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Abstract The present work deals with the preparation and
characterization of the chitosan and poly-e-caprolactone
(PCL) solution-casted blended films in various proportions
(chitosan—PCL ratio 90:10, 80:20, and 70:30). The films
were casted and dried at 55 °C, which were characterized
based on the mechanical, barrier, thermal, and microscopic
properties. The film prepared from chitosan to PCL ratio
80:20 resulted in increase percentage elongation by 20.56%
as compared to pure chitosan film. Fourier transform
infrared spectrum indicated a shift in peak of absorption
from 1743.9 to 1724.8 cm ™' due to carbonyl group of PCL
indicating the miscibility and interaction between the PCL
and chitosan. Scanning electron microscopy revealed that
PCL appeared as a co-continuous phase with chitosan for
ratio 80:20, confirmed the interaction between chitosan and
PCL. The above study indicated that the properties of
chitosan films can be modified with the addition of PCL
and may find its versatile use in food packaging.
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Introduction

Food packaging plays a decisive role in achieving
protection and preservation of all types of food
particularly from oxidative and microbial spoilage as
well as dehydration and therefore extends the shelf life
of the food product. Synthetic and non-biodegradable
materials are most often used for food packaging and
accumulation of which poses a threat to environment.
The most effective solution to this problem could be to
replace such materials with environmentally friendly
packaging materials based on natural polymers such as
proteins, polysaccharides etc. (Reinoso et al. 2008).
Chitin belongs to a family of polysaccharide obtained
from the crustacean wastes, which consists of 3 (1-4)-
linked-2-acetamide-2-deoxy-d-glucose units. The de-N-
acetylation of chitin results in chitosan (Rinaudo and
Domard 1989), which is a non-toxic, biodegradable,
biocompatible, and commercially available material. Chi-
tosan is employed in innumerable applications in a wide
range of fields such as food/nutrition, drugs, pharmaceut-
icals, microbiology, immunology, and agriculture (Harish
Prashanth and Tharanathan 2007). Chitosan can form
transparent films, which may be employed in a variety of
food packaging applications (Butler et al. 1996; Srinivasa
et al. 2002). The chitosan films are usually characterized
by limited elongation (Cheng et al. 2003). Hence, chitosan
can be blended with other polymers to modify the
properties of chitosan and to develop comparatively novel
flexible material (Cheung et al. 2002; Suyatma et al. 2004;
Olabarrieta et al. 2001).
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Poly-e-caprolactone (PCL) is a polymer, which is
flexible and biodegradable, non-toxic, hydrophobic, and
easy to process material (John et al. 2002; Cao et al. 2002;
Sarasam et al. 2007). Blending of chitosan with PCL has
been tested mostly for tissue engineering applications
(Sarasam and Madihally 2005). Chitosan/PCL melt pro-
cessed blends containing less than 70% chitosan was
studied using counter rotating twin screw extruder (Correlo
et al. 2005). Blends prepared by mechanical mixing 2 wt.%
chitosan in 0.1 M acetic acid and PCL in glacial acetic acid
solutions to obtain different ratio blends, showed phase
separation (Dunia et al. 2007). Moreover, glacial acetic acid
may not be very suitable for food packaging application
because of its pungent odor. Honma et al. (2003) used a
common solvent 1.1.1.3.3.3-hexa-fluoro-2-propanol to dis-
solve PCL and chitosan separately for blending. But the
percent weight (PCL 1.7% and chitosan 0.2%) studied was
of lower concentration, since for packaging application it
requires higher concentration (1-2%) of polymers to
achieve good mechanical and barrier properties. It is
important to study whether polymer blends are miscible or
immiscible systems. Thus, blending strategy and processing
into films are important for biodegradable polymers.

The objective is to optimize the blending ratio for the
preparation of PCL and chitosan blended films having good
tensile strength and low water vapor permeability. The
mechanical, thermal, and microscopic behaviors of blended
films have been investigated.

