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ABSTRACT

Food safety is a critical global health concern, with over 600 million cases of foodborne illnesses recorded
annually, caused by diverse factors including pesticides, parasites, and pathogenic bacteria. Ensuring food safety
is not only vital for public health but also significantly promotes food security by alleviating hunger and
malnutrition. This study digs into the delicate relationship between food safety and food security, underlining
the global health consequences of both. It shows the relevance of predictive microbiology—a scientific approach
that employs mathematical modelling to forecast microbial growth and behavior—in evaluating and
maintaining the quality and safety of food products. By analyzing the dynamics of food contamination and
foodborne infections, this study underlines the necessity for effective food safety measures and the application of
predictive algorithms to pre-empt potential health hazards.

Keywords: Food safety, Food security, Foodborne illness, Predictive microbiology, Microbial growth modeling,
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INTRODUCTION

The World Health Organization (WHO) reports around 600 million instances of foodborne illness worldwide annually.
The estimated mortality rate in 2010 was approximately 420,000 individuals, and this figure has been observed to rise
annually due to the challenges associated with accurately measuring statistics related to foodborne illnesses . Various
substances, including pesticides, parasites, and pathogenic and spoilage bacteria, are accountable for causing these
diseases 2. Food safety encompasses measures and practices aimed at preventing the presence of harmful compounds in
food, ensuring that it is safe for eating. By ensuring the safety of food, food security is enhanced through the reduction
of hunger and malnutrition *, *. Predictive microbiology use mathematical modeling to estimate microbial growth and
behavior, hence assessing the quality and safety of foods®. Predictive microbiology is widely applied in the food
production cycle to ensure the safety of food, including several aspects like as risk assessment and employee training.
The outcome derived from its mathematical modeling aids in the prevention of epidemics of foodborne illnesses °. This
paper seeks to present and analyze the ideas of food safety and food security as global health concerns, and the
applicatié)n of predictive microbiological models as a potential means of preventing food contamination and foodborne
illnesses’.

Food is crucial for human health and overall well-being. Various variables, including contamination, effect the health

of person globe. While developing nations frequently confront more serious obstacles, affluent countries often

experience issues linked to food safety. Despite technological progress, the occurrence of food-related disorders
H 8

persists °.

Due to the presence of pollutants in food, there exists a direct relationship between food safety and food security.
Developing countries experience greater levels of food contamination relative to the United States and Europe °In these
places, inefficient food storage practices contribute to contamination and limited access to safely processed foods,
ultimately contributing to malnutrition and hunger *°. Within public dining venues, food handlers have a vital role in
irlwtroducing pollutants, functioning as carriers for numerous harmful organisms, whether physiologically or physically

The prevalence of approximately 200 different foodborne diseases and disorders is related to the combined influences

of food production, processing, distribution, transportation, and preparation *2. The challenges provided by food
globalization further worsen this situation. The ongoing global challenge of foodborne illnesses is dynamic, impacted
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by variables such as international food trade, developments in food production technologies, the appearance of new
pathogens, and altering consumer behaviors and tastes .

Hence, the majority of research imply that although having information is vital for food hygiene, holding knowledge
alone does not guarantee the adoption of safe food handling procedures . Various reasons contributing to consumers’
unwillingness to adopt safe food handling habits have been documented, such as a lowered perception of danger, a low
sense of sensitivity, optimistic bias, reliance on heuristics, and established habitual routines. The use of behaviour
modification theories could be beneficial in grasping how these aspects influence the adoption of appropriate food
handling habits, specifically among young individuals **.

The World Health Organization (WHO) has long been aware of the need to educate food workers on their
responsibilities for food safety. In the early 1990s, WHO created the Ten Golden Rules for Safe Food Preparation and
launched the Five Keys to Safer Food in 2001. Recognizing the importance of safe food in human health WHO has
selected the theme of Food Safety for the World Health Day 2015 with the purpose of ensuring safety of food from
farm to plate .

Biggest challenge in the food industry in this moment are efforts to: a) reduce economic losses caused by food spoilage,
b) reduce the price of the food production process, c) reduce the possibility of pathogen transfer, and d) satisfy the
growing consumer need for ready-to-use food that tastes fresh, has a high nutritional and vitamin value, and has been
minimally processed and treated with preservatives. Key part In this attempt are performing sanitation techniques. We
might state that the definition of “food sanitation” is “protection from contamination”. When creating a food hygiene
and sanitation program, a comprehensive supply chain strategy is vital.

