CHAPTER IV
RESULTS AND DISCUSSION

4.1 Abstract

Generally, the aim of using food packaging is to preserve food products.
However, microbial contamination is able to cause food deterioration. Therefore, the
antimicrobial substances are often incorporated into packaging materials. In this
work, zinc oxide (ZnQ) coated polypropylene (PP) film was prepared with the aid of
dielectric barrier discharge (DBD) plasma treatment. The surface hydrophilicity of
PP film was increased after DBD plasma treatment due to the presence of oxygen-
containing functional groups on the plasma-treated PP surface. In addition, the
surface roughness of the plasma-treated PP film increased with increasing treatment
time. The DBD plasma treatment did not affect the mechanical properties of the PP
film. The optimum DBD plasma treatment time was 10 . The plasma-treated PP film
was further immersed in zinc nitrate solution before being converted to zinc oxide
particles by reacting with sodium hydroxide. The highest amount of zinc oxide on PP
film was 0.26 wt%. The ZnO-loaded plasma-treated PP film possessed high
antibacterial activity against both gram-negative Escherichia coli and gram-positive
Staphylococcus auerus.

Keywords: Zinc oxide/ Polypropylene/ Dielectric Barrier Discharge/ Antibacterial
activities

4.2 Introduction

One of the most important functions of the food packaging is to preserve
food products from sunlight, moisture, temperature, oxygen, and microorganisms. \
Among avariety of factors capable of affecting the food quality, microorganisms are
considered to be the most significant because they can lead to cross contamination,
discoloration, stinky adore, and food borne illness. Accordingly, the antimicrobial
agents, either organic or inorganic compounds, are always used to minimize the
amount of microorganisms in order to maintain the quality of foodstuffs.
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In general, there are two approaches to incorporate the antimicrobial agents
into food packaging — preparation of composite films and surface coating. However,
the resulting composites show low antimicrobial activities because the incorporated
antimicrobial agents do not cover the surface of the packaging films. Thus, they are
not totally available for antimicrobial activity. On the contrary, the coating is an
alternative approach to improve the antimicrobial activity via incorporating the
antimicrobial agents into the food contact layer [14].

Zinc oxide (Zn0Q) is often used as an antimicrobial agent due to its several
advantages, such as inexpensive cost, high antimicrobial activities, non-toxicities,
high safety, and biocompatibilities. ZnO has been used as a filling in medical
materials in diverse fields, including drug delivery, cosmetics, and pharmaceutical
[15]. The antimicrobial activities of ZnO are of great interest since it inhibits the
microbial growth or kills microorganisms either with or without UV light [§],
Generally, the ZnO particles are frequently tested against Gram-negative and Gram-
positive bacteria [18]. Moreover, it can inhibit the growth of fungus, such as
Aspergillus Niger [17]. Regardless of its antimicrobial activities, ZnO is incorporated
into a number of materials for introducing new properties, like photocatalytic
activities, electrical conductivities, and resistivity to photo-degradation.

Polypropylene (PP) is commonly used in food packaging because of its
many advantages, including abundant supply, inexpensive cost, good resistance to
chemical and harsh environment, and excellent moisture barrier. However, the
wettability, adhesion, and printability of PP are low [2], In this study, the dielectric
barrier discharge (DBD) plasma technique is chosen to enhance the coating ability of
the PP surface. The DBD plasma was used for surface modification by introducing
the oxygen-containing functional groups at the surface of materials. Moreover, it also
provides many advantages such as environmentally friendly, inexpensive, and easy
to operate [7] which make the DBD plasma technique become a favorahle technique.

In the present work, ZnO-coated PP films were accomplished with the aid of
DBD plasma treatment. The optimum condition for DBD plasma treatment were
chosen based on the results of water contact angle measurement, mechanical testing,
X-ray photoelectron spectroscopy (XPS), scaning probe microscopy (SPM), and
fourier-transformed infrared (FTIR) spectroscopy. The antimicrobial activities of
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Zn0-coated plasma-treated pp films at different ZnO contents were also tested
against hoth Gram-negative Escherichia coli and Gram-positive Staphylococcus
auerus.