Materials and Methods

Chitosan (85% deacetylated; viscosity 1% solution—
121 cP) was obtained from India Sea Food, Cochin, India.
Poly-e-caprolactone (molecular weight ~50,000) was pro-
cured from Solvay Interox Limited, Warrington, UK. All
other chemicals and reagents used were of analytical grade.

Preparation of Films

Chitosan was dissolved in 1% acetic acid solution to
prepare 2% (w/v) chitosan solution and PCL in chloroform
to prepare 5% (w/v) PCL solution. The chitosan solution
was kept in a water bath maintained at 55 °C under stirring.
Different amounts of PCL solution such as 10 ml, 20 ml,
and 30 ml were added drop wise to 90, 80, and 70 ml of
chitosan solutions, respectively to obtain chitosan/PCL
blends, which are designated as chitosan, CH90, CHS80,
and CH70. The final mixture was stirred for 30 min. The
conical flasks containing the solution were sealed with a
rubber stopper and degassed using a vacuum pump in order
to avoid the formation of air bubbles during casting. After
degassing, 100 ml of the solution was casted on to a Teflon-
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coated plate (25x18 cm). Film thickness was controlled by
pouring a constant amount of solution during wet casting.
The solution was poured onto the center of the plate and
spread uniformly. The casted film was kept overnight
(~12 h) at ambient conditions and further dried in a hot
air oven at 55 °C for 3 h. The exposure of the blended film
at room temperature allows the reduction of the residual
acetic acid odor.

Mechanical Properties

Tensile strength (TS) and elongation at break point were
determined according to the ASTM procedure D 882
(ASTM 1995) using LLOYDS Universal Testing
(LLOYDS-50 K, London, UK) instrument. Samples
(100x15 mm) were cut from the film and thickness was
measured at five points using a micrometer (Testing
Machines, Minneapolis). The data were collected from ten
samples and average values are reported. The initial grip
separation and crosshead speed were set at 50 mm and
50 mm/min, respectively. Tensile strength was expressed as
the ratio of maximum load for breaking the film to initial
cross-sectional area of the sample and is expressed in MPa.
Percent elongation was expressed as a ratio of the
elongation at the break point to the initial length of the
sample multiplied by 100.

Water Vapor Permeability

Water vapor permeability (WVP) of films was determined
according to ASTM E 96-97 procedure (ASTM, 1980). A
film of 50 cm?® was mounted on the top of the aluminum
cup filled with fused calcium chloride and sealed with
blend of microcrystalline and paraffin waxes. The cups
were placed in a humidity chamber (Laboratory Thermal
Equipment, Glasgow, UK) maintained at 38 °C, RH 90%
and weighed every hour for 6 h. A slope of linear portion of
the weight gained versus time was used to determine the
water vapor transmission rate (WVTR), which corre-
sponded to the amount of water vapor diffused through
the film per unit time (g/h) at a steady state. The WVTR
and WVP were calculated according to the equation,
WVTR=slope/film area and WVP=WVTR/(P,—P;)*xL
where, P;=partial pressure inside the cup (kPa), P,=water
vapor partial pressure at the film outer surface (kPa), and L=
average film thickness (mm). The values of WVP are
expressed in g m ' day ' atm ™' (Chinnan and Park, 1995).

Oxygen Permeability
Oxygen permeability (OP) of films was determined

volumetrically using permeability cell (Customs Scientific
Instruments, New Jersey, USA) according to the ASTM D
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1434 procedure (ASTM, 1983). The change in volume of
the oxygen permeated (inferred from the displacement of
mercury) was plotted as a function of time. The slope of the
obtained straight line was derived by using simple linear
equation. The oxygen transmission rate (OTR) under
standard experimental condition was calculated using the
formula, OTR=34,029 xslope/pressure, where 34,029 is
capillary constant. Oxygen permeability was calculated by
multiplying the oxygen transmission rate and thickness of
the film and reported in cc m ' day ' atm ™.

