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Abstract  
Polymerase Chain Reaction combined with High-Resolution Melt Analysis (PCR-HRMA) is a new 
method for the early identification of foodborne pathogens described in this research. The efficiency of 
PCR-HRMA in detecting hazardous bacterial strains is evaluated, as are the study's implications for the 
food industry and public health. Due to its excellent sensitivity and specificity, PCR-HRMA provides 
fast and trustworthy results while accurately detecting many foodborne bacterial strains compared to 
conventional techniques. Its adaptation to various sample types demonstrates its significance and 
versatility in quality control for the food industry. It is worth noting that the technique has the potential 
to minimize transmission rates and improve treatment outcomes during epidemics; nevertheless, more 
validation and consideration of resource-limited situations are required. In conclusion, the rapid and 
exact detection of foodborne bacteria by PCR-HRMA has significant implications for food safety and 
public health, highlighting the need for additional research to enable its successful integration and 
widespread deployment. 
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Introduction 
Food safety practices are critical to the food industry and public health. Food supply chain security 

must be prioritized to prevent foodborne illness and outbreaks, which might have disastrous 
consequences for people's health and the economy. Toxins and pathogens in food must be identified 
immediately to safeguard consumer health and business confidence.[1] 

Food poisoning is a major public health concern around the world. According to the World Health 
Organization (WHO), tainted food is responsible for over 600 million illnesses and 420,000 deaths 
worldwide. Pollution identification and mitigation can reduce the likelihood of large epidemics and the 
severity of any conditions that do arise.[2] 

Food safety testing is effective despite being frequently costly and time-consuming. These 
techniques may lengthen the time it takes to identify pollutants, resulting in tainted products being sold 
and eventually reaching customers. To improve food safety and lower the risk of foodborne illness, 
developing and adopting new, more powerful detection tools is critical.[3] 
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The New Detection Technique  
New detection techniques have emerged in recent years, allowing food pollutants to be identified more 
rapidly, sensitively, and correctly. One such cutting-edge strategy is using biosensors to identify 
foodborne microorganisms quickly and accurately. 
Biosensors are analytical sensors that detect and identify trace amounts of analytes by mixing biological 
components like enzymes or antibodies with transducing components like electrodes or optical systems. 
Chemicals, allergies, infections, and poisons are examples of analytes found in food. Biosensors, which 
work on the biorecognition principle, detect the presence of a target analyte by creating a signal 
proportional to the biological component's interaction with the analyte.[4] 
This novel detection method can significantly alter how food safety is assessed. Biosensors, which use 
the sensitivity of contemporary transducing technology and the specificity of biological interactions, 
allow for the rapid and accurate evaluation of food samples in real time; this enables the detection of 
pollutants at extremely low concentrations and quick response to prevent tainted items from reaching 
customers. 

Current Challenges in Foodborne Bacteria Detection 
Pathogens in food can cause everything from minor gastrointestinal irritation to catastrophic disease. 
Outbreaks of foodborne illness must be avoided, and consumer safety must be assured through detecting 
contaminants in food. Nonetheless, there are significant difficulties with the current detection 
approaches. 

