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Abstract 

Many studies indicate that antimicrobial-resistant zoonotic pathogens, in meats, have adverse effects on food safety in production and 

processing, conducive to human health emergencies. More than two-thirds of new diseases are carried by animals, and that is why it is critical 

to prevent the spread of such diseases among animals. Controlling spread can also be controlled by enhancing sanitation and practicing 

quarantine and segregation modes in the food processing plants, monitoring the health of animals passed through the plants, and giving 

worker hygiene training. Moreover, inadequate design of meat processing plants also determines pathogen control within such 

establishments. The utilization of modern technologies like the use of blockchain supply chains to monitor the flow of products, robotics, and 

artificial intelligence in risk evaluation increases product tracing and biosecurity measures. In this chapter, the authors seek to explain basic 

measures in biosecurity while at the same time reiterating the centrality of technology in reducing the chances of microbial invasion into the 

food chain. In addition, it covers today’s issue on the need to enhance the legislative laws as well as the best ways of implementing the 

regulations to ensure that the activities of the pathogenic outbreaks are well supervised and controlled across the world to enhance the quality 

of meat products and safe health for users. 
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Introduction 
 

Zoonotic diseases, commonly known as zoonoses, are diseases that are naturally transmitted from animals to human beings. Besi des 

food-, water- and vector-borne transmission, direct or indirect contact between people and animals can lead to the transmission  of 

dangerous bacteria, viruses, parasites, and fungi that cause zoonotic diseases. Based on the research, 70% of human diseases are acquired 

from animals, transmitted by animals and other diseases caused by these animals are highly deadly and can spread a s fast as wildfire or 

pandemics (Carpenter et al., 2022). Other than influencing cattle production and food, zoonotic diseases are responsible for 2.7 million 

deaths and 2.5 billion diseases in humans every year (Rahman et al., 2020). Especially in the meat processing plant, zoonotic diseases 

pose a tremendous threat to the safety of food products. Salmonella, E. coli, Avian Influenza (AI), and Campylobacter spp. are among the 

main culprits (Zhang et al., 2024). Contaminated meat products can cause these diseases from animals to humans and its effects may 

lead to the development of several diseases, mainly gastrointestinal diseases.  To prevent zoonotic diseases from getting int o the food 

chain biosecurity measures are of the essence. The risk of disease transmission can be significantly minimized by implementing the 

following measures: better hygiene standards, limiting entry into production plants, and enhanced monitoring measures (Subasi nghe et 

al., 2023). Through these measures, the health of the public, livestock, and therefore, the customer is also well protected. The 

incorporation of biosecurity measures with technology such as automation and robotics for pathogen -free processing, and the use of big 

data, predictive modeling, and artificial intelligence in biosecurity increase the preparedness for preventing pathogen intrusion in the 

food system (Sadeghi et al., 2015).  

While biosecurity is important in controlling zoonotic pathogens, the literature is surprisingly sparse on its application in meat processing 

environments. Biosecurity is the management of preventing the entry of pathogens and minimizing the transmission of pathogens (Renault et 

al., 2022). While biosecurity in animal husbandry has been discussed extensively in the literature, there is very little detailed consideration of 

biosecurity measures that are intended to prevent zoonotic infection during meat processing. 

This chapter aims to explain the pathological challenges in meat production systems, biosecurity in meat processing plants, and 

enhancement of biosecurity measures through the integration of new technologies such as Artificial Intelligence and automatic systems.  
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1. Zoonotic Pathogens in Meat Production: Current Challenges 
1.1 Overview of Common Zoonotic Pathogens 

Meat production pathogens are organisms that are dangerous to human beings. The decrease in pathogenic microorganisms in meat is 
controlled by the Pathogen Reduction and Hazard Analysis, and Critical Control Point (PR-HACCP) program of the Food Safety and Inspection 
Service (FSIS) (Williams et al., 2020). It is easy to be exposed to various points like slaughtering animals, handling raw meat, storage conditions, 
and meat transportation (EFSA, 2022; Rossler et al., 2020). Some bacteria that are commonly detected in meat production are Salmonella, E. 
coli, and Campylobacter all of which are associated with foodborne illnesses according to Zhou et al. (2020). In meat production, pathogens 
like Salmonella and E. coli are potential risks to food products of poultry, pork, meat, milk, and eggs (Abebe et al., 2020). Salmonella and E.coli 
may be classified as pathogenic bacteria that may cause gastroenteritis (William et al., 2020; Zhou et al., 2020). The thermotolerant 
Campylobacter, particularly C. jejuni is the leading cause of campylobacteriosis infection and broilers are a source of C. jejuni in undercooked 
broiler meat (Rossler et al., 2020).  
 