Differential Scanning Calorimetry

Thermal properties of chitosan, PCL and chitosan/PCL-blended
films were characterized using Mettler DSC-30 (Switzerland)
equipment. Calibration was carried out using a pure Indium
Standard. Exactly weighed 5 mg of finely cut dried film sealed
in an aluminum pan and heated from 30 to 200 °C at a rate of
10 °C/min. Heating regime of the samples was analyzed (Dunia
et al. 2007; Sarasam and Madihally 2005).

Fourier Transform Infrared Spectroscopic Analysis

The film samples used for Fourier transform infrared (FTIR)
spectroscopic measurement were thin enough (25-30 pwm) to
ensure that the observed absorption was within the linearity
range of the detector and was recorded by fixing films onto
metallic slit in air medium on a FTIR spectrophotometer
(Perkin-Elmer 2000 USA) with the transmission mode at
room temperature in the range from 4,000-400 cm ' with an
accumulation of ten scans (Honma et al. 2003).

Scanning Electron Microscopy

The samples were coated with conductive layer of sputtered
gold (Dunia et al. 2007) and examined under scanning electron
(LEO 435 VP LEO Electron microscopy, Cambridge, UK)
microscope. The micrographs were taken at an accelerating
voltage of 15 KV to ensure a suitable image resolution (x500).
Statistical Analysis

Data were statistically analyzed by #-test for comparison of
means using Microsoft Excel for significance (95%
confidence interval).

Results and Discussion

Mechanical Properties

The tensile strength and percentage elongation values of
chitosan, PCL, and blended films are shown in Table 1. The

tensile strength of pure chitosan and pure PCL films was
found to be 25.99 and 13.62 MPa, respectively. The
chitosan/PCL-blended films were found to have tensile
strength of the same magnitude as that of the pure chitosan
films. It may be observed that the increase in PCL
proportion up to 20% (CH80) did not significantly change
the tensile strength. However, the change in PCL propor-
tion above 20% (CH70) resulted in a significant decrease in
strength to 16.37 MPa, which may be due to the possible
occurrence of phase separation. The mechanical property of
these blended films depends on the intermolecular forces,
chain stiffness, and molecular symmetry of the individual
polymer used for blend or the constitutive properties
obtained during blending process (John et al. 2002).

The percentage elongation for pure chitosan and pure
PCL films was found to be 28.15% and 190.14%,
respectively. Correlo et al. (2005) reported that the pure
PCL film having percentage elongation of the order to
674%, which was decreased to 5%, when blended with
50% chitosan. The percentage elongation of PCL films was
very high due to its synthetic plasticity. Compared to
previous reports (Kittur et al. 1998; Suyathma et al. 2005),
the percentage elongation of pure chitosan films was also
quite high (28.15%), which mainly depends on the
molecular weight and processing parameters. During drying
of films, the loss of water is coupled with mobility of
polymers chains, which results in wider space. Later, this
results in moisture absorption from the atmosphere in the
storage process of these films at ambient conditions. The
moisture content contributes to higher plasticization of
the chitosan film. It is well known that water is the most
ubiquitous and uncontrollable plasticizer for most
hydrocolloid-based films due to its ability to modify the
structure (Suyathma et al. 2005). With an increase in the
proportions of PCL from 10% (CH90) to 20% (CHS80),
resulted in an increase in percentage elongation from
28.69% to 33.94%. Further increase in PCL proportion up
to 30% (CH70) resulted in a decrease in percentage
elongation. This decrease in elongation may be attributed
to possibility of phase separation as earlier indicated in the
films having PCL proportions higher than 20%.

It may be noted that higher tensile strength as well as
percentage elongation will be preferable for food packaging
films. Considering the above fact, the chitosan/PCL-
blended film with 20% PCL (CH80) with tensile strength
22.66 MPa and percentage elongation 33.94% will be the
most suitable.

