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Abstract
Polypropylene (PP) film activated by corona discharge treatment was grafted with methyl methacrylate (MMA) and
acrylic acid (AA). The grafted PP was characterized by spectral, thermal analysis and swelling behavior which con-
firmed the occurrence of the grafting. The water vapor and oxygen permeability (OTR and WVTR) as well as the
mechanical properties have been enhanced by grafting with both AA and MMA. The grafted PP was further immobilized
with chitosan (CS) using ceric ammonium nitrate (CAN) as an initiator under ultraviolet radiation. The chitosan
immobilized grafted film was characterized by FTIR, mechanical properties, thermal properties and swelling measure-
ments. Scanning electron microscope (SEM) confirmed that the CS is bonded to the grafted PP film. The CS modified
PP film has acquired enhanced antibacterial and antifungal properties.
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Introduction

Polypropylene (PP) films are widely used in food pack-
aging industry because of its low cost, good mechanical
and thermal properties, and chemical stability that makes
it a star among the polyolefin resins. PP has a slippery
surface which makes it difficult to bond to other surfaces.
To overcome this problem, some techniques have been
adapted, like Corona, UV irradiation [1], flame, plasma
photons [2], electron beams, ion beams, X-rays and γ-
rays’ treatment which create active sites and improve the
surface properties of the PP. Another approach is grafting
with another monomer (polymer) containing functional
groups which can offer a vast opportunity for further
modification of the PP surface [3]. Graft-polymerization
of polyethylene glycol acrylate (PEGA) on polypropylene
(PP) films was conducted in order to obtain surfaces with
a reduced protein adsorption for possible biomedical

applications [4]. By applying gamma irradiation, PP film
was grafted by a mixture of monomers, for example N-
vinylpyrrolidone, acrylamide and their mixtures [5]. The
obtained membranes can be used for the removal of heavy
metals from solution.

Polypropylene (PP) films were grafted with N-p-
hydroxyphenylmaleinide using γ-radiation. The effect of
both monomer concentration and dose rate on the degree
of grafting was measured [3]. To overcome disadvantage
of polypropylene induced by its low surface energy,
poly(methyl methacrylate) was grafted onto polypropyl-
ene and entrapped into polypropylene as macromolecular
surface modifier. The effects of copolymer structures,
were studied by attenuated total reflection infrared spec-
troscopy (ATR-FTIR), contact angle measurements
(CDA) and scanning electron microscopy (SEM) [4]. PP
modified by grafting monomer, Pentaerythritol tetra-
acrylate (PETeA) a polyfunctional monomer was grafted
onto PP in a Haake mixer at 180 °C in the presence of
2,5-dimethyl-2,5-di(tert-butylperoxy) hexane peroxide
(DDHP) to enhance the melt strength and suppress forma-
tion of β crystal and α-β transition [5].

Several set of monomer mixtures were grafted onto PP
using gamma radiation; Vinylimidazole (VI) and acrylic
acid (AA) monomer mixture[6], acrylic acid (AAc) and sty-
rene (S) [7], N, N′-dimethyl acrylamide (DMAAm) and N-
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isopropyl acrylamide (NIPAAm) (two-step method)] [8],
and N-isopropyl acrylamide and acrylic acid [9]. A mixture
of acrylic acid (AA) and 2-acrylamido-2-methyl-1-
propanesulfonic acid (AMPS) was grafted onto PP by
two-steps electron beam irradiation for filtration of cigarette
smoke [10]. PP fibers grafted with 2-(dimethyamino)ethyl
mathacrylate (DMAEMA) by UV- irradiation has been used
for removal of Cr(VI) and as(V) [11].