In Ethiopia, information about the level of foodborne disease owing to insufficient food safety in food and drink service
facilities is not satisfactory. But from the varied settings of the country, several research reveal that there is a large
hygienic problem in catering companies *"**.

A comprehensive analysis of studies conducted in Ethiopia from January 2000 to July 2020 found an overall random
pooled prevalence estimate of 8% for bacterial foodborne infections, as reported by %. In Northern Ethiopia, the overall
prevalence of foodborne protozoa infection was 45.3% 2.

The entire health burden attributable to foodborne zoonotic illnesses in three towns (Gondar, Lalibela, and Debark) in
Amhara regional state was calculated to be 89.9 DALY per 100,000 persons per year % These publications show the
necessity of recognizing and managing foodborne infections in Ethiopia.

There are some researches on food handlers’ knowledge, attitude, and practices towards food safety in different
locations of Ethiopia. Food handlers had an excellent degree of knowledge (73.8%), positive attitude (64.4%), and
good hygiene practices (42.3%) in Southern Tigray 2. ** also stated that 34.1% has strong knowledge and 54% has
good food safety practice among food handlers in Debre Markos town, Northwest Ethiopia. % revealed 72.4% good
knowledge level, 94.6% positive attitude, and 83.7% bad food safety practice among food handlers in Bishoftu City.
According to %, a pooled proportion of good food hygiene practices among food handlers in Ethiopia was 50.5% from
research completed until February 24, 2022.

There are a few reports regard the knowledge, attitude, and practice (KAP) of food handlers about food safety in some
subcutis of Addis Ababa; 93.7% of food handlers had adequate knowledge of food borne diseases, 52.3% of food
handlers had a poor food handling practice in Addis Ababa University students’ cafeteria %', and 27.4% of food
handlers had good food hygiene practices in Bole subcity 2.

Knowledge of food safety was significantly connected to age, education level, and work experience of food handlers.
Food safety practice was substantially associated with age in the study done in Yeka subcity *°, and 40.2% of food
handlers had good food handling practice in Yeka subcity *, which suggested a low awareness and practice towards
food safety. However, there was no equivalent study in Lemi Kura subcity of Addis Ababa as it is a recently
constructed subcity. Therefore, the purpose of this research was to analyse the knowledge, attitude, and practices of
food handlers regarding food safety in.

Food Contamination During Food Processing

Food contamination is a critical concern that can occur at any point of the food supply chain, from manufacture to
consumption. Understanding the areas where contamination can occur is critical for adopting effective control
measures to assure food safety. The graphic shown shows important points in the food production chain where
contamination issues can develop.
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Figure 1: Steps of Food Processing

Production of Raw Materials
The early stage of food production involves the planting and harvesting of basic ingredients. Contamination at this
stage can occur owing to numerous factors:

Soil and Water Contamination: Crops can be contaminated by pathogens present in the soil or irrigation water.
Common pollutants include microorganisms such as E. coli and Salmonella, which can cause foodborne infections.

Use of Pesticides and Fertilizers: Chemical residues from pesticides and fertilizers can persist on crops and enter the
food chain if not adequately controlled. These compounds can offer health concerns if consumed in sufficient
quantities.

Transport of Raw Materials
The movement of raw materials from fields to processing facilities creates chances for contamination:

Inappropriate Handling: Raw materials may be exposed to pollutants through inappropriate handling procedures. For
instance, if vehicles used for transportation are not cleaned and sterilized, they might constitute a source of infection.

Temperature Control: Maintaining suitable temperatures during transit is vital to avoid the formation of germs.
Failure to do so can result in the multiplication of bacteria and other germs™".

Food Processes
The processing of food comprises numerous procedures that can introduce contaminants:

Cross-Contamination: This occurs when pathogens from one food item are transferred to another, often owing to poor
cleaning of equipment and surfaces. For example, using the same cutting board for raw meat and vegetables without
sufficient sanitation might lead to infection.

Human Error: Workers involved in food processing might unwittingly introduce pollutants through inadequate
hygiene practices, such as not washing hands or wearing contaminated clothing®.

Food Packaging
Packaging is a vital step in preserving food from contamination, yet it can also be a source of contaminants:

Packaging Materials: Contaminants can be introduced through packaging materials if they are not stored or handled
properly. Materials that are not food-grade or that have been exposed to pollutants can offer dangers
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Sealing and Labeling: Improper sealing and labeling of packages might result in exposure to environmental pollutants
or maltreatment during storage and transportation®.

