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Abstract

Foodborne pathogens can easily contaminate chicken meat due to its high nutritional content, and
these pathogens can infect humans. One of the most important pathogens contaminating chicken meat
and causing severe public health problems is Listeria monocytogenes, which would be responsible for
Listeriosis. Therefore, rapid and sensitive detection of L. monocytogenes in chicken meat samples is
of great significance. In the current study, the presence of L. monocytogenes in chicken meat samples
collected from several markets in Erzurum was detected by comparing two different DNA isolation
methods with the Real-time PCR. As a result of the analyses, it was determined that 34% of the chicken
meat samples collected were positive for L. monocytogenes in both two methods. According to the
comparison analyses of the Bland-Altman method, no significant difference was found between the
thermal lysis method and the DNA isolation method by commercial kit. As a result of this study, it has
been shown that the thermal lysis method can be successfully applied for the detection of foodborne
pathogens in chicken meat when evaluated in terms of workload and cost. The current study is the
first report on the comparison of thermal lysis method and DNA isolation by commercial kit in the
detection of L. monocytogenes from chicken meat by Real-time PCR.
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INTRODUCTION

Chicken meat is consumed worldwide due
to its high nutritional value, low-cost production,
and short cooking process in a widespread manner.
Itis an excellent source of animal protein with a low
lipid content, containing all essential amino acids
and unsaturated fatty acids essential for human
beings.>? This feature of chicken meat also allows
the development of different bacteria. Various
pathogenic microorganisms such as Salmonella
spp., Campylobacter spp., Staphylococcus aureus,
Escherichia coli, and Listeria spp. contaminate
chicken meat.** It is a known fact that these
bacteria also become a serious threat to public
health. Foodborne diseases kill almost two million
people annually worldwide.® Chicken meat is a
possible reservoir of foodborne pathogens. This
causes infectious diseases in humans.” In order to
reduce the risk of foodborne infection, biosecurity
and pathogen control throughout the food chain
becomes more of an issue. Complete elimination
or low levels of pathogenic bacteria in foods is
crucial for human health.® Therefore, advanced
laboratory diagnostic techniques aimed at the
identification of specific pathogens in the correct
way as soon as possible are extremely valuable.
Generally, bacterial isolation in different culture
media, as well as phenotypic and serological
characterization, are used to detect foodborne
bacteria. Despite the fact that these traditional
microbiological methods are considered the gold
standard, they are laborious and require more than
one step and reagents.’ These time-consuming
analytical processes can take days to reach a
final result. In addition, late-growing bacteria are
difficult to isolate and require extra analytical
methods.!® These traditional methods are also
unquantified; hence, it is difficult to estimate
contamination risk effectively.

As a consequence, today, DNA-based
methods such as Real-time PCR (qPCR) and
LAMP are increasingly being developed and used
to detect foodborne pathogens. DNA-based
methods provide rapid and reliable results for
the qualitative and quantitative analysis of food
pathogens in biological samples, simply by pre-
enrichment.’

In this study, it is aimed to develop a
procedure based on Real-time PCR for the detection

and quantification of Listeria monocytogenes from
chicken meat samples collected from the Erzurum
market without pre-enrichment.

MATERIALS AND METHODS

Collection of Chicken samples

Fifty chicken meat samples collected
at different times from butchers and markets in
Erzurum were brought to the laboratory under
aseptic circumstances.

Homogenization of Chicken samples

The collected chicken meat samples were
cut into small pieces with a sterile scalpel blade.
Subsequently, 25 grams of each sample were taken
into filtered stomacher bags. 225 mL of sterile
physiological water containing 0.85% NaCl was
added and homogenized in a stomacher mixer
for 5 minutes.*? Thus, the microbial load in the
chicken meat samples was provided to pass into
the solution.

