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Chitosan/poly(vinyl alcohol)/pectin ternary film was prepared by solution casting method in this study.
The prepared ternary film was characterized by Fourier transform infrared spectroscopy (FTIR), scanning
electron microscopy (SEM), and X-ray diffraction (XRD). The characteristic change of shapes in the IR
spectra are observed in a strong peak at 1620 cm™! for the interchain or intermolecular ionic salt bonds
between amino groups of chitosan and carboxyl groups of pectin of the ternary film. The XRD result
proves that the chitosan-poly(vinyl alcohol)-pectin ternary film is crystalline. The result of SEM indicates

Iéﬁ{:gg;‘rjf: that the surface of chitosan-poly(vinyl alcohol)-pectin ternary film is rough, and heterogeneous. The
Poly(vinyl alcohol) thermogravimetric analysis (TGA) depicts the weight losses at 200-300 °C resulting from ternary film
Pectin for degradation of chitosan molecule. The microbiological screening has demonstrated the antimicrobial

activity of the film against pathogenic bacteria viz., Escherichia coli, Staphylococcus aureus, Bacillus subtilis,
Pseudomonas, and Candida albicans against the measurement of clear zone diameter included diameter of
film strips, the values of which were always higher than the diameter of film strips. Overall, the ternary

Solution casting
Food packaging

film happens to be a suitable material for food-packaging applications.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Recently antimicrobial packaging has emerged as one of the most
reliable and promising tool in the search for the next generation of
‘active’ packaging (Brody, 2001; Dutta, Tripathi, Mehrotra, & Dutta,
2009; Salleh, Muhamad, & Khairuddin, 2007; Tripathi, Mehrotra, &
Dutta, 2008). Food quality and safety are major concerns in the food
industry as consumers prefer fresher and minimally processed prod-
ucts. In particular, bacterial contamination of ready to eat products
constitutes one of the most serious health hazards to human popu-
lation. Antibacterial sprays or dips have been formulated to over-
come many such contaminations (Ouattara, Simard, Piette, Begin,
& Holley, 2000). However, direct surface application of antibacterial
substances has some limitations because the active substances can
be neutralized, evaporated or diffused inadequately into the bulk
of food (Siragusa & Dickson, 1992; Torres, Motoki, & Karel, 1985).

Edible films or coatings have been investigated for their abilities
to retard moisture, oxygen, aromas, and solute transports
(Gennadios & Weller, 1990). It is one of the most effective methods
of maintaining food quality. This is further improved by film carry-
ing food additives such as antioxidants, antimicrobial, colorants, fla-
vors, fortified nutrient, and spices (Pena & Torres, 1991). In many
cases, the agents being carried are slowly released into the food sur-
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face and therefore remain at high concentrations for extended peri-
ods of time (Coma, Sebti, Pardon, Deschamps, & Pichavant, 2001).

Chitosan (poly-$-1, 4-linked glucosamine) is a cationic polysac-
charide derived by alkaline deacetylation of chitin, a major struc-
tural component of the exoskeletons of crustaceans such as crab,
lobster, crawfish, and shrimp (Kurita, 2006). As the second most
abundant natural biopolymer, chitosan has attracted increased
attention for its commercial applications in the biomedical,
chemical, food, cosmetic, and many other industries due to its
biocompatibility, biodegradability, and non-toxicity (Jayakumar,
Prabaharan, Reis, & Mano, 2005; No, Meyers, Prinyawiwatkul, &
Xu, 2007). Chitosan film may be used in wound dressing, tissue
repairing, and food packaging (Jayakumar, Nwe, Tokura, & Tamura,
2007; Khan, Peh, & Ch’'ng, 2000; Sezer et al., 2007; Tripathi,
Mehrotra, & Dutta, 2009).