Most of these grafting trials were undertaken to pro-
vide effective interfacial agents that improve the compat-
ibility of polyolefin with other materials [12]. In order to
render more suitable PP films to be used in the packaging
applications, a composite of PP with a series of plasti-
cized polysaccharide has been prepared by simple casting
method. High glossy surfaces were observed on the coat-
ed films with chitosan and κ-carrageenan, with the
sucrose-plasticized chitosan coating giving the highest
gloss [13]. The results suggest that coatings based on
chitosan and κ-carrageenan with proper plasticizers pos-
sess excellent visual and mechanical characteristics and
have great potential for acting efficiently as antimicrobial
agent carriers in active packaging systems [13], however,
no data were given in this direction. The water vapor and
oxygen-barrier characteristic of PP have been improved
when a novel corn–zein coating structure on polypropyl-
ene (PP) films was applied [14]. Water vapor permeability
(WVP) of the coated films decreased significantly with
increasing corn-zein concentration [14]. Antimicrobial ac-
tive films based on PP was made by melt blending follow-
ed by compression molding of carvacrol and thymol on
the PP films [15]. The antimicrobial activity of the films
was evaluated against two food borne pathogens.

Antimicrobial films were obtained after plasma treat-
ment of PP films in the presence of N2, NH3, and
CO2 + N2 to create amino and carboxyl groups which
were then used to attach the antimicrobial enzyme, glu-
cose oxidase by covalent bonds [16]. Immobilization
was carried out with glutaraldehyde at temperatures of
4-75 °C and pH 5.6–7.2. This treatment produced enzy-
matically active films which inhibited the growth of
Escherichia coli and Bacillus subtilis. The authors sug-
gested that such films could have antimicrobial packag-
ing applications.

Polypropylene nonwoven fabric has been graft modi-
fied with N-isopropyl acrylamide and acrylamide by radi-
ation to be used as a drug releasing matrix. The drug
release was found to increase with increasing the grafting
percent. The resulting grafted membranes exhibited
temperature-triggered drug release behavior, and have po-
tential for use as drug carriers [17].

The quality of food product depends on organoleptic,
nutritional, and hygienic characteristics, but these prop-
erties may suffer many changes during storage and

commercialization [18, 19]. Such changes are mainly
due to exchanges between foods and the surrounding
media, or migrations between the different components
in a composite food. Many physical and chemical pro-
cesses, such as sterilization, high pressure, radiations or
actives agents, were developed to preserve food quality
[20]. However, the use of a performing package is nec-
essary for the ultimate step of the preservation process.
Therefore, the packaging is preponderant for the conser-
vation of food quality. The performance of synthetic
packaging materials is appraised by their efficiency to
reduce mass transfers between food and storage medium,
that is, by the determination of their permeability [21].

In order to achieve a suitable and dependable pack-
aging material, PP was chosen due to its versatile me-
chanical properties and stability, however, it lacks anti-
microbial capacity which highly desirable for such pur-
pose. As it is well documented, chitosan is a partially
deacetylated polymer of acetyl glucosamine obtained af-
ter alkaline deacetylation of chitin [22]. It displays in-
teresting properties such as biodegradability biocompat-
ibility and its degradation products are non-toxic, non-
carcinogenic and non-immunogenic [23–25] besides
having antimicrobial properties which are required for
food preservation [26, 27].

Microbial contamination of ready-to-eat products such
as refrigerated meats and intermediate moisture foods is
a serious concern to human health [28, 29]. A traditional
method used to control the growth of microorganism has
been the application of antimicrobial dips or sprays on
the surface of products. However this have had limited
success because the antimicrobial substances may inter-
act with food components by evaporating or diffusing
into the bulk food [30]. One new approach to overcome
these limitations could be the use of antimicrobial pack-
aging technique [31], or the application of antimicrobial
edible coating [32].

Recent food-borne microbial outbreaks are driving the
search for innovative ways to inhibit microbial growth in
the foods while maintaining quality, freshness, and safety.
One option is to use packaging to provide an increased
margin of safety and quality. The next generation of food
packaging may include materials with antimicrobial prop-
erties. These packaging technologies could play a role in
extending shelf-life of foods and reduce the risk from
pathogens [33].

The combination of both chitosan attractive properties and
graft copolymers properties for surface modification of poly-
propylene films is a promising way for food preserving pack-
aging which is mainly the aim of the present work.

