% relative humidity for 10
days before performing thetest. Specimens, typelV
(ASTM-D638) had arectangular cross section of 6
mm and agauge length of 40 mm with athickness of
0.3 mm. Vaueswereaveraged including standard de-
viation of at least five specimens.

Water binding capacity (WBC)

WBC of gelatin was measured using amodified
method described by Wang and Kinsdld*. WBC was
initidly carried out by weighing acentrifuge tube con-
taining 0.5 g of sample, addingin 10 ml of water, and
thoroughly mixed in a vortex mixer (VM-2000,
Digisystem Laboratory Instrumentsinc., Taiwan) for 1
min. The contentswereleft at ambient temperaturefor
30 minwithintermittent shaking for 5sand then centri-
fuged at 3,500 rpm for 25 min (Z383K, HERMLE-
National Labnet Company, Woodbridge, NJ. USA).
The supernatant was decanted, the tubewasweighed
again. WBC wascal culated using following equation:
WBC (%) =[water bound (g) / initial sampleweight
(9)] > 100.

X-ray studies

Wide-angle X-ray diffraction (XRD) datawas col-
lected using Bruker D8 Advance Diffractometer
D5000, rotating anode X -ray generator from 5-70° of
20 (Scanning angle), at arate of 1°/minusing CuKa
radiation generated at 30 mA and 30 kV. XRD was
used to study the crystallinity of the pure JCNCsand
thecomposites.

Micr oscopy

The freeze dried jute cellulose nanocrysatls
(JCNCs) and JCNCsreinforced gel atin biocomposites
were coated by platinum coating using aJEOL JFC-
1600 Auto Fine Coater and theinterna structureswere
inspected at an accel erating voltage of ~25kV using a
JEOL JSM- 6490 LA Analytical Scanning Electron
Microscope. Theoptical microscopy imagesof gela-
tin/CNWsweretaken by an Olympus CK X 41 micro-
scope, Japan.

Antimicrobial activity

Antimicrobia activity of gelatinand JCNCsrein-
forced gelatin biocompositesagainst Escherichiacoli
wereinvestigated by the disc diffusion method. This
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method was performed in Muller Hinton medium. The
mediaused for antimicrobia activity was pouredinto
sterile petri plateand wasalowed to be cooled. Then
thetest culture (Escherichiacoli) wasinoculated prop-
erly onto the media. JCNCswereautoclaved for 2 h
10 mtoremoveany bacteria contamination. Thediscs
(6-7 mmdiameter) werediffused into the puregelatin
and nanocompositesolutionwith different nanoloading
and then placed on the Escherichia coli-cultured agar
plate. Subsequently, these plateswereincubated over-
night & 37 °C and the inhibition zone was measured for
theevaluation of antimicrobial activity of gelatin and
JCNCsreinforced gelatin biocomposites.

Satistical analysis

Fivereplicateswerecarried out in each experiment
of mechanical properties. All datawere analyzed by
SPSS software, version 15 using one-way ANOVA
analysis. Theleve of statistica significancewasset at
5% (p < 0.05).

RESULTSAND DISCUSSION

FT-IR and XRD analysis

FT-IR spectra of JCNCs, gelatin and the
nanocomposteareshowninFgure 1. The presence of
absorption band at 1062 cm* for C-O stretching of the
cellulose component in JCNCswas a so observedin
the nanocomposite thusindicating the reinforcement of
JCNCswith gelatin matrix*617, Theaddition of JCNCs
into thegelatin matrix hasdlight decreasestheintensity
of O-H stretching. Thismay be dueto thefact that -
OH groupsof the surface of JCNCsinteractswiththe
adjacent -COOH groups of gelatin thusester linkage
has formed which appears at 1750 cm in the com-
positefilms.

The XRD analysis of the JCNCs and the
nanocompositeswasdoneto obtain further ingght into
thematerid scrystdlinity (asshowninFigureSlinthe
supporting information). Two prominent peaksare ob-
served at 20 valuesof 17.2, 26.4° and |ess prominent
peak at 40.4° were observed inthe curve(a) for JICNC
which correspondsto the highly crystalline nature of
the JICNCs. Withthe addition of JCNCsinthegelatin
matrix, some diffraction peaks appear in the
diffractograms. With anincrease of the JCNCs content
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Figurel: FT-IR spectra of (a) JCNC, (b) gelatin and (c)
JCNC-gelatin composite.

inthefilms(curvec-e), the peaksbecomemoresignifi-
cant. When the JCNCs content increasesto 6-10 wt%,
four peaksat 20 = 11.6, 22.8, 34.2 and 37.4° are ob-
served, which correspondsto the typical crystal pat-
tern of cellulosel.

