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 Objective: study the effect of Zinc oxide nanoparticles on shelf life extension of chicken meat fillets and 
elimination of Campylobacter jejuni. 
Design: Experimental study. 
Samples: Nine kg of fresh chilled chicken fillets divided into 45 chicken fillets (each sample weight 100-
120 g) were collected from various poultry shops in Benha City. 
Procedures: Campylobacter jejuni was intentionally inoculated into broiler breast fillets, followed by the 
application of zinc oxide nanoparticles (ZnO NPs) suspension with varying concentrations (5 mM and 10 
mM) with 3 different sizes (25 nm, 50 nm, and 75 nm) for each concentration and storage at 4 °C. 
Results: The results showed that ZnO suspensions had a strong inhibitory effect on Campylobacter jejuni 
growth after 8 days in the refrigerator at 4 °C. Among the concentrations used of 5 and 10 mM ZnO NPs, 
the higher antibacterial activity with a subsequent marked reduction in Campylobacter jejuni was 
concentration-dependent. Additionally, ZnO NPs had a significant impact on the virulence genes of 
Campylobacter  jejuni (cdtA, cdtB, and cdtC), especially at diameters of 25 and 50 nm on one side and 10 
mM on the other side. ZnO NPs have the strongest impact due to their tiny size. 
Conclusion and clinical relevance: ZnO NPs can eliminate Campylobacter jejuni from chicken meat and 
extend the shelf life of chicken fillets without affecting its sensory characteristics. 
Keywords: Broiler; breast fillets; ZnO nanoparticles; Campylobacter jejuni; virulence gene 

INTRODUCTION 

 Chicken meat comprises a substantial source of 
high-quality protein source in most countries. Chicken is 
rich in essential amino acids along with vitamins and 
minerals. Lean chicken contains more protein than the 
same amount of lean roast beef and the prices of chicken 
meat are lower than those of beef, pork, or mutton [1].  

Chicken is a white meat when compared with darker 
meat, it comes with less fat and more protein. As a result, 
people looking for a healthy diet decide to consume poultry 
meat. Breasts are the best parts of chicken because they 
are quite low in fat. Further, chicken breasts or fillets are 
easy to cut, chop, and slice as well as they don’t require a 
lengthy or complex preparation before cooking. Besides, 
chicken breasts also help to boost our energy, and since 
they are not heavy, we can perform more productively, 
whether at work or when practicing a sport. Therefore, 
chicken breasts are an ideal food item because not only 
they are healthy, but they are convenient, too [2]. 

  Chicken fillets act as a potential source of hazards 
as consumers stored it in the refrigerator for many days 
and continuously use it for several days so the aim of our 
work is to search for natural, safe preservatives as 
nanoparticles to extend the shelf life and safety of the 
product for human consumption. We apply our experiment 
for improving and extending shelf life and the possibility of 

reducing the number of Campylobacter jejuni as a major 
pathogen contaminating the chicken fillets. 

   Campylobacter species are motile, Gram-negative, 
slender curved or spiral rods, appearing vibroid, and are 
microaerophilic, best growing in a gaseous atmosphere of 
approximately 5–10% oxygen, 10% carbon dioxide and 85% 
nitrogen. Although many animal species harbor 
Campylobacter in their intestinal tract, wild birds and 
domestic poultry are the most important reservoirs and 
considered as the largest potential source of 
Campylobacter for human and the high optimum growth 
temperature of C. jejuni and C. coli could be an adaptation 
to the higher body temperature of birds [3]. High levels of 
Campylobacter isolation from retail chicken have been 
previously reported in both industrialized and developing 
countries [4-6]. The most prevalent cause of diarrhea is 
campylobacteriosis which is caused by abacterial 
Campylobacter jejuni infection in the human body. Gram-
negative spiral bacterium Campylobacter causes damage to 
the small intestine and colon. Bloody diarrhea, vomiting, 
abdominal pain, and fever are all symptoms of this 
pathogenic bacterium [14]. 

Campylobacter jejuni is a disease-causing bacterium 
that produces a cytolethal distending toxin, which prevents 
cells from dividing and activates the immune system 
Campylobacter jejuni is able to avoid the small intestine and 
colon as a result of this. Consumption of Raw or 
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undercooked poultry, unpasteurized dairy, polluted water, 
food, and post-cooking contaminated chicken products and 
animal or human excrement can all spread Campylobacter 
[15]. 

 the forerunner of a surge of developments that 
could rock the agro-food business in the coming years The 
creation of materials with new qualities for use as 
antimicrobial agents has benefited greatly from the 
introduction of nanotechnology, which involves the 
fabrication and usage of materials with sizes of up to 
around 100 nm in one or more dimensions has brought 
great opportunities for the development of materials with 
new properties for use as antimicrobial agents [16]. 

The increase in relative surface area that happens as 
particle size decreases down to the Nanoscale leads to 
these innovative and enhanced material characteristics. 
When compared to the identical material at the macro or 
micro scale, nanoscale materials are also more 
physiologically active [17]. Inorganic and organic materials 
can be used to make nanomaterials, although nanosized 
inorganic compounds have high antibacterial action at low 
concentrations [18]. 

ZnO has emerged as a viable antimicrobial 
alternative among antibacterial inorganic compounds. In 
addition, ZnO has an advantage over all other metal oxides, 
such as titanium oxide, in that its activity is not photo-
activated and it has a long shelf life [19].  Zinc oxide 
nanoparticles (ZnO NPs) are non-toxic, biocompatible, and 
biosafe, and have been found in a variety of biological 
applications in everyday life, including medicine delivery, 
cosmetics, and medical equipment [20]. 