1.2 Emergence of Antimicrobial-Resistant Zoonotic Pathogens 

One of the challenges to global health comes from the increase in antimicrobial resistance (AMR) among pathogens, largely due to the 
inappropriate and uncontrolled use of antibiotics (Çınar et al., 2024). AMR arises through gene mutations and resistance gene transfer 
(Almansour et al., 2023). Various pathogens have developed resistance mechanisms, enabling them to withstand antibiotic treatment. For 
example, Campylobacter has shown resistance to several drugs, including fluoroquinolones, macrolides, and amoxicillin-clavulanic acid (Dai et 
al., 2020). Intensive farming can potentially reduce pathogen entry through biosecurity measures, but it also increases the risk of amplification, 
spread, and mutation once pathogens enter livestock facilities (Espinosa et al., 2020). Pathogens can be exposed to non-resistant ones through 
conjugation, transduction, or transformation. Conjugation occurs when pathogens directly contact each other, allowing the recipient cell to 
acquire the resistance gene. Transduction occurs when resistance genes are transferred via phage and inserted into the recipient cell's 
chromosome. Transformation occurs when the resistance gene is inserted into the recipient cell's chromosome or plasmid through lysis. The 
exposed DNA is released by one pathogen and absorbed by another (Jian et al., 2021). 
 
2. Biosecurity Protocols for Controlling Zoonotic Pathogens  
2.1 Minimal Water Usage 

In slaughterhouses, most water consumption is used for strict sanitation due to the large amount of blood, and solid and semi-solid 
materials (Bailone et al., 2020). For 100,000 poultry processed in slaughterhouses, 80% of the water consumed can be saved by replacing 
electronarcosis stunning with a controlled atmosphere, replacing boiling water with hot steam, replacing pre-cooling using water immersion 
with pre-cooling using air conditioning, reducing the water renewal in the cooling tanks, where this reduction can allow savings from 365,815 
to 59,84m3/day (Bailone et al., 2016). Water is used to clean pathogen-contaminated surfaces, but improper management can spread them. 
Ozonated water is recommended for its antimicrobial benefits in food processing facilities, potentially preventing Salmonella and E. coli spread 
in meat (Kalchayanand et al., 2019; Megahed et al., 2020). 

 
2.2 Waste Management 

Slaughterhouse wastewater (SWW) as a by-product in meat production requires proper handling to prevent it from becoming a public 
health issue for animals and humans (Bailone et al., 2020). Ng et al. (2022) highlighted that SWW treatment methods, including biological, 
physical, and chemical processes or advance oxidation processes (AOP), can be used independently or in combination, with combination 
methods being more effective. Thermo-chemical and biological processes are also important in poultry slaughterhouses for organic waste 
management of their recycling capacity and short processing time, as described by Al-gheethi et al. (2023). Automatic time-closing faucets, 
pressurized hoses for floor cleaning, mechanical cleaning of solid materials, and precool zones can be used to reduce the volume of wastewater 
in poultry slaughterhouses (Bailone et al., 2020). 
 
2.3 Quarantine and Segregation Measures 
2.3.1 Livestock Quarantine and Segregation 

Properly implemented livestock quarantine is a crucial tool to prevent the spread of disease in livestock (Msimang et al., 2022). Quarantine 
is an important tool to contain diseases that have the potential to flare as outbreaks, including avian influenza (Duan et al., 2023), brucellosis 
(Sun et al., 2020), foot and mouth disease (Susila et al., 2023) and AMR pathogens (Almansour et al., 2023). Most importantly of all, it is crucial 
that isolating infected livestock from other livestock is a major preventive measure against disease outbreaks as sick animals can spread the 
diseases and protect the health of other livestock (Msimang et al., 2022). It also minimizes getting pathogens out of the herd through 
environmental contamination, including water, air, and shared equipment (such as feed bins) (Endale et al., 2023). 
 
