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ABSTRACT

Campylobacter species are significant foodborne pathogens commonly found in chicken
meat. Therefore, the current study aimed to determine the prevalence of Campylobacter
species in fifty varied samples of raw fresh chicken meat collected from random markets
located in Qalubiya governorate, Egypt. Results revealed that Campylobacter species was
detected in 38.0% of the examined samples, where the prevalence of C. jejuni and C. coli
was 30.0% and 8.0%, respectively. Furthermore, virulence of the isolated C. jejuni was
determined molecularly; where cdtA and cdtB genes were positively-detected in 100% and
40.0% of the examined isolates, respectively. For the significance and welling to reduce its
prevalence in chicken meats, the antibacterial effect of green tea extract (GTE) nanoparticles,
250 and 500 ppm (wt/wt), was investigated against experimentally inoculated chicken fillet
with C. jejuni during refrigeration storage. Results revealed significant enhancements with
elongation in the organoleptic acceptability scores in the treated samples in relation to the
control group. Physical enhancement effect of GTE was concentration dependent, where the
treated chicken fillet with 500 ppm GTE preserved its acceptability up to ten days of storage.
Additionally, significant reductions in C. jejuni count were recorded in the treated samples,
where higher GTE concentration revealed a higher reduction in percentage up to twelve days
of refrigeration storage. In conclusion, GTE showed a potential anti-campylobacter effect,
with promising use in chicken meat preservation.
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INTRODUCTION Campbell, 2023). Although customers

frequently like chicken meat, its bacter-

With a low cost of production and a
large range of recipes, chicken meat is an
excellent alternative to red meat, since it is
high in protein, vital amino acids, fatty
acids, and vitamins (Connolly and
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iological quality may provide a hazardous
danger to human health. For this reason,
guaranteeing the microbiological safety of
chicken meat products is crucial in light of
rising production and consumption (Tahir et
al., 2023).

Indeed, the environment of the slaughter-
house, the bacteria from the intestinal
microbiota, and the used equipment can
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contaminate carcasses throughout the
slaughtering process. This contamination
may be as high as serious food pathogens
like Salmonella and Campylobacter spp.,
which are the two main pathogens that
cause human food poisoning following
consumption of contaminated foods
(Rouger et al., 2017).

Campylobacter species, C. jejuni, C. coli
and C. fetus particularly, are negative-Gram
stain,  helical-shaped = microaerophilic
bacteria that may be found as dormant
pathogens in the intestinal tract of chicken;
and usually incriminated in campylobact-
eriosis in humans following consumption of
undercooked chicken meats (Costa and
Iraola, 2019).

Campylobacter is highly prevalent in
chicken meat worldwide, including
broilers, layers, turkeys, ducks, and geese.
It is a commensal bacterium that establishes
persistent infections with colonization
levels up to 10'° CFU/g gram of microbiota
in broilers (EI-Saadony et al., 2023).

One of the primary causes of
campylobacteriosis linked to C. jejuni and
its close genus C. coli is the consumption of
undercooked or cross-contaminated chick-
en meat (CDC, 2024). About 10% of the
world's population, including 200 million
children, suffer from diarrheal diseases
each year due to C. jejuni gastroenteritis,
which has been reported as the most
common gastrointestinal bacterial pathogen
in humans in the EU since 2005. The
symptoms of this illness range from mild,
non-inflammatory diarrhea to severe abdo-
minal cramps and bloody diarrhea that
necessitates  hospitalization and anti-
microbial treatment (EFSA, 2016 and
WHO, 2020).

Consumers’ interest in green-preservation
of meat products has motivated researchers
to evaluate the effectiveness and applica-
bility of many natural compounds with
antioxidant and antimicrobial purposes
(Roila et al., 2022). Consequently, there has
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been a noticeable surge in the search for
natural additives, particularly those derived
from plants, in recent years, suggesting that
the use of natural antimicrobial activity may
be helpful for preserving meat quality,
increasing shelf life, and improving human
health (Petcu et al., 2023).