Thermal analysis

Thermogravimetric (TGA) and differential
thermogravimetricanalysis(DTG) werecarried out in
order to investigate the thermal properties of the
nanocomposites. Theresultsof the TGA and DTG are
presentedin Figure 2, which showsresidua weight vs.
temperature for JCNCs, gelatin and the composite
materials. It wasobviousthat al materialswerether-
mally stable in the region below 250°C. Thus both
JCNCs and nanocomposites were able to maintain
morethan 90% of their origind weight a thistempera-
ture. It wasalso observed adight decrease of weight
for dl materialsbelow 120°C wasdueto the evapora-
tion of themoisture. Theweight lossof gelatin occurred
instepsand thefirst stage, continuing up to about 120
°C, was related to the evaporation of the absorbed and
bound water aswell asNH, and CO, gasesfrom the
biopolymerg#19, Theresultsalso showed that gelatin
and the nanocomposites degrade earlier than JCNCs
and thermal stability of the nanocompositeswasin-
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creased after incorporating JCNCsasreinforcing with
thematrix gelatin. Thewe ght reduction of the JCNCs
seemed to occur more stepwise than the
nanocomposites and the JCNCs had higher residual
weight at 550°C. It isbelieved that the main degrada-
tionfor JCNCsoccurred between 200 °C and 280 °C
was dueto depolymerization, dehydration, and decom-
pogition of glycosyl unitsfollowed by theformation of a
char, while the degradation above 325 °C could be
ascribed to the oxidation and breakdown of the char to
lower molecular weight gaseous products. For the
nanocompostefilm, they showed smilar behavior with
gdatinintherange of 200-280°C. But it showed that
wel ght lossdecreased withincreased amount of JCNCs
intherange of 120-200°C. From the figure it is also
clear that minimum wei ght lossoccurred for the nano
filmwith 6% JCNCswhich ensured the higher stability
followed by the composite obtained from 8% JCNCs.

Thedifferenceinthetherma decomposition behav-
ior of gelatin, JCNCs and nanocomposites can bein-
terpreted moreclearly fromthe DTG curvesasshown
insgmdl window inFigure2. From DTG andysisdatait
has seen that, therate of masslossinthetemperature
range of 120-200°C were 19.8 pg/min for pure gelatin
and 15.8 pg/min for JCNCs. But, the curved showed a
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Figure2: TGA and DTG thermogram of JCNC and JCNC-
gelatin nanocomposites.

differencefor thecompositesthan puregdainfilm. With
theincrement of JCNCsin the composites, therate of
mass|oss decreased. Theminimum masslossfor 8%
JCNCs-gdaincompositefilmwas4.25 ug/min followed
by the composite prepared from 6% JCNCs 5.45 pg/
min.

Morphology

Figure 3 showsthe SEM images of freezedried
JINCs, gelatin and the nano-composites. Rod like struc-
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turewasobtained for crystalline cellulose on the other
hand porous, with athree-dimens onal interconnected
microstructure are observed for gelatin. Inthefracture
surface of nanocomposites it was observed that
nanocompositesthecdlulosecrystdsareuniformly dis-
tributed with thematrix whichisessentia to obtain good
mechanica performance.

The JCNCs appeared white dots in the
nanocompositesand itsconcentrationisadirect func-
tion of thecellulose content inthecomposite. Theshiny
dotscorrespondto thetransverse sectionsof thecd lu-
losewhiskers. Itisworth noting that thefiller wasmore
or lessevenly distributed within the gelatin matrix but
somewhiskerswerenot fully individualized and form
small aggregates. It could be ascribed to ahigher de-
greeof crystdlinity of themateria and/or stronginter-
actions between thefiller and the matrix leadingto a
fracture path through nanoparticles. Theoptica micro-
graph images al so showed the slight aggregation of
JCNCsfor higher loading (more than 4% JCNCsin
thecomposite).

Tensile propertiesof thenanocomposite

Thetensilestrength of the puregdatinfilmand the
nanocomposites were measured and are shown in
TABLE 1. It wasobserved that TSincreaseswithin-
creasing JCNCscontent in the compositeswhichindi-
cated good dispersion and strong interfacial actions
between the polymer and the JCNCs. Dueto the ag-
gregation of the JCNCswithinthemeatrix a higher con-
centration, above 8% JCNCs in the nanocomposite
decreasesthe TSvaue. It wasobserved that only gdatin
film showed TS 35.2 MPahowever 8% JCNCsinthe
composite yielded 51.3M Paand the corresponding

elongation at break (%) wasreduced from 12.394 to
3.83% respectively. Thetensiletest resultsindicated
that the mechanical properties of the gelatin/JCNCs
nanocompositeswere substantially superior than that
of neat gelatin probably dueto (i) the reinforcement
effect from the finely dispersed high performance
JCNCs nanafillersthroughout the biopolymer matrix
and (ii) strong interaction between JCNCsand thegela
tin matrix dueto the possible ester linkages between
the—OH group of cellulose and -COOH of gelatin.
Gelatin, ahydrophilic biopolymer and it possessestwo
kindsof functiond groups, amino and carboxylicgroups
and JCNCscontain hydroxyl groups, astrong hydro-
gen-bond d soformed between gdatinand JCNCs. The
compatibility and strong interaction between JCNCs
fillersandthematrix greatly enhancedthedispersonas
well astheinterfacia adhesion, thussignificantly in-
creases the mechanical properties of the
nanocomposites.

