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ABSTRACT

Biodegradable chitosan nanocomposite films contained dispersed
nanoparticlesof methoxy poly(ethylene glycol)-b-poly(D,L-lactide) (MPEG-
b-PDLL) diblock copolymer were prepared by film casting of MPEG-b-PDLL
nanoparticle suspension-chitosan solution. The nanoparticles were formed
in the chitosan solution by spontaneous emulsification solvent diffusion
method. The nanoparticleswith lessthan 500 nmin size distributed throughout
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the chitosan film matrices. They werenearly spherical in shape. The chitosan/
MPEG-b-PDLL nanocompositefilmshad lower film transparency and water
vapor permeability than the chitosan film. The tensile strength at break of
the nanocomposite filmsincreased and el ongation at break decreased asthe
increasing of MPEG-b-PDLL ratio. The film transparency, water vapor per-
meability and mechanical properties of nanocomposite films can be con-

trolled by adjusting the MPEG-b-PDLL ratio.
© 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Chitosan isabiopolymer that hasreceived great
attention inavariety of applications because of their
biodegradability and biocompatibility!>?. Becauseof its
excellent film-forming property, chitosan can beused
effectively asafilm-forming materia tocarry activein-
gredientssuchasminera or vitaminfor food packaging
applicationg®4 and hydrophilic or hydrophobic drugs
for drug delivery applications®®. Disadvantage prop-
erty of chitosan filmmaking it unpopul ar for packaging
applicationisitshigh sensitiveto water asit haslarge
number of hydrogen bonds™. Compositemethod used

to mix somehydrophobi ¢ biodegradabl e polyesterssuch
as poly(e-caprolactone)” and polyl actide’®® had been
tried out in order to improve water-resi stance proper-
tiesof chitosan films. However, thesefilmsare com-
positefilms contai ning microphase separation, which
may be gave non-consistent properties as much as
nanocompoasitefilms.

In our previous work%, the chitosan/M PEG-b-
PDL L nanocompositefilmswere prepared to compare
with the chitosan/methoxy poly(ethylene glycol)-b-
poly(e-caprolactone) nanocompositefilmsintheir mor-
phology and thermal stability. The MPEG-b-PDLL
nanoparti cleswereformed in chitosan aqueous solu-


mailto:yodthong.b@msu.ac.th

194

Properties of chitosan/poly(ethylene glycol)-b-poly(D,L-lactide) nanocomposite films

MSAIJ, 7(3) 2011

Full Poper ===

tion by themodified-spontaneousemul sfication solvent
diffusion method beforefilm casting. Inthisresearch,
thewater vapor permeability and mechanical proper-
tiesof thesenanocompositefilmswereinvestigated.

EXPERIMENTAL

Materials

Chitosan (90% deacetyl ation and molecular weight
of 80kDa) was purchased from Seafresh Chitosan Lab
Co., Ltd., (Thailand). Acetic acid (99.7%, Merck) was
used without further purification. Methoxy poly(ethylene
glycol)-b-poly(D, L-lactide) (MPEG-b-PDLL) diblock
copolymer was synthesized by usng MPEG with mo-
lecular weight of 5,000 g/mol and stannous octoate as
the initiating system as described in our previous
work!, Molecular weight of theMPEG-b-PDLL ob-
tained from curveof gel permeation chromatography
was 73,600 g/mol.

Prepar ation of nanocompositefilms

Nanoparticlesof MPEG-b-PDLL diblock copoly-
mer were prepared by the modified-SESD methodin
chitosan solution beforefilm casting. Thechitosan solu-
tionwas prepared by using 1% (v/v) acetic acid aque-
ous solution as the solvent. The preparation of
nanocompostefilmswastypicdly described asfollows.
Thediblock copolymer wasdissolvedin 2 mL of 4/1
(v/v) acetone/ethanol mixture. Thediblock copolymer
solution was then added drop-wise into 20 mL of
chitosan solutionswith stirring at 600 rpm. Theorganic
solvent was removed in fume hood for 5 hrs. The
nanoparticles suspended in the chitosan sol ution were
obtained. Then, thefilm casting wasdoneon Petri dish,
and subsequently dried at 30°C for 72 h. The
nanocomposite filmswith chitosan/MPEG-b-PDLL
ratios of 100/0, 90/10, 80/20 and 70/30 (w/w) were
investigated. Thechitosan nanocompositefilmwaskept
in avacuum at room temperature for aweek before
characterization.

Char acterization of nanocompositefilms

The chemical structures of chitosan, MPEG-b-
PDLL and their nanocompositefilmswere determined
by FTIR spectroscopy using aPerkin-Elmer Spectrum
GX FTIR spectrometer with air asthereference. The
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FTIR spectraof filmswere obtai ned with resol ution of
4 cm* and 32 scans.

Thethermal properties of the sampleswere char-
acterized by non-isothermd differential scanning calo-
rimetry (DSC) using aPerkin-Elmer Pyris Diamond
DSC. For DSC, the gpproximate 10 mg of samplewas
placed in asealed d uminum pan and heated a therate
of 10°C/min under helium flow to measurethe glass
trangition temperature (Tg).

