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Abstract 

Sustainable future is complemented by two aspects, food security and safety. Food safety is the ability of a product to prevent the level of 
contamination and risks inherent in the supply system. Good security on the other hand is the guarantee of a reliable and equally adequate 

supply of food. They jointly contribute to fight malnutrition, improve population’s health, and achieve United Nations sustainable 

development goals. Nevertheless, some factors like expansion of population, increased resource depletion, climate change, and globalization 

of food and markets make food borne illnesses, food wastage, and inadequate access to foods. Other threats include; emerging paths from 
attachments to technologies; chemical residues; and microbiological contaminant that also put into question the vulnerabilities of global food 

systems. Different policies and governance present the solution to these challenges, embracing organizations such as Codex Alimentarius and 

ultimately enhance system partnership. Intensive food processing techniques, highly sensitive system for checking contaminants and 

reinforced laws and policies are required for making food secure universally. Hence for future research the following broad research ideas 
for consumers, sustainable production knowledge, and flexible policies for the new threats must be given high priority for the construction 

of sound, good, and stable food systems in the future. 
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Introduction 
 

International stability requires principles of food security and safety to be implemented. Food safety measures to ensure that persons’ food 

is not contaminated with physical, chemical, or biological agents that are injurious to human health. Very rigorous measures need to be observed 

in every stage of production, processing, distribution, and storage (Hiroshi Shiigi, 2019). On the hand, food security is the ability of society to 

access and utilize healthy and safe food at all the time. All together contribute to economic and environmental steadiness, decrease hunger rate, 
and improvements in population’s health, which creates the foundation for achieving sustainable development (Makarov et al., 2020). 

Addressing issues such as pesticide residues, microbial contamination and, food fraud, food safety operates through the food supply chain. 

Besides legal compliance, food safety involves the use of innovative tools such as block-chain and predictive analytics in the case of risk 

assessment. In contrast, the concept of food security focuses on the societal inequalities which hinder the access through adoption of policies 

and procedures that ensure adequate production, distribution and availability of foods. With the link between food security and safety in 
sustainable development, the nations can enhance sustainable development, protect the environment, and ensure well-being of the generation 

to come (Munirah & Norfarizan-Hanoon, 2022).  

To attain food security, hunger and malnutrition become the major factors that require to be fought. Globally, about 9:2 percent of the 

population is still undernourished and according to the Food and Agriculture Organization (FAO). Since hidden hunger is prevalent in a large 
population and is characterized by micronutrient deficiency, people should consume micronutrient-dense foods (Meijl et al., 2020). According 

to World Health Organisation, at least 600 million of people get sick through consuming unsafe food and this gives a real-life example of the 

effect of food safety on health. These risks have to be managed applying efficient controls, including HACCP systems for these Supply Chain 

risks have to be managed applying efficient controls, including the implementation of Hazard Analysis and Critical Control Points (Hiroshi 
Shiigi, 2019). Especially in the emerging countries where agriculture is the main economic sector food safety and security highly boosts the 

economic growth and stability. Sustainable food chains assure the farmers ‘fair revenues create employment and minimize reliance on import. 
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Global environmental issues including; gas emissions, water scarcity, and deforestation are highly linked with food systems. All these questions 

are aggravated by food wastage and uncooperative technique of crop production. Addressing food safety and security simultaneously promotes 

efficiency in use of resources such as the sustainable agriculture and precision farming (Brimbetova et al., 2023). 
Through compliance to a set of advanced technologies, strengthening of already existing legal instruments, as well as encouragement of 

diplomatic relations, there can be improved food system resilience and equity in the distribution of foods. The global sustainability agenda 

should therefore have to keep stressing on food security and safety in order to enable the world acre (Meijl et al., 20220). 