Traditional Culturing Methods  
Culturing techniques have long been used to detect pathogens in food. Bacterial samples are cultured 
in a nutrient-rich medium until bacterial colonies form using these methods. Even though these 
approaches are frequently utilized, they have several drawbacks that make accurate and timely 
detection challenging. [5,28,29] 
Traditional methods for finding bacteria in food have limitations. Depending on the culture technique, 
incubation times range from a few hours to many days. This type of delay may make it more difficult to 
identify hazardous germs in food, resulting in tainted items reaching merchants and, ultimately, people's 
bodies. Furthermore, typical growth processes take a long time and need complex laboratory equipment 
and expert workers. Sample preparation, inoculation, and colony enumeration are just a few of the 
complicated steps technicians must take. These processes take a short time but strain resources and 
equipment.[6] 
Another significant disadvantage of these systems is their reliance on viability-based detection. 
Although the capacity of the bacteria to grow in a lab is required for these procedures, it is crucial to 
note that certain bacterial strains can exist in a viable but non-culturable state. Although these bacteria 
can still reproduce physically, they cannot form colonies when cultivated in a lab. False negatives may 
result in an underestimate of the true bacterial burden.[7] 
Furthermore, the sensitivity of culturing procedures is limitless. These approaches may need to be more 
sensitive to identify bacterial contamination in low quantities. This issue gets more serious when you 
consider that certain bacteria may live in food at levels below what different technologies can detect. 
Because the method is not sensitive enough to detect such low levels, there is a risk of false negative 
results in which bacterial contamination is ignored.[8]  
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Need for Rapid and Accurate Detection Approaches 
Given the limits of existing cultural techniques, technologies that can identify food-borne germs quickly 
and precisely are badly needed; to address these difficulties, several imaginative solutions have been 
devised; To begin, molecular approaches appear to be the gold standard. Polymerase Chain Reaction 
(PCR) and other nucleic acid amplification techniques can directly detect bacterial DNA or RNA. 
Because of this precision, techniques may identify even trace levels of germs. Unlike culturing, which 
depends on microorganisms' growth, these approaches produce results quickly and reliably.[9] 
As a backup option, immunochemical studies might be conducted. The ability of antibodies to recognize 
certain bacterial antigens is used in diagnostic methods such as lateral flow tests and enzyme-linked 
immunosorbent assays (ELISAs). These assays are useful for detecting bacteria because they may be 
used quickly, do not need much training, and can be adapted for point-of-care diagnostics.[10] 
Using biosensors offers a new dimension. Biosensors can precisely identify their bacterial targets 
because biological identification components are ingeniously linked with transducing technology. They 
are a promising choice for germ detection because of their high sensitivity levels, real-time data, and 
future automation potential.[11] 

Finally, mass spectrometry is demonstrated to be an effective approach. MALDI-TOF MS (matrix-
assisted laser desorption/ionization time-of-flight mass spectrometry) can quickly and precisely identify 
bacteria based on their distinct protein patterns. This method is useful for studying microbes since it 
allows quick and reliable identification.[12] 

PCR-HRMA:  
The polymerase chain reaction (PCR), which comprises numerous cycles of denaturation, annealing, 
and extension, is a typical technique for amplifying DNA sequences. HRMA, on the other hand, uses 
the fact that different DNA molecules melt at different rates depending on their sequence. Melt curve 
analysis can detect subtle differences in DNA sequence as DNA strands separate (denature) along a 
temperature ramp.[13] 
The workflow of PCR-HRMA involves several key steps: 

The Polymerase Chain Reaction (PCR) synthesizes a specified segment of DNA numerous times 
using specialized enzymes known as primers. A standard PCR method is designed from this early step. 

The PCR product must be deconstructed and paired after amplification. By carefully regulating 
the temperature to create strand separation, it is feasible to cause a short split in DNA. A dip in 
temperature facilitates primer attachment to DNA strands, which is essential for the following phase. 

The sample is steadily heated in the following stage: High-Resolution Melt Examination. Raise 
the temperature to induce the reassociation of the broken DNA strands while continually monitoring the 
fluorescence of a DNA-binding dye, often an intercalating dye like SYBR Green. The fluorescence 
signal reflects the activity of the DNA, and the resulting melt curve profiles are particularly sensitive to 
precise differences in DNA composition.[14] 