Morphology of film surfacesand cross-sectionswas
Investigated by scanning el ectron microscopy (SEM)
usingaJEOL JSM-6460LV SEM. Thefilm cross-sec-
tion wasobtained after cutting filmwith paper-scissors.
Before SEM measurement, thefilmswerespuitter coated
with gold for enhancing the surface conductivity.

Film transparency was determined by UV-Vis
spectroscopy using aPerkin-Elmer Lambda 25 UV-
Visspectrophotometer at Amax = 660 nm™2.,

Water vapor permeability of the filmswas mea-
sured following themethod*?. The samplefilmswere
tightly adhered onto thetop of glassvialswith an ap-
proximatevolume 24 cm?. Eachvid wasfilled with pre-
weighed anhydrous cal cium chloride, whereas glassvi-
asfor control contained small glass beadsof approxi-
mately identica weightstothat of thesamplevids. They
werekept inades cator with 90+ 5% rd ative humidity
mai ntai ned with asaturated sodium chloridesolution at
30+ 2°C. Thevialswereweighed again after keptin
the close desicator for aweek. Rate of water vapor
permeability (WV P) was cd culated by equation (1).

Rateof water vapor per meability (g/day/L)
=[(T,-T,) - (C,— C)] x 1000/(14v) )
where T, and T, aretheinitia and final weights(g) of
thesamplevials, respectively, C. and C aretheinitial
and fina weights(g) of thecontrol vials, respectively,
and visthevolume (cm?®) of eachvia. The%moisture
uptake and water vapor permeability values are the
average of three different measurements.
Tengdlestrength and e ongation at breek of thefilms
were measured by TextureAnayzer Machineusinga
CharraTA-XT2l TextureAnayzer. Thefilmswereper-
formed at the 25 mm of gage length with the speed of
20 mm/minand 10 N load cell. Tensile strength and
%elongation at break are cal culated by equations (2)
and (3), respectively. Thefilmwith hydrate state was
prepared by immersingin thedistilled water for 2 h.
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Thewater onthefilm surfacewaswiped withfilter pa-
per beforeimmediately tensiletesting.

Tensilestrength _ Breaking force(N)

(N/mm?) ™ Cross- section areaof @
thesample(mm)?

Theincreasein length at
breaking point (mm)
Original length (mm)

% Elongation _

at break (%) ~ x100 ()

RESULTSAND DISCUSSION

Chemical structures

TheFTIR spectrum of chitosanfilmin Figure 1(a)
showed the absorption bandsat 1,654 and 1,587 cm*
attributed to theamide carbonyl group (amidel) of resi-
due chitin and the free amino groups of chitosan, re-
spectively. The FTIR spectrum of MPEG-b-PDLL in
figure1(e) illustrated the strong carbonyl band at 1,735
cnmrt and CH stretching vibration band at 2865 cm® of
PDLL and MPEG blocks, respectively. The FTIR spec-
traof chitosan/M PEG-b-PDLL nanocompositefilms
infigure 1(b)-1(d) demonstrated the both band char-
acteristicsof chitosan and MPEG-b-PDLL.Aswould
be expected, theintensities of carbonyl bandsincreased
astheincreasing of MPEG-b-PDLL ratio.
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Figurel: FTIR spectraof (a) chitosan film and chitosan
nanocomposite films prepar ed using chitosan/M PEG-b-
PDLL ratiosof (b) 90/10, (c) 80/20 and (d) 70/30 (w/w), and
(6) MPEG-b-PDLL powder.

Film mor phology

Figures 2 and 3 show SEM micrographs of film
surfaces and cross-sections, respectively. The both sur-
face and cross-section of chitosan film were smooth
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appearance asshown in Figures 2(a) and 3(a), respec-
tively. Surfaceroughnessof chitosan filmsincreased
when the nanoparticles of MPEG-b-PDLL werein-
corporated. Digpersed nanoparticlesinthechitosanfilms
can observe on both film surface and cross-section.
Thehigher MPEG-b-PDLL ratiofilm showed clearly
nanoparticlesasshownin Figures2(d) and 3(d). The
number of nanoparticlesincreased when the M PEG-
b-PDLL ratio wasincreased. It can be seen that the
nanoparticlesdistributed throughout thefilm meatrix. The
all nanoparticleswerelessthan 500 nm.
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Figure2: SEM micrographsof film surfacesof (a) chitosan
and chitosan nanocompositefilmsprepar ed using chitosan/
M PEG-b-PDL L ratiosof (b) 90/10, (c) 80/20 and (d) 70/30
(w/w).All bars=1 um.

