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Abstract In this study, Chitosan—green tea extract composite film was synthesized
by a simple one-pot procedure and was ably characterized using XRD, FTIR, SEM,
etc. The influence of noted factors such as water content, water solubility, water
vapour transmission rate, contact angle and thermal stability was investigated in
detail. The antimicrobial and antioxidant potentials of all the synthesized films were
determined. Finally, an optimized composite film was crafted into a pouch-like bag
for packing raw chicken meat. The efficiency of this smart pouch to extend shelf life
of raw meat was compared with the common synthetic packaging material of low-
density polyethylene.

Keywords Green tea extract - Packaging applications - Antioxident -
Antimicrobial - Composite pouches

Introduction

It was our target to exploit naturally occurring functional molecules for extending
the shelf life of raw meat. In the gallery of diverse bio-active substances one of the
least utilized substances for the packaging applications is green tea extract (GTE)
powder. It is a good source of polyphenolic compounds and has been exploited as
outstanding antioxidant substance [1, 2]. But, its excellent antimicrobial efficacy
against common food spoilage microorganisms was less explored. The antimicro-
bial and antioxidant qualities of GTE powder are attributed to characteristic
structures of various catechin molecules (tea polyphenols) present in them
(Table 1). Hence, the utilization of GTE powder—Chitosan composite film for
extending the shelf life of raw meat has immense importance.

D<K K. Muraleedharan
kmuralika@gmail.com

' Department of Chemistry, University of Calicut, Malappuram, Kerala 673635, India

@ Springer


http://orcid.org/0000-0002-2984-1140
http://crossmark.crossref.org/dialog/?doi=10.1007/s00289-016-1901-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00289-016-1901-2&amp;domain=pdf

3400 Polym. Bull. (2017) 74:3399-3419

Table 1 Structure of various

tea polyphenol molecules Structure Name

oH Catachin (C)

Epicatechin (EC)

Gallocatechin (GC)

Epigallocatechin (EGC)

T Epigallocatechin gallate (EGCG)

Gallocatechin gallate (GCG)

As is well known, many synthetic preservatives such as butylated hydroxyl
anisole (BHA), butylated hydroxyl toluene (BHT) and tertiary butyl hydroquinone
(THBQ) are directly mixed with raw meat for extending the shelf life. The over
concerns of consumers on artificial preservatives motivated researchers to develop
an healthier and eco-friendly technologies for meat storage [3]. Recently, much
attention has been paid to fabricate biodegradable packaging films incorporated with
active naturally occurring functional materials for extending the shelf life of raw
meat.

Herein, we present the first report on Chitosan-GTE powder based
portable pouches having potential to extend the shelf life of raw meat. The
incorporated GTE powder will diffuse slowly onto the meat surface. The presence
of diffused molecules will prevent lipid oxidation and microbial out grow, leading
to extended shelf life of raw meat. The pouches developed can be conveniently
employed as a packaging material for raw meat which would create significant
advances in the packaging industry.
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Experimental
Materials

Chitosan with 85 per cent degree of deacetylation was purchased from Sigma
Aldrich Co. Ltd (USA). GTE powder was obtained from Medizen Labs Pvt. Ltd.
(Bangalore, India). Acetic acid, sodium hydroxide and zinc acetate dihydrate,
methanol and ethanol were obtained from Merck (Germany). 2,2-Diphenyl-1-
Picrylhydrazyl (DPPH) extra pure was purchased from SRL (India). Mineral salt
broth and Nutrient agar were purchased from Himedia Chemicals (Mumbai, India).
The two bacterial strains Escherichia coli (E. coli, MTCC737) and Staphylococcus
aureus (S. aureus, MTCC 1687) were cultured in the UniBiosys Biotech Research
Lab, Cochin. Deionized water was used to prepare all the solutions. All the
chemicals used in this study were of analytical grade and were used without further
purification.