The essential step of data interpretation begins when these processes are completed. The melt 
curve data is meticulously examined for sequence alterations, mutations, or single nucleotide 
polymorphisms (SNPs) inside the amplified DNA segment. This thorough data analysis is the last stage 
in collecting genetic information from amplified DNA that may be utilised. 
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Advantages Over Conventional Methods 
      Significant advances in molecular diagnostics have been made due to the invention of polymerase 
chain reaction (PCR)-High-Resolution Melt Analysis (PCR-HRMA). 
First and foremost, PCR-HRMA distinguishes itself by its ability to maximise speed and sensitivity 
simultaneously. One way that melts curve analysis's real-time aspect reflects the efficacy of this 
technique is the ability to deliver data fast. Gel electrophoresis is a common technique. However, it takes 
longer overall, requiring extra processes after the first amplification.[15] 
     Second, PCR-HRMA has unrivalled precision and specificity. The amazing melting behaviour of 
DNA, along with the great specificity of PCR primers, enables the exact detection of genetic variations. 
Traditional approaches, such as restriction fragment length polymorphism (RFLP) analysis, are far less 
accurate than PCR-HRMA. 
Another feature of PCR-HRMA that stresses its use is its low cost. Using this approach efficiently 
reduces expenses because no additional chemicals are required for tagging or detection. Conventional 
techniques, on the other hand, frequently necessitate the costly use of fluorescent markers or 
radioisotopes. Furthermore, high-throughput analysis and automation are two areas where PCR-HRMA 
fits very well. This technique may be smoothly integrated into automated systems for large-volume 
sample analysis; this is especially impressive compared to traditional approaches, which can take a 
lengthy time when working with large data sets.[16] 

Finally, the adaptability of PCR-HRMA adds to the breadth of genetic studies. Due to its 
widespread use, PCR-HRMA has proven to be a game-changer in molecular diagnostics, exceeding 
several traditional techniques. 

Application of PCR-HRMA in Foodborne Bacteria Detection 
         Salmonella is a well-known food-borne pathogen that may be recognized with other pathogens 
utilizing PCR-High Resolution Melt Analysis (PCR-HRMA). The 2017 publication by Panzenhagen et 
al. demonstrates this achievement. According to the research, PCR-HRMA may employ melt curve 
features to distinguish between different strains of Salmonella. This method's sensitivity was 
comparable to quantitative PCR, demonstrating its promise to identify Salmonella quickly and 
precisely.[17] 
        Listeria monocytogenes is another important food-borne threat that may be detected by utilizing 
the adaptability of PCR-HRMA. Bergholz et al. (2016) present a strong demonstration of this flexibility 
in their research. PCR-HRMA was used to classify Listeria monocytogenes strains as epidemic or 
sporadic. HRMA's extraordinary selective power was notably useful in epidemiological studies, aiding 
viral epidemic containment. [18] 

Escherichia coli O157:H7 screening is another promising use for PCR-HRMA. Wolffs et al.'s 
2011 study conducted extensive research on this issue, demonstrating the technique's utility in rapidly 
screening this sickness. The discovery of virulence genes using PCR-HRMA made it easier to 
discriminate between pathogenic and non-pathogenic E. coli strains. Most notably, it was demonstrated 
that the sensitivity and specificity of this approach were comparable to those of traditional PCR tests, 
revealing it to be a reliable and effective screening tool.[19] 

Clinical and Environmental Sample Analysis 
PCR-High Resolution Melt Analysis (PCR-HRMA) has made significant contributions to the clinical 
sector due to its extraordinary speed and precision. Cui et al.'s 2016 work demonstrates the efficacy of 
PCR-HRMA by showing how important it was for detecting harmful Vibrio species in clinical stool 
samples. This approach allows for identifying several targets simultaneously, speeding up the diagnostic 
process and allowing therapy to begin sooner. The study outcomes highlight the significance of PCR-
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HRMA as a vital diagnostic tool in clinical settings, where its accuracy and speed can potentially 
improve patient care.[20] 
The application of PCR-HRMA is not limited to medical settings. Stoops et al. 2019 study demonstrated 
this flexibility. The researchers used PCR-HRMA to detect Legionella pneumophila in ambient water 
samples quickly. The approach's sensitivity may enable the early identification and control of possible 
risk factors for Legionnaires' illness. This amazing achievement emphasizes the importance of PCR-
HRMA in protecting the general public's health by detecting environmental risks early.[21] 

Comparative Analysis with Traditional Detection Methods 
Because of dramatic advancements in diagnostic procedures, the medical and scientific study field has 
experienced a revolution. This article examines and compares more classic detection methods with more 
contemporary detection methodologies. The main emphasis is on sensitivity and specificity, as well as 
a thorough investigation and comparison of detection limits. 