Green tea, Camellia sinensis, leaves extract
IS an important choice as a safe plant-meat-
additive because of its potent antioxidant,
deodorant and antimicrobial activities reve-
aling longer shelf-life of foods, enhance
quality and provide safer meat product
(Zhao et al., 2022).

The antimicrobial effect of green tea extract
was repeatedly recorded in several studies
against wide range of foodborne pathogens
even by itself (Alghamdi, 2023), or in
combination with other nanoparticles (NPs)
of copper (Anna Thomas et al., 2022),
chitosan (Sathiyabama et al., 2024), and
silver (Safa and Koohestani, 2024); even, it
gave more potent antibacterial effect than
silver NPs that give a chance for avoid
mineral NPs side effects (Raza et al., 2023);
that may be attributed to its significant
contents of  flavonoids, alkaloids,
phenolic compounds and tannins (Pérez-
Burillo et al., 2021).

The use of nanoparticles in the processing,
preservation, and preparation of meat
products is becoming more popular as a
clever tool for a safer, more economical,
and sustainable food chain. The shelf-life,
nutritional value, and sensory qualities of
meat products can all be enhanced by using
nanoparticles to support the preservation
process. Consequently, nanoparticles can
effectively help guarantee product quality
and safety while cutting expenses and waste
(Ulloa-Saavedra et al., 2022).

Therefore, the current study was planned to
determine the prevalence of Campylobacter
spp. in chicken meat samples accompanied
by experimental assessment of the
antibacterial effect of green tea leaves
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extract nanoparticles against chicken-borne
campylobacter in chicken fillet samples
during refrigeration.

MATERIALS AND METHODS

1. Bacteriological examination

1.1. Collection of samples

Fifty raw and fresh varied samples of
chicken meat were collected from random
butcher shops and markets in Qalubiya
government. Samples were transferred to
the lab in a hygienic manner, followed by
the bacteriological examination as soon as
possible.

1.2. Isolation and identification of
Campylobacter spp.

ISO 10272-1 (2017a) gquidelines were
followed in order to detect Campylobacter
spp. in 25g of each sample using the
standard technique. Preston selective broth
(Oxoid) containing 5% sterile lysed horse
blood was used to enrich each sample. The
samples were then incubated for twenty-
four hours at forty-two Celsius degrees in a

microaerobic  environment.  Modified
charcoal-cefoperazone-deoxycholate agar
(mCCDA) supplemented with sterile lysed
horse blood was used to streak enriched
cultures. Microaerobic conditions were
used to incubate streaked cultures for forty-
eight hours at forty-two Celsius degrees.
After being chosen and purified, suspected
campylobacter colonies were identified by
morphology and biochemistry. Hydrolysis
of hippurate was used to differentiate
between C. jejuni and C. coli according to
ISO 10272-1 (2017a).

1.3. Molecular examination of some
virulence factors of C. jejuni isolates
1.3.1. DNA Extraction

DNA preparation from bacterial culture was
performed, according to Shah et al. (2009),
following the instruction of QlAamp DNA
mini Kit instructions (Catalogue n0.51304).

1.3.2. Oligonucleotide primers used in
PCR

The examined target cdtA and cdtBgene
sequences of C. jejuni are demonstrated in
Table (1), respectively.

Table (1): Primers sequences, target genes, amplicon sizes and cycling conditions.

Target

Amplified

Primers sequences (3" - 5) Reference
gene segment
] F GGAAATTGGATTTGGGGCTATACT 165 b 5 | (2003
oA R ATCAACAAGGATAATGGACAAT 5 bp ang etal. (2003)
cdtB 220 bp
R AGCTAAAAGCGGTGGAGTAT (2018)

