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Abstract This study illustrates the synthesis of gelatin based zinc oxide nanoparticle (ZnONPs) incorporated nanocom-
posite films using different concentrations of ZnONPs. The ZnONPs were oval in shape and the size ranged from 100-
200 nm. The nanocomposite films were characterized by UV-visible, FE-SEM, FT-IR, and XRD. The concentrations of
ZnONPs greatly influenced the properties of nanocomposite films. The absorption peaks around 360 nm increased with
the increasing concentrations of ZnONPs. The surface color of film did not change while transmittance at 280 nm was
greatly reduced with increase in the concentration of ZnONPs. FTIR spectra showed the interaction of ZnONPs with gel-
atin. XRD data demonstrated the crystalline nature of ZnONPs. The thermostability, char content, water contact angle,
water vapor permeability, moisture content, and elongation at break of nanocomposite films increased, whereas, tensile
strength and modulus decreased with increase in the concentrations of ZnONPs. The gelatin/ZnONPs nanocomposite
films showed profound antibacterial activity against both Gram-positive and Gram-negative food-borne pathogenic bac-
teria. The gelatin/ZnONP' nanocomposite film showed the best UV barrier and antimicrobial properties among the tested-
films, which indicated a high potential for use as an active food packaging films with environmentally-friendly nature.
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Introduction

In the present decade, there has been a tremendous attention
on the development of antimicrobial food packaging films for
controlling the microbiological decay of perishable food pro-
ducts?. The main components of food stuffs are water, car-
bohydrates, proteins, fats and mineral salts which provide the
appropriate conditions for microbial growth under ambient
temperature®. The antimicrobial food packaging films have
shown great potential to inhibit the growth of both Gram-pos-
itive and Gram-negative food-borne pathogens". These films
are usually prepared by incorporating antimicrobial agents
which act upon food-borne microorganisms and inhibit their
growth. Various types of organic and inorganic materials have
been used to prepare antimicrobial packaging materials™®.
Among metallic nanoparticles, silver, copper, and zinc nano-
particles have proven strong antimicrobial activity against
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Gram-positive and Gram-negative bacteria>®.

The current research work focuses on the use of zinc oxide
nanoparticles (ZnONPs) as antibacterial agents to prevent bac-
terial growth because of their low cost as compared to other
metallic nanoparticles. Moreover, ZnONPs possess high ultra-
violet absorption property which makes it suitable for the use
as a UV-screening film. In addition, ZnONPs are believed to
be nontoxic and listed as generally recognized as safe “GRAS”
substances by FDA”). Recently, there have been several reports
regarding the antimicrobial activity of ZnO nanoparticles®.
The present study was aimed to prepare ZnONPs incorporated
gelatin nanocomposite film with improved UV barrier and
antimicrobial properties, which could be used as an active
food packaging materials. In addition, the influence of dif-
ferent concentrations of ZnONPs on the morphology, crystalli-
zation behavior, thermal, mechanical, barrier, and antibacterial
properties of the gelatin based nanocomposites were inves-
tigated.

Experimental

Materials
Gelatin was purchased from Gel Tec Co., Ltd. (Seoul,
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Korea). Sodium carboxymethyl cellulose (CMC) and zinc
acetate dehydrate were procured from Junsei Chemical Co.,
Ltd (Tokyo, Japan). Sodium hydroxide and glycerol were
obtained from Samchun Pure Chemical Co., Ltd. (Pyeong-
taek, Yeonggi-do, Korea) and Daejung Chemicals & Metals
Co., Ltd. (Siheung, Gyonggido, Korea), respectively. Tryptic
soy broth (TSB), brain heart infusion broth (BHI) and agar
powder were bought from Duksan Pure Chemicals Co., Ltd
(Ansan, Gyeonggi-do, Korea). All the reagents were of ana-
lytical grade and used without further purification.