 
Current Challenges in Food Safety and Food Security 

High consumer expectations of safe food, the high incidences of contamination, and the interconnected nature of today’s food chains offer 

serious challenges to food safety. There are some current challenges in food safety and food security as following: 

 
Climate change and environmental impact: 

Climate change hardly has any effects, and as much as it continues to threaten the world’s stability, basic necessities such as food will be 

highly affected throughout the world. These environmental changes favor growth of mycotoxins, pesticide residues and food borne pathogens 

which are great threats to food safety (Oyedele et al., 2020). Food systems are also influenced by characteristics such as higher temperatures 
and humidity levels, and the later has been associated with increased contamination of major staples like maize and wheat (Hasan & Hussain, 

2020). 

 

 

Fig. 1: Climate changes 

and food security 
 

 

Socio-economic impacts also present other hurdles to food security, a reality that is unfortunate at best as it impacts the vulnerable most, 
especially in the emergent countries most. Agricultural production has reduced, and the costs of food are increasing across the world, making 

millions of people malnutrition thus lack quality foods that are healthy for consumption. Thus, the subject of food security and the associated 

policies must be discussed and reconsidered as the living standards of rural communities worsen and the volatility of global food trade increases 

(Sixt & Strzepek, 2022). 
The link between climate change and food safety is rather undefined because of many threats and many factors associated with the issue 

as shown in (figure 1). There is supposing that climate change would harm individuals, plants, animals, and environmental processes. Higher 

temperatures together with increased levels of CO2 change in rainfall patterns, and extreme events leading to food safety hazards are highlighted 

in the Fourth Report of the United Nations International Panel on Climate Change (European Food Safety Authority, 2020). 
Thus, for freshwater and marine algal blooms bacterial, fungal, viral, and parasitic diseases, as well as vectors that are lethal to plants and 

animals have been all by climate change through occurrence, persistence, dominance, and toxicity. The probable fields through which climate 

change is likely to affect foodborne pathogen include the origin and transmission, growth and survival, as well as ecology of the microorganisms 

(Duchenne-Moutien & Neetoo, 2021). 

 
Population growth and Resources Constraints 

Food supply mainly in the area of sustainable production is among the greatest challenges the world is facing in present days. At present, 

the global growth rate is approximately 1.1% per year, and if these tendencies remain the same, according to the medium variant it is expected 

to reach 9.7 billion of people by 2050. However, the population growth would still remain high even if the rates of fertility reduced as present 
age patterns were believed to contribute to two-thirds of the projected growth (Molotoks et al., 2021). However, a few nations are home to a 

significant part of the world’s population increase. Of the nine countries highlighted such as, India, Nigeria, the Democratic Republic of the 

Congo, Pakistan, Ethiopia, Tanzania, the United States of America, Egypt, and Indonesia, these countries, together, will be the source of more 

than half the world’s population in 2050 as compared to 2019 (Ganivet, 2020). 
Large populations exacerbate the problem of resource scarcity which includes energy, water, and arable land- which are all essential in 

food production (Adjimoti & Kwadzo, 2018). Also, population growth complicates issues of food insecurity and inequality in its distribution 

leading to high vulnerability to malnutrition among population in regions such as South Asia and Sub-Saharan Africa. The interactions between 



 99 

population and resources are hence that there is a need to apply special programs and sound production of foods and feed. Such problems can 

however be minimized and the use of resources enhanced by adopting tools like precision farming for instance (Subramaniam, 2023). 

 
Global Trade and Foodborne Diseases 

There are growing anticipates about food safety issues related to agricultural products, such as fruits, vegetables, meat, eggs, and dairy 

products, despite the obvious connection between population growth and increased food demand, which has led to mandatory agricultural 

intensification in low- and middle-income countries (Li et al., 2018). Despite the fact that global food trade exceeded US $1.5 trillion in 2017, 
upper-middle-income countries saw an annual economic impact of $50.8 billion due to financial losses from FDs. 420,000 people die each year 

from foodborne infections (Table 1), which affect about 600 million people worldwide (almost one in ten) (Afsana et al., 2022).  

Due to internal food shortages, market instability, and emergency trade restrictions and bans on the import and export of different food 

commodities, food safety concerns have spread widely (Salajegheh et al., 2022). Therefore, national food control systems are essential to public 
health and safety because they allow nations to guarantee that only safe and superior  

 International trade can occasionally be affected by food safety regulations, though. Lack of proper surveillance, monitoring, and 

enforcement of the laws alongside fragmented laws and a large number of jurisdictions hinder the implementation of food safety regulations. 