When a material's size is reduced from a 
micrometer to a nanometer, it exhibits improved qualities 
such as improved diffusivity and chemical reactivity, as well 
as improved biological properties. In general, NPs can be 
added to food directly as an addition or indirectly through 
food packaging [21]. Only a few publications have been 
published on the antibacterial properties of ZnO NPs in 
food. As a result, the primary goal of this research is to use 
ZnO NPs of various sizes and concentrations to increase the 
shelf life of chicken meat while also lowering 
Campylobacter jejuni which represents a Gram-negative 
bacterium that can contaminate such food. The effect of 
ZnO NPs on virulence genes (cdtA, cdtB, and cdtC) was also 
investigated. 

2. MATERIAL AND METHODS 

2. 1. Collection of samples 

Accurately, 9 Kg of fresh chilled chicken fillets 
divided into 45 chicken fillet (each sample weight 100-120 
g) were collected from various poultry shops in Benha City, 
Kalyobia Governorate, Egypt. The experimental work was 
applied to determine the bactericidal effect of ZnO NP  
untreated control group and ZnO NPs treated samples 
using different concentrations (5% and10%) and sizes 
(75nm, 50nm, and 25nm).  

2.2. Campylobacter jejuni strain preparation 

The food isolates of Campylobacter jejuni was 
obtained from the Food Analysis Center Faculty of 
Veterinary Medicine, Benha University. Campylobacter 
cefax agar was used to culture the strain. Five colonies of 
the tested strain were carefully selected and inoculated 
into tubes containing 0.1 percent sterile peptone water (5 
ml), which were then cultured at 37 °C for 24 hours before 
being used to make dilutions up to 108. Furthermore, the 
cell concentration was determined by cultivating the 
dilutions on Campylobacter cefax plates. By using the tube 
dilution procedure, the cell count was adjusted to 5 x106 
CFU/ml [22]. 

2.3. Preparation of Zinc Oxide nanoparticles 

Actually, ZnO nanoparticles with sizes of 25 nm, 
50nm, and 75 nm were purchased from NanoTech Egypt for 
Photo-Electronics according to the NT-ZONP brand with a 
certificate of analysis. ZnO nanoparticles are white powder, 
spherical shape, and stable colloid in a mixture of 
methanol, chloroform, and water. To obtain a homogenous 
solution of nanoparticles at different concentrations 
(5mMand 10 mM), 150 ml distilled water were added to 
each concentration of nanoparticles in glass containers. 
Then, the resulting homogenous suspensions were 
autoclaved for 30 minutes to be sterilized [23].  

2.4. Inoculation of chicken fillets with the Campylobacter 
jejuni 

The fillet samples were dipped in 150 ml of sterile 
peptone water (0.1%) contaminated with C. jejuni at a 
concentration of 5 x106 CFU/ml for 15 minutes at room 
temperature (25°C). The fillet samples were left at room 
temperature for 30 minutes after dipping to allow bacteria 
to be attached and absorbed [24]. 

2.5. Application of ZnO Nanoparticles 

Each tested sample was dipped for 15 min in the zinc 
oxide nanoparticles (ZnO NPs) suspension with varying 
concentrations (5 mM and 10 mM) with 3 different sizes 
(25 nm, 50 nm, and 75 nm) then drained well for 5 min on a 
sterile stainless wire mesh screen. The control group was 
dipped in sterile distilled water. The inoculated samples 
with known Campylobacter jejuni count (5 x106) were 
divided into 7 groups (100 gm of each) as follows: 

Group 1: 100g chicken fillet + 150 ml Distilled water 
(Control) 

Group 2: 100g chicken fillet + 150 ml of 5 mM ZnO NPs (25 
nm)  

Group 3: 100g chicken fillet + 150 ml of 5 mM ZnO NPs (50 
nm)  

Group 4: 100g chicken fillet + 150 ml of 5 mM ZnO NPs (75 
nm)  

Group 5: 100g chicken fillet + 150 ml of 10 mM ZnO NPs (25 
nm)  
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Group 6: 100g chicken fillet + 150 ml of 10 mM ZnO NPs (50 
nm)  

(Group 7 100g chicken fillet + 150 ml 10 mM ZnO NPs) (75 
nm) 

The previous control and treated chicken fillet 
samples were labeled and each single sample was 
separately packaged in polyethylene bags and and stored at 
4°C till analysis.  

All tested samples of such groups either control or 
treated were subjected to sensory and chemical 
assessment at zero time (within 2 hours after treatment) 
then periodically every 2 days until decomposition appear 
in each group (zero, 2, 4, 6 and 8 days). The scheme was 
replicated for 5 times. 

2.6. Sensory examination 

The examined samples of chicken fillets were 
analyzed for the quantification of the final sensory profile 
according to procedures of World’s Poultry Science 
Association [25]. Five trained panelists applied the 
proposed organoleptical method of raw chicken meat 
analysis. The different attributes were quantified on a 
rating scale from 1 to 3. The sensorial analyzed attributes 
including external aspect, odor, color and muscular 
elasticity and the overall acceptability was determined. 
Further, the overall acceptability as well as C. jejuni count 
was conducted at 0, 2, 4, 6 and 8 days. 

2.7. Bacteriological examination: 

Enumeration of C. jejuni was performed using 
Campylobacter cefax plates according to the technique 
[22]. 