1.3.3. Agarose gel electrophoreses was
performed according to Sambrook et al.
(1989).

2. Experimental controlling of C. jejuni in
chicken fillet

2.2. Preparation of green tea leaves
extract (GTE) loaded nanoparticles
Ready to use GTE nanoparticles was
obtained from the nanotechnology unit,
Animal Health Research Institute; where
the production of nano-sized material was
performed and characterized  using
Microtrac® nano-sizer.
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2.1. Evaluation of the nano-material
cytotoxicity
Cell viability was assessed by MTT assay
with different concentrations (0, 6.25, 12.5,
25.0, 50 and 100 pg/ml), according to
Mosmann (1983), using Vero cell (Green
monkey cell line) obtained from Nawah
Scientific Inc. (Mokatam, Cairo, Egypt).
Briefly, 104-106 cells were plated in 200 pl
PBS in 96 well flat-bottomed plate,
followed by addition of 20 ml of MTT
solution and mixed well. After incubation at
37°C for 4 h. In a dark place, 200 ml of
acidic isopropanol was added and mixed
well, followed by incubation at 37°C for 1h.
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after which, plates were read in ELISA
Reader at 570 nm optical density.

2.2. Experimental design

Total of 525 g of chicken meat fillet was
obtained from Benha city’s local markets,
Qalubiya governorate, followed by
bacteriological examination according to
ISO 10272-1 (2017a) to ensure it is free of
campylobacter contamination.

Chicken fillet samples were inoculated
experimentally with C. jujeni (nearly 10°
CFU/g). Then, it was divided into three
main groups (175 g / group). Inoculated
samples were left in the refrigerator for
about fifteen minutes for acclimatization of
microorganisms, before addition of GTE
nanoparticles. G1 represented control
positive group treated only with normal
saline; G2 represented treated group after
addition of 250 ppm GTE nanoparticles; G3
represented treated group after addition of
500 ppm GTE nanoparticles.

Sensory quality and campylobacter
counting were performed every 48h of
refrigeration until apparently spoiled.
Results of triplicate trials were recorded and
evaluated.

2.3. Sensory evaluation

Following Morlein (2019), samples were
physically inspected, and the average color,
odor, and texture ratings were recorded as
total sensory scores. Ratings ranged from 1
to 5, with 5 denoting excellent and <I
denoting the worst.

2.4. Bacterial counting

Campylobacter  jejuni  counting was
performed following 1SO 10272-2 (2017h)
guidelines. All experiments were conducted
in triplicate.

3. Statistical analysis
SPSS version 20 was employed for data
analysis. ANOVA analysis and the Duncan
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posthoc value were used to assess the
significance of the differences in the mean
values of the groups being studied; when
the control group was spoiled, an
independent T-test was employed. P < 0.05
was considered a substantial significance
level.

RESULTS

1. Bacteriological findings

Out of fifty chicken meat samples
examined, Campylobacter species was
isolated from nineteen samples with an
incidence of 38%. C. jejuni recorded higher
prevalence with 30%, while C. coli was
detected in 8% of the samples examined

(Fig. 1).

C. JEUJEN!I c. coLi CAMPYLOBACTER

SPP.

Fig. (1): Prevalence of Campylobacter species
in the examined chicken meat samples.

Molecular detection of cdtA and cdtB genes
in C. jejuni isolates, as virulence factors,
revealed positive detection of cdtA gene in
all examined isolates (100%). Whereas
cdtB was detected in only two isolates with
prevalence of 40.0%.

2. Experimental investigation of the
effect of green tea extract NPs

2.1. Size characterization
nanomaterial

Green tea leaves nanoparticle size was

determined by Microtrac® size analyzer,

and the results revealed that the particle size

was 6.31 nm (Fig. 3).