Afsana et al. (2022) argue that weak food safety measures in underdeveloped nations lead to much wastage and the loss of substantial amount 
of money. Trade policy negotiations and attempts to improve agricultural trade have also become more sophisticated because of the growth of 

food safety standards (Wieck & Jason, 2021). Diseases that are consistently linked to food containing germs and other chemicals, incorrect 

labeling and packaging, fraud, and food additives are some of the main risks to the global food market trade. The COVID-19 and other factors 

such as the tariff wars between the US and China as well as regional conflict have greatly affected the food trade and marketing internationally. 

In addition, more and expanding and widely enacted food standards and regulations are pressuring the global food market (Tibebu et al., 2024). 
 

Table 1: Common Foodborne Diseases 

Foodborne diseases Bacteria Common foods Onset time Symptoms Citations 

Food Poisoning Staphylococcus aureus, 

Campylobacter jejuni 

Animal-derived products 3-12 hours Nausea, vomiting, diarrhea (Narina, 2020) 

Salmonellosis Salmonella spp. Meat, eggs, dairy 6-72 hours Diarrhea, fever, abdominal cramps (Sousa et al., 2022) 

 

Botulism Clostridium botulinum Improperly canned foods 12-36 hours Paralysis, blurred vision, muscle 

weakness 

(Rao, 2021) 

Listeriosis Listeria 
monocytogenes 

Soft cheeses, meats Several 
days-weeks 

Fever, muscle aches, complications in 
pregnancy 

(Abebe et al., 2020) 
 

Vibrio Infections Vibrio 

parahaemolyticus 

Seafood, raw fish 4-96 hours Watery diarrhea, abdominal cramps (Chen et al., 2022) 

 

Campylobacteriosis Campylobacter jejuni Poultry, beef, lamb 2-5 days Diarrhea, fever, abdominal pain (Shane, 2019) 
Yersiniosis Yersinia enterocolitica Pork, dairy products 4-7 days Fever, diarrhea, abdominal pain (Chlebicz and 

Slizewska, 2018) 

 

Food products reach the food market. The "food code," also known as the Codex Alimentarius, was created to establish global standards 

for food and agricultural goods' safety and quality as well as to level the playing field for global trade (Wieck & Jason, 2021). 
Good agricultural practices (GAP) and the hazard analysis and critical control points system must be followed at every level of the food 

production process (Gizaw, 2019). Countries should adopt and execute risk-based food control policies, according to WHO recommendations. 

Monitoring animal illnesses that endanger public health is also encouraged by the International Organization for Animal Health (Li et al., 2018). 

 
Food Waste and Loss 

FLW augments social, economic, and ecological risks and is a major concern affecting the global food security and safety. According to the 

estimates, one third of the produced food is wasted or lost, which puts in jeopardy food accessibility and aggravates sustainability challenges. 

FLW has tremendous effects when millions of people are food insecure, and this insecurity worsens due to disruptions in supply chains and 

food systems (Nicastro & Carillo, 2021). 
Food loss that is more common in developing countries is brought about by inadequate handling and post-harvesting processes (shown 

in figure 2); whereas food waste which is predominant in developed countries is as a result of consumer choice and domestic waste (Santeramo, 

2021). Food recovery, redistribution, and waste reduction must be given top priority in policy frameworks in order to combat food insecurity. 

One way to promote sustainable practices and considerably reduce food insecurity is to repurpose excess food. Global programs that support 
the Sustainable Development Goals also highlight FLW reduction as a means of improving sustainability and resource efficiency (Lai et al., 

2022). 

In summary, food loss and waste are linked to issues of food safety and security, which calls for focused efforts throughout the food supply 

chain (Gherman & Balan, 2019). 
 

Economic and Political Challenges 

It is difficult for emerging economies, like China, Brazil, and India, to implement food safety (FS) procedures in their food supply chains. 