2.8. Polymerase Chain Reaction (PCR) 

  Application of multiplex PCR for identification and 
characterization of cytological distending toxins as virulence 
genes of C. jejuni represented by cdtA, cdtB and cdtC was 
carried out using the primer sets described in table (1).                                                                                       

2.8.1. DNA Extraction using QIA amp kit  

Boiling extraction method [27] was used to extract 
DNA from Campylobacter isolates. Briefly, a few colonies, 
taken from pure cultures were transferred into Eppendorf 
tubes containing 300µl ultrapure distilled water. Equal 
amounts of TE buffer [10 mM Tris-HCl, 1 mM EDTA (pH 
8.0)] were added to the tubes and the suspension was boiled 
at 100ºC for 10 minutes and centrifuged for 10 min at 12000 
rpm afterwards. The supernatant fluid was used as a PCR 
template and frozen at –20 °C until needed further use. 

2.8.2. Amplification of the selected virulence genes: 

 Actually, 40 μl of PCR mixture were prepared. All 
reactions contained appropriate concentrations of 3 
primer sets, 0.2 mM each of dATP, dCTP, dGTP and dTTP, 
1 × Ex Taq DNA polymerase buffer, and 1.0 U of Ex Taq 
DNA polymerase in a 40-mL reaction volume. The PCR 
cycling protocol [28] was applied as following; An initial 

denaturation at 94°C for 60 sec, followed by 35 cycles of 
denaturation at 94°C for 30 sec, annealing at 55°C for 30 
sec and extension at 72°C for 30 sec. Finally, 5 µl of each 
amplicon was electrophoresed in 2 % agrose gel stained 
with ethidium bromide and visualized on UV 
transilluminator. A 100 bp DNA ladder was used as a 
marker for PCR products.  The obtained results were 
statistically evaluated by application of Analysis of Variance 
(ANOVA) test according to [29].   

3. RESULTS 

Overall acceptability, as recorded in Table (2), of 
chicken fillets treated with 5 mM Zinc oxide nanoparticles 
of different nano-sizes during cold storage at 4°C results 
revealed spoilage of the untreated control group on the 4th 
day of refrigeration; while the treated groups with ZnO 
nanoparticle (75, 50 and 25 nm size) showed fair, fair and 
medium organoleptic score with mean values of 4.0, 4.7 
and 5.2   at the 8th day of the refrigeration. Indicating the 
lower nano-size gave better sensory quality over the 
experimental period.                

On the other hand, the overall acceptability, as 
recorded in Table (3), of chicken fillets treated with 10 mM 
Zinc oxide nanoparticles of different nano-sizes during cold 
storage at 4°C results revealed spoilage of the untreated 
control group on the 4th day of refrigeration; while the 
treated groups with ZnO nanoparticle (75, 50 and 25 nm 
size) showed medium, medium and good organoleptic 
score with a mean value of 5.2, 5.7 and 6.0 at the 8th day of 
the refrigeration. Indicating the increasing concentration of 
the used nanomaterial gave better sensory quality over the 
experimental period.                                                                                                             

          Regarding the inhibitory effect of ZnO nanoparticles 
on the experimentally inoculated  Campylobacter jejuni  
(5x106 CFU/g) in chicken fillet samples;   recorded results in 
Tables (4 and 5) showed greater reduction percent with 
increasing ZnO nanoparticle concentration of lower nano-
size;  where the mean counts of Campylobacter jejuni after 
addition of 5 mM nano-ZnO with nano-size of 75, 50 and 25 
nm 8th day of refrigeration were 1.8×105±1.6×105, 
1.4×105±0.5 ×105 and 7.3×104±1.6×104 CFU/g with reduction 
percent of 96.4, 97.2 and 98.5%. Moreover, the mean 
counts of Campylobacter jejuni after the addition of 10 mM 
nano-ZnO with nano-size of 75, 50, and 25 nm on the 8th 
day of refrigeration were 9.9 ×104±2.1 ×104, 8.1×104±1.9×104 
and 2.7×104±0.4×104 CFU/g with reduction percent of 98.0, 
98.4 and 99.5%, respectively.                                                                                               

Referring to the molecular identification of some 
Campylobacter jejuni virulent genes (cdtcC cdtB and cdtA) 
in response to 10mM nano-ZnO treatment of various sizes. 
The evaluated samples treated with nano-ZnO of 25 nm 
demonstrated the absence of the examined genes after 
treatment, demonstrating that nano-ZnO has a direct 
inhibitory effect on the pathogenic genes of Campylobacter 
jejuni.  

4. DISCUSSION 
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4.1. Overall acceptability of chicken fillets treated 
with 5 and 10 mM Zinc oxide nanoparticles of different sizes 
during cold storage at 4°C  

  Inorganic nanoparticles under extreme conditions 
such as high temperatures and pressures remain stable. 
Furthermore, the majority of them are non-toxic, 
furthermore, they include minerals that are necessary for 
human health [30]. The results of Table (2) indicated that 
the overall acceptability of control and treated chicken fillet 
samples with 5 mM ZnO NPs were 9 “excellent grade” at 
zero time of cold storage at 4 °C. On the 2nd day of chilling, 
the overall acceptability became 4 “fair”, 7.1, 7.3 & 7.7 
“very good” for control, 75, 50 & 25 nm-sized ZnO NPs, 
respectively. Signs of spoilage appeared after 4 days of cold 
storage of control chicken fillet samples. However, the shelf 
life of such samples extended till the 8th day of cold storage, 
but the results a the end day of storage (8th day) cleared 
that the overall acceptability was 4, 4.7 “fair” & 5.2 
“medium” for treated samples with 5 mM ZnO NPs at sizes 
of 75, 50 & 25 nm, respectively.                                      