4.3 Experimental

4.3.1 Chemicals and Materials
4.3.1.1 Materials
PP films were purchased from Somboon Plastic Co., Ltd
(Thailand).
4.3.1.2 Chemicals
(a) Zn(NC>3):, technical grade, was purchased from Ajax
Finechem Pty Ltd.
(b)  NaOH anhydrous pellets, analytical grade, were
purchased from Ajax Finechem Pty Ltd.
4.3.1.3 Air Gas for Plasma Treatment
Air zero (high purity) used in the plasma treatment was
obtained from Thai Industrial Gas Co., Ltd. (Thailand).
4.3.2 Equipment
4.3.2.1 Water Contact Angle Measurement
Water contact angle measurement was carried out at room
temperature using the sessile drop technique. The contact angle formed between the
10-pl distilled water droplet and the pp surface was measured by a drop shape
analysis system (Kriss, DSA10 Mk2). The reported values were the average of five
measurements.
4.3.2.2 Lloyd Tensile Tester
Mechanical properties in terms of ultimate tensile strength
and elongation at break were measured by using a universal testing machine (Lloyd,
LFLX). The specimen was cut into a dumb bell shape with the dimension of 6 mm x 1
mm with the gauge area of 6 mm X ] mm. The load cell, the gauge length, and the
displacement rate used during the testing were 2500 N, 5 mm, and 100 mm min"},
respectively. Each reported datum was the mean of ten measurements.
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43.2.3 ATR-FTIR Spectroscopy

The ATR-FTIR spectroscopy (Thermo Nicolet Nexus, 670)
was employed to analyze the surface chemical composition of the pp films both
before and after the DBD plasma treatment. All ATR-FTIR spectra were collected
using 32 scans in a wavenumber range of 4000 cm"Lto 600 cm™1at a resolution of 4
cm"L All PP specimens subjected to the ATR-FTIR analysis were cut into a precise
dimension of 1.0 cm x 7.0 cm.

43.2.4 Scanning Electron Microscopy (SEM)

The surface morphology of the synthesized ZnO and the pp
specimens were observed under a SEM microscope (Hitachi, -4800) operated at 2.0
kv. The samples were placed on a brass stub before coated with a thin layer of gold
using an ion sputtering device operated at 120 mA for 2 min. The SEM was also
operated in the energy dispersive X-ray (EDX) mode in order to qualitatively
determine the deposition of zinc oxide (ZnQ) on the surface of pp film.

43.2.5 Atomic Absorption Spectroscopy (AAS)

An AAS spectrophotometer (Varian spectra, 300/400) was
used for the quantitative analysis of the deposition of ZnO on the pp film. The
samples were examined by using a hollow cathode lamp with a standard wavelength
of 213.9 nm. The concentration of the deposited ZnO was calculated from a
calibration curve of Zn2+in the concentration range of 0.4 ppm to 2.0 ppm.

4.3.2.6 Wide Angle X-ray Diffraction (WAXD) Analysis

The crystalline structure of ZnO was characterized by an X-
ray diffractometer (Bruker AXS, D8 advance) operated with the use of Cu Ka as the
X-ray source. The WAXD analysis was done in a continuous mode with a scan speed
of 1° min"Lcovering the angle (20) from 10° to 80°. The WAXD data were also used
to calculate the ZnO grain size using the Scherrer formula:

d=3X-

p cost?

where D is the grain size, K is 0.89, X is the X-ray wavelength (0.15 nm), 0 is the
Bragg diffraction angle, and (3is the peak width at half maximum (FWHM).
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4.3.2.7 Surface Probe Microscopy (SPM)

The surface topography of the polymeric substrates was
investigated by using a scanning probe microscope (SPM) (Veeco, Nanoscope 1V)
with the tapping mode in air at room temperature. The obtained micrographs were
minimally flattemed, and high frequency noise was diminished in order to facilitate
data analysis.