Transport of Packaged Food
The transit of packaged food to retailers and consumers is another point where contamination might occur:

Environmental Exposure: Packaged food might be exposed to toxins from the environment during shipping. For
instance, exposure to dust, filth, and pollutants can occur if shipments are not properly packed or handled.

Temperature Control: Just with raw materials, maintaining the correct temperature during the transport of packaged
food is vital to avoid microbial growth. Failure to do so can affect food safety®.

Storage and Distribution
Proper storage and distribution techniques are critical for preserving food safety:

Temperature and Humidity Control: Food products must be stored at suitable temperatures and humidity levels to
prevent the growth of infections and deterioration. Inadequate storage conditions can cause to contamination and
foodborne diseases

Inventory Management: Poor inventory management, such as retaining expired or defective supplies in storage, can
raise the risk of contamination. Implementing effective inventory control methods is crucial®.

Cooking
The final stage, cooking, involves preparing food for consumption:

Proper Cooking Temperatures: Cooking food to the optimum temperatures is crucial to destroy microorganisms.
Undercooking food, especially meat and poultry, can result in foodborne infections.

Cross-Contamination: Similar to food processing, cross-contamination during cooking can occur if raw and cooked
items are not kept separate. Using the same utensils or surfaces for both can lead to contamination®.

Food Safety And Food Security

According to the Food and Agriculture Organization (FAO), food security occurs when individuals have the social and
economic means to physical access to safe and nutritious food that fits their dietary demands and preferences for the
preservation of an active and healthy life at all times . Food security is a new reality where numerous elements
influence the access of all people to healthy food, including economic, environmental, technical, and geopolitical
challenges globally .
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Figure 2: The four pillars of food security
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FAO and UNICEF explain food security with the perspective based on four basic concepts:

food availability; physical and economic access to food; food utilization, based on cultural and nutritional
requirements; and food stability, as the balance of supply. Food security ensures that all people at all times have
physical and economic access to sufficient, safe, and nutritious food to suit their dietary needs and food preferences for
an active and healthy life.

The fundamental components of food security are Availability, Access, Utilization, and Stability. Each of these
components is crucial in establishing overall food security.

Availability
Availability refers to the physical presence of food in a location. It involves:

Production: The planting, harvesting, and production of food within a country or region. This includes crop
cultivation, animal raising, and fisheries. Agricultural production is vital for food availability, impacted by elements
such soil quality, climate, technology, and agricultural practices *.

Import Capability: The ability of a country to import food from other countries. Import capability is vital for nations
who cannot produce enough food locally to meet their population's demands. Trade policy, international relations, and
economic conditions influence import capabilities.

Holding Stock: The storing of food reserves to ensure a cushion against potential shortages. Effective food storage
systems help manage food supply during moments of scarcity, such as during natural catastrophes or economic
downturns.

Secured Aid: Access to food aid from international organizations or other countries in times of need. Food aid helps
minimize the effects of natural disasters, conflicts, and other events that impair food supplies *'.

Access

Access involves the ability of humans to access food. It includes:

Purchasing Power: The financial capability of individuals to acquire food. Economic conditions and policies affect
purchasing power, which is crucial for assuring food.

Income: The earnings of people or households that determine their ability to purchase food. Higher income levels often
contribute to better access to.

Transport: The infrastructure and mechanisms in place to transfer food from production areas to markets and
consumers. Efficient transportation networks reduce food waste and lower food prices.

Infrastructure: The infrastructure and services required to support the food supply chain, including roadways, storage
facilities, and marketplaces. Good infrastructure ensures that food is available to all areas of the population®.

Utilization
Utilization refers to the proper utilization of food to achieve nutritional well-being. It involves:

Safety: Ensuring that food is free from contamination and safe to ingest. Food safety standards, sanitary practices, and
monitoring systems are vital for preventing foodborne infections.

Hygiene: The behaviors and conditions essential to maintain health and prevent the spread of diseases. Proper hygiene
in food handling, preparation, and storage is vital for food safety.

Storage: The methods used to keep food to prevent spoiling and loss. Effective storage techniques help retain the
quality and nutritional content of food.

Processing: The processing of raw food resources into consumable goods. Practices including canning, freezing,
drying, and fortification boost the shelf-life and nutritional content of food*’.