Chitosan is well known for its excellent film-forming property
and broad antimicrobial activity against bacteria and fungi (Cagri,
Ustunol, & Ryser, 2004; Rabea, Badawy, Stevens, Smagghe, &
Steurbaut, 2003). The exact antimicrobial mechanism of chitosan
is still unclear, but several have been proposed. The most feasible
hypothesis is the leakage of cellular proteins and other intracellu-
lar constituents caused by the interaction between the positively
charged chitosan and negatively charged microbial cell mem-
branes. Other mechanisms proposed are the inhibition of microbial
growth and toxin production by the chelation of essential metals
and nutrients, spore components, as well as the penetration of
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the nuclei of the microorganisms, which leads to the interference
of mRNA and protein synthesis (Rabea et al., 2003).

PVA is water-soluble synthetic polymer. Due to the characteris-
tics of easy preparation, good biodegradability, excellent chemical
resistance, and good mechanical properties, PVA has been used in
many biomaterial applications (Park, Park, & Ruckenstein, 2001).
Chitosan contains hydroxyl and amine groups, it is potentially mis-
cible with PVA due to the formation of hydrogen bonds (Chuang,
Young, Yao, & Chiu, 1999; Miya, Yoshikawa, Iwamoto, & Mima,
1983).

Pectin is a natural, non-toxic and anionic polysaccharide ex-
tracted from cell walls of most plants. Pectin is the methylated es-
ter of polygalacturonic acid. The degree of methoxylation (DM) is
used to classify the pectins as high methoxyl pectins (DM > 50)
and low methoxyl pectins (DM < 50) (Sakai, Sakamoto, Hallaert,
& Vandamme, 1993; Thakur, Singh, & Handa, 1997). The pectin,
by itself or by its gelling properties, was employed in pharmaceu-
tical industry, health promotion and treatment. It has been used
potentially as a carrier for drug delivery to the gastrointestinal
tract, such as matrix tablets, gel beads, film-coated dose form.

Combinations of pectin and chitosan form a polyelectrolyte com-
plex (PEC) at pH values in the range of 3-6 (Macleod, Collett, & Fell,
1999; Meshali & Gabr, 1993). In addition to the formation of a PEC,
pectin and chitosan also interact by hydrogen bonding at low pH val-
ues (pH < 2). At these pH values, pectin will be unionized and the
importance of electrostatic interactions is suppressed, and an inter-
action between pectin and chitosan will probably take place via
hydrogen bonding (Nordby, Kjeniksen, Nystrem, & Roots, 2003).

The objective of this study was to develop and characterize
physicochemical properties of chitosan based ternary film. The
antibacterial activity was also evaluated on pathogenic bacteria
such as Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Pseu-
domonas, and Candida albicans. We herein report the preparation
and physicochemical evaluation of the ternary chitosan/poly(vinyl
alcohol)/pectin films based on the FTIR, XRD, TGA, and SEM inves-
tigations and its antibacterial activity.

2. Materials and methods
2.1. Experimental materials

Chitosan (79% deacetylated) was obtained from Central Insti-
tute of Fisheries Technology (CIFT, Cochin). PVA and pectin was ob-
tained from CDH. The test strains, E. coli MTCC 1303, S. aureus
ATCC 6538, and B. subtilis ATCC 6633, used in this study were ob-
tained from IMTECH, Chandigarh.

2.2. Preparation of chitosan/PVA/pectin ternary film

One gram chitosan powder was added into a 100 ml of 0.1 M
acetic acid and the mixture was stirred to form a 1 wt% clear chito-
san solution. Meanwhile, 1 g PVA powder was charged into 100 ml
at 80 °C purified water while stirring to form a 1% clear PVA solu-
tion. Then, chitosan and PVA solutions were blended together to
form a homogeneous chitosan/PVA binary blend solution. Pectin
powder (1 g, 1.5 g, and 2 g) was charged into 100 ml purified water
and stirred to form a 1 wt%, 1.5 wt%, and 2 wt% pectin solution,
respectively. Different weight percentages (as indicated in Table
1) of chitosan/PVA and pectin solutions were homogenously
blended to form a ternary blend solution. Then the ternary blend
solutions were poured into the glass plate. After 48 h setting, these
chitosan/PVA/pectin ternary blend solutions were de-bubbled and
then transferred into a 60 °C oven for about 24 h drying. After that,
these blend films were vacuum dried for 24 h at 80 °C in order to
remove the residues of water and acetic acid.

