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The most common type of packaging is a cardboard box. As one
of the main packaging materials in medical and food industry,
cardboard is capable to bacterial pollution. Therefore, coated
cardboard with antibacterial properties of ZnO nanoparticles
could be an alternative to other food conservation approaches. In
this work, the ZnO nanoparticles were synthesized by precipitation
technique using NaOH as precipitating agent and zinc nitrate as
zinc source in aqueous solution. Then, the nanoparticles layer
was successfully coated onto the surface of cardboard using
ultrasonic radiation. The products are characterized using XRD
analysis and transmission electron microscopy (TEM). In
addition, characterization of ZnO nanoparticles is performed by
UV-Vis spectroscopy and dynamic light scattering (DLS). The 
antibacterial activity of the covered cardboard in contrast to
Escherichia coli and Staphylococcus aureus was measured by
agar diffusion method. It was found that the coated cardboard
shows perfect antibacterial activity against both S. aureus and
E. coli. This work displays the possible use of the covered
cardboard as a food antibacterial packing material for longer 
shelf life. 

 
INTRODUCTION 

Research in the field of synthesis methodology 
of nanoparticles is generally focused on controlling 
their structure, size and shape. Each of these factors 
is an important element to specify the properties of 
materials that result in various industrial uses. 1,2 
Zinc oxide, with its distinctive chemical and 
physical properties, such as great electrochemical 
coupling factor, high chemical stability and wide 
range of radiation absorption, is a multifunctional 
substance.3,4 In recent years, it was found that ZnO 
nanoparticles are useful for many applications in 
different ranges because of their more suitable 
chemical and physical properties against bulk 

ZnO.5 Antibacterial activity of ZnO nanoparticles 
has taken major attention universal particularly by 
the application of nanotechnology to synthesize 
nanoparticles. Many microorganisms exist in the 
range from hundreds of nanometers to tens of 
micrometers. ZnO nanoparticles display attractive 
antibacterial properties because of increased 
specific surface area. ZnO is a bio-safe substance 
that contains photocatalysis and photo-oxidizing 
properties on chemical and biological kinds.6,7 One 
key application of the ZnO nanoparticles as an 
antibacterial agent is in food packaging industry.8 As 
one of the main packaging materials in medical and 
food industry, paper is capable to bacterial 
pollution. Therefore, coated paper with antibacterial 
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properties of ZnO nanoparticles could be an 
alternative to other food conservation approaches 
employing radiation, low temperature storage, heat 
treatment, or the introduction of antibacterial 
additives. Nanomaterial coated papers have been 
also used newly for developing easy, fast and 
disposable biosensors based techniques for detection 
of toxins and antigens as well as antibacterial 
surfaces.9 

It is confirmed that the different applications of 
ZnO nanoparticles depend upon the control of both 
chemical and physical properties.10 This has led to 
the growth of a great variety of methods for 
synthesizing the material. Hong et al. used a 
controlled precipitation method. The process of 
precipitating ZnO was accomplished using zinc 
acetate (Zn(CH3COO)2·H2O) and ammonium 
carbonate (NH4)2CO3. 6 In another work, an easy 
precipitation technique for the synthesis of ZnO 
was performed by Lanje et al.11 

In the current study, we employed NaOH as a 
precipitating agent and zinc nitrate as an initial 
reagent. On the other hand, it includes in situ 
generation of nanoparticles in the reaction container 
and immediate sediment on the cardboard surface. 
The results displayed ZnO nanoparticles size and 
therefore its coating can be controlled by changing 
the precursor and precipitating agent concentrations. 
This ZnO nanoparticles-coated cardboard shows 
antibacterial properties against Escherichia coli (E. 
coli) as well as against Staphylococcus aureus 
(S. aureus) bacteria. 

RESULTS AND DISCUSSION 

The UV–Vis spectrum of the solution at 
different wavelengths ranging from 200 to 500 nm 
showed a strong absorption peak centered at 369 nm 
indicating the formation of ZnO (Fig. 1). The size 
of nanoparticles synthesized is measured by 
dynamic light scattering (DLS). The particle size 
distribution is unimodal and an average particle 
size of 75 nm was determined for the ZnO 
nanoparticles (Fig. 2). 

To confirm the coating of the cardboard surface 
with ZnO nanoparticles the X-ray diffraction 
technique was used. The XRD pattern recorded on 
ZnO nanoparticles coated cardboard obtained after 
30 min of sonication are shown in Figure 3.The XRD 
pattern recorded for ZnO nanoparticles coated 
cardboard showed peaks at 2θ value of 31.7° (100), 
34.4° (002), 36.2° (101), 47.5 °(102), 56.6° (110), 
62.8° (103), 66.4° (200), 67.9° (112) and 69.1° 

(201) characteristic of ZnO and were in good 
agreement with data reported in the literature. 9, 11 
The remaining peaks in the XRD pattern are 
attributed to cellulose and CaCO3. In addition, TEM 
results also support this observation. The ZnO 
nanoparticles coated cardboard was studied by 
transmission electron microscopy (TEM) and the 
images of Fig. 4 show the presence of ZnO 
nanoparticles on the cardboard surface.  