Stability
Stability is about the constancy and predictability of food supply, access, and use throughout time. It includes:
e Price Stability: The maintenance of constant food prices to prevent variations that can make food
unaffordable for some people. Price stability is influenced by market conditions, production levels, and
government policies.
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e Political Stability: The role of a stable political environment in ensuring consistent food policies and delivery
systems. Political instability can impede food production and delivery.

e Economic Stability: The larger economic factors that affect food security, including employment rates,
inflation, and economic growth. A stable economy encourages increased food access and availability.

e Weather Conditions: The impact of weather patterns and climate change on food production. Stable and
predictable weather conditions are critical for consistent agricultural productivity“.

WAYS TO MAINTAIN FOOD SAFETY AND HYGIENE

1. Good Manufacturing Practices (GMP).

2. Sanitation Standard Operating Procedure (SSOP).

3. Good Hygiene Practices (GHP).

4. Hazard Analysis of Critical Control Points (HACCP)

Maintaining food safety and cleanliness is vital for preventing foodborne illnesses and ensuring the quality of food
products. Several methods and standards have been developed to attain this purpose. The primary methods include
Good Manufacturing Practices (GMP), Sanitation Standard Operating Procedures (SSOP), Good Hygiene Practices
(GHP), and Hazard Analysis of Critical Control Points (HACCP).

1. Good Manufacturing Practices (GMP)

Good Manufacturing Practices (GMP) are a system of regulations, procedures, and guidelines for ensuring that food
items are regularly manufactured and managed according to quality standards. These measures are critical for
minimizing the risks of contamination and maintaining product safety. GMP includes several areas of manufacturing,
including personnel, buildings, equipment, and production controls. Personnel must be thoroughly trained in food
safety and hygiene practices. Facilities and equipment must be constructed and maintained to prevent contamination.
Production controls involve monitoring crucial parameters to ensure they remain within acceptable bounds. Quality
control procedures, such as regular testing of raw materials and completed goods, assist maintain compliance with
safety regulations* 2,

2. Sanitation Standard Operating Procedures (SSOP)

Sanitation Standard Operating Procedures (SSOP) are thorough, documented instructions for obtaining certain food
safety goals. SSOPs are vital for ensuring that all areas of sanitation are addressed methodically and consistently. These
processes include methods and frequency for cleaning and sanitizing equipment, utensils, and facilities. Effective pest
control procedures are also a vital component of SSOPs, ensuring that the environment remains free from pests.
Employee hygiene requirements, such as hand washing and personal cleanliness, are defined to prevent infection.
Detailed records of sanitation efforts are maintained to ensure compliance and indicate areas needing improvement****.

3. Good Hygiene Practices (GHP)

Good cleanliness Practices (GHP) comprise a wide variety of practices linked to personal and environmental
cleanliness to prevent food contamination. Ensuring that all personnel maintain good levels of personal hygiene is vital.
This involves regular hand washing, wearing clean uniforms, and utilizing hairnets or caps. The cleanliness of the
facility, including walls, floors, and ceilings, is vital and requires frequent cleaning routines. Proper waste management
is crucial to preserving a clean environment. All equipment used in food processing must be cleaned and sanitized
regularly to prevent the buildup of residues that can support the growth of infections. Regular monitoring and auditing
of hygiene measures help maintain compliance with GHP*.

4. Hazard Analysis of Critical Control Points (HACCP)

The Hazard Analysis of important Control Points (HACCP) is a systematic, preventive approach to food safety that
detects, evaluates, and manages hazards at important points in the production process. HACCP begins with a hazard
analysis to identify potential biological, chemical, and physical dangers. Critical Control Points (CCPs) are then
identified where controls can be implemented to prevent or eliminate the hazards. For each CCP, crucial limitations are
defined based on scientific data. Regular monitoring ensures that these restrictions are met, and remedial actions are
implemented if deviations occur. Verification processes guarantee that the HACCP system is functioning successfully,
and detailed records of all HACCP activities are maintained for accountability and ongoing development™.

Steps of HACCP (Hazard Analysis and Critical Control Points)

HACCP (Hazard Analysis and Critical Control Points) is a systematic preventative approach to food safety that tackles
physical, chemical, and biological hazards as a way of prevention rather than finished product inspection. The
execution of HACCP contains twelve phases, which are designed to ensure food safety from manufacturing to
consumption. Below are the steps with thorough descriptions.
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Figure 3: Steps of Hazard Analysis and Critical Control Points

Step 1: Assemble HACCP Team

The first stage in implementing HACCP is to form a HACCP team of personnel with specific knowledge and expertise
suited to the product and process. This multidisciplinary team often includes experts from fields like as engineering,
production, sanitation, quality assurance, and food microbiology. The team is responsible for establishing, executing,
and monitoring the HACCP plan *'.