Water Vapor Permeability
The mean water vapor permeability (WVP) values for

chitosan, PCL, and blended films are presented in Table 1.
The WVP values were found to decrease with an increase
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Table 1 Mechanical and barrier properties of chitosan, PCL and chitosan/PCL-blended films

Film sample Tensile strength (MPa) % Elongation

Oxygen permeability x 10~
(ccm™ dayfl atm )

Water vapor permeability
(gm ' day ' atm™)

Pure chitosan 25.99+2.974 28.15+6.15%
CH90? 24.75+4.014 28.69+4.324
CH80° 24.66+1.45" 33.94+5.285
CH70° 16.37+1.505 13.17+4.88€
Pure PCL 13.62+0.58 190.14+35.12°

1.57+0.13% 1.8+0.10%
1.18+0.16° 7.5+0.218
1.13+0.08 29+2.12¢
1.08+0.02€ 33+£2.19P
ND 44+2.51F

The data with same superscript upper case letters ¢* B € and D)
different subscripts differ significantly at the probability level p<0.05
ND not determined

90 ml of 2% chitosan+10 ml of 5% PCL

®80 ml of 2% chitosan+20 ml of 5% PCL

€70 ml of 2% chitosan+30 ml of 5% PCL

in PCL content from 10% (CH90) to 30% (CH70, p<0.05).
WVP value for native chitosan was 1.57, which reduced to
1.08 as the PCL concentration increased up to 30% (CH70).
This could be attributed to the increase in hydrophobic
nature due to increased PCL concentration. In case of blend
having 20% (CHS80), the WVP was found to be reduced by
28% from 1.57 to 1.13 g m ' day ' atm .

Oxygen Permeability

The oxygen permeability was found to increase as PCL
content in film was increased. The oxygen permeability for
pure chitosan film was found to be 1.8x10 *cc m 'day ™’
atm ', The increase in PCL content up to 10% (CH90)
resulted slow increase in oxygen permeability (from 1.8 to
7.5%x10* cc m ! day ' atm™!, p<0.05), whereas further
increase in the proportion of the PCL resulted in steep rise
in oxygen permeability (Table 1). The increase in PCL
concentration in the blended film leads to alteration in inter-

in the column do not differ significantly from each other, whereas data with

chain arrangement of chitosan and polymer—polymer
interaction between chitosan and PCL, which results in
increase in oxygen permeability.

Thermal Properties

The thermograms of chitosan, PCL, and blended films are
presented in Fig. 1. Pure chitosan film does not have
melting properties and hence no endothermic peaks
associated to melting process were detected. The pure
PCL film indicated a melting endothermic peak at 62°C
(Honma et al. 2003; John et al. 2002). The endothermic
peak for the blended film with 20% PCL (CH80) was found
to shift towards lower temperature at 56.88 °C, which is
5.12 °C lower than the peak temperature corresponding to
the pure PCL film. This shift in temperature may be
attributed to the interaction between the carbonyl group
PCL and the —OH and NH, groups of chitosan (Correlo et
al. 2005).

Fig. 1 DSC thermograms of rexo
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Table 2 DSC of chitosan, PCL and chitosan/PCL-blended films

Film sample Enthalpy for PCL melting AH, J .g_1

PCL melting endothermic peak
temperature,®C

Enthalpy for water absorption
endotherm (100-160°C) AH, J g

Pure chitosan — —

333.72+1.05%

CH90? 5.27+0.01* 62.23+0.08" 291.21+2.028
CH80° 13.81+0.028 56.88+0.128 227.02+1.83€
CH70° 22.11+0.01€ 62.21+0.324 193.00+1.22P
Pure PCL 58.91+0.03° 62.21+0.44" -

The data with same superscript upper case letters ¢* B € and D)
different subscripts differ significantly at the probability level p<0.05
%90 ml of 2% chitosan+10 ml of 5% PCL
®80 ml of 2% chitosan+20 ml of 5% PCL

