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ABSTRACT

Nearly all governments acknowledge food as a basic human need and as a component of human rights.
Food goods are considered safe if they do not include any physical, biological or chemical hazards. It is
seen as a crucial element of food security. Securing food safety to safeguard the general public’s health
poses a significant obstacle for both industrialized and developing nations. Due to the globalization of
the food supply chain, multiple high-profile scandals and unscrupulous corporate practices, food safety
has gained significant attention. By 2050, 9 billion people will need to be fed while depleting natural
resources. Agriculture and food science’s contribution to meeting the world’s food needs with future food
demand. Agriculture and the food system face increasing problems, particularly in crop and livestock
production, as global megatrends and the threat of climate change worsen. A wide range of tactics and
procedures are being investigated to reduce food loss and waste while also recovering lost commodities
for use as novel raw materials in the food industry. A system-based approach to food security links
efficient value, nutritious and healthful eating, crop production, food safety and supply networks in the
face of global megatrends. The article advocates for a multidisciplinary and collaborative approach to food
security science, with a focus on empowering approaches and upgrading technology in response to
societal and global market developments, to achieve food security. Furthermore, this publication offers
an overview of global food safety.

KEYWORDS
Agriculture, climate change, food security, food safety, food systems, global, megatrends

Copyright © 2024 Awulachew and Weldehawaria. This is an open-access article distributed under the
Creative Commons Attribution License, which permits unrestricted use, distribution and reproduction in any
medium, provided the original work is properly cited.

INTRODUCTION

Approximately 9 billion people will need to be fed via safe and sustainable food chains by the year 2050".
Food-related laws, standards, regulations, guidelines, education and guidance, particularly those
concerning food safety, are continuously created or amended in the context in which the global food
sector operates. Such developments can either coincide with or support rising food chain efficiency and
effectiveness or they can add complication and confusion if they are not generally harmonized and
consumers are not properly informed about food safety and nutritional problems. The expected doubling
of global food demand and worldwide food trade in the coming decades is seen as the most major factor
that will almost certainly induce an increase in food-borne disease’.
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Climate change, the appearance of novel diseases and toxicants, an expanding population of at-risk
(immunocompromised and aged) consumers and altering consumer preferences for fresh and minimally
processed foods will all represent substantial challenges to global food safety.

Food safety regulations must be enforced and robust surveillance networks implemented at the national,
regional and global levels. In addition, standardization and equivalence of regulatory systems will be
crucial. The Centers for Disease Control and Prevention state that rather than a genuine rise in incidence,
the recent increase in reported outbreaks and cases of foodborne illness is most likely the result of
increased surveillance®. Alongside advances in the production and consumption of organic foods, there
have been more foodborne illnesses linked to them in the United States in recent years®. Food safety
communicators can better engage, inform and educate consumers about food safety hazards by using
online communication platforms.

Further, keeping public health demands keeping food safe. Food safety must be addressed if food security
is to be achieved. Food-exporting countries will face significant hurdles in the absence of food safety
regulations. As a result, admission is dependent on meeting the food safety standards imposed by the
global food business.

METHODOLOGY

The literature on food safety, food security, regulations, the food industry, global megatrends, climate
change and food systems was searched for pertinent scientific content to develop this review study. The
following databases were carefully searched: PubMed, Web of Science, Ebsco, Scopus and the Cochrane
Controlled Register of Trials, as well as ProQuest and Google Scholar for grey literature. Electronic search
strategies and the PICOS components of the current search approach (population, intervention,
comparator, outcome and study design) are evaluated by peers Awulachew®. The english-language
publications that were released between January, 2007 and December, 2023 were considered. Similarly,
extra relevant data was found by searching references to the obtained documents.

FOOD SAFETY

Concept of food safety: The notion that food shouldn’t cause harm to customers is the cornerstone of
food safety. Stated differently, food safety ensures that a customer won't become sick after eating.
Food safety is crucial for both nutrition and food security. It is also a crucial component of public health.
As part of the effort to reduce hunger, it is recognized®.