Herein, polypropylene films were graft copolymerized
with acrylic acid and methyl methacrylate using benzoyl
peroxide. The grafted PP films were characterized in term
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of their surface, thermal and mechanical properties. The
grafted films were further treated with chitosan solution
under UV irradiation using ceric ammonium nitrate. In
this way, a chemical bond between the PP surface and
chitosan will be formed thus making the chitosan attach-
ment stronger than mere electrostatic attachment. The an-
timicrobial activity of these modified PP films was inves-
tigated against different bacterial and fungal species.

Experimental

Materials

A polypropylene film (40 μm thickness) commercial
grade of (melt flow index (MFI) = 3.2 g/10 min; ρ =
0.905 g/cm3) was cut into small stripes of size (25 ×
25 mm2) and then washed with distilled water followed
by extraction in Soxhlet using acetone as a solvent for
about 16 h and dried in vacuum oven at 60 °C.
Methylmethacrylate (MMA) with purity 99% was pur-
chased from Acros Organics, Geel, Belgium. Acrylic ac-
id (AA) was supplied by research lab India. MMA and
AA were distilled under reduced pressure before use.
Benzoyl peroxide (Merck, Germany) was purified by re-
crystallization in methanol. Chitosan was prepared by
alkaline deacetylation of chitin which was extracted from
shrimp [34]. It has molecular weight 17,875 and the
deacetylation degree is 77.25%.

Graft polymerization

The grafting polymerization processes on the PP film
was carried out according to the method described pre-
viously [35]. The PP film (about 0.24 g) was put into a
solution containing methyl methacrylate and deionized
water (10%, v/v), followed by ferrous sulfate (1.0 ×
10−3 M) as an inhibitor, sulphuric acid (H2SO4, 0.1 M)
and initiator BPO (0.5 mol% of MMA). The reaction
mixture was purged by freshly nitrogen gas for 15 min
and then immersed in water bath at 65 °C for 2 h. After
grafting reactions, the samples were washed with dis-
tilled water, acetone in Soxhlet for 6 h to remove the
produced homopolymers.

The grafting of AA onto PP film was carried out by
immersing PP film in a solution of acrylic acid (0.5 mol)
in toluene (10%, v/v) and benzoyl peroxide and then
purged by nitrogen gas for 5 min. The reaction mixture
was heated in water bath at 95 °C for 2 h. Then, the
acrylic acid grafted polypropylene film was removed from
the flask and washed with distilled water and extracted in
a Soxhlet using acetone as a solvent for 24 h to remove
PAA homopolymer.

The degree of the grafting of the modified PP film was
determined by the following equation:

Percentage of grafting G%ð Þ ¼ Wg−Wo

Wo
x 100 ð1Þ

where Wg and W0 are the weights of the grafted and PP film,
respectively.

Chitosan immobilization on modified PP films

The PP grafted PMMA (PP-g-PMM) and PP grafted PAA
(PP-g-PAA) film was attached with chitosan according to
the method described before [36]. A solution of 2.0%
chitosan in 5.0% acetic acid mixed with 0.1 M ceric am-
monium nitrate (CAN) dissolved in nitric acid were
stirred, added onto PP-g-PMMA as well as PP-g-PAA
film and then irradiated with UV (λ= 254 nm) at 60 °C
for 35 min. After irradiation, the film was taken out from
the reaction vessel and washed at least 3 times with dis-
tilled water many times to remove the residual chitosan.
The amount of chitosan was determined gravimetrically
and the value was 2.2% and 3.8% for the MMA and the
AA graft, respectively.

Measurements

IR measurements were performed using IR-Affinity
SHIMADZU spectrophotometer in the range 500–4000 cm−1.

Thermogravimetric analysis (TGA) was measured using
SDT Q600 V20.9 (United States of America) Build 20 instru-
ment from room temperature to 550 °C at a heating rate 10 °C/
min under nitrogen atmosphere.