 
Fig. 1 – UV–vis spectrum 

of ZnO nanoparticles solution. 

 
Fig. 2 – The size distribution 

of ZnO nanoparticles by number. 

 
Fig. 3 – X-ray diffraction pattern 

of ZnO nanoparticles coated cardboard. 
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Fig. 4 – TEM image of ZnO nanoparticles  

coated cardboard. 

The ZnO nanoparticles show an effective 
antibacterial activity against gram negative and 
gram positive bacteria. The result suggests that 
ZnO nanoparticles undergo a contact with bacterial 
wall and showed the strong action against E. coli, 
and S. aureus. In this work, the ZnO nanoparticles 
coated cardboard was tested on bacterial strains S. 
aureus and E. coli. The formation of clear zone 
around the hole is a sign of antibacterial activity. 
As can be realized, the antibacterial activity of 
nanoparticles coated cardboard on S. aureus and E. 
coli is more than tetracycline and colistin on S. 
aureus and E. coli (Figure not shown). The zone of 
inhibition of diameters was determined. However, 
it is obvious that the ZnO nanoparticles coated 
cardboard shows good antibacterial activity against 
both S. aureus and E. coli. The results have been 
summarized in Table 1.  

Table 1 

The antibacterial activity of the ZnO nanoparticles coated 
cardboard, zone of inhibition (mm) 

Control 
sample 

ZnO-coated 
cardboard 

Colistin Tetracycline Organism 

- 2 - 1 S. aureus 

- 2 1 1 E. coli 

EXPERIMENTAL 

Materials 

Zinc nitrate as the precursor and NaOH as a precipitating 
agent were prepared from Sigma-Aldrich. Cardboard was 
purchased from ICFP, Iran. 

Synthesis and Coating of Cardboard 

ZnO nanoparticles were synthesized by precipitation 
technique using NaOH as precursors and zinc nitrate. In this 
work, the aqueous solution of zinc nitrate (0.2 M) and the 
solution of NaOH (0.4 M) were prepared with deionized 
water, respectively. The NaOH solution was gently added 
into zinc nitrate solution at room temperature under forceful 
mixing, which led to white suspension formation. The white 
suspension was centrifuged at 5 000 rpm for 20 min and 
washed three times with distilled water, and then washed 
with alcohol. The produced nanoparticles were calcined at 
520 °C in air for 3 hr. Uv-vis spectroscopy (Jenway, 6505, 
UK) was applied to confirm the existence of nanoparticles. 
This technique is used widely for the determination of 
nanoparticles size in colloidal solution. The average size was 
determined by dynamic light scattering, Nano ZS (red 
badge) ZEN 3 600, Malvern, UK (DLS). The ZnO 
nanoparticles suspension was produced in deionized water 
using ultrasonic for 15 min. Then the cardboard was held 
immersed in a solution with a Teflon disk (D = 2 cm) to 
prevent it from floating. Ammonia was added slowly to the 
ZnO nanocolloid and sonicated for 30 min. Subsequently the 
coated cardboard was removed and dried at 75°C prior to 
characterization. 

Characterization of Coatings 

To confirm the coating of ZnO nanoparticles on the cardboard 
surface, the XRD (S-4160, Hitachi, Japan) investigation was 
used. The morphology and the size of the ZnO nanoparticles 
were studied by means of transmission electron microscopy, 
906E, LEO, Germany (TEM). 

Antibacterial activity  

The disc diffusion method was used to specify the 
antibacterial activity of ZnO-coated cardboard in contrast to  
S. aureus and E. coli. This method was performed in nutrient 
agar medium solid agar Petri dish. Samples of ZnO-coated 
cardboard (1 cm²), two antibiotics (tetracycline and colistin) 
and control sample were placed in the nutrient agar Petri dish 
and kept for incubation at 37°C for 1 day. Zones of inhibition 
for two antibiotics, ZnO-coated cardboard and control sample 
were measured. The experiments were accomplished three times, 
and the average values of zone diameter were determined. 

CONCLUSIONS 

In the current work, the ZnO nanoparticles were 
successfully synthesized by a precipitation technique 
using NaOH as precipitating agent and zinc nitrate 
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as zinc source in aqueous solution. The average 
size of the produced ZnO nanoparticles was about 
75 nm. These ZnO nanoparticles were successfully 
coated onto the surface of cardboard using ultrasonic 
radiation. The coated cardboard established good 
antibacterial activity in contrast to gram negative 
and gram positive bacteria, proposing capability 
application as food conservation substance for 
longer shelf life and avoidance of cross pollution.  
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