Preparation of DNA template
Thermal Lysis method

1 mL of the homogenized samples was
centrifuged at 12.000 rpm for 10 minutes. Then,
the pellet was resuspended in 0.1 mL of sterile
Milli-Q water. Lysozyme enzyme solution (10 mg/
mL) was added to each tube for lysis of the cell
walls of the bacteria. Subsequently, the samples
were left for incubation at 37°C for 1 hour. The
suspension was boiled at 100°C for 10 minutes
and immediately cooled on ice for 5 minutes.
Then, after it was centrifuged at 12.000 rpm for
5 minutes, the resulting supernatant was used as
template DNA.>®

DNA isolation by commercial kit

One mL of the homogenized samples
was centrifuged at 12.000 rpm for 2 minutes.
Afterward, DNA isolation from the bacteria
remaining in the pellet was performed by means
of the WizardR Genomic DNA Purification Kit
(Promega, UK, A2360)." The purified DNA samples
were then stored at a temperature of -20°C, in
anticipation of being employed as a template DNA.

Bacterial strains
The Listeria monocytogenes ATCC 7644
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reference strain used as a control in this study
was purchased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The
reference strain was grown in Mueller-Hinton
medium and incubated at 37°C for 48 hours. Then,
a dilution series of this bacterium at different
concentrations (10°-107 CFU/mL) was prepared.
A standard chart was created to determine the ct
values of each dilution tube.

PCR primers

The L. monocytogenes-specific primer
sequences used in the study are given in Table
1, and the primers synthesized by Methabion
(Martinsried, Germany) were adjusted to 5 M
concentration for PCR analyses by dissolving in
nuclease-free water.

Statistical analysis

The linear regression model, which
considered the basic approach in calculating
bacterial counts and modeling bacterial count

data, was used. All measurements were taken
in triplicate for each group (n = 3), and the
results were compared statistically using unpaired
t-test analysis. The comparison of “Thermal lysis
method” and “DNA isolation with kit” groups
was done using the Bland-Altman test using the
GraphPad Prism version program.

RESULTS

Linear-regression analysis of standard pathogenic
bacteria

A linear regression graph was drawn by
means of Real-Time PCR to identify the number of
Listeria monocytogenes in the collected chicken
meat samples (Figure 1).

The Ct values determined as a result of
Real-Time PCR analysis of 50 chicken meat samples
were estimated using linear equations of standard
graphics, and the amount of pathogenic bacteria
in chicken meat samples was determined.

Table 1. Primer sets were used in the study to detect Listeria monocytogenes

Strains Primer sequence Annealing Gene GenBank
temp. (°C) ID
Listeria monocytogenes 5’-TCGCAAACAGATCTAGACCAAGTT-3’ 60 inlA 0OP686910.1
5’-GTTCAAGTATTCCAATCCATCGATAG-3’
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Figure 1. Graphs of the linear regression of Listeria monocytogenes. GraphPad software (San Diego, CA, USA) was
used to generate a standard curve of serial decimal dilutions (10%-107) of L. monocytogenes. The R2 and the linear

equation were calculated automatically by the software
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Quantitative analysis of pathogenic bacteria in
ground mince samples

Listeria monocytogenes were discovered
in 17 of 50 chicken samples in all two groups (Using
the thermal lysis method and DNA isolation by
the kit). Both methods were compared with one-
way ANOVA analysis. Table 2 shows the average,
median, lower, and higher 95% Cl values.

Moreover, the 'Bland-Altman' method
comparison analysis method was used to compare
the 'Thermal lysis method' and the ‘DNA-isolated’
groups. With regard to comparison analysis, the
Bland-Altman method revealed that there was no

Table 2. The number of pathogenic bacteria presentin
chicken meat samples

Thermal lysis  With DNA
method isolation
L. monocytogenes (n=50)
Positive samples 17/50 17/50
Mean (CFU/mL) 4853 4886
Median (CFU/mL) 192 220
Lower 95% CI -1503 -1498
Upper 95% CI 11210 11269
Listeria monocytogenes
ns

_ 2%x10%+ —

-

E

2 1.5%104-

e

€

3 1x1044

o

s

(]

S 5%103

©

m

o -
3 N
Nl ..&4“
Nl S
& &
N X
N ®
2 @
X
N\ o‘\v

Figure 2. Comparison of two DNA extraction methods
using Bland-Altman method comparison analysis. Data
are expressed as mean + SEM. All P values are derived
from one-way ANOVA analysis using Prism software 7.0
(GraphPad Software, San Diego, CA)

significant difference between the DNA extraction
methods. Further results are shown in Figure 2.