2.3.2 Wildlife Control 

Wildlife control is a major factor that can contribute to controlling zoonotic pathogens.  (Espinosa et al., 2020). Reduction of contact with 
wildlife is another way of managing contamination hence employing barriers that can act as security to the livestock (Msimang et al., 2022). 
Some of the Global Practice principles of extensive rearing of livestock involve minimizing contact with wild animals (Espinosa et al., 2020). 
Population density and the development of fragmented habitats increase the encroachment of human, livestock, and wildlife interactions, 
thereby escalating the likelihood of spill-over of zoonoses including AI, WNV, and HIV (Layton et al., 2017). 
 

2.4 Animal Health Monitoring and Surveillance 

2.4.1 Routine Animal Health Checks 
Regular health checks are crucial to ensuring animals are free from zoonotic infections (Rahman et al., 2020). Brucellosis, a significant 
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zoonosis, affects animals and humans in various clinical forms, including reproductive symptoms and systemic issues, yet awareness of routine 
health checks remains low, particularly in developing nations. For example, Tebug et al. (2014) reported that there were no periodic examinations 
in the northern region of Malawi, despite the presence of Brucella antibodies in dairy cows, indicating brucellosis infections in the region. 
 
2.4.2 Real-Time Disease Surveillance Technologies 

In the recent past, most farms have been employing cameras with the Internet of Things (IoT) to keep track of the surrounding 
environment. The use of sensors in meat production is often referred to as Precision Livestock Farming (PLF), which involves modern 
information technology in controlling the production process. Biometric sensors can help mitigate disease spread by monitoring temperature, 
behavior, sound, and physiological parameters including pH, metabolic activity, pathogens, and the presence of toxins and antibiotics in the 
body (Neethirajan & Kemp, 2021). In addition, blockchain technology enhances transparency, and is also another effective technology for 
rebuilding consumer trust after animal disease outbreaks (Arvana et al., 2023). 
 
2.4.3 Vaccination Programs 

Vaccination provides an important layer of biosecurity for the management of livestock diseases (Layton et al., 2017). Msimang et al. 
(2022) reported that vaccination is the second most frequently reported biosecurity measure, where in his study among respondents 35% of 
private farmers had vaccinated their livestock against Brucellosis. Humans also benefit from vaccination against zoonotic diseases (Dai et al., 
2020). Moreover, plant-based vaccines have been introduced to reduce antibiotic use in livestock and avoid the development of strains that are 
resistant to antibiotics, especially epidemic pathogens and zoonoses (Shahid & Daniel, 2016). 
 
3. Role of Biosecurity in Meat Processing Plants  
3.1 Meat Processing Facility Design 
3.1.1 Zoning and Airflow Management in Processing Plants 

The division of facilities into clean and dirty zones helps to prevent cross-contamination and microbial risks, as well as improve food safety 
(Oliveira et al., 2020). Pathogen contamination in meat production can occur throughout the entire production chain, from farms to 
transportation to slaughterhouses. To reduce the spread of external pathogen contamination, the establishment of Critical Control Point (CCP) 
and Good Manufacturing Practices (GMP) in Hazard Analysis and Critical Control Point (HACCP) systems is necessary (Mustefa, 2021). Plants 
must have adequate natural or mechanical ventilation to provide fresh air for food workers (± 8 liters per person per minute) without 
contaminating the product (Holah, 2014). Localized airflow management, such as using HEPA filters, can reduce contamination risks during 
raw product handling (Holah, 2023). Sensors are essential for air quality monitoring to ensure the proper functioning of the ventilation system. 
(Camarillo-Escobedo et al., 2022). 
 