 Concerning the application of 10 mM ZnO NPs 
(Table 3), the obtained results proved their effectiveness in 
prolongation of chicken fillets shelf life through 
enhancement of their overall acceptability to become 5.2, 
5.7 “medium” & 6 “good” after 8 days of cold storage at 
different sizes 75, 50 or 25 nm ZnO NPs, respectively. These 
findings were better, to some extent than those obtained 
by using 5 mM ZnO NPs (Table 3). In other words, the 
sensorial characteristics of treated chicken fillets were 
improved by decreasing the size and increasing their 
concentrations of ZnO NPs.                                                         .                                                                                                  

The changes in the shelf life of chicken fillets when 
utilizing varied-sized ZnO NPs at 5 or 10 mM ZnO NPs were 
significant (P < 0.05). The findings are consistent with those 
published by [31-34]. The US Food and Drug Administration 
Agency has classified zinc oxide as "generally recognized as 
safe" [35]. In general, ZnO NPs have a high affinity for 
moisture, which allows them to be added to foods and 
absorb moisture, hence extending the shelf life of the item. 
Furthermore, ZnO NPs are known to be powerful 
antioxidants that inhibit lipid oxidation, hence improving 
the quality of some foods.                                                                                             
As a result, raising the concentration and decreasing the 
size of ZnO NPs improves their antioxidant activity and 
deactivates free radicals, extending the shelf life of chicken 
flesh [36]. 

4.2. Influence of application of 5 and 10 mM ZnO NPs 
of different sizes on C. jejuni (5 x106/ g) inoculated into 
chicken fillets during cold storage at 4°C  

Results of tables 4 and table (5) indicated that after 
8 days of cold storage at 4°C, the effect of using 5 mM and 
10 mM ZnO NPs of different sizes on Campylobacter jejuni  
(5 x106/ g) applied to chick fillets was clear. The reduction 
percent of Campylobacter jejuni count was 16 %, 96.4 %, 
97.2 %, and 98.5 % for control and 75, 50, and 25 nm 
treated chicken fillets with 5 mMZnO The application of 10 

mM ZnO, on the other hand, resulted in reduction 
percentages of 16%, 98 %, 98.4 %, and 99.5 %. As a result of 
the application of 5 mM and 10 mM ZnO NPs of varied 
sizes, significant variations (P < 0.05) developed between 
the investigated samples of chicken fillets. These findings 
were very comparable to those reported previously [37, 
38].                                                                                                                                           

In fact, the antibacterial characteristics of ZnO NPs 
are heavily influenced by the concentration, charge, size, 
and crystal structure of the NPs, all of which influence how 
they interact with bacteria. Other important elements that 
determine the antibacterial properties of NPs include the 
bacterial strain and the exposure time [39].                                                   

It is critical to note that ZnO NPs have a larger effect 
on Gram-positive bacteria than Gram-negative bacteria, 
such as C. jejuni whose wall is made up of 
lipopolysaccharides, lipoproteins, and phospholipids, which 
form a penetration barrier that prevents certain NPs from 
entering.  Campylobacter jejuni also possesses a modest 
negative charge on its cell wall, allowing it to expel (reject) 
NPs [39, 40]. The current investigation, on the other hand, 
demonstrated the efficiency of ZnO NPs for controlling C. 
jejuni inoculated into chicken fillets, particularly in greater 
concentrations and smaller sizes, as well as during the long 
exposure time.   

4.3. PCR detection of Campylobacter jejuni virulence genes 
cdtA, cdtB, and cdtC and the influence of ZnO NPs 
application in their existence 

Agarose gel electrophoresis of multiplex PCR for 
Campylobacter jejuni indicated the presence or absence of 
the virulence genes cdtA (631 bp), cdtB (714 bp), and cdtC 
(524 bp) as virulence genes of Campylobacter jejuni based 
on the treatment of the chicken fillets with ZnO NPs (Figure 
1 and Table 6). Depict the effects of 10 mM ZnO NPs on C. 
jejuni virulence genes (cytological distending toxins) (6). 
The use of ZnO NPs with a size of 25 nm causes the gene 
expressions for C. jejuni virulence factors cdtA, cdtB, and 
cdtC to completely vanish. Using ZnO NPs with a diameter 
of 50 nm, the expressions of cdtA and cdtB were entirely 
removed. Furthermore, the use of ZnO NPs with a diameter 
of 75 nanometers reduced the activation of such genes. In 
control samples of chicken fillets, however, the expression 
of the cdtA, cdtB, and cdtC genes was obvious.                                                         

The antibacterial activity of ZnO NPs is directly 
proportional to their concentration, as larger 
concentrations of ZnO NPs are responsible for their 
antibacterial activity against specific diseases 
(Jeevanandam et al., 2018). Furthermore, tiny ZnO NPs can 
easily permeate the bacterial membrane, causing damage 
to the bacterial cell's protein, lipids, and DNA [41].                                                                                                            

Conclusion 

Accordingly, the use of ZnO NPs at a concentration 
of 10 mM successfully increased the shelf life of chicken 
fillets while also destroying Campylobacter jejuni pathogen 
on one hand, and it had the ability to eliminate the serious 



                                                                                      A. Elrais et al. 2022.                                                                                     75 

 
Mansoura Vet Med J 23:4 (2022) 70-78 

 

health effects caused by Campylobacter jejuni cytological 
distending toxins (cdtA, cdtB, and cdtC) especially at sizes 
of 25 nm and 50 nm on the other. 
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Table 1. Oligonucleotide sequences of the examined virulent genes of C. jejuni. 