4.3.2.8 X-ray Photoelectron Spectroscopy (XPS)

The chemical composition of treated pp film and ZnO coated
pp films were also analized by Kratos Axis Ultra DLD with the active area 2 mm2
The XPS spectra were excited by the Al Ka X-ray source (1486.6 eV).

4.3.3 Plasma Treatment and Sample Preparation

The PP-films were cut into a square shape with the dimension of 2
cmx 2 cm before treated with the DBD plasma. The optimum operating conditions
for the DBD plasma treatment were selected at the voltage of 50 kv, the frequency
0f 325 Hz, and the electrode gap of 4 mm under air environment [12]. After that, the
treated PP-film was dipped into an aqueous Zn(N03)2 solution at different
concentrations, followed by a drop wise addition of a 2.5 M NaOH solution, Next,
the sample was washed with an excess amount of deionized water and dried in air at
the room temperature.
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Figure 4.1 The DBD set up (1) power supply unit, (2) high voltage transformer, (3)
upper electrode, (4) lower electrode, (5) dielectric glass, (6) Polypropylene film, (7)
mass-flow controller, (8) air gas, (9) needle calve, (10) vacuum pump and (11)
plasma chamber.

4.3.4 Antibacterial Activity Testing

The E. coli and . aureus were selected as representatives of Gram-
negative and Gram-positive bacteria, respectively. The antimicrobial activities of
ZnO nanoparticle-coated DBD plasma-treated pp films were determined based on
the two methods.

Antibacterial properties of ZnO-coated pp film were evaluated based
on the colony count method using ASTM E 2149-01. First, a culture medium was
prepared by mixing 0.3 g of beef extract with 0.5 g of peptone in 100 ml water. The
bacterial inoculums were prepared by transferring one colony of each microorganism
into 20 ml of a culture medium. After that, the mixture was incubated in a shaking
incubator at 150 rpm and 37 ¢ for 24 h. About 1 ml of the as-prepared inoculums
was added into several vials of 9 ml of 0.85% sterile NaCl aqueous solution.
Standard serial dilution method was used to obtain an appropriate bacterial
concentration, i.e., 106 for . aureus and 10 for E. coli. Next, the test sample was
cut into square shape with the dimension of 2.0 cm X 2.0 ¢cm before added to the
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bacterial suspension. The suspension mixture was then incubated in a shaking
incubator at 150 rpm and 37 c. After the contact time interval of 3 h, 100 pi of the
suspension was withdrawn and subsequently spread on the sterilized agar plate.
Bacterial growth was visualized after an overnight incubation at 37 ¢ for 24 h [20],
The percentage of bacterial reduction was determined by using the following
equation:

(Viablecell countat 0 h- Viable cell count at 24 h)

Viable cell countat 0 h x 100

Bacterial reduction =

4.4 Results and Discussion

4.4.1 Characterization of DBD Plasma-Treated pp Film
4411 Effect of DBD Plasma Treatment Time on Water Contact

Angle on pp Film.

The hydrophilic properties of DBD plasma-treated pp film
were characterized by water contact angle measurement. Figure 4.2 shows the effect
of DBD plasma treatment time on the water contact angle on pp film. Obviously, the
water contact angle drastically decreased from 89.7° to 50.4° as the DBD plasma
treatment time increased from 0 to 10 . A constant water contact angle around 50°
at the treatment time longer than 10 implied a saturation state of surface wettability.
The result indicated that the DBD plasma treatment led to an increase in the surface
hydrophilicity of pp film. This should be mostly likely due to the presence of new
polar functional groups on the plasma-treated surface induced by the active species
generated by the air plasma, especially oxygen-based species (NO, NOz, and N20) as
well as charged species (NO+ 02+ and O ), which are very reactive. Thus, a number
of new polar functional groups were incorporated into the surface of pp film,
resulting in an increment of the hydrophilicity of pp films after plasma treatment [5].
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Figure 4.2 Effect of plasma treatment time on water contact angle on pp film.

44.1.2 Effect of DBD Plasma Treatment Time on Mechanical

Properties ofpp Film.