Preparation of ZnO nanoparticle

Zinc oxide nanoparticles (ZnONPs) were prepared using
zinc acetate as a source of zinc and sodium hydroxide as a
reducing agent in the presence of capping agent (CMC)®. For
the preparation of ZnONPs, 0.15 g CMC was dissolved in 150
mL distilled water by heating the solution at 90°C for about 10
min with constant stirring. The mixture was cooled to 80°C.
Each zinc acetate of 0.5. 1.0, 1.5, and 2.5 mM was then added
and stirred continuously until they dissolved completely.
Thereafter, 1, 2, 3 and 5 mL of 1 M sodium hydroxide solu-
tion was added drop-wise in 0.5, 1.0, 1.5, and 2.5 mM zinc
acetate solution, respectively and continued stirring at 80°C
for 20 min. The formation of milky white solution indicated
the formation of ZnONPs. The ZnONPs formed with different
concentrations of zinc acetate were designated as ZnONP’>,
ZnONP', ZnONP'?, and ZnONP?”, respectively.

Preparation of gelatin/ZnO nanoparticle nanocom-
posite film

Gelatin and gelatin/ZnO nanoparticle nanocomposite films
were prepared by the solution casting method as described by
Rhim et al.”. 4 g of gelatin was added slowly in 150 mL of
the above prepared ZnONPs solutions with stirring until they
dissolved completely, followed by the addition of 1.2 g glyc-
erol as a plasticizer and continued stirring at 80°C for 20 min
using a magnetic stirrer with thermostat (with controlled tem-
perature). The film forming solution was casted evenly on a
leveled Teflon film (Cole-Parmer Instrument Co., Chicago,
IL, USA) coated glass plate (24x30 cm) and dried at room
temperature for about 48 h. The completely dried films were
peeled off from glass plates and preconditioned at 25°C and
50% RH for 48 h before further characterizations. The control
gelatin and gelatin/CMC films were prepared by the same
method without addition of ZnONPs. The gelatin/ZnONPs na-
nocomposite films were named as gelatin/ZnOAM%3 | gela-
tin/ZnOA™MC!0 | gelatin/ZnOA™C! and gelatin/ZnOAMC?3,

Characterization of gelatin/ZnONPs nanocompos-
ite films

Morphological observation, FT-IR and XRD analysis

For the field emission scanning electron microscopic (FE-
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SEM) analysis, the small piece of film was mounted on SEM
specimen holder and analyzed using a FE-SEM (S-4800, Hita-
chi Co., Ltd., Matsuda, Japan) with an accelerating voltage of
5.0 kV.

Fourier transform infrared (FT-IR) spectra of the films were
obtained using an attenuated total reflectance-Fourier trans-
form infrared (AT-FTIR) spectrophotometer (TENSOR 37
spectrophotometer with OPUS 6.0 software, Billerica, MA,
USA) at a resolution of 4 cm™.

For X-ray diffraction (XRD) pattern of the films was ana-
lyzed by X-ray diffractometer (PANalytical Xpert pro MRD
diffractometer, Amsterdam, Netherlands). The spectra were
recorded using Cu Ka radiation (wavelength of 0.1546 nm)
and a nickel monochromator filtering wave at 40 kV and 30
mA.

Surface color and optical properties

The surface color of the films was measured by Chroma
meter (Konica Minolta, CR-400, Tokyo, Japan) with a white
color plate (L=97.75, a=-0.49, and b=1.96) as a standard back-
ground. Hunter color values (L, @, and b) were determined by
taking an average of five readings from each film sample.
Total color difference (E) was calculated as follows:

AE = [(ALY + (Aa)’ + (MBS

where AL, Aa, and Ab are the difference between each color
value of standard color plate and film samples, respectively.
For optical properties of the films, each film sample was
directly mounted between two spectrophotometer magnetic
cells. The absorbance and percent transmittance spectra were
measured using a UV-vis spectrophotometer (Mecasys Opt-
izen POP Series UV/Vis, Seoul, Korea). Absorbance was taken
in the wavelength of 200~700 nm at 1 nm interval. Trans-
parency of the films was tested by measuring percent trans-
mittance at 280 nm (T, nm) and 660 nm (T, nm).