Target gene Oligonucleotide sequence (5′ → 3′) Product size (bp) References 

cdtA (F) 5′ AGGACTTGAACCTACTTTTC ′3  

631 
 
 

 
 [26]      

cdtA (R) 5′ AGGTGGAGTAGTTAAAAAC ′3  
cdtB (F) 5′ ATCTTTTAACCTTGCTTTTGC ′3  

714 cdtB (R) 5′ GCAAGCATTAAAATCGCAGC ′3  
cdtC (F) 5′ TTTAGCCTTTGCAACTCCTA ′3  

524 cdtC (R) 5′ AAGGGGTAGCAGCTGTTAA ′3  
 

Table (2). Overall acceptability of chicken fillets treated with 5 mM Zinc oxide nanoparticles of different sizes during cold storage 
at 4°C.  

 
Storage time 

Control Zinc oxide nanoparticles sizes 
75 nm 50 nm 25 nm * 

Score Quality Score Quality Score Quality Score Quality 
Zero time ** 9.0 E 9.0 E 9.0 E 9.0 E 
2 days 4.0 F 7.1 VG 7.3 VG 7.7 VG 
4 days Spoiled 6.0 G 6.4 G 7.0 VG 
6 days Spoiled 5.3 M 5.7 M 6.1 G 
8 days Spoiled 4.0 F 4.7 F 5.2 M 

E: Excellent      VG: Very good      G: Good      M: Medium      F: Fair; * Significant changes (P < 0.05) as a result of ZnO NPs size; ** Significant changes (P < 0.05) as 
a result of storage time; ** As a result of storage duration, there were significant changes (P < 0.05).  

 

Table 3. Overall acceptability of chicken fillets treated with 10 mM Zinc oxide nanoparticles of different sizes during cold storage 
at 4 °C.  

 
Storage time 

Control Zinc oxide nanoparticles sizes 
75 nm 50 nm 25 nm * 

Score Quality Score Quality Score Quality Score Quality 

Zero time ** 9.0 E 9.0 E 9.0 E 9.0 E 
2 days 4.7 F 7.5 VG 7.7 VG 8.3 VG 
4 days Spoiled 6.1 G 7.0 VG 7.7 VG 
6 days Spoiled 5.5 M 6.3 G 6.7 G 
8 days Spoiled 5.2 M 5.7 M 6.0 G 

 

Table 4. Influence of 5 mM ZnO NPs of different sizes on C. jejuni (5 x106/ g) inoculated into chicken fillets during cold storage at 
4 °C.  

 
 
Storage time 

 
Control 

Zinc oxide nanoparticles sizes 

75 nm 50 nm 25 nm * 
Count R% Count R% Count R% Count R% 

Zero time ** 5.0×106 - 5.0×106 - 5.0×106 - 5.0×106 - 
2 days 4.8×106 

±1.3 ×106 
4 2.9×106 

±0.6 ×106 
42 2.6×106 

±0.7 ×106 
48 1.9×106 

±0.3 ×106 
62 

4 days 4.7×106 

±1.1 ×106 
6 2.3×106 

±0.5 ×106 
54 1.1×106 

±0.2 ×106 
78 8.5×105 

±2.0 ×105 
83 

6 days 4.5×106 

±1.0 ×106 
10 6.7×105 

±1.4 ×105 
86.6 5.0×105 

±0.9 ×105 
90 2.8×105 

±0.4 ×105 
94.4 

8 days 4.2×106 

±0.9 ×106 
16 1.8×105 

±1.6 ×105 
96.4 1.4×105 

±0.5 ×105 
97.2 7.3×104 

±1.6 ×104 
98.5 

R%: Reduction %; * Significant changes (P < 0.05) as a result of ZnO NPs size; ** Significant changes (P < 0.05) as a result of storage time 
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Table 5. Influence of 10 mM ZnO NPs of different sizes on C. jejuni (5 x106/ g) inoculated into chicken fillets during cold storage 
at 4 °C.  

     
Storage time 

 
Control 

Zinc oxide nanoparticles sizes 

75 nm 50 nm 25 nm * 
Count R% Count R% Count R% Count R% 

Zero time ** 5.0×106 - 5.0×106 - 5.0×106 - 5.0×106 - 
2 days 4.8×106 

±1.3 ×106 
4 2.4×106 

±0.5 ×106 

52 2.0×106 

±0.3 ×106 

60 1.5×106 

±0.2 ×106 

70 

4 days 4.7×106 

±1.1 ×106 

6 1.2×106 

±0.3 ×106 
76 9.4×105 

±2.1 ×105 
81.2 6.9×105 

±1.7 ×105 
86.7 

6 days 4.5×106 

±1.0 ×106 
10 4.5×105 

±1.0 ×105 

91 3.6×105 

±0.8 ×105 

93.8 1.1×105 

±0.3 ×105 

97.8 

8 days 4.2×106 

±0.9 ×106 

16 9.9×104 

±2.1 ×104 
98 8.1×104 

±1.9 ×104 
98.4 2.7×104 

±0.4 ×104 
99.5 

R%: Reduction %; * Significant changes (P < 0.05) as a result of ZnO NPs size; ** Significant changes (P < 0.05) as a result of 
storage time 

 

 Figure 1. Agarose gel electrophoresis of multiplex PCR for Campylobacter jejuni virulence genes cdtA (631 bp), cdtB (714 bp), 
and cdtC (524 bp) as virulence genes of Campylobacter jejuni. Lane M: 100 bp ladder as molecular size DNA marker. Lane C+: 
Control positive C. jejuni for cdtA, cdtB and cdtC genes. Lane C-: Control negative. Lanes 1 & 2: Positive C. jejuni for cdtA, cdtB & 
cdtC genes. Lane 3: Positive C. jejuni for cdtB and cdtC genes. Lane 4: Positive C. jejuni for cdtA and cdtC genes. Lane 8: Positive 
C. jejuni for cdtA and cdtC genes. Lanes 6, 7 & 12: Positive C. jejuni for cdtC gene. Lanes 5: Positive C. jejuni for cdtB gene. Lanes 
9, 10, 11, 13, 14, 15 & 16: Negative C. jejuni for cdtA, cdtB & cdtC genes. 