Stress-strain curves of the samples of modified films were
measured using a Zwick Tensile Testingmachine 1999/GmbH
+G (Germany) according to ASTM D882–90 [37]. The re-
ported values are the average of five measurements.

The surface morphology of chitosan on PP-g-PMMA and
PP-g-PAA was studied with FE- SEM, QUANTA FEG 250
microscope. The sample surface was coated with gold to avoid
charging under an electron beam then fixed on a plate holder
with a silver paste after that investigated using back scattered
electron to detect the image of the surface with high resolution
accelerated voltage 20 KV.

Swelling properties

The swelling behaviors of PP grafted films and chitosan on PP
grafted films were studied as a function of time in the distilled
water at 25 °C according to [38].
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Permeability behavior of oxygen and water vapor

Oxygen and water vapor transmission rates through the film
samples were determined by a Systech Illinois – 7000 (United
Kingdom) Tester according to Testing was performed at 38 °C
in a dry environment (0% RH) for the determination of oxy-
gen transmission rate and 100% relative humidity for the de-
termination of water vapor transmission rate.

Pathogenic microorganisms and culture conditions

All strains of fungi and bacteria used in this study were ob-
tained from the Northern Regional Research laboratory
(NARRL) and American Type Culture Collection (ATCC)
and maintained as pure culture. The Fungi Fusarium
oxysporum SCHL f. sp. Lycopersici (SACC.) Snyder
Hansen ATCC 64987), causing Fusarium wilt [38] and
Fusarium solani (MART.) SACC. were isolated from dis-
eased roots of sugar beet plants [39]. Verticillium albo-atrum
Reinke and BerthoLd (NARRL 1204), causing Verticillum
wilt were maintained on Sarcina agar. Alternaria alternate
(ELL. AndMART.) Jones and Grout (NARRL 2168), causing
early bright, was maintained on Czapek-Dox agar.
Cladosporium herbarum and Fusarium moniliforme were
maintained on Czapek-Dox agar. The rest of the tested fungal
strains, Aspergillus niger, A. flavus, A. terreus, A. ochraceus
and A. sydowii, were provided from the BNational Center of
Fungi^ at Botany Department, Faculty of Science, Assuit
University, Egypt, and were maintained on potato dextrose
agar medium (PDA).

The pathogenic bacteria Clavibacter michiganensis ssp.
Michiganensis (E.F. Smith) (NARRL B-33), causing bacterial
canker and Pseudomonas solanacearum (E.F. Smith)
(NARRL B-3312), causing bacterial wilt, was maintained on
nutrient agar. The bacteria Escherichia coli and Staphylocccus
aureus were maintained on nutrient agar.

Bioassay for antifungal activity

The susceptibilities of the test fungal spores of Fusarium
oxysporum, F. solani, F. monilforme, Verticillium albo-otrum,
Alternaria alternate, Cladosporium herbarum, Aspergillus ni-
ger, A. flavus, A. terreus and A. ochraceus as seeded in Dox’s
medium on sterilized discs (2 mm) of different kind of films
(PP-g-MMA/CS and PP-g-AA/CS), were determined accord-
ing to the method proposed by Olurinola et al. [40]. The ster-
ilized membrane discs were placed on the surface of the seed-
ed Dox medium in triplicates. Then, the plates were incubated
at 28 ± 1 °C for 96 h, after which the susceptibility of each
fungal organism to each film was estimated by measuring the
diameter of the inhibition zones.

Antibacterial activity

The antibacterial activity of the films (PP-g-MMA/CS and
PP-g-AA/CS) was determined using the agar diffusion
method, according to Pellissari et al. [41]. The films were
aseptically cut into 2-mm discs and placed on Muller
Hinton agar plates which had been previously spread with
0.1 ml of inoculum, each, containing 105–106 CFU/ml of
bacterial culture previously standardized using the
McFarLand scale. The plates were incubated at 37 ±
1 °C for 48 h. The diameter of the growth inhibition zones
around the discs was measured using a digital caliper
(VWR, USA). The growth under the film discs (area of
contact with the agar surface) was visually examined. The
measurements were made in triplicate for each film.