Figure 3: SEM micrographs of film cross-sections of (a)
chitosan and chitosan nanocompositefilmsprepar ed using
chitosan/M PEG-b-PDLL ratiosof (b) 90/10, (c) 80/20 and (d)
70/30 (w/w).All bars=1 pm.
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Thermal properties

The DSC thermograms of chitosan film,
nanocompositefilmsand MPEG-b-PDLL areshown
infigure4. It wasfoundthat theTg of thenanocomposite
film decreased asthe chitosan ratiosincreased. TheTg
results may indicatetheinteraction between chitosan
and the MPEG-b-PDLL. Thissuggeststhat the Tg of
MPEG-b-PDLL innanocompositefilmswerecontrolled
by thecompositeratio.
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creased when the nanoparticleswereincorporatedin
the chitosan filmsand the MPEG-b-PDLL ratiowas
increased. Thiscan beexplained that the hydrophobic
characteristicsof MPEG-b-PDLL exhibited resi stant
property to water vapor. Thewater vapor barrier isthe
most important property for considering food packag-
ing materia. Thefood freshness dependson thewater
vapor permeability. Theresults suggest that the water
vapor permeability of chitosan film can be controlled
by adjusting the MPEG-b-PDLL ratio.

TABLE 1: Filmtrangparency and water vapor per meability of
chitosan and chitosan/M PEG-b-PDL L nanocompositefilms.

Film Film Rate of water
(chitosan/MPEG-b-  transparency vapor permeability
PDLL ratio, w/w) (% Teg0) (g/day/L)
100/0 78.7+0.4 6.6+0.3
90/10 725+0.3 6.5+0.2
80/20 71.3+0.2 6.1+04
70/30 706+04 56+0.3

20 30 40 50 60 70 80
Temperature (*C)

Figure4: DSC ther mogramsof (a) M PEG-b-PDL L powder
and chitosan nanocompositefilmsprepar ed using chitosan/
M PEG-b-PDLL ratiosof (b) 70/30, (c) 80/20and (d) 90/10
(w/w), and (e) chitosan film.

Filmtransparency

Thefilm trangparency was designed as %transmit-
tancesat 660 nm (T ) from UV-Vis spectrophotom-
etry. The T, valuesof filmswerereportedin TABLE
1. Thetrangparency of chitosan film dightly decreased
when the nanoparticleswereincorporated into thefilm
and the MPEG-b-PDLL ratio was increased. How-
ever, thechitosa/M PEG-b-PDL L nanocompositefilms
showed higher filmtrangparency than that of thechitosary
MPEG-b-PCL nanocomposite films in the same
chitosan/diblock copolymer ratio*?. Thefilm transpar-
ency isanimportant factor for food packaging applica
tions. Thiscan be explained that the MPEG-b-PDLL
and the MPEG-b-PCL areamorphousand semi-crys-

tallinepolymers, respectively.
Water vapor premeability

Therateof water vapor permesbility (WVP) of the
chitosan and nanocompositefilmswasa so summarized
in TABLE 1. It indicates influence of the dispersed

nanoparticlesontherate of WV P of chitosan films. It
wasfound that the rate of WV P of chitosan film de-

Mechanical properties

Thetensile strength and %el ongation at break of
the films were determined in both dry and hydrated
states. Figures5 and 6 exhibit thetensile strength and
the%el ongation at break of films, respectively. Theten-
slegrengthsat bresk of thedry chitosan filmincreased
and %elongations at break decreased when the
nanoparticleswereincorporated into thechitosan film
and the MPEG-b-PDLL ratioincreased. Thissuggests
that the MPPEG-b-PDL L nanoparticlescould act asre-
inforcing fillerstoimprovethetenslestrength of chitosan
film. Thetensile strengths at break of thefilmswere
sgnificantly decreased for thehydrated state. Theelon-
gationsat break of filmsindry and hydrated statesare
similar. However, it should be noted that the
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Figure5: Tensile strengths at break in dry (m) and hy-

drated (O) states of (a) chitosan film and chitosan

nanocomposite films prepared using chitosan/M PEG-b-
PDLL ratiosof (b) 90/10, (c) 80/20 and (d)70/30 (w/w).
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Figure6: Elongationsat break indry (m) and hydrated ()
statesof (a) chitosan film and chitosan nanocompositefilms
prepar ed using chitosan/M PEG-b-PDLL ratiosof (b) 90/10,
(c) 80/20 and (d)70/30 (w/w).

nanocompositefilmshad higher tensilestrengththanthe
chitosanfilminboth dry and hydrated satesfor theal
chitosan/M PEG-b-PDLL ratio.

Elongation at break (%)

CONCLUSIONS

ThechitosaMPEG-b-PDLL nanocompositefilms
with different compositeratioswere prepared viaafilm
casting of MPEG-b-PDLL nanoparticle suspension-
chitosan solution. Digtribution of nanopartidesthroughout
the chitosan film matri ces can be observed from SEM
micrographs. The water vapor permeability of the
chitosan film decreased with hydrophobic characteris-
tic of the MPEG-b-PDLL nanoparticles. The MPEG-
b-PDLL nanoparticlesalso acted asreinforcingfillers
toimprovethetensile strength of thechitosanfilmin
both dry and hydrated states. These nanocomposite
filmsmight be of interesting for packaging and drug-
loaded controlled relessefilms.
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