of
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Fig. (2): Amplification of the cdtA (A) (165 bp) and cdtB (B) (220 bp) genes in isolates of C.
jejuni using agarose gel electrophoresis. 100 bps DNA StepLadder, positive control (C. jejuni),
negative control (S. aureus) were inoculated in Lane (L), Lane (P), and Lane (N), respectively.
cdtA gene amplified at 165 bp in lanes 1 to 5. While, cdtBgene was only amplified in samples
of lane 3 and 4, whereas isolates of lanes 1, 2 and 5 were negative for cdtB gene.
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Fig. (3): Particle size distribution of GTE
2.2. Results of cytotoxicity assay that IC50 was 192.2, where the cell viability
Regarding the safety assessment of the used was 60.67% when the maximum
nanomaterial, (Table 2 and Fig. 4) revealed concentration (100%) was used.
Table (2): Cell viability and IC50 of the used GTE nanomaterial.
Concentration of GTE Mean + SD Cell viability % 1IC50 %
0 0.297 £0.011 100
6.25 0.280 + 0.004 94.60
125 0.253 + 0.006 85.27 1922
25.0 0.239 + 0.008 80.67 '
50.0 0.223 £ 0.002 75.28
100.0 0.180 + 0.006 60.67

Y yYs
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Fig. (4): Cell viability in relation to the
concentration of the used nanomaterial.

3. Overall organoleptic acceptability of the
samples treated

Regarding the organoleptic acceptability
scores of the examined chicken fillet, the

5 .

4

control group showed rapid deterioration
and became apparently spoiled after the 6™
day of refrigeration. Whereas GTE treated
groups revealed longer time with higher
acceptability scores along the experiment
time. Physical enhancement effect of GTE
proved to be concentration dependent,
where the treatwhereasen fillet with 500
ppm GTE preserved its acceptability up to
10 days of storage (Fig. 5). According to
this figure, if the final quality score is 2, the
sample's quality is marginally acceptable. If
this score is less than 2, the sample is
unacceptable. If this score is less than 1, the
sample is apparently spoiled.

Acceptable

Non-Acceptable

ZERO DAY 2ND DAY 4TH DAY

=—&— Control —l— GTE 250 ppm

6TH DAY

8TH DAY 10TH DAY 12TH DAY

GTE 500 ppm

Fig. (5): Sensory profile of the examined chicken groups in cold storage (4+1°C).

4. Anti-campylobacter effect of the used
GTE nanomaterial

Regarding the anti-campylobacter effect of
GTE in the inoculated samples (Tables, 3
and 4, and Fig. 6), significant reductions in
C. jejuni count were recorded in the treated
samples, where higher reduction percentage
was recorded in higher GTE concentration

treated samples. Campylobacter counts
showed significant decline from 3.2 log
CFU/g (zero day) to 1.8 and 1.2 log CFU/g
(12" day of storage), with reduction percent
of 43.8 and 62.5%, respectively. On the
other hand, control untreated group, showed
multiplication in campylobacter count up to
4.5 log CFU/qg at the 12" day of storage.

Table (3): Mean counts£SD of C. jejuni in relation to storage time and nanomaterial

concentration

Concentration of the nanomaterial

Time Control 250 ppm 500 ppm
Zero day 3.2+0.06Ea 3.2+0.06Aa 3.2+0.06Aa
3rd day 3.5+£0.1Da 2.8+0.1Bb 2.6+0.1Bc
6th day 3.84£0.1Ca 2.5+£0.1Ch 2.1+0.1Cc
9th day 4.2+0.2Ba 2.0+0.1Db 1.5+0.1Dc
12th day 4.5+0.1Aa 1.84£0.1Eb 1.2+0.2Ec

AB. Capital superscript letters within the same column indicate a significant difference (P<0.05)
ab. Small superscript letters within the same row indicate significant difference (P<0.05)
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Fig. (6): Effect of different concentrations of GTE on Campylobacter jejuni mean counts (log CFU/q)
in control and treated samples. *Means carrying different superscript small letters are significantly

different (P < 0.05).

Table (4): Reduction % of C. jejuni counts
in GTE treated chicken fillet

GTE 250 ppm  GTE 500 ppm
Zero day - --
3" day 12.5 18.8
6" day 21.9 37.5
9™ day 37.5 53.1
12t day 43.8 62.5

Reduction % was calculated in relation to
control reading at zero day (3.2 log CFU/qg)

DISCUSSION

Chicken meat is a significant promoting
food item related to human health because
of its high nutritional profile, affordability
and easy digestion (Jenkins et al., 2016). On
the other hand, the public health
significance of Campylobacter species,
particularly C. jejuni, in chicken meat is a
leading cause of foodborne illness globally.
This bacterium is commonly found in the
intestines of poultry, making chicken a
primary reservoir for transmission to
humans. Consumption of undercooked or
contaminated chicken is the major risk
factor for campylobacteriosis, which
presents symptoms such as diarrhea, fever,
and abdominal cramps (Al Hakeem et al.,
2022).