Preparation of composite films

Green and facile one-pot procedure was adopted for the preparation of composite
films. Chitosan flakes (2 g) were dissolved in 100 mL of 2% (v/v) aqueous acetic
acid using ultra sonication for 2 h at room temperature. Previously prepared solution
of 0.1 g GTE powder in 10 mL of distilled water was added to the Chitosan
solution. Composite solution was magnetically stirred for 1 h to get a homogenous
dispersion. To obtain even films, 25 mL of viscous mixture was cast into a circular
glass dish and dried at room temperature. The dried films (C1) were peeled out and
washed well with methanol (Fig. 1). Four more composite films were prepared by
adopting the same procedure with different amount of GTE (0.2, 0.3, 0.4 and 0.5 g)
named, respectively, as C2, C3, C4 and CS5. A pure Chitosan film was prepared
without GTE powder and named as C. All prepared films were stored in airtight
polyethylene packets for further analysis.

Characterization of films

FT-IR spectra of the films were calibrated using an attenuated total reflection (ATR)
Technique (Model, Perkin Elmer Inc. USA), the FT-IR Spectra of GTE powder was
recorded in a KBr pellet form using Fourier Transform IR Spectrometer (Model:
JASCO FTIR 4108). X-ray diffraction (XRD) patterns of the films were obtained in
the scanning range of 20°-75° by an X-ray diffractometer (Model: Rigaku Minifex
600 diffractometer) with Cu Ka radiation (4 = 0.15406 nm). Thermo gravimetric
analysis (TGA, Model: TGA/DTAS851e) was performed at a scanning rate of
2 °C min~' under dynamic nitrogen. The absorption spectra of composite films
were recorded by using UV-Visible spectrophotometer (Model: JASCO V-550) in
the wavelength range of 200-800 nm. Surface morphology of the samples was
observed by scanning electron microscopy (SEM) (Model: Hitachi SU-6600
FESEM). Tensile strength of the films was measured by Instron Universal Testing
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Fig. 1 Scheme of preparation of Chitosan-GTE powder composite films

Machine, model-3345, at a test speed of 2.0 mm min~' at room temperature. The
water vapour transmission rate (WVTR) of the films was analysed according to the
ASTM E96-95 method with required modifications. The water solubility and
equilibrium moisture content of the prepared films were calibrated by mass loss
method.

Contact angle measurement

Contact angle was measured using sessile drop method using a video-based
Goniometer (Kruss G10, Germany). A drop (5 pL) of distilled water was carefully
placed by micro syringe at temperature, 25-27 °C, on the smooth side of the films.
The angle between the film surface and the tangent line at the point of contact of
water droplet with the surface was recorded immediately after the water drop was
deposited.

Measurement of optical barrier properties

Each film specimen, having thickness 1 mm, was cut into rectangular pieces
(10 x 40 mm) and placed directly in the test cell. The absorption spectrum of each
film was obtained in the wavelength region 200-800 nm, using air as reference.
Transparency and opacity of the films were determined using the following equation

[4]:
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Teoo = —log %T/b, (1)
Opacity = absorbance at 500 nm x b, (2)

where %T is percentage transmittance and b is the film thickness (mm).
Antioxidant properties of films

Film specimens (25 mm x 25 mm) were introduced into separate beaker contain-
ing 50 mL of distilled water. 1 mL of the sample solution was taken out at different
time intervals and mixed with previously prepared 4 mL of 150 pM DPPH solution
in methanol. The mixture was kept in the dark for half an hour, affording sufficient
time to react the polyphenol molecules and DPPH radicals. The absorbance of the
mixture was measured at 517 nm using UV—Visible spectrometer. The free radical
scavenging ability of the film specimens was determined by the following equation:

DPPH radical scavenging activity (% ) = [(Ac — Ay) /A.] x 100, (3)

where A is the absorbance of test sample and A, is the absorbance of control
solution (4 mL DPPH and 1 mL distilled water).

Antimicrobial property

Antimicrobial efficacy of composite films was evaluated against two common food
pathogens, E. coli and S. aureus, using optical density (OD) procedure. A single colony of
test bacteria was carefully transferred into a 100-mL nutrient broth and placed in an
incubator overnight at 37 °C. One millilitre fresh culture of bacteria was inoculated
separately into fresh broth medium containing film samples (10 x 10 mm) and incubated
with shaking bed (100 rpm) at 37 °C for 40 h. During the incubation OD of the medium
was calibrated at 600 nm using spectrophotometer at different time intervals.