Water vapor permeability, water contact angle and mois-

ture content

The water vapor permeability (WVP) of the films was de-
termined gravimetrically according to the standard method of
ASTM E96-95 with slight modification'?). The films were cut
into square pieces (7.5 cm x 7.5 cm) and directly mounted hor-
izontally on the top of WVP measuring cups containing 18 mL
of water. The cups were weighted and subsequently placed in
an environmental chamber controlled at 25°C and 50% RH
with air movement at 198 m/min. The weight of the cups was
taken each 60 min period during 8 h. Water vapor transmi-
ssion rate (WVTR) was calculated from the slopes (linear) of
the steady state portion of weight loss of the cup versus time
curve. Then, the WVP of the films was calculated in g.m/m?.s.
Pa as follows:
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WVP = (WVTR x L) / Ap

where WVTR was the measured water vapor transmission
rate (g/m’.s) through a film, Z was the mean thickness of the
film (m), and Ap was partial water vapor pressure difference
(Pa) across the film.

The water contact angle (WCA) of the film was mneasured
by WCA analyzer (model Phoenix 150, Surface Electro Op-
tics Co., Ltd., Kunpo, Korea). Each film was cut into rect-
angular pieces (3 cm x 10 cm) and placed on the horizontal
stage (Black Teflon coated steel, 7 cm x 11 cm). The drop of
water (~10 uL) was placed on the surface of the film. The
contact angle was measured on both sides of the water drop to
assume symmetry and horizontal level'”. The average values
of three measurements of each sample were presented as the
degree of WCA.

For moisture content (MC) analysis, each film was cut into
3cmx3cm and dried at 100°C for 24 h using a hot air
oven'?. The weight loss of each film was measured as MC
and expressed as percent MC based on the initial weight of the
film.

Thickness and tensile properties of the films

Thickness of the film samples was measured by handheld
micrometer (Dial Thickness Gauge 7301, Mitutoyo Corpora-
tion, Kanagawa, Japan). The average values of five random
measurements were taken for each film thickness. The tensile
strength (TS), elongation at break (E), and elastic modulus
(EM) of each film were measured according to the standard
test method of ASTM D 882-88 using Instron Universal Test-
ing Machine (Model 5565, Instron Engineering Corporation,
Canton, MA, USA). Each film was cut into rectangular strips
(2.54 cm x 15 cm) and tensile properties were measured with
an initial grip separation of 50 mm and crosshead speed of 50
mm/min. The TS was expressed as MPa, and determined by
dividing the maximum load (N) by the initial cross-sectional
area (m?) of the films. The E was expressed as %. It was deter-
mined by dividing the extension at the rupture of the film by
the initial length of the film (50 mm) multiplied by 100. The
modulus (MPa) was determined from the slope of the linear
portion of the stress—strain curve, which corresponds to the
stress divided by the strain of the film sample. Ten mea-
surements were carried out for each film and the average val-
ues were presented.

Thermal stability

Thermal stability of the films was determined using a ther-
mogravimetric analyzer (TGA, Hi-Res TGA 2950, TA Instru-
ment, New Castle, DE, USA). About 5 mg of each film sam-
ple was taken in a standard aluminum cup and heated in the
temperature ranged from 30~600°C with heating rate of 10°C/
min under a nitrogen flow of 50 cm®/min. Empty cup was
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taken as a reference. The derivative of TGA (DTG) was ob-
tained by calculating differentials of TGA values using a cen-
tral finite difference method as follows [9]:

DTG = (W, — W) / 24t

where, W, ,,— W, _, are the residual weight of sample at time
t+At and t—At, respectively, and At is the time interval for read-
ing residual sample weight!®.