Step 2: Describe Product

A full description of the product is important to detect potential dangers. This comprises information regarding the
composition, physical and chemical qualities, packaging, shelf life, and storage conditions of the product.
Understanding these traits helps in determining where dangers may be introduced and reduced .

Step 3: Identify Intended Use

The intended application of the product must be identified. This includes understanding who the end users are (e.g., the
general public, newborns, elderly) and how they are likely to handle and consume the product. This information assists
in assessing potential dangers that may be created during consumer use®.

Step 4: Construct Flow Diagram

Creating a flow diagram of the process requires mapping out each phase of the food production process from acquiring
raw materials to the end product. This visual representation contains every phase where dangers could be introduced,
regulated, or eliminated. It serves as a foundation for the hazard analysis .

Step 5: On-Site Confirmation of Flow Diagram

Once the flow diagram is developed, it must be checked on-site by the HACCP team. This phase ensures that the flow
diagram accurately depicts the actual process and covers all steps where hazards could be introduced. Any inaccuracies
detected should be addressed to ensure an accurate portrayal of the process®.

Step 6: List All Potential Hazards, conduct a Hazard Analysis, and Consider Control Measures

This stage entails identifying all potential biological, chemical, and physical dangers that could occur at each step of the
process. Conducting a hazard analysis involves examining each potential hazard to determine its severity and chances
of occurrence. Based on this study, control methods are established to prevent, eliminate, or minimize hazards to
tolerable levels *%.

Step 7: Determine Critical Control Points (CCPs)

Critical Control Points (CCPs) are key phases in the process where control measures can be taken to prevent or
eliminate a food safety danger or reduce it to an acceptable level. Identifying CCPs is critical for effective hazard
control. Examples of CCPs include cooking, chilling, and packaging operations®.
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Step 8: Establish Critical Limits for Each CCP

For each CCP, critical limitations are specified. These limits are the maximum or lowest values to which biological,
chemical, or physical characteristics must be regulated to prevent, eliminate, or minimize dangers to an acceptable
level. Critical limitations are based on scientific data and regulatory regulations >*.

Step 9: Establish a Monitoring System for Each CCP

A monitoring mechanism is built for each CCP to guarantee that crucial limits are routinely met. Monitoring requires
scheduled tests or observations to measure the parameters established by the critical limits. This stage ensures that the
process remains under control and provides data for verifying compliance *°.

Step 10: Establish Corrective Actions

Corrective actions are planned activities conducted when monitoring indicates that a CCP is not within the established
critical limits. These procedures are aimed to fix the deviation and prevent dangerous food from reaching customers.
Corrective steps may include reprocessing, retaining the product for further review, or destroying it *°.

Step 11: Establish Verification Procedures

Verification processes are designed to confirm that the HACCP system is working effectively. This involves actions
such as examining CCP data, calibrating instruments, and conducting audits. Verification verifies that all parts of the
HACCP plan are being followed appropriately and that the strategy is effective in controlling hazards >

Step 12: Establish Documentation and Record-Keeping

Documentation and record-keeping are crucial components of the HACCP system. Detailed records of all HACCP
activities, including hazard analysis, CCP monitoring, corrective actions, and verification, must be maintained. These
records give evidence of compliance and promote ongoing improvement of the HACCP system *%.
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Figure 4: Steps to HACCP implementation
CONCLUSION
Food safety is vital to public health and food security, directly influencing global efforts to address hunger and
malnutrition. Despite breakthroughs in technology and research, the frequency of foodborne infections remains a

serious concern internationally. Predictive microbiology emerges as a vital instrument in the drive to increase food
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safety, giving advanced methodologies for risk assessment and the prediction of microbial behavior in food products.
The proper deployment of these models can considerably reduce the incidence of foodborne illnesses by identifying
and eliminating possible dangers in the food supply chain. It is vital that food safety procedures are executed
systematically, including the education of food workers and strict adherence to international guidelines and standards.
Ensuring the safety of food from production through to consumption is crucial for safeguarding public health and
ensuring food security, thereby tackling two of the most pressing global health challenges.
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