The concept of food safety is difficult. It is an interdisciplinary field of research that provides food safety
protocols for handling, storing and cooking food. Food-borne infections, contaminated food, residues and
pollutants, chemicals and preservatives and high-sugar and high-fat diets are some of the most serious
food safety concerns. Contaminated food can make people sick and cause both acute and chronic
illnesses. Food hazards can cause food losses and a decrease in available food. Controls for food safety
are critical for preventing, removing or eradicating microorganisms in food. Despite efforts by food firms
and government groups to ensure food safety, some food products include viruses, fungi, bacteria and
parasites.

Customers’ top concern is food safety and it is necessary to build their trust. Nations now have to regulate
food safety due to increased political and economic pressure for stronger precautions against foodborne
iliness. A scientifically grounded food safety system, such as Hazard Analysis and Critical Control Points
(HACCP), has been shown to lessen but not eliminate the likelihood of food safety incidents. Food
processing companies created the HACCP system, which covers the entire food production process from
farm to fork, to guarantee safe food production®.
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Benefits and drawbacks: Food safety is a real and relevant concern. It is closely related to the problem
of food control’. Enhancing food safety is a crucial first step in achieving food security. Global food
networks that connect disparate human groups open up new opportunities for food diversity and
economic prosperity. The importance of food safety to our health cannot be overstated. Two common
benefits of improved food safety are a reduction in missed production and a life free of foodborne illness.
Global food safety is a prerequisite for global food security. Global food trade is supported by
international food safety standards and enforcement, which improves living conditions and the economy.

Food safety problems were frequently eclipsed in the past by domestic factors including earthquakes,
floods, droughts and political unrest. A few obstacles to guaranteeing the safety of imported foods are
the growing intricacy of the world's food supply networks and the rise in imports from developing nations.
Because of the intricate global food supply networks, traceability can provide significant challenges even
though it is crucial for ensuring food safety. Food safety is difficult to control since it is difficult to identify.
Food transportation across national boundaries may be impeded by disparities in food safety legislation®.
Since it might be difficult to recognize nanoparticles in imported commodities, worldwide collaboration
is needed to guarantee nano-safety. Global food safety depends on standards and legislation being
harmonized. Some countries have laxer laws governing food safety.

FOOD AND GLOBAL MEGATRENDS

Global food security: To meet the increased demand for food caused by the world’s growing human
population, industrial-scale and centralized production systems, such as large-scale farming, intensified
animal production and large-scale food processing and distribution, have expanded dramatically over the
last few decades. The growing proportion of imports from less developed countries raises serious food
safety concerns. Many underdeveloped countries use fecal-contaminated irrigation water for fruit and
vegetable cultivation, as well as untreated chicken manure and human feces in aquaculture®.

Climate change: The climate change is a current worldwide issue. Climate change may worsen as the food
supply becomes more globalized, resulting in increasing greenhouse gas emissions from increased
production and transportation. While the degree of its effects is still debated and overall, weather
conditions have become more unpredictable, with extreme weather events becoming more frequent and
intense’.

Local climatic conditions influence local vegetation and when the climate changes, growth seasons may
alter, resulting in biological effects such as differences in crops grown and animals farmed®. This could
result in changes in plant and animal epidemiology, as well as ecosystem modification. Climate change
is predicted to alter several areas of food safety and security, including the predominance of rotting
organisms, changes in existing plant and animal pathogen epidemiology and the migration, introduction
and invasion of novel pests and diseases'.

To mitigate the effects of climate change, political, technical and investment support, as well as incentives,
will be required to assist in the development of diversified and resilient land use systems to feed the
growing population. Similarly, more multidisciplinary study is required to improve our understanding of
the ecological systems underlying, say, seafood security and safety concerns.