€70 ml of 2% chitosan+30 ml of 5% PCL

Sarasam and Madihally (2005) also demonstrated that
the shift in melting point in case of blended films indicates
the miscibility of the polymers. They have observed that the
blend with PCL 25% proportion resulted in increased
miscibility, however, phase separation occurred as the
PCL proportion was increased to 50%. Similarly, in the
present case, the increased miscibility was observed when
PCL proportion was 20% (CH80), which was found to
decrease as the proportion was increased up to 30%
(CH70), as inferred from the shift of endothermic peak
temperatures (Table 2). The increase in proportion of PCL
from 10% (CH90) to 30% (CH?70) resulted in an increase in
enthalpy for PCL melting (Table 2). Another endothermic
peak appeared between 100—160 °C as a function of water
evaporation due to moisture present in chitosan and its
blended films (Fig. 1). Due to increase in the hydrophobic

in the column do not differ significantly from each other, whereas data with

nature with an increase in PCL component, the enthalpy of
water absorption was found to decrease (Table 2).

Fourier Transform Infrared Spectroscopic Analysis

The infrared spectrum of pure PCL film has a prominent
characteristic absorption peak centered around 1,744 cm™",
which is attributed to the carbonyl group absorption
(Fig. 2a) (Senda et al. 2001). Two absorption peaks
correspond to amide I (>CH-NH-) and amine (-NH,)
deformation vibration of chitosan centered at 1,636 and
1,559 em ' respectively, are found in pure chitosan film
(Fig. 2b). FTIR spectrum of blended film (CH80) indicated
a shift in peak absorption from 1743.9 to 1724.8 cm ™' due
to carbonyl group, whereas the peaks due to amide I and
amine deformation appeared at the same frequency.

Fig. 2 FTIR spectrum of a Vo
PCL, b chitosan and ¢ CH80 o
(80 ml of 2% chitosan+20 ml of 2 ;S 3
5% PC) films S~
o oJ
g ER
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Moreover, the peak absorption due to 732 c¢cm 'of PCL
representing —C=0 rocking has shifted to lower wavelength
728 cm 'only for the CH80 blended film. This shift in the
absorption peak indicates the miscibility and interaction of
two polymers.

Scanning Electron Microscopy

SEM was carried out to understand the distribution of PCL
and chitosan surface topologies. Pure chitosan and pure
PCL films formed a continuous plane surface morphology
when viewed at 10 pm (Fig. 3a, b). For the blends of PCL
10% (CH90) and 30% (CH70), the films showed uniformly
dispersed PCL globules (Fig. 3c, d). However, the size of
the globules was higher in case of CH70 film, due to

Fig. 3 Scanning electron micro-
graphs of film made from the
pure and blended films a pure
chitosan, b pure poly-e-
caprolactone, ¢ CH90, 90 ml of
2% chitosan+10 ml of 5% PCL,
d CHS80, 80 ml of 2% chitosan+
20 ml of 5% PCL, e CH70,

70 ml of 2% chitosan+30 ml of
5% PCL

@ Springer

increased PCL proportion. The morphology of CHS80
sample was found to be quite different (Fig. 3e). There
were depressions all over the surface instead of globule
formation, which indicated the interaction of chitosan with
PCL. As a result the film is more uniform when compared
to other blends and appears as a co-continuous phase. This
clearly explains the unique miscibility behavior of 20%
PCL with chitosan without phase separation.

Conclusion

Out of the chitosan and PCL-blended films were prepared
in which chitosan to PCL ratio 80:20 resulted in retention
of mechanical and improvement of barrier properties. The
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change in the properties of the blended film was due to
interaction of PCL with chitosan, which was evident from
the FTIR spectrum, differential scanning calorimetric
studies as well as microscopic examination. The present
study indicated that the properties of the blended chitosan/
PCL films could be modified by changing the proportion of
PCL. The incorporation of PCL (hydrophobic polymer)
with chitosan (hydrophilic polymer) resulted in the increase
in hydrophobic nature of blended films. Therefore, the
blended films will have low water vapor transmission rate
as compared to native chitosan film. Due to this feature,
fruits and vegetables packaged in such film is expected to
have extended storage life.
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