Antimicrobial activity

The antibacterial activities of neat agar and agar/CuNPs
BNC films were examined as their inhibitory effects against
the growth of Gram-positive bacteria, L. monocytogenes and
Gram-negative bacteria, Escherichia coli. Both bacteria were
supplied by the Korean culture collection center (Seoul, Ko-
rea). L. monocytogenes and E. coli were aseptically inoculated
in 20 mL TSB and BHI broth, respectively and subsequently
incubated at 37°C for 16 h. Each cultured broth was cen-
trifuged at 5000 rpm for 10 min. The cell pellets were sus-
pended in 100 mL of sterile TSB and BHI broth respectively,
and diluted 10 times with sterile distilled water. 50 mL of
diluted broth (~10° CFU mL"") was taken into 100 mL of the
conical flask containing film sample (5 cm x 5 cm) and sub-
sequently incubated at 37°C for 12 h under mild shaking. The
same diluted broth without film sample was used as the con-
trol. At every three hour interval, the cell viability of each
pathogen was calculated by counting bacterial colonies on the
plates. Antimicrobial tests were performed in triplicate with
individually prepared films.

Statistical analysis

Statistical analysis was done by one way analysis of vari-
ance (ANOVA). The significance of each mean value was
determined (p<0.05) with the Duncan’s multiple range tests
using the SPSS software (SPSS Inc., Chicago, IL, USA).

Results and Discussion

Morphology and EDS analysis

The changed appearance of solution from transparent to
milky white with time indicated the formation of ZnO nano-
particles. The morphology of ZnONPs, neat gelatin film, and
gelatin/ZnONPs nanocomposite films is presented in Fig. 1.
The nanoparticles were in the form of colloidal solution and
100-200 nm in size. The neat gelatin film had smooth and
compact surface, while gelatin/ZnONPs nanocomposite films
showed rough surfaces. The zinc nanoparticles were uni-
formly distributed throughout the films without any aggre-
gation of particles. Similar surface morphology of nanocom-
posite films was observed by Kanmani and Rhim, who pre-
pared nanocomposite films by blending ZnO nanoparticles
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Fig. 2. EDS analysis of (a) neat gelatin, (b) gelatin/ZnONP M3 (¢) gelatin/ZnONP™MC!0, gelatin/ZnONP™MC! | and gelatin/ZnONPMC2S

nanocomposite films.

with different polymer matrices®.

Fig. 2 shows the electron dispersive spectroscopy (EDS)
analysis of nanocomposite films. The percentage of Zn
increased with the increasing concentrations of ZnONPs in the
nanocomposite films.

Optical and color properties

The optical properties of gelatin and gelatin/ZnONPs nano-
composite films are shown in Fig. 3. The neat gelatin film
showed two peaks around 220-230 nm and 270-280 nm for
characteristic peaks of gelatin. However, the nanocomposite
films blended with ZnONPs showed an additional peak near
360 nm for a characteristic peak of ZnONPs. The peak inten-
sity was increased when the concentration of ZnONPs inc-
reased from 0.5 to 2.5 M. Kim et al.' also reported the sim-
ilar results for absorption peak of ZnONPs at around 360-380
nm and the peak intensity increased with the increase in con-
centration of ZnONPs from 1% to 10%.

The light transmittance at 660 nm and 280 nm of nano-
composite films was measured and presented in Table 1. Trans-

Absorbance (a. u.)

Gelatin/CMC

Gelatin/ZnONP
Gelatin/ZnONP"’
Gelatin/ZnONP"*
Gelatin/ZnONP™*

0.5

300 400 500 600
Wavelength (nm)

Fig. 3. UV-visible spectra of gelatin/ZnONPs nanocomposite

films.

mittance values of the neat gelatin film at 660 nm and 280 nm
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Table 1. Optical properties of gelatin/ZnONPs nanocomposite films