Table 6. Occurrence of virulence genes of C. jejuni strains isolated from untreated and treated chicken fillets with10 mM ZnO 
NPs.         

 
Chicken fillets 

 
No. of tested strains 

Virulence genes 

 cdtA cdtB cdtC 

 NO % NO NO NO % 

Untreated (Control) 4 3 75 3 75 4 100 
10 mM ZnO NPs of 75 nm size treatment 4 1 25 2 50 2 50 
10 mM ZnO NPs of 50 nm size treatment 4 0 0 0 0 1 25 
10 mM ZnO NPs of 25 nm size treatment 4 0 0 0 0 0 0 

cdtA, cdtB & cdtC: cytological distending toxin A, B & C genes 

 

5. REFERENCES 

[1] Sallam,KI. Prevalence of Campylobacter in chicken and chicken by-
products retailed in Sapporo area, Hokkaido, Japan. Food Control 
2007; Sep 1;18(9):1113-1120. 
https://doi.org/10.1016/j.foodcont.2006.07.005 

[2] Balamatsia CC, Paleologos EK, Kontominas MG, Savvaidis IN. 
Correlation between microbial flora, sensory changes and biogenic 
amines formation in fresh chicken meat stored aerobically or under 
modified atmosphere packaging at 4 C: possible role of biogenic 

amines as spoilage indicators. Antonie van Leeuwenhoek 2006; 
Jan;89(1):9-17. https://doi.org/10.1007/s10482-005-9003-4 

[3] Adams MR, &  Moss MO, Moss MO. Food microbiology. ). Cambridge, 
UK: The Royal society of chemistry; 2000. 

[4] Eyigor A, Dawson KA, Langlois BE, Pickett CL. Detection of cytolethal 
distending toxin activity and cdt genes in Campylobacter spp. 
isolated from chicken carcasses. Applied and environmental 
microbiology 1999; Apr 1;65(4):1501-1505. 
https://doi.org/10.1128/AEM.65.4.1501-1505.1999 

https://doi.org/10.1016/j.foodcont.2006.07.005
https://doi.org/10.1007/s10482-005-9003-4
https://doi.org/10.1128/AEM.65.4.1501-1505.1999


                                                                                      A. Elrais et al. 2022.                                                                                     77 

 
Mansoura Vet Med J 23:4 (2022) 70-78 

 

[5] Sallam KI. Campylobacter contamination in retailed chicken carcasses 
from Mansoura, Egypt, and its relation to public health. Alex. J. Vet. 
Sci. 2001; 17(1). 

[6]  Tokumaru M, Konuma H, Umesako M, Konno S, Shinagawa K. Rates of 
detection of Salmonella and Campylobacter in meats in response to 
the sample size and the infection level of each species. International 
Journal of Food Microbiology 1991;  May 1;13(1):41-46. 
https://doi.org/10.1016/0168-1605(91)90134-B 

[7] CDC (The US Centers for Disease Control and Prevention). 
Campylobacter infection. Available from 
www.cdc.gov/ncidod/dbmd/ diseaseinfo/campylobacter_g.htm 
;2005. 

 [8] Corry JE, Atabay HI. Poultry as a source of Campylobacter and related 
organisms. Journal of Applied Microbiology 2001; Jun;90(s 6):96-114. 
https://doi.org/10.1046/j.1365-2672.2001.01358.x 

[9] NPHS The National Public Health Service for Wales. Infection & 
Communicable Disease Services; Information & Survilance 
Data.Campylobacter. Available from 
http://www.wales.nhs.uk/sites/home.cfm?OrgID=368;2006. 

[10] Skirrow, M. B. Campylobacteriosis. In S. R. Palmer, L. Soulsby, & D. I. 
H. Simpson (Eds.), Zoonoses biology clinical practice and public 
health control (oxford medical publications) (pp. 37–46). New York: 
Oxford University Press ;1998.   

[11] Tauxe, R. V. . Epidemiology of Campylobacter jejuni infections in 
the United States and other industrialized nations. In I. 
Nachamkin, M. J. Blaser, & L. Tompkins (Eds.), Campylobacter 
jejuni: Current status and future trends (pp. 9–19). Washington, 
D.C., USA: American Society for Microbiology Press;1992. 