Statistics

All measurements are the mean of three replicates; the results
obtained were processed by analysis of variance and the sig-
nificance was determined at the least significant difference
(LSD) Levels of 1% and 5% [42].

Results and discussion

Characterization of graft polymerization

Grafting percentage depends upon different number of
reaction parameters such as monomer concentration, ini-
tiator concentration, reaction temperature, and reaction
time. Since the purpose of this study was to promote
the immobilization of chitosan onto modified PP film
via grafting technique, several experiments were carried
out by changing monomer concentration to obtain rea-
sonable and comparable amounts of PMMA and PAA
grafted chains onto PP without altering the transparency,
gloss and shape of PP films. Figures 1 and 2 display the
effect of MMA and AA concentrations on the percentage
of grafting onto PP film, respectively. It can be seen that
the grafting percentage of MMA increases initially with
increasing monomer concentration giving maximum per-
centage around 43.4% at a monomer concentration of
1.5 M and then decreases on further increasing the con-
centration of MMA may be due to preferential homo-
over graft copolymerization another possibility is in-
creased chain transfer to the polymer chains and to in-
creasing of the viscosity of the medium which lowered
chain movements rendering grafting less likely than
homo-polymerization [3, 43].

For grafting of AA onto PP, the grafting percentage
increases gradually with increasing the concentration of
AA. Here two grafted PP films with 20% PMMA and
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28.7% AA were chosen for the study because the trans-
parency, gloss and sh3ape of PP films did not change at
this monomer concentration.

FTIR

The FTIR spectra of PP, PP-g-PMMA and PP-g-PAA are
shown in Fig. 3. The corona treated PP films shows char-
acteristic peaks due to the formation of several peroxy,
carboxylic and carbonyl groups as a result of the interac-
tion of corona with atmospheric oxygen. The IR spectrum
of the PP-g-PMMA shows a characteristic peak at
1712 cm−1 which is due to CO stretching of the PMMA,
and another peak appeared at 1150–1250 cm−1 due to the
C–O–C stretching vibration. Furthermore, there are two
weak absorption bands at 3437 cm−1 and 1636 cm−1,
which can be attributed to the –OH stretching and bending
vibrations, respectively, of the adsorbed water. The IR
spectrum of PP-g-PAA reveals the presence of a broad
band from 3000 to 3600 cm−1 due to OH stretching, and

bands at 1712 cm−1 and 1249 cm−1 due to C=O and C–O
stretching vibrations, respectively. The peak at 1172 cm−1

refers to the existence of C–C asymmetric stretching which
is present in the original polypropylene at 1165 cm−1.

TGA

Figure 4 shows the TGA trace of PP, PP-g-PMMA and
PP-g-PAA films. As can be seen, a considerable change in
the thermal behavior of PP has occurred upon grafting. In
the case of PP-g-PMMA, the thermal degradation occurs
via two steps and the onset degradation temperature shifts
to lower temperature by about 160 °C compared to the
virgin PP. The first step occurs in the range of 100-
320 °C with a maximum decomposition at 315 °C (~
19.8%. weight loss) which is ascribed to the degradation
of PMMA chains grafted on PP. The other in the range
310-480 °C is ascribed to the degradation of PP. In the
case of PP-g-PAA, the onset degradation temperature is
lowered by 230 °C compared to virgin PP and two

Fig. 1 Effect of MMA concentration on percentage of grafting,
(Temperature = 65 °C; time = 120 min and [BPO] =0.05 M)

Fig. 2 Effect of AA concentration on percentage of grafting,
(Temperature = 90 °C; time = 120 min and [BPO] = 0.05 M)

Fig. 3 FTIR Spectra of a PP, b PP-g-PMMA and c PP-g-PAA films

Fig. 4 TGA of virgin PP, PP-g-PMMA and PP-g-PAA films
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distinct stages of thermal degradation are observed. The
first ranges between 100 and 380 °C (~ 27.9% weight
loss) with a maximum at 296 °C corresponds to the ther-
mal degradation of PAA grafted chains. The second stage
of degradation takes place in the range 410 to 505 °C with
a maximum at 451 °C due to degradation of PP. The
weight loss in the range 32–120 °C, which is related to
the elimination of water adsorbed to the polymer films,
becomes more pronounced in the case of PP-g-AA sample
due to the hydrophilic character of PAA grafted chains.