DISCUSSION

L. monocytogenes is a foodborne
pathogen commonly found in nature.'® The
groups most at risk of Listeriosis infection are
pregnant women, newborns, individuals with
compromised immune systems, and the elderly.*®’
L. monocytogenes is found in a variety of foods,
including cheese, meat, milk, vegetables and fish.*®
While the traditional methods are preferred for
the detection of L. monocytogenes in food, these
methods are time-consuming and labor-intensive
since they require pre-enrichment, cultivation
in selective media, serological and biochemical
tests.’ Due to some disadvantages of these
methods, such as being labor-intensive and time-
consuming, new methods are needed for sensitive,
specific, and rapid detection of foodborne
pathogens. Within this context, Real-Time PCR
a nucleic acid-based method, is recognized to
be a powerful molecular analysis that is highly
sensitive, convenient, highly efficient, and requires
less time.? The organization of credible procedure
of DNA extraction is one of the main parameters
influencing PCR sensitivity.?! Herein, the thermal
lysis method (without DNA isolation) using
lysozyme and the extraction method using the
WizardR Genomic DNA Purification Kit (Promega,
UK, A2360) procedure were compared. In the
present study, DNAs belonging to 50 chicken
samples purchased from various butchers and
markets were obtained by two different isolation
methods without pre-enrichment, and then pre-
enrichment, L. monocytogenes - a facultative
intracellular pathogen that causes Listeriosis
disease, was detected by Real-time PCR method.
To that end, InlA, one of the two known forms (InlA
and InlB) of internalin, which is a surface protein,
was used to detect L. monocytogenes. This gene
has been proven to be a virulence factor, bind to
E-cadherin in the host epithelial cell, and help
to cross the intestinal barrier. A large number of
studies have used InlA as the target gene region
for the determination of L. monocytogenes in food
samples.???3

As a consequence of real-time PCR
analyses, in the study conducted with both DNA
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extraction methods, L. monocytogenes were
designated in 17 of 50 chicken meat samples
(34%), and these data are similar to previous
studies.?*?® In addition, quantitative analyses of
bacterial levels were performed using real-time
PCR, and the bacterial counts obtained by both
methods were compared. Although differences
were observed between the bacterial count
detected in the samples in which the thermal lysis
method was applied and DNA isolated through the
kit, it was revealed that there was no statistically
significant difference by using the Bland-Altman
comparison method.

Taking all this information into account,
the presence and amount of L. monocytogenes in
chicken meat samples was determined by real-
time PCR, which would be performed without
pre-enrichment.

As a result, it was determined that a
reliable DNA isolation was carried out by thermal
lysis, but the quantity and quality of the DNA
obtained were lower than DNA extraction by the
kit. The fact that this situation did not lead to a
significant statistical change in the bacterial count
revealed that the Thermal lysis method, which
is cheaper and less labor-intensive, can be used
instead of commercial DNA isolation by the kit in
the determination of pathogenic microorganisms
in foods by Real-time PCR.

CONCLUSION

The use of reliable and rapid detection
methods is essential to control foodborne
pathogens in nutrients and reduce public health
concerns. Immunological and culture-based
methods are among the most preferred methods
for detection. However, genomic-based studies
have attracted the attention of researchers
because these methods cannot detect low
numbers of pathogenic bacteria. It is stated that
in studies in which the existence of pathogens
in foods is investigated by Real-Time PCR, pre-
enrichment and DNA extraction stages will be
carried out in the procedure steps, which will
cause extra workload, cost, and loss of time. In
this study, detection of Listeria monocytogenes
in chicken meat samples was carried out by Real-
time PCR using the Thermal lysis method without
pre-enrichment. It is stated that foodborne

pathogens that would be capable of growing on
foods can be designated precisely with lesser cost
and workload as well as shorter amounts of time,
thereby inhibiting the occurrence of microbial
infections threatening human health while they
are still in the production phase. Bacteria such as
L. monocytogenes, Staphylococcus aureus, and
Campylobacter jejuni are considered to be the
most common pathogens in chicken and chicken
products. Since they generally do not give rise to
any significant change in chicken meat, people
relievedly consume foods contaminated with
these pathogens and therefore may get serious
infectious diseases.