The percentage of inhibition was determined by comparing the OD value of
control media (without film sample) in each time interval:

% of inhibition = [(OD),—(OD)s/(OD),] x 100,

where (OD), is the optical density values of control media and (OD)j is the optical
density values of film sample containing media.

Packaging applications

The potential of optimized C4 film as a packaging material for raw meat was
investigated by plate count procedure. The C4 films were stitched into flexible
pouches using cotton yarn by an in-house weaving machine. The shelf life
efficiency of C4 pouches was compared with low-density polyethylene (LDPE) bag,
which is popularly used to pack, store and transport raw meat. The composite bags
and polyethylene bags were sterilized prior to the analysis. Meat samples of chicken
were collected from the local poultry market and washed well with distilled water to
remove blood stains. Equal amount of meat was packed in separate set of bags, each
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set consisting of three duplicates of composite bags (A-1, A-2 and A-3) and
polythene bags (B-1, B-2 and B-3) and stored at 4 °C. Following the 1st day of
storage, aerobic plate count was performed using the procedure described below.
This protocol was repeated after 2 and 6 days of storage.

Standard plate count procedure

After 1 day, 1 g sample from each packet was separately transferred to different test
tubes containing 9 mL phosphate buffer solution (pH 7.2). This mixture was then
shaken for a few minutes to distribute the bacteria and break up any clumps.
Immediately after proper dilution, 1 mL of the mixture was transferred to a second
9 mL phosphate buffer solution to get 10~* dilution. The serial dilution was
repeated until to get 10> and 10~ dilutions. Then 1 mL of finally diluted solution
was transferred to a Petri plate containing nutrient agar media and incubated at
37 °C for 24 h. The enumeration of microbes present in the meat sample was
counted and represented as Colonies Forming Unit (CFU) per mL:

CFU/mL = (Number of colonies X dilution factor)/(volume of culture plate).

Statistical analysis

All experiments were repeated three times and the average values with standard
errors were reported. Analysis of variance was conducted and differences between
variables were tested for significance by one-way ANOVA with Tukey’s test using
software originPro8 (Origin Lab corporation). A statistical difference at P < 0.05
was considered to be significant.

Results and discussion
Appearance and film thickness

All the composite films are visually smooth, shiny and homogenous. The colour of
the prepared film is light brown and intensity of the colour is linearly proportional to
the amount of GTE powder incorporated. Films have no brittle areas or bubbles and
can be peeled out easily from the casting plate. Film surface is fairly soft and even
and can hold water vapour on the surface (Fig. 2). All films were prepared with
uniform thickness 1 & 0.18 mm and it was observed that even the addition of 0.5 g
GTE powder did not change the average thickness of films significantly (P > 0.05).

FT-IR
FT-IR spectroscopy was used to analyse the nature of interaction between Chitosan

and GTE powder. The FT-IR spectra of bare Chitosan, GTE powder and composite
films were calibrated and compared (Fig. 3). The spectrum of bare Chitosan film
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Fig. 2 Image of water drop on
the film surface

Fig. 3 FTIR spectra a C, b C1,
¢ C2,dC3,eC4,fC5 and g
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(Fig. 3a) is in accordance with previous reports. The broadband at 3355 cm™' can
be indexed to the stretching vibrations of pendant groups —OH, which overlaps with

—NH stretching vibrations in the same region. The small band at 2887 cm™" is due
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to asymmetric vibrations of ~CH,— groups in pyranose ring. The peak at 1666 cm ™"

is assigned to the stretching vibrations of C=0, and the sharp peak at 1539 cm™' can
be attributed to -NH bending vibrations. The band at 1413 cm ™' can be correlated
to C-N axial deformation of amine groups. The distinct and clear band at
1091 cm™" is due to the stretching vibration of C—O—C linkages in the polymer
chain [5-7].