The mechanical properties of DBD plasma treated-PP film
were investigated in terms of tensile strength and percentage of elongation at break.
As shown in Figures 4.3 (a) and (), the DBD plasma treatment insignificantly
affected both tensile strength and elongation at break of pp film, suggesting that the
DBD plasma treatment modified only the top of the pp surface. Therefore, the bulk
properties of pp film remained steady after the DBD plasma treatment [19]
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Figure 4.3 Effect of DBD plasma treatment time on (a) tensile strength and ()
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44.1.3 Effect ofDBD Plasma Treatment Time on Surface Chemical

Composition ofpp Film,

The surface chemical composition ofDBD plasma-treated pp
film was investigated by using the ATR-FTIR technique. Figure 4.4 shows the ATR-
FTIR spectra of the pp films before and after the DBD plasma treatment. After the
DBD plasma treatment, the new characteristic peaks appeared at the wavenumbers of
1633 cm"1 1718 cm"1, and 3400 cm*corresponding to COO” asymmetrical stretching
vibration, ¢=0 stretching vibration, and O-H stretching vibration, respectively [16] .
The intensity of new peaks was also found to increase with increasing the DBD
plasma treatment time, implying a higher amount of the new oxygen-containing
functional groups at a longer treatment time. These new functional groups should
relate to an increase in the surface hydrophilicity after the DBD plasma treatment.

Absorbance

T T
4000 3000 2000 1000

Wavenumber (cm™)

Figure 44 ATR-FTIR spectra of pp films at different DBD plasma treatment time.
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Moreover, the chemical composition of treated-PP films was
further examined using the XPS technique. Figures 45 (a) and (b) show the C(ls)
spectra of untreated pp films and plasma-treated pp films at 10 . The result shows
that the chemical composition of untreated PP-films is altered after the plasma
treatment which can be observed from three main peaks. The peak at 285.0 and 285,8
eV was attributed to C-C/C-H and C-CO- bond [5J. The last peak at 287.1 eV was
attributed to C-0 bond [11], As shown in table 4.1, the percentage of oxygen-
containing polar group which are C-O, ¢=0 and 0-C=0 are increased as increasing
the plasma treatment time whereas the percentage of C-C/C-H was decreased. It
might be implied that the DBD plasma generates active species, stch as oxygen
radicals, ozone, nitrogen oxide, as well as neutral and metastable molecules. These
active species abstract the secondary hydrogen atom from polymeric chain to form
the alkyl radicals. The alkyl radicals will further react with reactive oxygen species
to form alkoxy radicals. Both alkyl and alkoxyl radicals lead to the formation of the
oxygen-containing polar functional groups, relating to an increase in the C-0, ¢=0
and 0-C=0 bond [7], These results were in agreement with the FTIR results.
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Figure 4.5 XPS spectra of (a) untreated-PP films and (b) plasma-treated pp films at
10 .

Table 4.1 Effect of plasma treatment time on the percentage of chemical
composition

Percentage of chemical composition

T:ie;tenze)”t W0V 2586V WILeV 2856V 2897V
C-CIC-H C-CO; C-0 €z 0 0-C=0

0 84.5 141 14 - -

10 83.5 131 3.4 - ,

20 37.8 44.9 8.3 55 3.5

40 29.2 47.7 10.5 1.6 5.0

90 233 50.3 117 1.1 6.9
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44,14 Effect ofDBD Plasma Treatment Time on Surface

Morphology ofpp Film.

Changes in the surface topography of the pp films after the
DBD plasma treatment were examined by using the SPM technique. Figure 4.6 show
three-dimentional SPM images of the pp sample both before and after the DBD
plasma treatment at different treatment times. Root mean square roughness (Rms)
was Used to represent surface roughness of pp sample. The results revealed that the
surface roughness of PP-films increased abruptly after plasma treatment time 10
(Rms = 28.90 nm £ 352 nm) which was 8 times greater than the value of the
untreated one (Rms = 3.67 nm £ 0.33). Beyond 10 , the roughness of pp films
further increased to 29.2153 nm £2.13 nm, 38.33 nm £ 5.90 nm, and 59.27 nm £
5,67 nm as the plasma treatment time increased to 20 . 30 , and 40 , respectively.
The surface morphology changed due to the reactive species generated by the plasma
bombard the surface of pp film. Therefore, the chain scission occurred at the surface
resulting in etching effect [4)]
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Figure 4.6 Three-dimentional SPA images of the pp sample: (a) untreated film, and
DBD plasma-treated films at (b) 10 , (c) 20s, (d) 30 , and (e) 40 .