There are many researchers and many
studies on this subject aiming to detect L.
monocytogenes, one of the important pathogens
found in chicken and chicken products that causes
severe public health problems and product losses
in the long term.

ACKNOWLEDGMENTS
None.

CONFLICT OF INTEREST
The authors declare that there is no
conflict of interest.

AUTHORS' CONTRIBUTION

All authors listed have made a substantial,
direct, and intellectual contribution to the work
and approved it for publication.

FUNDING
None

DATA AVAILABILITY
All datasets generated or analyzed during
this study are included in the manuscript.

ETHICS STATEMENT

This article does not contain any studies
with human participants or animals performed by
any of the authors.

REFERENCES

1. Beski SSM, Swick RA, lji PA. Specialized protein products
in broiler chicken nutrition: A review. Anim Nutr.
2015;1(2):47-53. doi: 10.1016/j.aninu.2015.05.005

Journal of Pure and Applied Microbiology

2649

www.microbiologyjournal.org



Bilgin et al | J Pure Appl Microbiol. 2024;18(4):2645-2650. https://doi.org/10.22207/JPAM.18.4.37

10.

11.

12.

13.

14.

Kumar H, Bhardwaj K, Kaur T, et al. Detection of
Bacterial Pathogens and Antibiotic Residues in Chicken
Meat: A Review. Foods. 2020;9(10):1504. doi: 10.3390/
foods9101504

lannetti L, Schirone M, Neri D, et al. Listeria
monocytogenes in poultry: Detection and strain
characterization along an integrated production
chain in Italy. Food Microbiol. 2020;91:103533. doi:
10.1016/j.fm.2020.103533

Kim JH, Jung S, Oh SW. Combination of bacteria
concentration and DNA concentration for rapid
detection of E. coli 0157:H7, L. monocytogenes, and
S. Typhimurium without microbial enrichment. Lwt-
Food Sci Technol. 2020;117:108609. doi: 10.1016/j.
Iwt.2019.108609

Oh SR, Park SY, Ha SD. Combined effects of chlorine
and thiamine dilauryl sulfate on reduction of
Listeria monocytogenes in chicken breast and
development of predictive growth models. Poultry Sci.
2014;93(6):1503-1510. doi: 10.3382/ps.2013-03427
Hassanain NAH, Hassanain MA, Ahmed WM, et al.
Public health importance of foodborne pathogens.
World J Med Sci. 2013;9(4):208-222.

Goh SG, Leili AH, Kuan CH, Shapaan RM, Barakat A,
El-Faday HAM. Transmission of Listeria monocytogenes
from raw chicken meat to cooked chicken meat
through cutting boards. Food Control. 2014;37:51-55.
doi: 10.1016/j.foodcont.2013.08.030

Xu Q, Liu SY, Ji S, et al. Development and application
of a flow cytometry-based method for rapid and
multiplexed quantification of three foodborne
pathogens in chicken breast. Lwt-Food Sci Technol.
2022;163:113487. doi: 10.1016/j.lwt.2022.113487
Turanoglu B, Omeroglu MA, Baltaci MO, Adiguzel G,
Adiguzel A. Determination of foodborne pathogens
in minced beef by real-time PCR without culture
enrichment. J Microbiol Meth. 2024;219:106896. doi:
10.1016/j.mimet.2024.106896

Valencia-Shelton F, Loeffelholz M. Nonculture
techniques for the detection of bacteremia and
fungemia. Future Microbiol. 2014;9(4):543-559. doi:
10.2217/fmb.14.8

Heo EJ, Song BR, Park HJ, et al. Rapid detection
of Listeria monocytogenes by real-time PCR in
processed meat and dairy products. J Food Protect.
2014;77(3):453-458. doi: 10.4315/0362-028X.JFP-13-
318