The difficulties are divided into five groups: financial, knowledge, global, government, & policy, and organizational. With the use of the "Decision 
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Making Trial and Evaluation Laboratory" (DEMATEL) and the Best Worst Method (BWM), determined the best and worst obstacles to the FS 

efforts as well as the causal relationships between them. While DEMATEL find causal link maps for the difficulties that BWM has prioritized, 

BWM sets priorities for these challenges. The difficulties faced by the effect group are reflected in the knowledge and financial problems. 
Securing food for all is the second Sustainable Development Goal (SDG), and food safety programs and policies in emerging economies aim to 

increase public awareness while promoting increased cooperation and efficiency in food supply chains (Mangla et al., 2021). 

 

 

Fig. 2: Food loss and 
food waste occur at 

different stages across 

the food supply chain 

 

 
Emerging Risks and Threats to Food Safety 

For public health and global food security, emerging dangers and threats to food safety pose major challenges. Millions of foodborne 

diseases worldwide are caused by microbial contamination, which remains one of the most common hazards to food safety. Food is 

contaminated at several phases of manufacture, processing, and distribution by pathogenic microbes such Salmonella, Escherichia coli, and 
Listeria monocytogenes. When it comes to sanitary facilities and the ability to control the food safety technology the developing countries are 

at a disadvantage (Gizaw, 2019). Unfortunately, chemical pollutants like pesticides, heavy metals and industrial pollutants can be stored in the 

food cycle and may cause chronic diseases. As the fact is that these chemicals developed long-term diseases such as cancer and neurological 

disorders and hence it demands improved monitoring and risk assessment systems. The use of food additives in school snacks in such regions 
as Indonesia explains why the lack of supervision has the following health impacts (Table 2) (Njatrijani, 2021).  

 

Table 2: Types of Hazards in Food 

Types of Hazards Examples Citations 

Biological hazards Pathogens such as Escherichia coli, Salmonella spp., viruses (e.g., hepatitis A, rotavirus), and fungi 

(e.g., Aspergillus species). 

(Cudjoe et al., 2022) 

Chemical hazards  Pesticide residues, antibiotics, formalin, and borax. (Singh et al., 2019) 

Physical hazards Contaminants such as dust, metal fragments, microplastics (Gao et al., 2020) 

 

Technology can be associated with such products as GMOs and food additives that can increase the yield and shelf life of agriculture 

products but contain specific risks. For instance, there has been concern with possible GMO ecological effects, potential allergenicity, and 
other unintended short and long-term health impacts (Hiroshi Shiigi, 2019). These concerns highlight the lack of comprehensive 

information about the combined effects of these drugs and stress the need for further research as well as the practice of open labeling (de 

Boer et al., 2020). 

One of the potential weaknesses arising from globalization in food supply networks is that food safety is growing more susceptible. 
Lifestyle risks for example include the unwarranted health risks occasioned by the use of unapproved preservatives and storage methods in 

some countries. Food criminality which entails product tampering and misbranding erodes the consumer confidence even further which 

requires stringent inspection measures (Gizaw, 2019). 

It has also been revealed through pandemics and natural disasters that the world’s food systems are very fragile. Due to COVID-19 and 
other similar events (shown in figure 3), supply chain disruptions have raised questions on the application of resilience building strategies and 

management cooperation to safeguard food accessibility and safety (de Boer et al., 2020).  

 

Food Safety: The Strategies & Solution 

Some of the strategies of food safety include the new methods of testing for toxins, new technologies used in food processing, policies and 
regulations as well as number and lengthy teaching and training programs. 

 

1. Regulatory Frameworks and International Standards 

It assures the safety of food through setting standards, conducting periodic checks, and ensuring that the various standards are 
being complied with. Hazard Analysis and Critical Control Point (HACCP), as well as Good Manufacturing Practice (GMP) are ext remely 

important for governments around the world in order to minimize the risk of contamination (de Boer et al., 2020). The FAO and the 

WHO oversee Codex Alimentarius by which global food safety standards can be harmonized. This reduces trade restrictions as we ll as 

consumer risk (Chen et al., 2023). 
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2. Innovative Technologies in Food Processing and Preservation 

Traceability of food has been brought by advanced technologies such as block-chain and RFID tags, which also reduce the probability of 

food wastage and contamination. They have also been enhanced by safety measures so that advanced cleaning technologies include automated 
pest management and enhanced sanitization practices (Munirah & Norfarizan-Hanoon, 2022). 