45

Film L a b AE Tg0nm (70) T60nm (70)
Gelatin 93.30+0.09°¢ -0.49+0.02¢ 4.20+0.09? 1.8240.09% 28.9+0.9° 89.5+0.7°
Gelatin/CMC 93.2440.15¢ -0.54+0.034 4.40+0.04 2.01+0.08" 27.5+1.0¢ 90.00.6°
Gelatin/ZnONP?> 93.00:£0.06° -0.91 +0.03¢ 5.52+0.10° 3.10£0.11° 13.0+1.8° 90.120.5¢
Gelatin/ZnONP'? 92.62+0.07° -1.3120.05° 6.7240.14° 4.38+0.14° 1.9£0.1° 88.9£1.2°
Gelatin/ZnONP'? 92.73+0.11° -1.90+0.212 8.14+0.73¢ 5.76+0.69¢ 0.6+0.1° 77.145.6°
Gelatin/ZnONP?> 92.90+0.12° -1.98+0.11° 8.01+0.32¢ 5.61+0.29¢ 0.3+0.0° 72.2+1.12

'Each value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter

are not significantly (p>0.05) different by Duncan's multiple range tests.
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Fig. 4. FT-IR spectra of gelatin/ZnONPs nanoconposite films.

were 89.5+0.7 % and 28.9+0.9 %, respectively. When ZnONPs
were incorporated into gelatin, the % transmittance values of
films at 280 nm decreased drastically down to 0.3%, but the
% transmittance values at 660 nm decreased marginally with
the an increase of ZnONPs concentrations. The concentration
of ZnONPs greatly influenced the transmittance value of the
nanocomposite films.

FTIR and XRD analysis

FT-IR analysis was carried out to study the interactions
between ZnONPs and gelatin matrix (Fig. 4). The spectra of
all nanocomposite film displayed characteristic peaks in the
range of 3500 to 650 cm’'. All films exhibited the bands of
amide I, amide-II, and amide-IIT at 1631, 1550, and 1240 cm!,
respectively'”. The band around 1041 cm™' was due to the
interaction between OH group of glycerol and gelatin'®. The
broad peak near 3300 cm™ was due to hydrogen bonding'”.
An increase in intensity of peaks was observed when the con-
centration of ZnONPs increased. It indicated a certain inter-
actions between ZnONPs and biopolymer matrix'®.

Gelatin
Gelatin/CMC
Gelatin/ZnONP"*
Gelatin/ZnONP"’
Gelatin/ZnONP"*
Gelatin/ZnONP**

\ (100)

Intensity (a. u. )
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26 (degree)

Fig. 5. XRD patterns of gelatin/ZnONPs nanocomposite films.

X-ray diffraction (XRD) patterns of the neat gelatin and gel-
atin/ZnONPs nanocomposite films are shown in Fig. 5. The
diffraction peaks were not observed in case of neat gelatin
film and gelatin/ZnNONPs nanocomposite films with lower
concentrations of ZnONPs. However, nanocomposite films
with high concentrations of ZnONPs exhibited characteristic
diffraction peaks at 26 of 31.8, 34.4, 36.2, 47.5, 56.5, 62.8,
67.9, and 69.1, which correspond to (100), (002), (101), (102),
(110), (103), (112), and (201) planes of zinc oxide nanopar-
ticles, respectively'®. These diffraction peaks confirmed the
presence of crystalline ZnONPs in nanocomposite films®. Si-
milar results of diffraction peaks were observed with ZnO in-
corporated nanocomposites with other polymer matrix®'®. The
intensity of peaks was increased with an increase in the con-
centration of ZnONPs.

Thermal stability

The thermal stability of the gelatin and gelatin/ZnONPs
nanocomposite films was measured using thermogravimetric
analysis. The results of TGA and DTG curves are shown in
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Fig. 6. (a) TGA and (b) DTG thermograms of gelatin/ZnONPs nanocomposite films.