GTE powder is a mixture of different polyphenolic compounds containing
different functional groups (Table 1). The IR spectra of extract powder (Fig. 3g)
showed characteristic bands corresponding to various functional groups. The
broadband in the region 3561-3454 cm ™" is assigned to —OH stretching vibrations.
The distinctive bands observed at 1620 and 1520 cm ™" are due to the aromatic ring
quadrant stretching and the aromatic semicircle stretching vibrations, respectively.
The peak at 1152 cm™' can be attributed to C—O stretching of aromatic alcohols.
The two typical peaks at 676 and 604 cm™' are due to the “out of plane bending
vibrations” of C—H present in substituted aromatic ring [8].

The IR spectra of composite films are shown in (Fig. 3b—f). The incorporation of
GTE powder into Chitosan matrix has modified the positions and intensities of
characteristic peaks, reflecting the successful incorporation of GTE powder in the
Chitosan matrix. In the spectrum of composite films, the width and intensities of the
bands corresponding to —NH, and —OH groups have increased linearly with the
amount of GTE indicating the interactions between polyphenol molecules and
Chitosan. Even though the intensity has decreased, the sharp and obvious peak
observed at 1152 cm™" in Fig. 3g is still present in all composite films. It is also
observed that there is an incremental increase in the intensity of band at 1539 cm™ !,
indicating the interaction of GTE molecules through the pendant groups (-NH, and
—OH) of Chitosan [9]. When the GTE is added, the peak at 1091 cm™ ! became more
intense and shifted to lower region 1046 cm ™" indicating changes in polymer chains
in the presence of GTE powder [10].

XRD results

XRD diffractograms of films were analysed to elucidate the crystallinity of samples.
The pure Chitosan film has crystalline behaviour due to strong inter molecular
hydrogen bond between the polymer chains and it is evidenced by characteristic
peaks at 11.2°, 17.7°, 21° and 28.9° (Fig. 4a) [11-15]. In C1 (Fig. 4b) and C2
(Fig. 4c¢), the trend of declining of peak is clearly visible, whereas in C3 (Fig. 4d),
C4 (Fig. 4e) and C5 (Fig. 4f) there are only two peaks justifying the loss of
crystallinity in the presence of GTE powder. When GTE powder is added, it
occupies space in between polymer chains and forms hydrogen bonds with the
functional groups of Chitosan. These new interactions decline crystallinity and
improve flexibility of composite films (Fig. 5).

Optical properties

It is well known that the presence of radiations will trigger undesired changes in the
packed food [4]. To evaluate the light-blocking ability of composite films, the
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Fig. 4 XRD patterns a C, b C1,
¢C2,¢C2,dC3, e C4and fC5 MW
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Fig. 5 Folded images of
flexible composite films

absorbance of each film was recorded in UV—Visible region (Fig. 6). As shown in
the figure, pure Chitosan film exhibited lowest absorbance, lowest opacity and
highest transparency (Table 2). Incorporation of GTE powder has greatly affected
the optical properties of composite films. All composite films have excellent
absorbance particularly in the UV region due to the presence of different catechins
and epicatechin molecules of GTE powder [16]. It was already reported that poly
phenol molecules present in GTE powder have characteristic Amax in UV region
[17]. The incorporation of 0.1 mg of GTE powder has improved the absorbance of
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Fig. 6 UV-Vis absorption
spectraa C, b Cl, ¢ C2,d C3, e
C4 and f C5

Absorbance

T T T T
200 300 400 500 600 700 800
Wavelength,nm

Table 2 Transparency and opacity values of films

Film Opacity Transparency
C 0.00642 + 0.0003* 1.96 + 0.2°

Cl1 0.14473 + 0.02° 1.55 4+ 0.18°
2 0.19 + 0.04° 1.44 £ 0.24°
C3 0.27 £ 0.05¢ 1.25 +0.19¢
C4 0.3122 £ 0.07° 1.11 £ 0.22°
C5 0.386 & 0.1° 0.94 + 0.28"

All values are average of three replicate experiments with standard deviation

Superscript letters (a—f) within the column indicate significant differences between mean values
(P < 0.05)

films fourfold higher than bare Chitosan films at the wave length 300 nm.
Moreover, absorbance of composite films is linearly related to the amount of GTE
powder incorporated. The excellent absorbance of composite films in the UV region
extols its virtue to prevent light-induced lipid oxidation packed raw meat [18].