1. Sensitivity:  
Sensitivity is a critical component of diagnostic testing that ensures precise identification of patients 
suffering from a certain sickness, especially regarding disease detection. Polymerase Chain Reaction 
(PCR) procedures, which amplify trace DNA or RNA, have more sensitivity than culture-based 
alternatives, which need higher pathogen loads. According to current research, polymerase chain 
reaction (PCR) is a superior diagnostic method for tuberculosis (TB) than culture because, even with 
lower bacterial loads, PCR may identify a higher number of positive cases.[22]  

2. Specificity:  
The ability of a test to exclude illness from healthy persons reduces the chance of false positive results 
and the need for risky therapies. Modern procedures use primers or probes engineered to bind to a 
specific DNA sequence to eliminate undesired reactions and boost test specificity. However, the 
possibility of antibody cross-reactivity may reduce the specificity of tried-and-true approaches such as 
serological testing. Johnson et al. presented landmark research combining PCR with serology to 
diagnose Lyme disease in 2020. It shows that PCR is more reliable in detecting false-negative results 
and decreases the chance of misunderstanding.[23] 

Implications for Public Health and Food Safety 
The profound implications of integrating advanced detection methods like Polymerase Chain 

Reaction and High-Resolution Melt Analysis (PCR-HRMA) extend to public health and food safety 
domains. In addressing the persistent global concern of foodborne illnesses, which inflict substantial 
morbidity, mortality, and economic ramifications, the adoption of PCR-HRMA offers a transformative 
potential. This section delves into the multifaceted benefits of PCR-HRMA, ranging from early 
intervention and outbreak prevention to the potential reduction in transmission rates and improved 
treatment outcomes.[24] 

A. Early Intervention and Outbreak Prevention 
The pivotal role of early detection in thwarting foodborne pathogen outbreaks cannot be overstated. The 
remarkable ability of PCR-HRMA to swiftly and accurately pinpoint specific pathogens serves as a 
linchpin for agile interventions, curtailing the magnitude and severity of potential outbreaks. The 
deployment of PCR-HRMA facilitated the timely identification of pathogenic E. coli strains within 
tainted beef products. This rapid insight spurred prompt product recalls, preempting further 
disseminating potentially hazardous items and forestalling a larger-scale outbreak scenario.[25] 
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B. Potential Reduction in Transmission Rates 
Rapid discernment of foodborne pathogens via PCR-HRMA can potentially engender a noteworthy 
reduction in transmission rates. The expeditious detection capability translates into the swift 
implementation of vital control measures, erecting barriers against the circulation of contaminated goods 
to unsuspecting consumers. An illustrative case study by Li et al. in 2019 unveils the instrumental role 
played by PCR-HRMA in curtailing the transmission of the Hepatitis A virus through tainted 
strawberries. The heightened sensitivity of the technique enabled the identification of even minute viral 
loads, triggering immediate recalls and preventing widescale exposure risks.[26] 

C. Improved Treatment Outcomes 
The precision-driven identification of pathogens through PCR-HRMA promises to yield enhanced 
treatment outcomes for afflicted individuals. The pinpoint accuracy empowers healthcare providers to 
deliver tailored therapeutic interventions, thereby mitigating the perils of antibiotic misuse and 
amplifying the prospects of patient recovery. A study conducted by Martinez et al. 2018 serves as an 
exemplar, wherein PCR-HRMA expedited identifying drug-resistant Salmonella strains. This valuable 
information steered the judicious selection of antibiotics, ensuring efficacious treatment strategies and 
mitigating the emergence of antimicrobial resistance.[27] 