Fig. 6. All films showed multi steps of thermal decomposition
in TGA curves. The initial weight loss was observed around
90°C due to the removal of moisture from the films. The small
shoulders around 240-260°C was ascribed to the thermal
decomposition of glycerol?”. The third steps of major thermal
decomposition were observed around 320°C, which can be
attributed to the thermal decomposition of gelatin®. The ther-
mal stability of gelatin/ZnONPs nanocomposite films was inc-
reased with an increase in the concentration of ZnONPs. There
were no much difference in TGA and DTG curves of gelatin
and gelatin/CMC nanocomposite films. The differences in the
curve of gelatin/ZnONPs nanocomnposite films were due to
the presence of ZnONPs. After the final thermal decomposi-
tion, the residual percentages at around 600°C of the neat gel-
atin, gelatin/CMC, gelatin/ZnONP3, gelatin/ZnONP!, gela-
tin/ZnONP'?, gelatin/ZnONP?* were 23.63, 21.97, 23.76, 28.98,
33.12, and 36.01%, respectively.

Moisture content, water contact angle and water
vapor permeability
Table 2 shows the MC, WCA, and WVP of the neat gelatin

and gelatin/ZnONPs nanocomposite films. Compared with the
neat gelatin film, gelatin/CMC film exhibited slightly lower
MC, whereas, MC of gelatin/ZnONPs nanocomposite films
increased with an increase in the concentration of ZnONPs.

The incorporation of ZnONPs into the gelatin slightly inc-
reased the WVP of the films. The nanoparticles in the film
matrix exist as discontinuous particles, which make the BNC
film more porous and thus increasing the WVP of the poly-
meric films. In contrast, Kanmani and Rhim® obtained the
decrease in WVP, when ZnONPs were incorporated in various
nanocomposite films. Moreover, gelatin/CMC film showed
higher WVP as compared to neat gelatin film because of the
hydrophilic nature of CMC.

The WCA (degree) of the neat gelatin film was 52.4+0.9
and decreased significantly compared to 48.3+£0.9 for gelatin/
CMC film (p>0.05). This decrease in WCA was attributed to
the hydrophilic behavior of CMC. The WCA values nano-
composite films increased linearly after blending ZnONPs in
gelatin matrix. The WCA of films was increased with an inc-
rease in the concentration of ZnONPs used for incorporation
in BNC films. This increase in the values of WCA was due to

Table 2. Misture content, water vapor permeability, and water contact angle of gelatin/ZnONPs nanocomposite films

Film MC (%) WVP (x10° g.m/m> Pa.s) WCA(%)
Gelatin 11.1£0.8* 1.25+0.12% 52.4+0.9%
Gelatin/CMC 10.7+0.2° 1.33+0.17° 48.3+0.9°
Gelatin/ZnONP®? 11.1£0.1° 1.42+0.08° 49342 4%
Gelatin/ZnONP! 12.3+0.3° 1.64+0.08° 50.8+1.8%
Gelatin/ZnONP'? 12.5+0.0° 1.67+0.06° 53.3+2.0%
Gelatin/ZnONP?? 14.6+0.3° 2.21+0.09° 55.3+0.5°

'Each value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter
are not significantly (p>0.05) different by Duncan's multiple range tests.
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Table 3. Tensile properties of gel/ZnONPs BNC films using different concentrations of ZnONPs

Film Thickness (im) TS (MPa) E (%) EM (MPa)
Gelatin 58.2+1.6° 50.1+2.1¢ 7.3£0.2° 1451.2+66.8¢
Gelatin/CMC 59.0+1.9° 59.0+3.0° 7.040.2° 1782.2490.6°
Gelatin/ZnONP®3 59.1£2.0° 44.3+4.6° 7.340.3° 1282.2+158.2°
Gelatin/ZnONP'? 62.1£1.2° 40.8+6.4° 15.4+7.8° 1120.1+212.8°
Gelatin/ZnONP'3 62.1£2.7° 39.9+4.8° 22.6£5.6° 1028.8+186.4°
Gelatin/ZnONP?3 69.5+3.0° 20.6+3.3° 36.0+3.24 385.2477.12

"Each value is the mean of three replicates with the standard deviation. Any two means in the same column followed by the same letter
are not significantly (p>0.05) different by Duncan's multiple range tests.

the incorporation of hydrophobic ZnONPs, which made the
BNC film surface more hydrophobic®. Similarly, Nafchi et
al.?? reported that the ZnO nanorod incorporated sago starch
films had a higher water contact angle than the neat starch
film. They also found that the hydrophobicity of the film inc-
reased when high concentrations of ZnO was added into the
film.