Growing aging population: Foodborne disease is known to impact vulnerable populations,
notably the elderly, more severely. With a rapidly aging population and an increasing number of
immunocompromised people, the negative effects of epidemics are anticipated to become more serious
from a public health standpoint. This is especially concerning given contemporary consumer and store
efforts to make foods with no preservatives, lower salt concentrations, closer to neutral pH and acceptable
for ambient storage®. One potential solution to this conundrum is the development of “extra safe” food
items, such as irradiated, sterilized or pasteurized foods, aimed toward higher-risk populations®.
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Food manufacturers and marketers will need to be more conscious that a population with heightened
sensitivity is eating their products, pay closer attention to how they assess food shelf life and develop
meals with built-in barriers.

Digital food and the internet of food: The Internet purchase of food is likely to grow with increases in
urbanization especially in countries like China where a relatively higher percentage of the population
already purchase goods over the Internet. This could improve food safety by enabling food companies
with robust food safety systems to have greater reach, but have the opposite effect if systems suffer
transportation failures with foods not being held at the right temperatures or other breakdowns or
inadequacies. What is clear is that Internet-based purchases of food will need to be audited to the same
standard as 'bricks and mortar’-based systems.

Rising demand for personalized foods, diets, services and experience: To fulfill the shifting
expectations of consumers, the food business must focus on innovation. These criteria include developing
food products that are simple to make, healthy, highly sensory and suited to each individual's dietary
needs. The demand for seasonal, locally farmed organic, and/or sustainable food items is rising as ethical

" |n

consumerism grows. The food sector is experiencing an expanding dilemma as consumers’ “want it al
attitudes rise. Collaboration across science, medicine, gastronomy and industry is more important than
ever as a result of this demand. Personalized diets are more concerned with nutritional elements than with
food safety; for example, using different types of microbiomes to treat specific diseases may cause
unintentional food safety issues by altering the gut microflora in unanticipated ways. A purely
empirical approach could be risky, so more systematic study is required, including the use of
nutrigenomics, metabolomics and toxicogenomics. The introduction of new, less traditional food
preservation technologies will necessitate safety being included in and based on risk management

principles.

EMERGING FOOD SAFETY ISSUES

Antibiotic resistance: The number of antibiotic-resistant bacteria causing serious and life-threatening
diseases is rapidly increasing. The quick transmission of resistance genes between bacteria, paired with
an increasingly connected globe, increases the global spread of resistant strains'’. The possibility that
antimicrobial resistant cattle pathogens will pass their resistance on to human pathogens raises serious
concerns about treating human diseases with antibiotics that may already be useless. Due to the
increasing problem of antibiotic resistance and the scarcity of new antibacterial medications, a variety of
alternate techniques have been proposed'®. However no ‘magic bullet’ replacement exists. To ensure that
antibiotic resistance does not jeopardize food security and seriously damage human disease control,
scientists and business must encourage innovation and research into new measures and solutions to
prevent the emergence and spread of antibacterial resistance.

Enteric viruses, specifically norovirus (NoV) and hepatitis A virus (HAV), play an important role in
foodborne illness. Viruses thrive in the environment and are far more resistant to certain storage
conditions than bacteria®. It is therefore vital that a better understanding of how a combination of
technologies might be used to inactivate foodborne viruses.

Virally infected food and water typically have no organoleptic consequences. The ability to detect viral
particles, which are typically found in low concentrations in contaminated food, is further hindered by the
lack of universal or rapid culture-based methods for producing foodborne viruses. In the absence of
culture procedures, standardized methodologies for molecular detection of foodborne viruses, particularly
NoV and HAV", are required.
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Chemical risks can contaminate the food supply chain at any point, persist and accumulate in animals and
people. They can also reach larger concentrations in organisms’ tissues. However, acute health impacts
are infrequent and it is well known that the biggest influence on human health occurs with low-level
repeated exposure. This makes determining a link between exposure and sickness extremely difficult,
although there is growing worry that chemical exposure may play an important role in the etiology of
many disorders.