 

 
 
Fig. 3: Impact of COVID-19 on agri-food supply chain and food security 

 

3. Enhancing the Identification and Surveillance of Contaminants 

Analyzing pollutants with modern instruments at distinct control points is crucial to managing risk. Real time identification of chemical 
and microbiological hazards is facilitated by aspects such as AI, analytics, and high performance sensors. Further, the risk assessment models 

have been advanced to assess the food product safety in the supply chain (Jin & Wu, 2019). 

 

Achieving Food Security in a Sustainable Manner 

To eradicate or at least stem problems such as poverty, malnutrition, and environmental degradation, the world needs sustainable food 
security. These key strategies are implemented: 

 

1. Enhancing Methods of Cultivation 

The way in which food is produced must be made more efficient in order to feed the world’s population properly. Organizations including 
Food and Nutrition Security Program (FANUSEP) focus on helping people especially from the third world countries through sustainable 

farming. Climate change adaptation measures such as the use of improved crop varieties, soil conservation practices and efficient use of inputs 

through precision agriculture all lead to higher yields but with less harm to the environment (de Boer et al., 2020). 

 
2. Supporting Local and Sustainable Food Systems 

The locally diverse and self-reliant food systems reduce demand for foods and other products from other markets; therefore, they enhance 

food security. Organized by local food outlets, CSAs and urban agriculture ensure delivery of fresh foods with reduced transportation pollution 

(Munirah & Norfarizan-Hanoon, 2022). 
 

3. Increasing Nutrient Rich Foods Availability  

Having access to health-promoting food is one of the critical pillars of both categories of food security. To overcome food disparities, and 

make healthier foods affordable, programs like the Expanded Food and Nutrition Education Program (EFNEP) are developed for the low income 

earners (Farrell et al., 2017). Moreover, market-based strategies provide nutrition programs with food systems and vice versa, thus making 

nutrient-dense foods accessible (Cruz et al., 2019).  
 

4. Food Waste Management across various stages  

Awareness creation on the part of the consumer is essential in successful reduction of food wastage hence; ethical practices in the storage, 

preparation, and purchase of food products should be championed through various campaigns. Using food waste for the production of 

bioenergy or animal feed is also circular (Table 3) (Irtyshcheva et al., 2019).  
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Table 3: Successful models for sustainable food safety and security and their examples 

Approach/Model Key features Examples Countries Citations 

Good Manufacturing 

Practice (GMP) and 
HACCP 

Systematic decrease in foodborne diseases and 

contamination. 
 

Widespread across the world's 

food businesses. 
 

Worldwide (Owusu-Apenten 

& Vieira, 2022) 

Agricultural Integration Integrating development initiatives with food 

safety in order to accomplish the Sustainable 

Development Goals (SDGs). 

Rwanda's sustainable 

development initiatives. 

Rwanda (Blakeney, 2022) 

Environmental 

Monitoring in Regulation 

Framework that prioritizes food safety and 

environmental sustainability through policy 

implementation and monitoring. 

Networks for environmental 

safety in food production. 

 

China, EU (El Bilali et al., 

2021) 

 

Digital Tools in Food 

Safety 

Integrating digital systems to improve fraud 

protection and data processing. 

Use in international food supply 

networks 

Worldwide (Ali Eltabey, 

2023) 
Trade-off Management Utilizing circular food systems and source 

reduction while maintaining a balance between 

sustainability, safety, and security. 

Combating antibiotic resistance 

on a global scale. 

 

Worldwide (Ivar Vagsholm 

et al., 2020) 

 

Animal-free Testing Cutting-edge methods for food safety that don't 
include animal testing 

 

Using non-animal methods to 
increase the relevance of data 

worldwide. 