Regarding the present recorded results of
the prevalence of Campylobacter spp. in
the examined samples (Fig. 1), it was
detected in 38.0% with superiority of C.
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jejuni over C. coli. The obtained results
came in line with those of Mohamed (2019),
who found that Campylobacter spp. was
detected in 32.0% of the examined chicken
meat samples. Whereas lower prevalence
(25.4%) was recorded (Poudel et al. 2022).
Another study found an exceptionally high
prevalence of 73.86% in fresh chicken
meat. Whereas C. jejuni and C. coli were
detected in 53.53% and 15.35% of the
samples, respectively (Mikuli¢ et al., 2016).

Campylobacter jejuni is a significant food-
borne pathogen known for its virulence
factors, particularly the cytolethal
distending toxin (CDT), which is composed
of cdtA, cdtB, and cdtC subunits that play
crucial roles in the bacterium's
pathogenicity (Le et al., 2024).

The action of CDT is associated with
significant cellular damage and contributes
to inflammatory responses within the host,
that may enhance the invasiveness of C.
jejuni, allowing it to persist in host tissues
and evade immune responses (Lopes et al.,
2021).

The cdtA and cdtB genes are crucial for the
synthesis of their respective toxin subunits.
Studies have shown that C. jejuni strains
lacking these genes exhibit reduced
virulence compared to pathogenic strains,
highlighting their importance in
pathogenesis. Studies indicated that these
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genes are commonly found in C. jejuni
isolates from both poultry and human
sources, reinforcing their role as key
virulence determinants (Sierra-Arguello et
al., 2021).

Referring to the current recorded results
(Fig., 2A and 2B); it came in line with the
recorded results by de Carvalho et al.
(2014), who found cdtA of C. jejuni strains
in prevalence of 83.3%, and Salem et al.
(2019), who found cdtA and cdtB genes in
C. jejuni isolates in prevalence of 75.0 and
70.0%, respectively; therefore, the positive
detection of cdt genes indicating the

virulence and pathogenicity of
campylobacter spp.
Several health measures have been

recommended for mitigation of the risks
associated with C. jejuni contamination in
the food sector, that include implementing
strict biosecurity protocols on poultry
farms, improving processing hygiene, and
promoting safe cooking practices among
consumers (Al Hakeem et al., 2022). On the
same line, researchers are welling to
substitute the chemically synthetic food
additives with natural potent preservatives
with antimicrobial function in compliance
with the consumer's preference (Zhong et
al., 2018).

Nanotechnology is revolutionizing food
preservation by enhancing safety, extending
shelf life, and improving the overall quality
of food products. This innovative
technology utilizes nanoscale materials and
processes to create more effective
preservation methods than the raw material,
compared to traditional techniques
(Biswas et al., 2022).

The use of green tea leaves extract (GTE),
particularly its active components like
catechins, has shown promising
antimicrobial and preservative effects in
meat products. These properties are
primarily attributed to the extract's ability to
minimize the growth of various pathogenic
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bacteria, making it a viable alternative to
synthetic preservatives (Dai et al., 2022).

Nanotechnology = presents  promising
advancements in  food preservation.
However, it faces several limitations,

particularly regarding safety and efficacy.
One significant concern is the potential
migration of nanoparticles into food
products, which raises questions about their
toxicity to humans and the environment,
necessitating stringent regulatory measures
that vary by region (Pattnaik et al., 2024).

Referring to the recorded results of
cytotoxicity MTT assay in the present
study, the used GTE nanomaterial revealed
a high safety level that came in line with the
recorded statements of EFSA (2018) and
Health Canada safety assessment (2023)
which concluded that extracts from
traditional green tea leaves are generally
safe when consumed at typical intake
levels.