4.4.2 Characterization of ZnQ Nanoparticles
4421 Crystallinity 0fZnO Nanoparticles

The crystallographic of ZnO nanoparticles was examined by
using the WAXD technique. As shown in Figure 4.7, the WAXD pattem of ZnO
particles shows the presence of attributive peaks located at 20 equal to 3L71
34.48°, 36.23°, 41.53°, 5647°, 62.78°, and 67.92° which are associated with the
(200), (002), (102), (202), (110), (103) and (112) planes, respectively [10]. ~ was
indicated that the synthesized ZnO particles possessed hexagonal wurtzite crystal
structure. It should be noted that the grain size of the test sample calculated by using
the Scherrer formula based on the (101) diffraction peak is found to be 40.25 nm.
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Figure 4.7 XRD pattern of ZnO nanoparticles.

44.2.2 Morphology 0fZnO Nanoparticles
The morphology and the particle sizes of ZnO were examined
by using the SEM. As shown in Figure 4.8, the synthesized ZnO particles are
spherical with an average diameter of about 119 nm,

Figure 4.8 SEM images of the as-prepared ZnQ nanoparticles.
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443 7n0 DeEosition on Plasma-Treated pp Film N
44.3.1 Effect ofDBD Plasma Treatment Time on ZnO Deposition

The amount of ZnO deposited on pp film was quantitatively
determined by the AAS technique. Figure 4.9 shows the effect of DBD plasma
treatment time on the amount of ZnO deposited on pp film. At any studied DBD
plasma treatment time, the amount of ZnO deposited on the pp film remained
constant at about 0.2 wt.%, indicating that the treatment time insignificantly affect
the deposition of ZnO on the pp film. Therefore, the optimum time for the DBD
plasma treatment of pp films was selected at 10 .
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Figure 4.9 Effect of DBD plasma treatment time on amount of deposited ZnO.

4.4.3.2 The Distribution 0fZnO Deposition on pp Films
The distribution of ZnO deposition on pp film was also
observed with the use of the SEM-EDX technique. From Figures 4.10 and 4.11, the
SEM micrographs clearly show a homogeneous distribution of ZnO particles on the
PP surface.
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Figure 4.10 SEM micrograph of (a) neat pp film and (b) ZnO-coated DBD plasme-
treated pp film.

@) ()

Figure 4.11 SEM-EDX images of (a) Zn atom and (b) o atom distributed on ZnO-
coated DBD plasma-treated pp surface.

4433 EffeigtP 0 g !\llumber Washing Cycle on Amount 0fZnQ Deposited
on PP Films
To further verify whether or not the coating capability of the

PP surface was enhanced after the plasma treatment, the amount of ZnO deposited on
PP films was quantified with the use of the AAS. Figure 4.12 (a) shows the effect of
number of washing cycles on the amount of ZnO deposited on pp films. It was found
that the amount of ZnO deposited on surface decreased with increasing the number
of washing cycles. After the ZnO-coated pp films were washed for two times, the
amount of deposited ZnO on PP-fims became constant, suggesting the removal of
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loosely bound ZnO on the pp surface. Therefore, two washing cycles was chosen for
determination of the ZnO content.