Economically motivated adulteration of food: Food adulteration for economic gain is a long-standing
global phenomenon®™. Because of the inherent financial motivations, many economically driven
adulteration instances focus solely on high-value food products/commodities. Food commodities with
lengthy and/or complex supply chains are likewise more susceptible to economically motivated
adulteration'®. According to the Economically Motivated Adulteration Incidents Database, fish and seafood
are the most heavily impacted food categories, followed by dairy products and oils and fats". In contrast
to incidental contamination, economically motivated adulteration is generally more difficult to detect and
confirm because the motive is always to avoid discovery and adulterants are frequently used that are
highly comparable to the product being adulterated.

Although, non-toxic adulterants are frequently employed, economically driven adulteration episodes can
have serious consequences for health. The FDA Food Safety Modernization Act includes a final regulation
targeted at avoiding intentional adulteration as a result of acts designed to cause widespread harm to
public health, such as terrorism targeting the food supply"’. However, a global whole-of-system strategy
with multidisciplinary input from scientists (e.g., testing methodologies), regulators (e.g., legislative
frameworks) and industry (e.g., supply chain simplification) will be necessary.

Allergens and intolerances: Food allergies affect between 3.5 and 4.0% of the global population and are
on the rise in both industrialized and developing countries'. The complexity of protecting food-allergic
consumers stems from the fact that, unlike bacterial or viral contamination, which affects everyone, the
presence of allergens only affects a vulnerable segment of the population and the consequences of
consumption could be fatal. Most industrialized nations require labeling of the most prevalent allergenic
foods, as well as substances derived from such foods, by the 1999 Codex Alimentarius (Codex) standards’®.
However, more than 170 foods have been recognized as possibly allergic and novel food sources are
currently being investigated to address the future food insecurity issue'. Variances in dietary habits
between countries can also result in variances in allergenicity to specific foods. A system for categorizing
and prioritizing allergenic foods based on public health value has recently been developed, with the
expectation that regulators will adopt it™.

Nanotechnology: Although, research and development on nanotechnology is still in its infancy, it has the
potential to permeate every facet of food production. The food sector has primarily used engineered
nanoparticles (ENPs) in the development of innovative food packaging materials, with several commercial
items already on the market'’. However, it is challenging to estimate the total amount of nanotechnology
used globally due to a lack of defined laws and standardization in this field.

Genome editing: Some of the current uses of genome editing have enormous potential to affect the
security of the global food supply. Transcription activator-like effector nucleases (TALENs) and
clustered regularly interspaced short palindromic repeat (CRISPR)/Cas systems (e.g., Cas9) are two
examples of genome editing technologies that allow targeted modification of specific DNA sequences at
their normal chromosomal locations. Changes can range from a single base pair to a large deletion in

size'""®,
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It's currently unknown how or whether this emerging technology will be regulated in the majority of the
world®. In addition to potentially hindering innovation and making already complex international trade
difficulties worse, this lack of uniformity also runs the danger of eroding consumer confidence in the safety
of biotechnology products and the risk assessment procedure®. There is unquestionably a need for public
education campaigns on the risks associated with whole genome editing.

CURRENT GLOBAL REGULATORY ENVIRONMENT, ADVANCES IN FOOD SAFETY AND TECHNOLOGY
Current global regulatory environment: As a result of the globalization of the food supply chains, robust
through-chain traceability laws are being implemented in many nations. These laws aim to protect food
chains and detect safety breaches in their integrity.

A one-step forward, one-step back strategy is outlined in the CAC guidelines; that is, the previous source
from which the food or ingredient was bought or purchased and the subsequent location in the supply
chain. Regulation EC No. 178/2002 of the EU and numerous other authorities, such as the US Food and
Drug Administration (CFR Title 21) and Food Safety Australia New Zealand (Standard 3.2.2) have both
implemented this regulation”. However, this method can be lengthy and laborious and in the event of
a breakdown or crisis in food safety, the consequences could be dire. Industry participants may take a
more transparent approach to the supply chain by going back and forth more than one stage in order to
enable a quicker reaction.