Swelling behavior

Figure 5 shows the swelling behavior of PP and the
grafted film, the greater extent of swelling of the grafted
film compared with that of PP may be due to the hydro-
philic character of PAA and PMMA grafted chains.
Generally, the existence of hydrophilic moieties such as
carboxylic and hydroxyl groups tends to increase the
hydrophilicity of the polymeric material and consequent-
ly increases its swelling capacity.

Mechanical properties

Grafting of PP film may cause some deterioration of the
polymer therefore care must be taken to ensure that the
mechanical properties of the PP copolymers did not suf-
fer after such treatment. The tensile strength, elongation
and Young’s modulus for virgin PP, PP-g-PMMA and
PP-g-PAA films are depicted in Table 1. The results
show that the mechanical properties of the films have
on the contrary increased after the treatment. Such be-
havior could potentially be due to the formation of a
crosslinked membrane of the grafted polymer on the
surface which will increase the tensile strength no
doubt. In the next section it will be shown that the

gas and water vapor permeability are both drastically
decreased after grafting which could safely support a
network structure of the graft polymer on the surface,
reducing thus the pores.

These data indicate that these grafted copolymers can be
used for the fabrication of useful packaging materials with
commercial applications.

Permeability properties of different gases (oxygen
and water vapor)

Oxygen permeability

The oxygen barrier property of a food packaging con-
tainer for the fresh product (e.g., fruits, salad, and
ready-to-eat meals) plays an important role in its pres-
ervation [44].The oxygen transmission rate (OTR) value
of virgin PP film (928.2cm3/m2/day) should not exceed
1100 cm3/m2/day according to [45]. The mean oxygen
permeability of PP-g-PMMA and PP-g-PAA were found
to be 410.6cm3/m2/day and 22.2cm3/m2/day, respectively
as shown in Fig. 6. These values illustrate a great im-
provement of the barrier properties after grafting. This
important result is further indication of the validity of
this grafting technique of PP for packaging applications.

Fig. 5 Swelling behavior of Virgin PP, PP-g-PMMA and PP-g-PAA

Table 1 Mechanical tensile properties of virgin PP, PP-g-PMMA, and
PP-g-PAA copolymers

Sample code Modulus
(MPa)

Tensile strength
(MPa)

Elongation at break
(%)

PP 1751±51 122.5±2.1 144.4±4.0

PP-g-PMMA 2095±143 148.7±2.3 151.9±5.2

PP-g-PAA 2338±60 160.6±7.3 144.6±8.0

Fig. 6 OTR values of virgin PP, PP-g-PMMA and PP-g-PAA
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Water vapor permeability

The water vapor barrier properties of the packaged food
product are of great importance for maintaining or ex-
tending its shelf-life since the physical and chemical
deteriorations of the food stuff are related to the equi-
librium moisture content [44]. For fresh food, it is im-
portant to avoid dehydration while for bakery or delica-
tessen it is important to avoid water permeation. The
water vapor transmission rate (WVTR) of virgin PP,
PP-g-PMMA and PP-g-PAA are displayed in Fig. 7.
WVTR is expressed in (g/m2/day). The WVTR value
of virgin PP film is found to be 3.7 g/m2/day which
lies below the maximum acceptable value of 4.1 g/m2/
day according to [46]. The WVTR values of PP-g-
PMMA (0.345 g/m2/day) and PP-g-AA (0.320 g/m2/
day) are lower than that of virgin PP, indicating that
grafting of the surface of PP provides a dramatic im-
provement of the barrier properties. This decreasing be-
havior of oxygen and water vapor permeability may be
due to a decrease in the porous microstructure caused
by grafting.

