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Abstract

Microbial contamination of poultry carcasses represents a major challenge in food safety. The presence of viable
but non-culturable (VBNC) pathogens in meat products—due to their resistance to environmental stressors—
poses a potential threat to public health. Detection of these bacteria through culture-independent methods plays a
crucial role in food safety monitoring. This study aimed to identify both culturable and non-culturable bacterial
strains in packaged and unpackaged chicken meat sold in Bavanat County, using classical and molecular
techniques, with a focus on stress-related genes RpoS and OxyR. A total of 100 fresh and frozen chicken samples
from various brands were collected. Bacterial isolation was performed using selective media and biochemical
tests. Genomic DNA extraction and polymerase chain reaction (PCR) were conducted using universal 16S rRNA
primers and specific primers targeting the stress-related genes. PCR products were analysed via agarose gel
electrophoresis and DNA sequencing. The results revealed that Escherichia coli (20%) and Staphylococcus spp.
(16%) were the most prevalent Gram-negative and Gram-positive bacteria, respectively. Non-culturable isolates
included Pseudomonas, Psychrobacter, and Acinetobacter. The presence of RpoS and OxyR genes in some
isolates confirmed their ability to enter the VBNC state and resist stressful conditions. These findings indicate
that chicken meat sold in Bavanat harbours a diverse range of pathogenic bacteria, which may pose a serious risk
to consumer health. The identification of VBNC strains and stress-related genes underscores the importance of
employing culture-independent methods in poultry meat safety surveillance.
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Identification of Hidden Microbial Agents in Broiler Chickens Using Molecular and
Chemical Techniques: A Novel Approach to Food Safety Management

EXTENDED ABSTRACT

Introduction: Poultry serves as a significant reservoir for microorganisms that can be transmitted between
humans and livestock, potentially impacting public health. One effective strategy to mitigate bacterial pathogens
in humans is to monitor the microbial quality of poultry meat. Moreover, in response to environmental stressors,
many bacteria enter a viable but non-culturable (VBNC) state as an adaptive mechanism. The physiological
behaviour of such bacteria can be characterised by identifying specific genes, notably RpoS and oxyR.
Accordingly, this study aimed to investigate the prevalence of culturable and VBNC bacteria in various types of
poultry meat.

Materials and Methods: A total of 100 samples of fresh and frozen chicken from various brands in the Bavanat
region were analysed over six months. Samples were collected using washing, swabbing, and tissue chip
techniques. Nutrient broth and Gram-negative broth media were employed for enrichment. Given the potential for
certain strains to exist in a VBNC state, selective and differential media were used for preliminary identification,
followed by molecular techniques targeting specific genes. To detect Listeria, samples in broth media were
incubated for 72 hours at 4°C. Subsequently, cultures were streaked onto Palcam agar and incubated under defined
conditions. Colonies, particularly those on blood agar, were purified and identified using Gram staining, catalase,
oxidase, and coagulase tests. Further biochemical assays were conducted to differentiate Gram-positive and Gram-
negative isolates, and molecular tests were performed after removing duplicate strains. Due to the lower yield of
culturable bacteria from chicken washing water compared to stomach contents and solid tissues, three post-
slaughter washing water samples were used to assess VBNC bacterial load. Identification of VBNC strains was
conducted via PCR targeting RpoS and oxyR genes.

Results: Biochemical testing and ABIS Encyclopedia software analysis revealed Escherichia coli as the most
prevalent Gram-negative bacterium (20%), while Staphylococcus was the most common Gram-positive isolate
(16%). Other Gram-negative genera included Klebsiella, Shigella, Chlorella, Proteus, Enterobacter, and
Pseudomonas. Among Gram-positive bacteria, Corynebacterium, Enterococcus, and Bacillus were also
identified. Molecular analysis confirmed the presence of culturable strains such as E. coli, Enterobacter, Shigella,
Klebsiella, Proteus, Aeromonas, Staphylococcus, and Enterococcus. Two isolates remained unidentified by
software. VBNC strains identified included Pseudomonas, Psychrobacter, and Acinetobacter.

Discussion: Twenty-five morphologically distinct strains were identified: 15 Gram-negative and 10 Gram-
positive. E. coli was the most frequent Gram-negative isolate (20%), and Staphylococcus aureus was the most
common Gram-positive (16%). Of the 25 isolates, only three contained RpoS genes and two contained oxyR genes.
No Listeria species were detected, possibly due to sample size, type, or collection method. The presence of E. coli
suggests inadequate sanitary control in the study area. Tissue swabs and scrapings proved more effective than
washing water for bacterial isolation. PCR analysis of 25 samples revealed three Gram-positive isolates (S. aureus,
Enterococcus, Psychrobacter) and several Gram-negative genera including E. coli, Enterobacter, Shigella,
Klebsiella, Proteus, and Aeromonas. Sixteen of the 23 samples tested showed consistent results across both
biochemical and molecular methods. Contamination was predominantly due to Gram-negative bacteria, typically
transmitted via the faecal-oral route. This implies potential issues with intestinal evacuation, washing systems, or
processing channels. Factors such as transport duration, basket handling, and slaughtering procedures may also
contribute to contamination. PCR results showed that Pseudomonas, Acinetobacter, and Psychrobacter isolates
carried the RpoS gene (251 bp band), while Pseudomonas and Psychrobacter also carried the oxyR gene (572 bp
band).

Conclusion: Detection of VBNC organisms in food is crucial for public health, as these bacteria may be
pathogenic. Molecular techniques targeting specific genes are recommended for identifying such organisms in
food products. Additionally, this study highlights the importance of evaluating washing machinery, personnel
hygiene, and processing protocols to reduce foodborne pathogenic risks.
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