Thermal stability

Thermo gravimetric analysis (TGA) unravels thermal behaviour and thermal
stability of prepared films [19]. The TGA analysis showed that all films had
displayed similar thermal behaviour when subjected to programmed heating
(Fig. 7). The characteristic mass loss that occurred at 40-145 °C is due to
dehydration of the films [20]. It was reported that Chitosan can retain 5% water even
at elevated temperature due to the presence of hydrophilic groups [21].The second
slop onset from 200 °C ending at 450 °C corresponds to thermal degradation of
Chitosan and release of volatile molecules. Pyrolysis of Chitosan starts by a random
split of glycosidic bonds, followed by decomposition and leading to release of
smaller volatile molecules having carbon atoms C,—Cg [22]. As shown in
figure (Fig. 7), all composite films exhibit a higher mass loss in the region
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Fig. 7 TGA curves of pure and
composite films
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corresponding to evaporation of water. This behaviour vindicates lower hydrophilic-
ity of polymer in the presence of GTE powder and it was confirmed further by
contact angle measurements. When GTE powder was incorporated, new interaction
between polyphenol molecules and hydrophilic groups of Chitosan developed,
which decreases prospect of hydrogen bonds between Chitosan and water molecules
and facilitate dehydration. Similarly, higher weight loss of composite films in the
polymer decomposition region (200450 °C) justifies the possibility of GTE powder
assisted pyrolysis of Chitosan.

SEM analysis

SEM images give a clear and logical depiction of the surface changes that occurred
when GTE powder was incorporated. In the case of C1 and C2, the added GTE
molecules snugly fit in between the Chitosan chains without any visible surface
changes. Hence their addition did not produce any discontinuity or heterogeneity on
the surface. As shown in Fig. 8, surface roughness increases gradually with the
amount of GTE incorporated and maximum surface roughness was observed in C5
film. The surface heterogeneity is attributed to the accumulation of agglomerated
GTE powder on the surface of Chitosan. The GTE molecules are accumulated on
the surface by intermolecular hydrogen bonding and extensively modify the
properties of Chitosan.

Physical properties of films

It is well known that Chitosan films are hydrophilic due to the presence of a large
number of polar groups [23], but the hybridization of Chitosan with functional
molecules will change its hydrophilicity as well [24, 25]. The change in
hydrophilicity of Chitosan in the presence of GTE powder was evaluated by
contact angle measurement (Table 3). The values given in Table 3 clearly show that
hydrophilicity decreases initially and then set to increase. Similar trend is observed
during water content analysis of composite films. The decrease in hydrophilicity can

@ Springer



3410

Polym. Bull. (2017) 74:3399-3419

15kV  X6,000 2uym 0000 1150 SEI

15kV  X6,000 2pm 0000 1150 SEI

15kV  X6,000 2uym 0000 1050 SEI

Fig. 8 SEM images of films
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be ascribed to the nonavailability of hydrophilic groups of (amino and hydroxyl
groups) Chitosan for water molecules when GTE powder was incorporated [26].
There exists a critical concentration of GTE, up to which the hydrophilicity
decreases and above that concentration it starts to increase. At higher concentration
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Table 3 Physical properties—contact angle, moisture content and solubility

Film Contact angle (°) Moisture content (%) Solubility (%) pH 7.0 Solubility (%) pH 5.5

C 80 + 1.7 19.09 + 1.7 5.79 + 0.049° 12.77 + 0.76°
Cl1 944 4+ 1.61° 15.98 + 0.20° 8.3 + 0.28" 11.25 £ 0.51°
c2 104.8 & 2.8° 15.05 & 0.48° 9.49 + 0.24° 11.41 + 0.86°
C3 91.16 + 1.01¢ 14.19 + 1.6 935 4+ 0.61¢ 14.63 + 0.86°
C4 89.36 + 2.83° 14.89 + 0.58° 14.63 £ 0.10° 15.66 + 0.82°
C5 85.43 + 2.1° 17.14 + 0.57° 15.12 + 0.63" 19.88 + 0.60°

All values are average three replicate experiments with standard deviation

Superscript letters (a—f) in each column indicate significant differences between mean values (P < 0.05)

accumulation of excess GTE powder on the film surface takes place, which can
attract water molecules using its own polar groups [27].