Referring to the present study, treatment of
chicken fillet with GTE nanomaterial
revealed significant enhancement in the
sensory  acceptability, with  notable
elongation in the organoleptic acceptability
of the treated samples compared with the
untreated control samples; which came in
line with the recorded results of Salem et al.
(2016), who reported that the incorporation
of green tea extract into meat products
revealed significant improvement in the
acceptability  criteria  alongside its
antimicrobial and antioxidant properties.
Moreover, Ucak et al. (2011) and Pateiro et
al. (2015) recorded that green tea extract
lowers total color difference throughout
twenty-four weeks of refrigerated stored the
treated meat samples.

The recorded enhanced sensory quality of
the GTE treated chicken meat samples may
be attributed to its content of polyphenols,
particularly catechins, which can influence
the flavor profile of meat products. In
addition, green tea extract has been shown
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to improve color stability in meat products
because of its potential to reduce lipid
oxidation, which helps maintain the
desirable color of meat during storage
(Nain et al., 2022). Furthermore, GTE have
demonstrated  significant  antibacterial
activity against C. jejuni, which contributes
to improved sensory characteristics by
reducing  spoilage and  off-flavors
associated with microbial growth, leading
to less microbial spoilage and better
preservation of sensory qualities.

In addition, the use of GTE NPs presented a
promising approach to control C. jejuni in
chicken meat, addressing a significant
public health concern through its
antibacterial properties, as it is rich in
polyphenols, particularly catechins, which
exhibit  strong antibacterial  through
interference with bacterial cell membranes
and metabolic processes, leading to cell
death activity against various pathogens,
including C. jejuni.

Figure (4) and Table (2) showed significant
reductions in the C. jejuni counts along the
experiment  time;  where it was
concentration-time dependent; whereas,
higher concentration of GTE revealed
higher reductions.

The obtained results came in line with the
recorded results of Diker et al. (1991) and
Liu et al. (2022) who determined the
bactericidal effect of GTE on different
foodborne pathogens including C. jejuni,
and revealed that significant decline in the
bacterial count within 4h from incubation in
vitro; Kurekci et al. (2013) who recorded
significant inhibitory effect of 1.0% green
tea oil on C. jejuni growth; Castillo et
al. (2015) who found that the extracted tea
polyphenols prohibited the movement and
biofilm formation of C. jejuni; Zhang et al.
(2021) who recorded a significant stable
antibacterial effect of green tea polyphenols
on wide range of foodborne pathogens
including C. jejuni; and Alghamdi (2023)
who recorded potent bactericidal effect of
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green tea different types of extracts against
both Gram-positive and Gram-negative
foodborne pathogens by the concentration
of 20.0%.

Despite the agreement of all previous
records on the potent antibacterial effect of
GTE, particularly against C. jejuni,
variations were observed in the potentiality
of GTE to reduce the bacterial counts, that
may be attributed to the dose of GTE,
method of extraction and the matrix of
investigation, either in vivo or in vitro.
Besides that, the current used GTE NPs
revealed higher reduction ability against the
bacterial counts of C. jejuni that may be
attributed to the maximized spread and
invasiveness of the nano-size materials,
compared with raw substances (Patra et al.,
2018).

CONCLUSION

After all, the present study revealed that
chicken meat can be categorized as one of
the possible sources of campylobacter food
poisoning. Campylobacter jejuni was
detected in higher rates, compared with C.
coli. The presence of such cytolethal
distending toxin (cdt)-positive campylo-
bacter strains indicated potent, virulent and
toxigenic isolates. Moreover, application of
GTE NPs showed significant improving
effects on the chicken fillet physical
characters, with potential potent anti-
campylobacter effects during refrigeration.
To our knowledge, this is the first study in
Egypt that investigate the ability of nano-
green tea leaf extract to inhibit the growth
of C. jejuni in chicken fillet.
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