Akbulut S, Baltaci MO, Adiguzel G, Adiguzel A.
Identification and potential biotechnological
characterization of lactic acid Bacteria isolated
from white cheese samples. J Pure Appl Microbiol.
2022;16(4):2912-2922. doi: 10.22207/JPAM.16.4.66
Boukharouba A, Gonzalez A, Garcia-Ferrus M, Ferrus
MA, Botella S. Simultaneous detection of four Main
foodborne pathogens in ready-to-eat food by using
a simple and rapid multiplex PCR (mPCR) assay. Int
J Env Res Pub He. 2022;19(3):1031. doi: 10.3390/
ijerph19031031

Erkaya E, Genc B, Akbulut S, et al. Bacteriocin producing
bacteria isolated from Turkish traditional sausage

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

samples. J Pure Appl Microbiol. 2020;14(2):1567-1576.
doi: 10.22207/JPAM.14.2.55

Radoshevich L, Cossart P. Listeria monocytogenes:
towards a complete picture of its physiology and
pathogenesis. Nat Rev Microbiol. 2018;16(1):32-46.
doi: 10.1038/nrmicro.2017.126

Schlech WF. Epidemiology and Clinical Manifestations
of Listeria monocytogenes Infection. Microbiol Spectr.
2019;7(3):10. doi: 10.1128/microbiolspec.GPP3-0014-
2018

WangZ, Tao X, Liu S, Zhao Y, Yang X. An Update Review
on Listeria Infection in Pregnancy. Infect Drug Resist.
2021;14:1967-1978. doi: 10.2147/IDR.S313675
Shamloo E, Hosseini H, Moghadam ZA, Larsen
MH, Haslberger A, Alebouyeh M. Importance of
Listeria monocytogenes in food safety: a review of
its prevalence, detection, and antibiotic resistance.
Iran J Vet Res. 2019;20(4):241-254. doi: 10.26656/
fr.2017.4(1).155

Setiani BE, Elegado FB, Perez MTM, Mabesa RC, Dizon
El, Sevilla CC. API Listeria Rapid kit for Confirmatory
Fenotypic Conventional Biochemical Test of the
Prevalence Listeria Monocytogenes in Selected Meat
and Meat Products. Proc Food Sci. 2015;3:445-452.
doi: 10.1016/j.profo0.2015.01.049

Souii A, Ben M'hadheb-Gharbi M, Gharbi J. Nucleic
acid-based biotechnologies for food-borne pathogen
detection using routine time-intensive culture-based
methods and fast molecular diagnostics. Food Sci
Biotechnol. 2016;25(1):11-20. doi: 10.1007/s10068-
016-0002-1

Ma K, Deng Y, Bai Y, et al. Rapid and simultaneous
detection of Salmonella, Shigella, and Staphylococcus
aureus in fresh pork using a multiplex real-time
PCR assay based on immunomagnetic separation.
Food Control. 2014;42:87-93. doi: 10.1016/j.
foodcont.2014.01.042

Chen MT, Cheng JH, Wu QP, et al. Prevalence, potential
virulence, and isolates from edible mushrooms in
Chinese markets. Front Microbiol. 2018;9:1711. doi:
10.3389/fmicb.2018.01711

Heidarzadeh S, Dallal MMS, Pourmand MR, et al.
Prevalence, antimicrobial susceptibility, serotyping
and virulence genes screening of strains at a tertiary
care hospital in Tehran, Iran. Iran J Microbiol.
2018;10(5):307-313.

Goncalves-Tenorio A, Silva BN, Rodrigues V, Cadavez V,
Gonzales-Barron U. Prevalence of Pathogens in Poultry
Meat: A Meta-Analysis of European Published Surveys.
Foods. 2018;7(5):69. doi: 10.3390/foods7050069
Wardhana DK, Haskito AEP, Purnama MTE, Safitri
DA, Annisa S. Detection of microbial contamination
in chicken meat from local markets in Surabaya, East
Java, Indonesia. Vet World. 2021;14(12):3138-3143.
doi: 10.14202/vetworld.2021.3138-3143

Goh SG, Kuan CH, Loo YY, et al. Listeria monocytogenes
in retailed raw chicken meat in Malaysia. Poult Sci.
2012;91(10):2686-2690. doi: 10.3382/ps.2012-02349

Journal of Pure and Applied Microbiology

2650

www.microbiologyjournal.org