Moisture content of composite films follow the trend of contact angle
measurements justifying the tenets of hyrophilicity. The water molecules present
in films were held by hydrogen bonds either with polar groups of Chitosan or
polyphenol molecules. The presence of water molecules in composite films was
vindicated by TGA analysis, where each film gives a characteristic slope for
dehydration of water molecules.

Solubility measurement underlines the ability of films to withstand in moisture
condition as well as the skill of films to transfer active molecules from its matrix to
raw meat surface during the shelf life keeping [28]. In the present case, pure
Chitosan film showed lowest solubility in neutral and acidic pH, whereas solubility
of composite films is linearly proportional to the amount GTE powder (Table 3). In
lower pH all films have higher solubility due to higher dissolution of Chitosan in
acidic condition. As is well known, at neutral pH Chitosan is insoluble due to its
semicrystalline nature and strong intermolecular hydrogen bonds. In lower pH,
amino groups of Chitosan can be protonated leading to repulsion between positively
charged polymer chains and thereby diffusion of solvent molecules and subsequent
dissolution of Chitosan [29]. In contrast to pure Chitosan films, the solubility of
composite films depends on various factors such as hydrophilicity, water diffusion
ability, presence of polar groups, type of fillers, strength of hydrogen bonds and
polymer chain relaxation ability [30]. Higher solubility of Chitosan GTE powder
composite films IS not due to enhanced dissolution of Chitosan molecules, but due
to the release of GTE powder from the polymer matrix in aqueous media. The mass
loss that appeared to be due to the release of GTE has been identified as extended
solubility. To confirm this hypothesis, we carried out solubility experiment with
large sized films (6 x 6 cm) and kept it in same amount water for 7 days. The slow
colouration of the supernatant liquid confirmed the release of GTE powder from the
polymer matrix. The intensity of colour is linearly proportional to the amount of
GTE powder (Fig. 9). Such release of GTE powder in aqueous media has a
significant role in deciding antimicrobial and antioxidant properties and it was
proved by further studies.
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Fig. 9 Image of supernatant solution of composite films
Water vapour trasmission rate (WVTR)

The values of WVTR are given in the (Table 4). As shown in the result, all
composite films exhibit higher WVTR values compared to the pure Chitosan film
except C1. The WVTR is related to two factors, namely hydrophilic-hydrophobic
ratio of the composite films and crystallinity. WVTR is inversely related to
hydrophobicity and crystallinity of films, whereas it is linearly related to
hydrophilicity of the films [4, 31, 32]. The obtained result suggests that the inter
play of hydrophilicity—hydrophobicity ratio and crystallinity has paved the way for
enhanced WVTR of composite films. It was concluded that hydrophobicity of
composite film shows rise and fall like trend whereas crystallinity decreases linearly
with the amount of GTE powder. The lowest WVTR value of C1 is attributed to its
comparatively higher hydrophobicity (Table 3, contact angle) and moderate
crystllinity (as per XRD analysis). Even though C5 film has lowest crysallinity
and reasonably higher hydrophilicity, it did not show any exceptionally higher
WVTR. This anomaly is related to its higher solubility in aqueous media (Table 3).
As explained earlier, higher solubility is due to the excess release of GTE powder
from the matrix, and hence water molecules interact with the component present in
the matrix losing more time to cross the film [33].