 [12]  Pezzotti G, Serafin A, Luzzi I, Mioni R, Milan M, Perin R. Occurrence 
and resistance to antibiotics of Campylobacter jejuni and 
Campylobacter coli in animals and meat in northeastern Italy. 
International journal of food microbiology 2003; May 15;82(3):281-
287.https://doi.org/10.1016/S0168-1605(02)00314-8 

[13] Engberg J, Neimann J, Nielsen EM, Aarestrup FM, Fussing V. 
Quinolone-resistant Campylobacter infections: risk factors and 
clinical consequences. Emerging infectious diseases 2004; 
Jun;10(6):1056-1063. https://doi.org/10.3201/eid1006.030669 

[14] García-Sánchez L, Melero B, Jaime I, Rossi M, Ortega I, Rovira J. 
Biofilm formation, virulence and antimicrobial resistance of different 
Campylobacter jejuni isolates from a poultry slaughterhouse. Food 
microbiology  2019; Oct 1;(83):193-199. 
https://doi.org/10.1016/j.fm.2019.05.016 

[15] Rubinchik S, Seddon A, Karlyshev AV. Molecular mechanisms and 
biological role of Campylobacter jejuni attachment to host cells. 
European Journal of Microbiology and Immunology 2012;  Mar 
1;2(1):32-40. https://doi.org/10.1556/EuJMI.2.2012.1.6 

[16]  He X, Hwang HM. Nanotechnology in food science: Functionality, 
applicability, and safety assessment. journal of food and drug 
analysis 2016;  Oct 1;24(4):671-681. 
https://doi.org/10.1016/j.jfda.2016.06.001 

[17]  Ren G, Hu D, Cheng EW, Vargas-Reus MA, Reip P, Allaker RP. 
Characterisation of copper oxide nanoparticles for antimicrobial 
applications. International journal of antimicrobial agents 2009;  Jun 
1;33(6):587-590. https://doi.org/10.1016/j.ijantimicag.2008.12.004 

[18]  Cushen M, Kerry J, Morris M, Cruz-Romero M, Cummins E . 
Nanotechnologies in the food industry–Recent developments, risks 
and regulation. Trends in food science & technology 2012;  Mar 
1;24(1):30-46. https://doi.org/10.1016/j.tifs.2011.10.006 

[19]  Ariyarathna IR, Rajakaruna RM, Karunaratne DN. The rise of inorganic 
nanomaterial implementation in food applications. Food Control 
2017;  Jul 1;77:251-9. 
https://doi.org/10.1016/j.foodcont.2017.02.016 

[20]  Chitra K, Annadurai G. Antimicrobial activity of wet chemically 
engineered spherical shaped ZnO nanoparticles on food borne 

pathogen. International food research journal  2013; Jan 1;20. 
https://doi.org/10.1155/2014/725165 

[21] Duncan TV. Applications of nanotechnology in food packaging and 
food safety: barrier materials, antimicrobials and sensors. Journal of 
colloid and interface science 2011; Nov 1;363(1):1-24. 
https://doi.org/10.1016/j.jcis.2011.07.017 

[22] Kantachote D, Charernjiratrakul W. Selection of lactic acid bacteria 
from fermented plant beverages to use as inoculants for improving 
the quality of the finished product. Pakistan Journal of Biological 
Sciences: PJBS 2008; Nov 1;11(22):2545-2552. 
https://doi.org/10.3923/pjbs.2008.2545.2552  

[23] Mottaki, R.; Baei, M. and Moghimi, M. Influence of zinc oxide                
Nanoparticle (ZnO), peppermint extract and their combination on the 
growth of bacteria in meat. Adv. Environ. Biol.  2014;  8 (24): 230-
234.  

[24]  Dubal ZB, Paturkar AM, Waskar VS, Zende RJ, Latha C, Rawool DB, 
Kadam MM. Effect of food grade organic acids on inoculated S. 
aureus, L. monocytogenes, E. coli and S. Typhimurium in sheep/goat 
meat stored at refrigeration temperature. Meat science 2004; Apr 
1;66(4):817-21. https://doi.org/10.1016/j.meatsci.2003.08.004 

  [25] World’s Poultry Science Association Working Group No. 5. Mead, 
G.C.: Recommendation Poultry Science Association, for a 
standardized method of sensory analysis for broilers. World’s Poultry 
1987; Sci. J., 43: 64–6  

[26]  Asakusa M, Samosornsuk W, Hinenoya A, Misawa N, Nishimura K, 
Matsuhisa A, Yamasaki S. Development of a cytolethal distending 
toxin (cdt) gene-based species-specific multiplex PCR assay for the 
detection and identification of Campylobacter jejuni,   
Campylobacter coli and Campylobacter fetus. FEMS Immunology & 
Medical Microbiology 2008; Mar 1;52(2):260-6. 
https://doi.org/10.1111/j.1574-695X.2007.00369.x 

[27]  Ehsannejad F, Sheikholmolooki A, Hassanzadeh M, Shojaei Kavan R, 
Soltani M. Detection of cytolethal distending toxin (cdt) genes of 
Campylobacter Jejuni and Coli in fecal samples of pet birds in Iran. 
Iranian Journal of Veterinary Medicine 2015; Apr 1;9(1):49-56. 

[28] Carvalho AF, Silva DM, Azevedo SS, Piatti RM, Genovez ME, Scarcelli E. 
Detection of CDT toxin genes in Campylobacter spp. strains isolated 
from broiler carcasses and vegetables in São Paulo, Brazil. Brazilian 
Journal of Microbiology. 2013; 44:693-9. 
https://doi.org/10.1590/S1517-83822013000300005 

[29] Feldman D, Ganon J, Haffman R, Simpson J. The solution for data 
analysis and presentation graphics. Abacus Lancripts, Inc., Berkeley, 
USA ;2003. 