Table 1
Compositions of chitosan/PVA/pectin ternary films.

Sample ID Blending ratio

PO Pectin solution 0 g + chitosan/PVA solution 2 g
P1 Pectin solution 1 g + chitosan/PVA solution 2 g
P2 Pectin solution 1.5 g + chitosan/PVA solution 2 g
P3 Pectin solution 2 g + chitosan/PVA solution 0 g

2.3. Characterizations

The infrared spectra were recorded on Perkin-Elmer RX1 FTIR
spectrophotometer model. X-ray diffraction patterns were ana-
lyzed for the films dried naturally in room temperature by Rigaku
X-ray diffractometer. The X-ray source was Ni-filtered Cu Ko radi-
ation (40 kV, 30 mA). Thermal degradation processes were investi-
gated using TGA (Perkin-Elmer Pyris 6). The morphology of the
chitosan-poly(vinyl alcohol)-pectin ternary film was examined
by a scanning electron microscopy (JEOL) Model JSM-6390LV.

3. Results and discussion
3.1. FTIR spectroscopy

The infrared spectra of chitosan as well as its films viz., PO, P2,
and P3 are depicted in Fig. 1. In the IR spectra, stretching vibration
of the amide group of chitosan film appears at 1560 cm~'. The
change in the characteristic shape of the chitosan spectrum as well
as shifting of peak to a lower frequency range due to hydrogen
bonding between -OH of PVA and -OH or -NH, of chitosan is evi-
dent in PO film. In the spectrum of P2 film two relatively broad
bands appear in the region 1800-1600 cm ! which can be ascribed
to the overlapping of bands due to amino and carboxylic groups of
the interacting molecules. A strong peak at 1620 cm ™! (asymmetric
stretching vibration of carboxylate) also indicates the interchain or
intermolecular ionic salt bonds, i.e. polyelectrolyte complex (PEC)
between amino groups of chitosan and carboxyl groups of pectin
(Rashidova et al., 2004). In the other words, it has been assumed
that PEC formation proceeded at the expense of electrostatic inter-
action between the positively charged amino groups on C, of the
chitosan pyranose ring and the negatively charged carboxyl groups
on the Cs of the pectin pyranose ring. There was no significant
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Fig. 1. FTIR spectra of (a) chitosan, (b) P3, (c¢) PO, and (d) P2 films.
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change observed due to the presence of poly(vinyl alcohol) in the
ternary film.

3.2. X-ray diffraction

The X-ray diffraction patterns of chitosan, PO, P2, and P3 films
are shown in Fig. 2. Chitosan exhibits three reflection falls at
20 =11°, 20°, and 22°. Chitosan shows very broad lines especially
for the smaller diffraction angles, thereby indicating that long
range disorder is found in polymer samples. The PO film shows
two diffraction peaks at about 19° and 22°, which are characteristic
of the crystalline peaks of PVA and the hydrated crystalline struc-
ture of chitosan (Park et al., 2001), respectively. P3 film shows dif-
fraction peak at 21° indicating its largely amorphous nature. P2
film shows the intensity of diffraction peaks at 19° for PVA appear-
ing as sharp while the peak due to hydrated crystalline structure of
chitosan at 22° becoming flat. This result proves that the chitosan-
poly(vinyl alcohol)-pectin ternary film is crystalline. This phenom-
enon is largely due to presence of strong intermolecular interac-
tions such as hydrogen bonds as well as ionic interaction among
chitosan, poly(vinyl alcohol), and pectin molecules.