3.2 Worker Hygiene and Biosecurity Training 

Pathogens can infiltrate products through workers' hands, necessitating the implementation of comprehensive hygienic measures to 
prevent contamination (Margas & Holah, 2014). Contamination sources must be controlled beyond workers' hands, including footwear, and 
clothing as they directly contact the external environment and raw material. Antimicrobial textiles are increasingly used in factory uniforms to 
prevent pathogenic contamination, while multi-sanitizers and rotational use are crucial for controlling contamination from pedestrian traffic 
(Hendricks et al., 2018). Non-conformity with food safety requirements often occurs due to a lack of food safety knowledge, lack of food 
safety/HACCP control and meat non-conformities control increasing the risk of food safety loss (Jakubowska-Gawlik et al. 2022). Quality 
training can enhance knowledge about zoonotic disease risks and influence decision-making, such as increasing awareness of PPE use (Nyokabi 
et al., 2024). Recognizing zoonotic diseases is essential in increasing workers' awareness of biosecurity implemented in factories, especially 
their transmission and control (Nyokabi et al. 2024). According to Martha et al. (2019), the study evaluated worker behavior before and after 
training on zoonotic disease prevention, revealing an increase in awareness and effectiveness. 
 
3.3 Pathogen Monitoring in Processing Plants 

Many approaches can be used to identify pathogens, however nucleic acid-based methods such as Real-Time PCR and vPCR combined 
with sequencing approaches are more widely used than immunoassay and NGS-based approaches to detect pathogens (Aladhadh, 2023). In 
the past few years, fluorescent-based assays have been widely used to detect several pathogens quickly and efficiently, one of which is 
fluorescent biosensors that utilize nanotechnology for the detection of E. coli and Salmonella (Pebdeni et al., 2022; Shen et al., 2020). 
Nanomaterials, with their high sensitivity and selectivity, have advantages over conventional organic dyes in fluorescent-based pathogen 
detection methods (Kakkar et al., 2023). Nowadays, meta-omics technology approaches have been developed to prevent the spread of 
pathogens, for the meat food category the sequencing approach can be in the form of metabarcoding (16S rRNA) (Billington et al., 2022). 
Zwirzitz et al. (2020) reported the use of high-throughput full-length 16S rRNA gene sequencing to identify bacterial community structures in 
pork processing in factories and stated that high-throughput full-length 16S rRNA genes have great potential in food monitoring applications. 
The whole genome sequencing (WGS) or metagenomic shotgun sequencing has been proposed to achieve strain-level resolution and is thought 
to be necessary to track microbes during food processing, but one of the considerations in the application of WGS, especially in developing 
countries is the cost (Billington et al. 2022). 
 
4. Integrating Technology into Biosecurity Practices 
4.1 Blockchain for Meat Traceability 

4.1.1 Blockchain-Based Supply Chain Monitoring 

 Blockchain technology improves transparency and accountability in the meat industry by offering a decentralized, enduring ledger for 
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supply chain monitoring. It has 3 types including centralized, decentralized, and distributed systems. In the distributed system, every person 

responsible has full access to the data as it is in the chain (Subramanian et al., 2020).  Blockchain-based quality control in meat production 

ensures safety and authenticity by tracking transactions from farm to fork, preventing zoonotic disease entry, and adhering to biosecurity 
regulations. Unique product identities simplify monitoring, while real-time IoT devices reduce contamination risks (van Hilten et al., 2020). 

Neogen facilitates tracking an animal's genetic profile, including its diet and medical history (Einstein-Curtis, 2020). A blockchain-based 

traceability system16 is already in place in Zimbabwe (Global, 2021). 

 
4.2 Automation and Robotics in Meat Processing 

4.2.1 Use of Robotics for Pathogen-Free Processing 

 Robotics are transforming the livestock processing industry by minimizing human interaction and reducing the likelihood of the 

transmission of zoonotic pathogens (Saravanan, 2023). SCOTT Technology's sophisticated systems automate lamb boning, thereby reducing 
waste and guaranteeing high precision (de Medeiros Esper et al., 2024). The GRIBBOT robot from SINTEF employs 3D vision technology to 

extricate chicken fillets with precision. These automation technologies enhance the meat industry's overall efficacy by improving productivity, 

biosecurity measures, and ensuring the safety and sustainability of food production (Misimi et al., 2018). 