Properties of the PP grafted films with attached
chitosan

FTIR

The FTIR spectra of PP-g-PMMA/CS and PP-g-PAA/CS
are shown in Fig. 8. In the IR spectrum of the PP-g-
PMMA/CS, a characteristic peak of the amide II (N-H
deformation in plane) at 1600 cm−1is due to the remain-
ing acetamide groups in the chitosan. The broad peak

appeared in the range of 3100–3600 cm−1 is due to the
O-H and N-H stretching. The absorption peak appearing
at 1736 cm−1is assigned to the carbonyl absorption of
the methacrylate groups.

The IR spectrum of PP-g-PAA/CS shows characteris-
tics peaks at 1652 cm−1 for amide I and 1545 cm−1 for
amide II which is sufficient indication of chitosan immo-
bilization on the grafted film. A loss of carboxyl group is
due to the formation of amide bond. The IR data provide
therefore evidence for the attachment of CS with the PP
grafted surface.

Thermal properties behavior (TGA)

The TGA thermograms of PP grafted films with chitosan
attachment are shown in Fig. 9. As can be seen the ther-
mogram of the grafted PP films with and without chitosan
exhibit the same profile. The loss peak due to the elimi-
nation of adsorbed water (100-200 °C) becomes more
significant in the case of PP grafted films attached with

Fig. 7 WVTR values of virgin PP, PP-g-PMMA and PP-g-PAA

Fig. 8 FTIR Spectra of a PP-g-PMMA/chitosan, b PP-g-PAA/chitosan

Fig. 9 TGA curve of PP grafted films attached with chitosan
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chitosan due to the increased hydrophilicity of the poly-
mer. There is a slight lowering in the thermal stability of
the grafted polymers after the attachment of chitosan.

Mechanical properties

The tensile strength, elongation and Young’s modulus
for PP-g-PMMA/CS and PP-g-PAA/CS films (Wet and
dry state) are depicted in Table 2. As can be seen from
Table 2, the wet samples have lower mechanical values
compared with the corresponding dry samples. From
Tables 1 and 2 the attachment of chitosan to the grafted
films leads to slight decrease in the mechanical
parameters.

Scanning electron microscope (SEM)

The scanning electron micrographs of virgin PP, PP-g-
PMMA and PP-g-PAA/CS are shown in Fig. 10. By
comparing the surface morphology of the grafted PP
(Fig. 10b, c) with the virgin PP (Fig. 10a), it can be
seen that the grafted chains with and without chitosan
drastically change the morphology of the surface of PP.
As shown in the figure, the surface of the grafted PP
has more spongy structure than that of virgin PP. On
the other hand, the inactivated side of films appears
smooth, indicating that the grafting and immobilization
of chitosan occur on the activated surface.

Swelling behavior

The dependency of swelling capacity in distilled water
was studied and the results were represented in Fig. 11.
As seen in the figure, swelling % increases with in-
crease in time, after that tends to equilibrium. The
greater extent of swelling of PP-g-PAA/chitosan com-
pared with that of PP-g-PMMA may be more likely
due to the hydrophilic character of PAA grafted chains.
Generally, the existence of hydrophilic moieties such as
carboxylic and hydroxyl groups tends to increase the
hydrophilicity of a polymeric material and consequently
increases its swelling values. By comparing the result of
Fig. 5 to that of Fig. 11, one can see an increase in the
swelling extent of chitosan attached polymers which
confirm the immobilization of chitosan on the grafted
films. The hydrophilic nature of chitosan may explain
such increase in swelling trends.

Antimicrobial activity

The antimicrobial activity of virgin PP, PP-g-PMMA and
PP-g-PAA films without and with chitosan as biocide
was evaluated against the growth of different bacterial
and fungal species.