3.3. Thermogravimetric analysis

Fig. 3 shows TGA curves of chitosan, PO, P2, and P3 films. Two
weight losses are observed in the chitosan TGA curve. The weight
loss at 50-150 °C is due to the moisture vaporization. The other
weight loss at 200-300 °C is due to the degradation of chitosan
molecule. These depict the weight losses resulting from chitosan,
poly(vinyl alcohol), and pectin. The first weight loss at 50-150 °C
is due to the moisture vaporization while the second weight
loss at 250-350 °C is due to the thermal degradation of chitosan,

poly(vinyl alcohol), and pectin. The third weight loss at 400-
450 °C is due to the by-products generated by poly(vinyl alcohol)
during the TGA thermal degradation process as mentioned by
Hay (Holland & Hay, 2001).

3.4. Scanning electron microscopy

Fig. 4 shows SEM photographs of the top surface of the chito-
san-poly(vinyl alcohol)-pectin ternary film. The result of SEM
indicates that the surface of chitosan-poly(vinyl alcohol)-pectin
ternary film is rough, and heterogeneous. It may have resulted
from the reorientation of polar functional groups toward the top
surface of chitosan-poly(vinyl alcohol)-pectin ternary film. This
phenomenon implies that the top surface of the film is hydrophilic.
Some immiscibility among the components has also been observed
in the film.

3.5. Antimicrobial activity

Inhibitory effect of chitosan/poly(vinyl alcohol)/pectin ternary
film against E. coli, S. aureus, B. subtilis, Pseudomonas, and C. albicans
are shown in Fig. 5(a)-(e). The inhibitory effect was measured
based on clear zone surrounding circular film strips. Measurement
of clear zone diameter included diameter of film strips, therefore,
the values were always higher than the diameter of film strips
whenever clearing zone was present. If there is no clear zone
surrounding, we assumed that there is no inhibitory zone, and
furthermore, the diameter was valued as zero.

In terms of surrounding clearing zone, chitosan/poly(vinyl
alcohol)/pectin ternary film did not show inhibitory effect against
all tested microorganisms. The antimicrobial effect of chitosan
occurred without migration of active agents (Brody, Strupinsky,
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Fig. 2. XRD analysis of (a) chitosan, (b) PO, (¢) P3, and (d) P2 film.
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Fig. 4. (a and b) SEM images of chitosan-poly(vinyl alcohol)-pectin ternary film.

& Kline, 2001). As chitosan is in a solid form, therefore, only
organisms in direct contact with the active sites of chitosan are
inhibited. Chitosan is incapable of diffusing through the adjacent
agar media (Coma et al., 2002). The agar diffusion test is a meth-
od commonly used to examine antimicrobial activity regarding
the diffusion of the compound tested through water-containing
agar plate. The diffusion itself is dependent on the size, shape
and polarity of the diffusion material. The chemical structure
and the crosslinking level of the films also affect this phenome-
non (Cagri, Ustunol, & Ryser, 2001). Furthermore, it has been
found that the chitosan based ternary film can be used to extend
food shelf-life.

4. Conclusions

Chitosan/poly(vinyl alcohol)/pectin ternary film was prepared
successfully by solution casting method. IR spectra and SEM anal-
yses of ternary film have indicated the PEC (polyelectrolyte com-
plex) formation between pectin and chitosan. The XRD study
shows that the chitosan-poly(vinyl alcohol)-pectin ternary film
is crystalline. The result of SEM indicates that the surface of the ter-
nary film is rough, and heterogeneous. The thermal study is also
quite reasonable for its food-packaging applications which depicts
the weight losses at 200-300 °C resulting from ternary film for
degradation of chitosan molecule. The microbiological screening
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has demonstrated the positive antimicrobial activity of the film
against pathogenic bacteria. The study has affirmed the potential
of chitosan/poly(vinyl alcohol)/pectin ternary film as a universal
antimicrobial food-packaging material.
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