 
4.3 Predictive Analytics and Artificial Intelligence (AI) in Biosecurity 

4.3.1 AI-Driven Risk Assessment 

AI, specifically predictive analytics, is finding its way into biosecurity in the processing and production of meat. Better still, implementing 

machine learning algorithms, and long-term memory models can predict times of disease outbreak predictions (Zhao et al., 2024). This way 

minimizes the risk of zoonotic spread and protects the population’s health through better early identification and targeting interventions. 
Sadeghi et al. (2015) applied a neural network to identify C. perfringens, while Yoon et al. (2020) applied deep learning models to assess Avian 

(A.) influenza and Yoo et al. (2022) employed Bayesian logistic regression and extreme gradient boosting models to predict the probability of 

A. influenza virus in chicken. 

 
5. Regulatory Framework and Industry Standards 

5.1 International Biosecurity Standards 

The World Organization for Animal Health (OIE) disease notification system is made of an epidemiological alert system of the main events 

and a general notification system of animal health indicators (Jebara et al., 2012). Several international organizations such as FAO, OIE, and 
WHO use the One Health approach in the detection and prevention of zoonotic diseases (Rai et al., 2024). FAO (2022) defines biosecurity as a 

strategic, multi-disciplinary discipline of managing risks to human, animal, plant, and environmental health based on the One Health approach; 

In this case, FAO developed the progressive management pathway for terrestrial animal biosecurity (PMP-TAB) by Militzer et al. 2023. Further, 

the FAO RLC deployed the FAO situation analysis tool fostered on the One Health approach for the containment of AMR (Caipo et al., 2023). 

 
5.2 National Biosecurity Regulations 

Australia, being a big exporter of meat, has adopted tough measures of biosecurity, including the Biosecurity Act of 2015 to avoid the 

spread of diseases crossing from animals to human beings (Durant & Fuance, 2018). The EU, being one of the largest exporters, has several 

regulations that offer the highest standards of food safety internationally including 178/2002/EC, 882/2004/EC, 853/2004/EC, and 
854/2004/EC (Rossi et al. 2020; Pettoello-Mantovani & Olivieri 2022). Besides, the United States has several measures concerning the 

biosecurity of meat export as follows, the Federal Meat Inspection Act (FMIA)/1906, the Agricultural Marketing Act/1946, the Export Control 

Act/1949, and the Food Safety Modernization Act (FSMA)/2011 (Ufer et al., 2023). 

 
5.3 Auditing and Certification Programs 

Third-party audits are crucial as they offer suggestions for enhancing insufficient procedures and enhancing accountability to current 

biosecurity standards(Gillum et al., 2024). The United Kingdom Accreditation Service defines certification as a third-party audit to assess an 

organization's compliance with certain standards, which through certification can demonstrate compliance with biosecurity standards that can 
change practices in the supply chain (Marzano et al., 2021). 

 

7. Challenges and Future Directions  

The implementation of biosecurity in meat production in Low- and middle-income countries (LMICs) is a challenge due to inadequate 

funds, inadequate knowledge, and training, and weak rules and policies. To overcome the challenges of future research, it must develop sound 
biosecurity policies as well as biological tracking systems, innovative methods for biological tracking, and environmentally friendly industrial 

systems with built-in biosecurity measures. Therefore, international cooperation is crucial for the development of adequate and stable meat 

production systems against zoonotic threats and for the creation of suitable general frameworks. Some of the policies include the development 

and enhancement of regulatory systems, surveillance and monitoring, upgraded veterinarian supervision, biosecurity education for employees, 
and improving international cooperation and standardization with the flow of information. Many also require enhanced support for research 

in new ways of managing and identifying infections. Small-scale manufacturers also need financial incentives and support which would ensure 

that as many people as possible are adhering to the rules. 

 
Conclusion 

Controlling zoonotic pathogens within meat production and processing is best done with strict biosecurity measures in place. Pathogen 
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transfer poses a significant threat that can be now/sources dramatically reduced by exercises such as staff training, quarantine measures, and 

sanitation regimes. Moreover, including progressive technologies such as blockchain and risk evaluations conducted with the help of AI 

enhances supply chain management. These biosecurity activities require increased adaptation to an industry standard and corresponding 
regulatory framework as zoonotic diseases remain a threat to human health. All in all, the protection of consumer health and the provision of 

safer meat products will be as sure when people apply a complex approach to achieving these aims. 
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