Thickness and mechanical properties

The thickness of the neat gelatin film was 58.2+1.6 um,
which was increased to 59.0+1.9, 59.1£2.0, 62.1+1.2, 62.1+
2.7, and 69.5+3.0 um for gelatin/CMC, gelatin/ZnONP®>, gel-
atin/ZnONP', gelatin/ZnONP'?, and gelatin/ZnONP*> nano-
composite films, respectively (Table 3). Similar results of inc-
reased thickness was observed when ZnONPs was added in
PVC films™.

The mechanical properties of the gelatin films were also
greatly influenced by the addition of ZnONPs (Table 3). The
tensile strength and elastic modulus of the gelatin films were
increased when CMC was added in gelatin. Meanwhile, their
linear reduction with incorporation of ZnONPs upto con-
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centration of 1.5 mM decreased drastically with 2.5 mM of Zn
ONPs. On the contrary, the elongation at break (E) of gelatin
films increased significantly with the addition of ZnONPs.
These changes in TS and E suggests that incorporation of
ZnONPs in gelatin films has made some changes in the struc-
ture of gelatin matrix.

Antimicrobial activity

The antibacterial activity of the neat gelatin film and gel-
atin/ZnONPs nanocomposite against Gram-positive (L. mono-
cytogenes) and Gram-negative (E. coli) food pathogenic bac-
teria is shown in Fig. 7. All ZnONPs incorporated films showed
strong antibacterial activity against L. monocytogenes than E.
coli. Similar results has been observed by Kanmani and Rhim®
with ZnONPs incorporated various polymer films. The anti-
microbial activity of ZnONPs was increased with increase in
the concentration of ZnONPs. However, gelatin/ZnONP' and
gelatin/ZnONP?>® showed almost similar antibacterial activ-
ities. The results indicated that the gelatin/ZnONP'!* nanocom-
posite film showed the best antimicrobial activity among the
films tested. Though the mechanism of the antimicrobial ac-

—a— Control
—&— Gelatin
—&— GelZnONPO.5
—¥— GelZnONPL.0
—4— GelZnONP1.5
—»— GelZnONP2.5

Cell viability (LogCFU/mL)

vi

Time (h)

Fig. 7. Antimicrobial activities of gelatin/ZnONPs nanocomposite films against (a) L. monocytogenes and (b) E. coli.



48 Shiv Shankar et al.

tion of the nanocomposite films including ZnONPs has not
been known clearly, it is probable that the films release ZnO
NPs and Zn?" into the medium which bind with outer cell wall
of bacteria and penetrate through the cell wall of bacteria. The
Zn*" react with interior components of cells and affects the
viability of the cells®??).

Conclusion

The bio-nanocomposite films of gelatin and ZnONPs were
synthesized using solvent casting methods. The effects of var-
ious concentrations of ZnONPs on the physical, mechanical,
and antimicrobial properties of nanocomposite films were stu-
died. UV barrier property of gelatin film was enhanced sig-
nificantly, whereas mechanical and water vapor properties
were decreased after incorporating ZnONPs in the gelatin
matrix. The ZnONPs incorporated gelatin films showed pro-
found antibacterial activity against both Gram-positive and
Gram-negative food-borne pathogens. The antibacterial and
UV barrier properties increased with the increase in the con-
centrations of ZnONPs. The gelatin/ZnONPs nanocomposite
films with strong antimicrobial activity and UV-screening pro-
perty have high potential to be used as an active food packa-
ging materials to maintain the food quality and to extend the
shelf-life of packaged foods.
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