Moreover, Figure 4.12 (b) show the amount of ZnO deposited on
plasma-treated pp films compare to untreated pp films as a function of number
washing cycles. It can be observed that the saturated amount of ZnO deposited on
plasma-treated pp films was obtained after the samples were rinsed for two times,
On the other hand, in case of untreated-PP films, the amount of ZnO deposited on the
surfaces was gracually decreased and completely washed out as number of washing
cycles increased. Consequently, the surface coating capability of pp films was
Improved by DBD plasma treatment,

@ 5
0.05 MZn(NO3R
) 01 MZn(N032
2 20- 05 MZn(N32
E - 10 MZn(No32

Amount of deposite®m =

Number of washing cycle
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Figure 4.12 Effect of number of washing cycles on amount of ZnO deposited on pp
films.
4434 Effect of Zn(N()p: Concentration on Amount of ZnO

Deposited on pp Films

The effect of Zn(NC>s)2 concentration on the amount of ZnO
deposited on pp films was studied at the optimum washing cycles. As shown in
Figure 4.13, the amount of deposited ZnO increased with increasing the Zn(Nos)z
concentration from 0.05 M to 05 M before remaining constant at a Zn(No3)2
concentration greater than 0.5 M. The result revealed that the highest amount of ZnO
depostied on pp film was about 0.26 wt.%.
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Figure 4.13 Effect of Zn(Noa)2 concentration on amount of deposited ZnO on PP-
films.

4435 Zn0 Deposition on DBD Plasma-Treated pp Films

The chemical bonding between the plasma treated- pp films
and the deposited ZnO nanoparticles was verified by the XPS technique. Figure 4.14
shows 0 Is XPS spectra of ZnO-coated DBD plasma-treated pp films. The result
Indicated that the chemical composition of ZnO-coated DBD plasma-treated pp films
showed three main peaks. The first peak located at 530.6 €V is corresponded to ZnO.
The second peak located at 531.8 eV is corresponded to Zn(OHy2 and the last peak
located at 533.0 &V is corresponded to specific species, such as -CQs3, and adsorbed
H20 or adsorbed Oz [6], [1]. It might be implied that the DBD plasma enhanced the
coating ahility of ZnO on pp surfaces via the deposition of ZnO as Zn(OH)2 The
percentages of ZnO, Zn(OH)z, and other specific species are 72.0 %, 26.3 % and L7
%, respectively.
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Figure 4.14 0 Is XPS spectra of ZnO-coated DBD plasma-treated pp films,

4436 Effect of ZnO Coating on The Mechanical Properties of pp
Films
The tensile strength and elongation at break of the pp films
were also determined after the ZnO coating. As shown in Figures 4.15 (a) and (b),
the deposited ZnO on plasma-treated pp films did not affect the mechanical
properties of PP-films although an increase in the Zn(NUs)2 concentration increased
the amount of ZnO deposited on the pp films. This is possibly because the ZnO
nanoparticles was coated merely on the surface of treated-PP films. Hence, the ZnO
nanoparticles did not interrupted the movement of pp chains [9).
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Figure 4.15 Effect of ZnO-coated pp films on (a) tensile strength and (0) elongation
at break of PP-fiims.
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444  Antibacterial Activities of ZnO-Coated DBD Plasma-Treated pp
Films
To achieve the aim of this study, the antibacterial activity of neat pp
and ZnO-coated pp films were determined. Table 4.2 (3) and (b) shows the
percentage of bacterial reduction as a function of Zn(NC>3)2 concentrations. The
result indicated that an increase in the Zn(NUse concentration increased the
antibacterial activities of the ZnO-coated pp films. Furthermore, after the samples
were illuminated with uv light for 3 h, the highest antibacterial activities against
both E.coli and .aureus were obtained. This can be possibly explained in that after
Zn0-eposited pp films were illuminated with uv light, the reactive oxygen species
(ROS) were generated. These ROS, such as H:02 and OH¥, are harmful to the living
organism cells [8], Compared between the two bacteria, the ZnO-coated pp films
showed a lower percent of bacteria reduction against .aureus. The result might be
due to the fact that . aureus has produced the oxidative stress-responsive genes
which convert the reactive oxygen species to H20 and Oz which are not harmful to
the cells [14]. However, the mechanism of ZnO to perform the antibacterial activities
has still under investigated.