Water binding capacity

Thewater binding capacity (WBC) of gelatin and
JCNCsreinforced nanocompositeswere monitored and
areshowninTABLE 2. Theincrease of theweight of
thesamplewasduetoimmersioninwater and onecan
see that incorporation of JCNCs provided a
gabililization effect tothematrix. Thisphenomenoncan
be ascribed to the presence of athreedimensional cel-
lulosic network that strongly restrictsthe dissol ution of
the polymeric matrix in water. Water absorption by
gdatinfilmissignificantly higher than thereinforced
nanocompos tesdueto theformation of hydrogen bonds
between -NH, groupsof gelainand water molecules.
Asthe concentration of JCNCsinthe compositeswas

TABLE 1: Tensilestrength and elongation at break (%) of thenanocompositesat different JCNCsloading

JCNCs (%) in the Tensile strength Standard Elongation at break Standard
nanocomposites (MPa) deviation (%) deviation

Pure gelatin (0% JCNCs) 35.206 +3.14 12.394 +1.86

2% JCNCs 40.578 +2.57 8.326 +2.82

4% JCNCs 44.106 +3.9 6.162 +1.45

5% JCNCs 46.296 +1.6 5.168 +1.02

6% JCNCs 49.578 +0.94 4.23 +0.98

8% JCNCs 51.258 +0.44 3.83 +0.90

10% JCNCs 43.476 +2.92 5.56 +1.29

All data were analyzed by SPSS software, version 15 using one-way ANOVA analysis. The level of statistical significance was set

at 5% (p < 0.05).
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increased, water binding capacity was found to de-
crease. Asdiscussed earlier, it was observed that the
end groups of the gelatin reacted with the cellulose
nanocrystals asaresult; hydrogen bond forming ca-
pacity wasreduced to the significant extent. Thisca
pacity became lower asthe amount of JCNCsisin-
creased inthecomposites. So, it wasobserved that the
compositefor which tensile strength was maximum,
water binding capacity wasfound to minimum. The
water binding capacity of puregdatinfilmis18.073%
however 8% JCNCs reinforced composite yielded

TABLE 2 : Water binding capacity of gelatin and
nanocompositefilms

Initial Final

JCNCs (%) in the weight of weight WBC
nanocomposites (%)
. (mg) (mg)
jpgNegg ain (0% 200 36146  18.1
2% JCNCs 200 3060 15.3
4% JCNCs 200 2920 14.6
5% JCNCs 200 2464 12.3
6% JCNCs 200 2236 112
8% JCNCs 200 1804 9.0
10% JCNCs 200 1356 6.8

however the composite obtained from 6 & 8% JCNCs
showed better antimicrobia propertiesthan othersand
the nanocomposites can induce the prohibition of the
bacterium growth.

CONCLUSION

The performance of the nanocompositesderived
from natural macromolecular proteic materid s(gelatin)
can betuned by reinforcing with cdlulose nanocrysta's
for specific needs.

Theresearch described hereleadsthefollowing
condusion:

Cédlulose nanocrystal s have been successfully ex-
tracted from jute (locally called the golden fiber of
Bangladesh) which showed rod like structurein SEM
observation. Thereaction conditionswere optimized
t0 40% H,SO, (for acid hydrolysis) stirringin ame-
chanicd stirringfor 5 hrsat 60°C.

The nanocompositeswerefabricated with gelatin
by reinforcing JCNCs (2-10%) by weight and various
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6.78% WBC.
Antimicrobial activities

Antimicrobia activity of gelatinand JCNCsrein-
forced gelatin biocompositesagainst Escherichiacoli
wereinvestigated by the disc diffusion method. This
method wasperformedin Muller Hinton medium. After
incubation, the plate which showed aninhibition zone
around the hole which was madein themiddle of the
mediawas considered that itssamplehasantimicrobia
activity. Theresults of inhibition zone are shownin
TABLE3.

Theresultsshowed that theantimicrobid activities
areamost samefor thegelatin and the nanocomposites

TABLE 3: Inhibition zone of Escherichia coli for gelatin
and JCNCsreinfor ced nanocomposites

Nanocomposites I nhibition zone (mm)
Pure gelatin 9
2% JCNCs 10
4% JCNCs 8
6% JCNCs 7
8% JCNCs 7
10% JCNCs 11

physic-mechanical, thermal, antimicrobial properties
have been eva uated tofind out its potentia gpplication
inbiomedical purposes.

It was observed that the nano-composite derived
from 8% JCNCshave showed better mechanicd prop-
erties, antimicrobid activities, thermd stability thanthe
composites prepared from other JCNCsloading.

Asgdatinisahydrophilic polymer, theintroduction
of hydrophobic JCNCsreducesthewater binding or
water absorption propertiesof gelatinthusmakesit suit-
ablefor biomedica purposes such asbody tissue, scaf-
fold/bandage etc.
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