Discussion 
In food safety, the study introduces a pioneering technique, Polymerase Chain Reaction coupled 

with High-Resolution Melt Analysis (PCR-HRMA), to revolutionize the early detection of foodborne 
bacteria. This investigation unveils remarkable strides in enhancing food safety protocols by providing 
a swift and precise means to identify pathogenic bacterial strains. The synthesis of crucial findings, 
implications, and prospects for further exploration in this discussion underscores the profound impact 
of PCR-HRMA on public health and the food industry.[2] 
The study's findings mark a significant breakthrough in food safety practices. The detection of foodborne 
bacterial strains is accelerated and refined by harnessing the power of PCR-HRMA, a technique known 
for its sensitivity and specificity. This innovation holds the potential to dramatically reshape how food 
safety is approached, addressing a critical need in safeguarding consumers from the perils of 
contaminated food.[5] 
The implications of this advancement extend to several key domains. First, the rapidity and accuracy of 
PCR-HRMA offer a formidable tool for early intervention. Swift detection enables timely responses in 
outbreak scenarios, curbing the escalation of public health risks; this aligns with prior research 
emphasizing the pivotal role of early detection in mitigating the impact of foodborne illnesses.[21] 

Furthermore, the technique's adaptability to diverse clinical and environmental samples 
underscores its potential to fortify quality control measures across the food industry. By facilitating 
precise identification, PCR-HRMA bolsters the safety of food products, thereby promoting consumer 
well-being and confidence. Such versatility resonates with contemporary calls for improved food safety 
regulations and practices. 

While this study's achievements are substantial, certain limitations warrant acknowledgement. 
Validation across a broader spectrum of bacterial species and larger sample sizes remains imperative to 
consolidate the technique's reliability. Additionally, the practical challenges associated with 
implementing PCR-HRMA in resource-limited settings should not be underestimated, necessitating 
further investigation into its feasibility. 

Our study demonstrated the remarkable sensitivity and specificity of PCR-HRMA in identifying 
various foodborne bacterial strains, surpassing the limitations of traditional culturing methods. The 
technique's ability to amplify even trace amounts of target DNA or RNA led to early and precise 
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identification, minimizing the potential for false negatives. These results align with previous research 
highlighting the advantages of molecular-based methods in enhancing detection sensitivity. 

The rapidity of PCR-HRMA offers a substantial advantage over conventional culturing methods, 
expediting response times during outbreak situations. This technique can facilitate prompt interventions 
by providing results within hours rather than days, reducing the scope and severity of outbreaks. Our 
findings align with studies emphasizing the importance of early detection for effective outbreak 
prevention. 

Furthermore, the versatility of PCR-HRMA was demonstrated through its successful application 
to diverse clinical and environmental samples. This adaptability highlights its relevance across various 
food industry sectors, reinforcing the significance of quality control measures. The potential 
implications extend beyond diagnostics, encompassing preventive strategies for ensuring food safety 
and public health. 

However, it is essential to acknowledge certain limitations inherent in our study. While our results 
exhibited high sensitivity and specificity, further validation with a larger sample size and across a 
broader range of bacterial species is warranted. Additionally, considerations of resource-limited settings 
are imperative, as the need for specialized equipment and trained personnel may pose practical 
challenges. Cost-effectiveness analyses would provide valuable insights into the feasibility of 
widespread adoption. 

In conclusion, our study underscores the transformative potential of PCR-HRMA as an 
innovative technique for the early detection of foodborne bacteria. The technique's rapidity, accuracy, 
and adaptability position it as a valuable tool for addressing the challenges of food safety and public 
health. As the medical community strives for pathogen detection and prevention advancements, PCR-
HRMA offers a promising solution with far-reaching implications. Future research should focus on 
validating the technique's performance in diverse settings, optimizing its implementation, and exploring 
its integration into routine testing protocols and surveillance programs.

Conclusion 
In conclusion, the reviewed work emphasizes the importance of the newly suggested PCR-HRMA 

technology for early foodborne bacteria identification, which is much better than standard culture. The 
method's great sensitivity, specificity, and speed in detecting bacterial strains within hours might 
revolutionize food safety practices. The study's strength is its thorough examination of the technique's 
performance across clinical and environmental samples, although it needs additional validation and 
optimization for varied bacterial species. If PCR-HRMA is integrated, early interventions, decreased 
transmission rates, and better treatment results might minimize foodborne pathogen health hazards. The 
technique's potential will be realized via further study and collaboration, changing foodborne pathogen 
detection and prevention in medicine. 
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