Table 4 WVTR values of films

Film WVTR (gh~' m™?)
C 38.19 + 0.93°
Cl1 36.45 + 0.75"
C2 38.68 £ 0.71°
C3 39.09 + 1.14¢
C4 40.28 + 0.72°
cs 42.11 £ 0.87°

All values are average of three sets of experiments with standard deviation

Superscript letters (a—f) in the column indicate significant differences between mean values (P < 0.05)
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Table 5 Tensile strength values of films

Film Tensile strenth (MPa)
C 41.82 + 0.79*

Cl 55.16 £+ 1.6°

C2 59.36 + 0.89°

C3 62.38 + 1.4¢

C4 60.65 + 0.42°

c5 59.08 + 1.12f

All values are average of three sets of experiments with standard deviation

Superscript letters (a—f) in the column indicate significant differences between mean values (P < 0.05)

Measurement of tensile strength (TS) of films

The tensile strength (TS) values of films was compared and is given in (Table 5).
The TS values of composite films have significantly (P < 0.05) improved when
extract powder was incorporated, but the trend is not in a linear fashion. TS values
of composite films have initially increased with the gradual addition of extract
powder, reaching an optimum value and then set to decrease. Pure Chitosan film has
a TS value 41.82 £ 0.79 MPa. The increase of TS values of composite films can be
justified by the structural changes promoted by the addition of GTE powder. As it is
well recognized, TS values are linearly related to the strength of inter molecular
attractions present in the film [34]. When GTE powder was incorporated, cross
linking effect was developed leading to the enhancement of TS of composite films
[35, 36]. For a fixed amount of Chitosan precursor, there is an optimum amount of
GTE for maximum cross linking effect. Hence, incorporation of more GTE powder
causes agglomeration in the matrix, leading to surface discontinuity as vindicated by
SEM images.

Antioxidant properties of films

DPPH is one of the stable organic radicals and widely used for the determination of
antioxidant property of active packaging films [37]. As shown in the result,
(Table 6) the scavenging ability of the bare Chitosan film was lowest and exhibits
31.9% of scavenging activity after 25 h immersion in water. The maximum activity
was shown by C5 film sample in all time intervals and its efficiency has reached at
95.13% after 25 h long immersion.

The limited antioxidant activity of Chitosan was justified as the reaction of
radical species with hydroxyl group at the C-6 position and amino group at C-2
position. These functional groups can transfer hydrogen to the unstable radical
species and will form macromolecular radicals [38]. Compared to pure Chitosan,
GTE powder-incorporated composite films showed increased scavenging activity.
The 15-fold increase in scavenging activity of C5 film (after 1 h immersion) justifies
the direct involvement of polyphenol molecules. The enhanced radical scavenging
activity of composite films is related to the release of GTE powder from the polymer
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matrix [39]. The unusual antioxidant activity of GTE powder is due to special
structural features of each catechin molecule present in the extract. Catechins and
epicatechins having three hydroxyl groups in the B ring are called gallocatechins,
and their esterified form to Gallic acid (3,4,5 trihydroxy benzoic acid) is named as
catechin gallates. It was reported that ortho-trihydroxyl groups in the B ring of
gallocatechins are responsible for its anti oxidant activities and in the case of
catechine gallates, carboxylic acid and hydroxyl groups together play a major role in
deciding antioxidant activity. Due to the high reactivity of these groups, they can
donate hydrogen and an electron to DPPH radical.

F-OH + R* — F-O* + R-H (4)

The radical scavenging ability of different components of GTE powder follows the
order epicatechin gallate = epigallocatechin gallate > epigallo catechin > Gallic
acid > epicatechin = catechin.

Antimicrobial activity

Optical density (OD) values of composite films at four different time intervals are
given in Tables 7 and 8. The growth of microorganism in the media is directly
linked to its turbidity. The higher the turbidity, the higher the OD value and lower
the antimicrobial efficacy of the film [40, 41].

All composite films exhibited enhanced antimicrobial property as compared to
bare Chitosan film, but there was an exceptional increase in the case of C4 and C5
film. The enhancement of antimicrobial property of composite films rationalizes the
tenets of controlled release of GTE powder from the polymer matrix in aqueous
media. The exceptionally higher antimicrobial activity of C4 and C5 films are
related to the extended release of GTE powder from the polymer matrix. It was
generally agreed that the antimicrobial activity of GTE powder is due to the
presence of catechins [42]. Among the different catechins, gallocatachins and
corresponding gallates have more antimicrobial activity [43]. These molecules
specifically bind to the peptide glycan present in the cell wall of microorganism
leading to the precipitation. There are a few other suggestions that gallocatechins
and their gallates damage lipsosame or attack and destroy lipid bilayer of bacterial
cell wall or generate H,O, for biocidel activity [44].