From Table 3, one can see that the virgin polymer
film did not show any bactericidal property. The poly-
propylene grafted with PMMA showed a very little an-
tibacterial behavior. On the other hand, the PP/PAA
graft film showed a considerable antibacterial activity.

Table 2 Mechanical tensile
properties of PP-g-PMMA/CS,
and PP-g-PAA/CS (Dry and Wet)

Sample code Modulus

(MPa)

Tensile strength

(MPa)

Elongation at break

(%)

PP-g-PMMA/CS (Dry sample) 1979±122 140.6±2.7 144.6±3

PP-g-PAA/CS (Dry sample) 2166±79 148.8±4.9 134.9±6.9

PP-g-PMMA/CS (Wet sample) 1860±105 132.24±5.5 135±2.7

PP-g-PAA/CS (Wet sample) 1896±56 134.29±3.8 137.2±3.6

Fig. 10 SEM micrographs of the surface of both sides of films a virgin PP, b PP-g-PMMA/chitosan and c PP-g-PAA/chitosan
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Immobilization of chitosan onto PP-g-PMMA (20%
grafting percentage and 2.2% chitosan ratio) showed a
pronounced increase in the inhibition zone of all tested
bacterial species. The chitosan immobilized PP-g-PAA
film (28.7% grafting percentage and 3.8% chitosan ra-
tio) shows the best bactericidal behavior, with dramatic
enhancement of bactericidal activity over samples with-
out CS attachment. Figure 12 shows the antifungal effi-
cacy of the PP films; PP-g-PMMA; PP-g-PAA; PP-g-
PMMA/CS and PP-g-PAA/CS. The film of PP-g-PAA/
CS has the largest inhibition zone indicating highest
antifungal efficacy.

Mean values of the diameter of the inhibition zone in mm.
As expected, the PP grafted films associated with chi-

tosan have better antibacterial activity than that of PP
grafted films. In addition, PP-g-PAA/CS films are more
reactive compared with that of PP-g-PMMA/CS films at
the same time of incubation. The antimicrobial proper-
ties of chitosan due to its positively charged of the amino
group which interacts with the negatively charged micro-
bial cell membranes, lead to the leakage of proteinaceous
and other intracellular constituents of the microorgan-
isms [47]. Thus, the presence of molecular PAA grafted

chains with hydrophilic groups (carboxylic groups) and
chitosan enhances the antimicrobial activity.

Conclusions

In the present work, a trial has been taken to enhance the
mechanical and the barrier properties (OTR and WVTR) of
the polypropylene films by grafting with AA and MMA
using corona discharge and benzoyl peroxide followed by
immobilization with chitosan onto the surface of PP films.
The modified films showed excellent antimicrobial proper-
ties. The microbicide effect was found to depend on the
sensitivity of the microorganism, the chitosan concentration
as well as on the type of grafted polymer. These modified PP
films may be used as innovative antimicrobial packaging
materials for preserving food stuff.

Fig. 11 Swelling behavior of PP-g-PMMA/CS, PP-g-PAA/CS

Fig. 12 Antifungal efficacy of the PP films (virgin; PP-g-PMMA; PP-g-
PAA; PP-g-PMMA/CS and PP-g-PAA/CS), inhibition zone diameter in
mm

Table 3 The inhibition zone
diameters of four bacterial strains
on the polypropylene films
(virgin; PP-g-PMMA; PP-g-PAA;
PP-g-PMMA/CS and PP-g-PAA/
CS) after 48 h of incubation
at 37 ± 1 °C

Bacterial species

Sample code Clavibacter
michiganensis

Pseudomonas
solanacearum

Escherichia
coli

Staphylococcus
aureus

Virgin PP 0.0 0.0 0.0 0.0

PP-g-PMMA 0.0 0.1 0.1 0.0

PP-g-PAA 10.0 14.0 9.0 8.0

PP-g-PMMA/CS 46 48.0 42 45

PP-g-PAA/CS 54 56.0 50 53

(LSD)

5% 0.71 0.82 0.86 0.93

1% 1.83 1.96 2.1 2.56)
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