[30]  Jeevanandam J, Barhoum A, Chan YS, Dufresne A, Danquah MK. 
Review on nanoparticles and nanostructured materials: history, 
sources, toxicity and regulations. Beilstein journal of nanotechnology 
2018 ; Apr 3;9(1):1050-74. https://doi.org/10.3762/bjnano.9.98 

[31]Nair, S.; Sasidharan, A.; Rani, V.; Menon, D.; Mansour, K. and Raina, S. 
Role of size scale of ZnO nanoparticles and microparticles on toxicity 
toward bacteria and osteoblast cancer cells  2009; J. Mater Sci. Med., 
20: 235-241. https://doi.org/10.1007/s10856-008-3548-5 

[32] Raghupathi, R.; Koodali, R. and Manna, a. Size-dependant bacterial 
growth inhibition and mechanism of antibacterial activity of zinc 
oxide nanoparticles 2011; Langmuir, 27 (7): 4020-4028. 
https://doi.org/10.1021/la104825u 

[33]  Kozačinski L, Cvrtila Fleck Ž, Kozačinski Z, Filipović I, Mitak M, Bratulić 
M, Mikuš T. Evaluation of shelf life of pre-packed cut poultry meat. 
Veterinarski arhiv 2012; Feb 6;82(1):47-58. 

[34]  Espitia, P.; Soares, N.; Teo, R.; Vitor, T.; Coimbra, J.; Andrade, N.; 
Sousa, F.; Sinisterra, R. and Medeiros, E. Optimized dispersion  of 
ZnO nanoparticles and antibacterial activity against food borne 
pathogens and spoilage microorganisms ;2013, J. Nanopart. Res., 
15:1324. https://doi.org/10.1007/s11051-012-1324-4 

https://doi.org/10.1016/0168-1605(91)90134-B
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/campylobacter_g.htm
http://www.cdc.gov/ncidod/dbmd/diseaseinfo/campylobacter_g.htm
https://doi.org/10.1046/j.1365-2672.2001.01358.x
http://www.wales.nhs.uk/sites/home.cfm?OrgID=368
http://www.wales.nhs.uk/sites/home.cfm?OrgID=368
https://doi.org/10.1016/S0168-1605(02)00314-8
https://doi.org/10.3201/eid1006.030669
https://doi.org/10.1016/j.fm.2019.05.016
https://doi.org/10.1556/EuJMI.2.2012.1.6
https://doi.org/10.1016/j.jfda.2016.06.001
https://doi.org/10.1016/j.ijantimicag.2008.12.004
https://doi.org/10.1016/j.tifs.2011.10.006
https://doi.org/10.1016/j.foodcont.2017.02.016
https://doi.org/10.1155/2014/725165
https://doi.org/10.1016/j.jcis.2011.07.017
https://doi.org/10.3923/pjbs.2008.2545.2552
https://doi.org/10.1016/j.meatsci.2003.08.004
https://doi.org/10.1111/j.1574-695X.2007.00369.x
https://doi.org/10.1590/S1517-83822013000300005
https://doi.org/10.3762/bjnano.9.98
https://doi.org/10.1007/s10856-008-3548-5
https://doi.org/10.1021/la104825u
https://doi.org/10.1007/s11051-012-1324-4


                                                                                      A. Elrais et al. 2022.                                                                                     78 

 
Mansoura Vet Med J 23:4 (2022) 70-78 

 

          [35] Food and Drug Administration “FDA” Poultry Meat and Eggs. 
Investigating Center Devision, Vialedelle Termedi Caracalla 2011; 
00153 Rome, Italy.  

 [36]  Mohd Yusof, H.; Mohamad, R.; Zaidan, U.H.; Abdul Rahman, N. 
Microbial synthesis of zinc oxide nanoparticles and their potential 
application as an antimicrobial agent and a feed supplement in 
animal industry: A review. J. Anim. Sci. Biotechnol; 2019, 10, 1–22. 
https://doi.org/10.1186/s40104-019-0368-z 

[37]  Navale, G.; Thripuranthaka, M.; Late, D. and Shide, S. Antimicrobials 
activity of ZnO nanoparticles against pathogenic bacteria and fungi. 
JSM Nanomed 2015; 3 (1): 1033. 

 [38]  Shah, S.; Ali, S.; Ali, R.; Naeema, M.; Bibi, Y.; Raaza, S.; Khan, Y. and 
Sherwani, S. Synthesis and characterization of zinc oxide 
nanoparticles for antibacterial applications 2016; J. Basic Appl. Sci., 
12: 205-210. 

 [39] Xie, Y.; He, Y.; Irwin, P.; Jin, T. and Shi, X.  Antibacterial activity and 
mechanism of action of zinc oxide nanoparticles against 
Campylobacter jejuni. 2011; Appl. Envirin. Microbiol., 77 (7): 2325-
2331. https://doi.org/10.1128/AEM.02149-10 

[40] Sarwar A, Katas H, Samsudin SN, Zin NM. Regioselective sequential 
modification of chitosan via azide-alkyne click reaction: synthesis, 
characterization, and antimicrobial activity of chitosan derivatives 
and nanoparticles. PLoS One 2015; Apr 30;10(4):123-128. 
https://doi.org/10.1371/journal.pone.0123084 

[41] Zhang L, Jiang Y, Ding Y, Povey M, York D. Investigation into the 
antibacterial behaviour of suspensions of ZnO nanoparticles (ZnO 
nanofluids). J. Nanopar. Res. 2007; Jun;9(3):479-489. 
https://doi.org/10.1007/s11051-006-9150-1

 

https://doi.org/10.1186/s40104-019-0368-z
https://doi.org/10.1128/AEM.02149-10
https://doi.org/10.1371/journal.pone.0123084
https://doi.org/10.1007/s11051-006-9150-1