Table 7 Percentage values of

inhibition of films against Time (h) % of inhibition

Staphylococcus aureus C C1 2 3 c4 cs
5 36.11 30.56 8.33 3333 19.44  38.89
20 22.80 2894 4122 3596 < 73.68 78.94
25 2047  27.55 29.92 16.53 80.31 80.31
30 2391 34.23 3532 39.67 82.06 84.78
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Table 8 Percentage values of

inhibition of films against E. coli Time (h) % of inhibition

C Cl c2 C3 C4 (6]
5 12.9 18.1 2.78 2.6 2222 13.89
20 13.17  21.70 2.8 19.44 6.4 6.8
25 14.18 2340 2325 2635  55.03 60.46
30 38.89 4722 2411 31.91 92.19  97.87

Packaging application

Since shelf life of meat is directly related to amount microorganisms in the sample,
the comparison of total plate count of microorganisms of meat samples packed in
Chitosan—GTE composite pouches and LDPE pouches obviously emphasize the
ability of composite pouches to enhance the shelf life of raw meat. As shown in the
result (Table 9) bacterial count of meat samples stored in composite pouches is
significantly (P < 0.05) lower than polyethylene pouches. There was no growth
detected in a meat sample stored in composite pouches for one day, and the rate of
growth of microorganisms in meat samples stored in composite pouches are
relatively low. Whereas meat samples stored in polyethylene pouch, exhibited
moderately higher bacterial growth from the first day of storage and it was
exponentially increased with the number of storage days. After six days of storage
the total plate count of microorganisms in polythene bag was 40 times larger than
microorganisms found in composite pouches (Fig. 10). This result has undoubtedly
underlined the ability of composite pouches to inhibit the growth of microorganisms
in raw meat and enhance its shelf life. The inhibition efficiency of composite pouch
is attributed to the periodical diffusion of active molecules from the packaging
material onto the meat surface. The water content in the meat sample may facilitate
the diffusion of active molecules.

Table 9 Total count of bacteria (Log cfu/g) present in meat sample during storage at 4 °C

Storage time (h) Meat sample Total count
Exp-1 (3-dilutions) Exp-1 (4-dilutions)

24 h (1 day) LDPE pouch 4.066 £ 0.05" 4.43 £ 0.04"
Composite pouch N.G.D N.G.D

48 h (2 days) LDPE pouch 442 +027° 5.1 + 0.44°
Composite pouch 1.96 + 1.7* 1.33 £ 2.3*

144 h (6 days) LDPE pouch 5.59 £+ 0.017° 5.99 + 0.23°
Composite pouch 4.15 + 0.07¢ 415+ 0.15¢

N.G.D no growth detected

*d Means within columns having the same superscript do not differ significantly (P > 0.05)
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Fig. 10 Image of total plate count of microorganisms of meat samples in LDPE pouch (above) and
composite pouch (below)

Conclusions

The aim of this investigation was the fabrication of an eco-friendly, smart packaging
film for the extension of raw chicken meat. To optimize a suitable candidate for
packaging applications five different Chitosan—-GTE powder composite films were
synthesized by a simple one-pot procedure. All films were well characterized by FT-
IR (ATR), XRD and SEM. Physical, thermal and mechanical features of composite
films were evaluated and compared with pure Chitosan films. It was observed that
incorporation of GTE powder has improved all the properties, but not in linear
fashion. The smartness of composite films towards antimicrobial and antioxidant
properties was calibrated by in vitro analysis. DPPH scavenging activity studies
have undoubtedly proven enhanced antioxidant ability of composite films.
Similarly, antimicrobial studies also confirmed the ability of composite films to
inhibit the growth of Gram-positive and Gram-negative bacteria. Finally, the
usefulness of composite films to substitute current polyethylene bags to store meat
and related items was analysed. The C4 composite film was crafted to pouch-like
packaging material for investigating the potential of film to enhance the shelf life of
raw meat. The result was highly encouraging, and the rate of bacterial growth in
meat samples stored in composite pouches was significantly lower than that of
polyethylene pouch.
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