Worldwide (Reddy, 2023) 

By-product Valorization using food processing residues while keeping 

sustainability, nutrition, and safety 

Feasibility studies conducted in 

the EU. 

European 

Union 

(Caponio et al., 

2022) 
Policy Integration Resolving concerns between sustainable 

agriculture and food safety 

The Central Coast of California, 

USA. 

USA (Zaharia et al., 

2021) 

 

Role of Policy and Governance 

The Role for sustainably protecting food, there is need for policy and governance as well. Some of these are given below:  
 

1. International Politics and Organizations  

FAO and WHO set up the Codex Alimentarius Commission which sets the rules for food standards around the world. To promote food 

safety in the exportation of food, and consumer protection, it supports the standardization of its rules and regulation across the world 
(Behringer and Feindt, 2019). Besides, food systems diplomacy has emerged as a key approach to addressing global challenges through the 

integration of economic, environmental, and health concerns into government policies (Garg et al., 2022). The “Farm to Fork” plan of the EU 

is another example of the collaboration governance structure that has employed short chain and local food system to enhance sustainability 

and food security (Kapała , 2023). 

 
2. Policies in the Area of Food Safety and Food Security 

The rules and regulations that guide procurement, safety, and security of food within the nation are the regulatory rules that employ risk 

assessment, quality, and campaigns. Specifically, Australian food policies focus on regulatory governance so as to enhance the conditions for 

food as well as the consumer behavior (Ngqangashe & Friel, 2022). Indonesian government programs focus on food sovereignty through 
addressing agriculture concerns and using concept of holistic food systems. Through securing the local food production these initiatives aim at 

reducing the import dependence (Sutrisno, 2022). 

 

Future Directions and Research Needs 
The approach to the future of food security and safety involves innovative approaches that address sustainability, policy resilience to new 

risks, and consumer knowledge and behavior change. Sustainability is a major consideration in the area of food security and safety research. 

This is one of the main innovations; adopting state of the art technologies such as block-chain and RFID tags in enhancing traceability and 

reducing food wastage. Other methods are also needed for waste minimization and supply chain enhancement concerns (Munirah & 

Norfarizan-Hanoon, 2022). 
Another promising area is the move to non-animal testing methods like in vitro testing methods that have more safety relevance to humans 

and which also fit the sustainability agenda. The long-term benefits will also be incredible because the adoption of proactive food safety systems 

that are risk-based in their nature will replace the current reactive systems. Flexible regulation of food safety is required in connection with 

newly emerging threats at the global level, such as pandemics, changes in climate, and geopolitical crises. Therefore, the need to enhance the 
food safety surveillance methods in a way that will not contaminate the samples and meet the modern standards of safety is well understood. 

More research is also needed on nutrition and environmental intervention, and how they interact with food production systems, and this is by 

including cumulative risk assessments into policy (Ozimek, 2018). 

 
Conclusion 

Food security and food safety are related concepts and show how much they are significant in providing people with a stable future. On 

the other hand, foods security refers to the state where there is consistent availability of adequate, safe, and nutritious food and on the other 

hand, food safety is the safeguarding of food from hazards at stages of production, processing, distribution, retail, preparation, and 
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consumption. These ideas focus directly on the four pillars of sustainability and improve health, reduce inequality, and build environmental 

resilience for the world. 

Weaknesses of world food systems are amplified through such modern factors as population increase, climate change, and scarcity of 
resources. The need for proper mitigation measures is justified by on-shore new threats, chemical and microbiological pollutants; and on supply 

chain frailty. Approaches to food safety focus on the advanced methods of monitoring, innovative technologies for food processing, or 

legislation. Raising the dietary quality of foods, preserving local food supply chains, minimizing food waste, and improving farming techniques 

are must have strategies towards food security. There are reasons to emphasize that policy and governance, as well as national and global 
circuits, has to be established to support the cooperation between the states. It is also suggested for future studies to explore consumer 

knowledge and their change in behavior, governmental policy updates on new risks and for developments in food sustainability. They also said 

that the future generations will be able to have food systems that are safe, sustainable, and egalitarian, provided that these problems work 

hand in hand. 
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