Table 4.2 (a) Colony forming unit (cfu) counts at Oand 3 h incubation time intervals
of ZnO-coated pp films against E.coli with uv light

E.coli (cfu/rl)
Blank  Original Zn(Nos) concentration (M)
w/o PP PP 0.05 0.1 05
Oh 01XI6  91xio6  91xio6  9lxio6  9.1X00
3h 33100 3.2x/06  18X103  1OxI03  0.x103
O%decrease  decrease  decrease  decrease  decrease  decrease
/increase 63.7% 63.7% 98.0% 98.9% 99.8%

Incubation
time
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Table 4.2 (b) Colony forming unit (cfu) counts at 0 and 3 h incubation time
intervals of ZnO-coated pp films against .aureus with uv light

Incubation (INlreus (cfu/.ml)
fime Blank Nedt PP Zn(NUs). concentration (M)
wlo PP 0.05 01 05
Oh 23x106 23106 23x106  23xio6  23xiob
3h 18x100  18xI0b  46x105  23X103  08x103
O%decrease  decrease  decrease  decrease  decrease  decrease

/increase 21.7% 21.7% 80.0% 90.0% 96.5%

Moreover, the neat pp and ZnO-coated pp films were also tested without
UV light and the contact interval time was 24 h. Table 4.3 (a) and (b) show the
antibacterial activities of neat pp and ZnO-coated pp films against E.coli and
aureus, respectively. It was observed that the highest antibacterial activities of
ZnQ- coated pp films were obtained although the samples were not exposed to the
UV light. These results might be explained that the ZnO nanoparticles on treated- pp
film contacted to the cell membrane of bacteria resulting in occurring cell membrane
rupture and minerals, proteins and genetic materials were leaked out, causing cell
death [13].
As mentioned above, the ZnO- coated pp films could performed the
antibacterial activities with and without uv  light. Therefore, it should be possibly
Used as the antibacterial packaging in order to keep the quality of food products.
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Table 4.3 (a) Colony forming unit (cfu) counts at 0 and 24 h incubation time
intervals of ZnO-coated pp films against E.coli without UV light

E.coli (cfu/ml)
Blank  Original Zn(Nos)2 concentration (M)
wlo PP PP 0.05 01 0.5
Oh Lxi0 X 12X0 woxwor 12X
Ah 71000 83107 1oxos  woxws 34
Obdecrease  increase  increase  decrease  decrease  decrease
/increase 491% 591% 91.7% 99.2% 99.8%

Incubation
time

Table 4.3 (b) Colony forming unit (cfu) counts at 0 and 24 h incubation time
intervals of ZnO-coated pp films against .aureus without UV light

incubation . .aureus (cfu/ml)
fime Blank  Original Zn(NOj)2concentration (M)
w/o PP PP 0.05 01 05

Oh 1.OX106 1.0x 106 .OXIOs |.OX106 |.OXIO¢
24N 43x10s ~ 75x10s  1OxIOs  egx105  3.3xl0J
Obcdecrease  decrease  decrease  decrease  decrease  decrease
[increase 57.0% 25.0% 99.0% 99.3% 99.6%

45 Conclusions

In this works, the surface modification of PP-film was operated via DBD
plasma in air. The results show that the hydrophilicity of treated-PP film was
Increased due to the incorporation of oxygen-containing polar groups, including C-O,
C- and 0-00. However, the mechanical properties of treated-PP film was not
changed because pp film was modified only the uppermost of surfaces. Therefore,
the DBD plasma technique was a suitable process to enhance the coating capability
of the film surfaces, whereas the bulk properties were remain. After that the plasma-
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treated pp film was further immersed in zinc nitrate solution before being converted
to zinc oxide particles by reacting with NaOH. The saturated amount of ZnO
deposited on treated-PP film was determined. It was found that the ZnO deposited on
treated-PP film performed strong antibacterial against both E.coli (Gram negative)
and .aureus (Gram positive) when it was illuminated with UV light for 3h Asa
result, the ZnO deposited treated-PP film can be used as the antibacterial packaging
In order to keep the quality of food products.
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