Private food safety standards are generally established by private corporations and standard-setting
coalitions, which contractually require their suppliers to comply with their standards. Private food safety
standards are increasingly monitored and enforced through third-party certification and they might apply
to product qualities as well as process and manufacturing processes. The primary drivers of the expansion
of these private food safety schemes have been the unambiguous attribution of legal responsibility to
food chain operators for guaranteeing food safety; increasingly global and complicated supply chains; and
rising consumer awareness of food, health and food safety. Furthermore, private standards-setting bodies
can respond considerably faster than Codex to emerging challenges and produce new or revised
standards.

In general, unless private standards truly outperform current public standards, their adoption shouldn't
be promoted. Big retailers need to collaborate with groups like the Food and Agriculture Organization,
the World Organization for Animal Health and Codex in order to demonstrate the advantages of the
requirements they are placing on their suppliers. Organizations like Codex, the Global Harmonization
Initiative and the GFSI need to better coordinate and align with one another.

ADVANCES IN FOOD SAFETY AND TECHNOLOGY

Whole-genome sequencing: The whole-genome sequencing is the simultaneous determination of an
organism’s whole DNA sequence. The WGS technology has the ability to significantly improve food safety
and security. The global use of whole-genome sequencing technology in the food, veterinary and human
health sectors would facilitate sharing and collaboration while also significantly increasing the availability
of contextual data when interpreting results and recommending scientifically sound regulatory actions.

The industry can also use the genomic information that whole-genome sequencing provides as a tool to
monitor the supply of ingredients, evaluate the efficacy of sanitary and preventive controls, develop new,
quick methods and tests that do not require culture and detect a wide range of pathogens-not just
bacteria-in a single test. It can also be used to control and determine how long pathogens persist in the
environment, monitor newly emerging pathogens and potentially identify antimicrobial resistance.
Furthermore, the public needs to be informed that the food safety system is probably still in place and that
whole-genome sequencing technologies are making an expanded surveillance system possible.

https://doi.org/10.3923/ajbs.2024.666.677 | Page 671



Asian J. Biol. Sci, 17 (4): 666-677, 2024

Metagenomics: The examination of genomes present in an environmental sample without regard to
culture is known as metagenomics. By using metagenomic methods, we can improve our comprehension
of the intricate, varied and ever-changing microbial populations found in food and surroundings related
to food. Metabolism investigations have been greatly aided by next-generation sequencing’s capacity to
provide vast volumes of DNA sequence data. Metagenomics research can also benefit from the
development of broad-range 16S rDNA PCR tests that target highly conserved nucleotide regions shared
by all bacterial species?'. One of the most exciting applications of metagenomics is the ability to locate
and identify hitherto unknown pathogens in food matrices and food-associated environments. According
to CDC estimates, unidentified agents are responsible for almost 80% of foodborne disease cases in the
United States'’. This suggests that to close the current knowledge gap regarding unidentified and
unknown food-borne agents, a more effective foodborne disease surveillance system is needed % It is
unclear how the food sector and authorities will respond to these new results, particularly given the
numerous obstacles that still need to be overcome before metagenomics techniques can be used to
identify foodborne infections.

Transcriptomics and proteomics: Determining the physiological condition of pathogens on foods and
in the food production environment is necessary in order to design logical control methods for foodborne
pathogens in the food supply'’. Studies utilizing transcriptome and/or proteome analysis have been
conducted to examine the reactions of diverse foodborne pathogens throughout their adaption and
growth on particular food matrices®. Additionally, mechanistic insights into the mechanisms underlying
microorganisms’ responses to distinct food processing interventions have been obtained"’. This data can
provide insight into the mechanical mechanisms underlying obstacle technology synergy. Furthermore,
biomarkers associated with particular resistance traits of a pathogen can be found and included into
mathematical models to forecast microbial behavior, thereby enhancing management strategies.

Insights from these studies may also pave the way for the development of better detection methods
(for example, methods targeting highly expressed RNA molecules) as well as improved risk assessments
that take into account the fact that a pathogen’s virulence can be significantly affected by its physiological
state®. As a result, businesses and food regulatory agencies will be charged with determining how to
effectively use the data provided to modify their own processing and preservation methods.

Assessments of chemical risks and safety: The safety assessment of food ingredients and/or
contaminants must consider not only the possible threat posed by a single compound, but also the
consumer’s amount of exposure. A food hazard is defined as a biological, chemical or physical agent
present in food that has the potential to cause harm to one’s health. The phrase also refers to an inherent
quality of an agent or circumstance that has the potential to produce negative consequences. In contrast,
risk reflects the likelihood and extent of an undesirable outcome in an exposed system or (sub)
population®. In emergency situations where fast assessments of potential health concerns are necessary,
a hazard-based approach can be useful.

Hazard-based techniques may also apply to compounds that have potent non-threshold effects, such as
certain severe genotoxic carcinogens. A hazard-based element is also inherent in the so-called threshold
of toxicological concern concept, which gives a general approach to the safety assessment of compounds
with no or insufficient toxicological data'. The approach gives guidelines for determining acceptable risks
by identifying toxicologically negligible exposures based on hazard and chemical structure. In general,
risk-based approaches to food safety assessments are appropriate, as long as they are based on valid
exposure estimates and account for uncertainty in exposure assessment. Equally important is the
clarification and suitable consideration of the mode of action, which must be placed in context with an
accurate estimate of consumer exposure.
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Advances in chemical analytical testing: The capacity to correctly quantify the concentration of a
specific contaminant in a food matrix is crucial for assessing the risk to consumers. As a result, novel
analytical methodologies are constantly being developed in response to the ever-increasing number of
contaminants already present in food or emergent dangers that threaten to infiltrate the food supply
chain. The primary goal of many analytical techniques is to increase sensitivity for difficult-to-detect
pollutants while reducing cost and analysis time per sample. Advances in mass spectrometry have resulted
in an enhanced ability to properly determine, quantitatively and qualitatively, a large number of analytes
with varied physicochemical properties at the same time®. The 'dilute-and-shoot’ quantitative multi-
residue assays that target hundreds of analytes in a single run with minimum sample preparation are
becoming the rule rather than the exception'. While advances in analytical specificity and sensitivity have
made it possible to identify only a few molecules in a given environmental matrix, this alone does not
provide reliable exposure assessment. In addition to valid metrics for the amount of an agent included
in food or other consumer items, its bioavailability from the matrix, as well as the length, amplitude and
frequency of exposure, are critical components of risk assessment knowledge.

Advances in chemical hazard characterization: The ongoing progress in genomics, transcriptomics,
proteomics and metabolomics, combined with novel tools in bioinformatics and system biology, has
resulted in promising new avenues for improved toxic hazards characterization, which is expected to be
further developed in the coming years. While entire animal toxicity studies continue to be the cornerstone
of existing regulatory regimes, concerns about animal welfare, high costs and the capacity to properly
predict in-vivo tissue functions in humans have fueled interest in alternate methods. Current alternative
methodologies in development include microfluidic organs-on-chips, ‘omics’ techniques (e.g.
transcriptome fingerprinting of suitable cell cultures) and computational estimating methods for
predicting acute and chronic systemic toxicity'.

The identification of appropriate biomarkers in human/animal biological fluids (e.g., serum, plasma, urine,
breast milk and others) or tissue biopsies has also resulted in more accurate population exposure
estimates to hazardous pollutants. To focus on specific metabolites as quantitative exposure indicators,
comprehensive knowledge of the relevant compound'’s metabolism is required®. A large database of
human exposure estimates for the genotoxic carcinogen acrylamide, based in part on biomarkers of
exposure ", serves as an example.

Understanding the significant background of DNA damage in human tissues, which is consistently induced
by endogenous genotoxic agents produced during normal metabolism, allows future risk assessments of
genotoxic agent exposure to evaluate the incremental contribution of a given exogenous exposure to
endogenous background DNA damage. This will provide a data-driven approach to risk assessment
(bottom-up), as opposed to mathematical extrapolation spanning multiple orders of magnitude, from the
dose range accessible through animal trials to consumer exposure (top-down)'.

Processing and packaging: The main technique for pasteurizing and sterilizing food is thermal
processing. Heat, however, degrades the quality of food. Consumer demands for minimally processed,
pathogen-free products present a constant challenge for food makers in the context of a global food
industry with increasingly extended supply networks. Innovative non- or mildly-thermal methods present
fresh opportunities for creativity in response to consumer demands®. Consequently, there is a risk that
the effects of food-borne illnesses on the economy may increase unless interventions can reduce the
incidence of these illnesses. This emphasizes the need to develop and implement novel food processing
and preservation methods to improve food safety throughout the food chain. As regulatory agencies
move towards outcome-based regulations, it will become increasingly necessary for the food industry to
have a variety of inactivation technologies at their disposal.
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The food-packaging industry has also been challenged with respect to maintaining safety and quality, as
traditional passive-barrier packaging systems have reached their limit with regard to further shelf-life
extension of packaged food. To provide such extension and to improve the quality, safety and integrity
of packaged food, innovative active and smart packaging concepts have been developed.

Big data: The globalization of our food supply networks complicates the response to outbreaks of
foodborne illness. Global food safety, food quality and sustainability could all improve significantly if the
food industry adopts a big data culture'’. Big data refers to information assets with large volume, high
velocity, high veracity and/or high variety that call for novel processing techniques to improve decision-
making, uncover new insights and optimize processes. The majority of big data analytics and huge dataset
applications in food safety and quality to date have concentrated on improving root causes and
retrospective analyses; however, the use and development of predictive analytics in food safety is
anticipated to surge in the near future'. Integration of diverse data sources may not only allow for
improved and accelerated root cause analysis but this information could be used to adjust food safety and
operational practices in near real-time to include additional barriers and controls.

Geographic information system: The spatial and temporal prevalence of food-borne pathogen
contamination in produce production systems has also been predicted and managed using GIS-based
datasets'’. The industry must move now to position itself to benefit from big-data tools and solutions for
challenges related to food safety and quality. Among the most significant issues facing the food business
will be data integration and ownership. Producers, retailers, health authorities and regulators will need to
share the results of big data processing.

Meta-analyses, systematic reviews and predictive microbiology: Understanding how bacteria develop
in response to environmental stimuli and condensing that information into mathematical models or
equations is the basis of predictive microbiology'. In the food industry, predictive microbiology has
proven to be extremely useful. It can support quantitative risk assessment and decision-making during
Hazard Analysis for Critical Control Point (HACCP) planning, food shelf-life estimation and product design
or reformulation. For example, predictive microbiology is extremely valuable to the government and
industry when it comes to Listeria challenge trials and figuring out whether new food compositions
promote or hinder the spread of the disease. A determination of the kinetics of heat inactivation of an
organism of interest inside a particular food product might also be beneficial to industry. Even with the
large number of models that have been created and published, validation still requires independent,
business-based trials.

With the creation of open, community-driven, web-based predictive microbiological model libraries, the
application of predictive microbiology knowledge to real-world food processing applications will only
increase. Systematic reviews are becoming more and more used in different areas of food safety'*.
The creation of through-chain risk management techniques will gain from a deeper comprehension of
supply chain risks. The question of how this information will be used, if new regulatory requirements will
be imposed and the ensuing implications for the food sector remain even with an increased
understanding of food safety hazards and intervention options.

Tools for tracing supplier chains: Foodborne sickness and plant or animal diseases are becoming more
common and this has increased the requirement to be able to trace impacted products both domestically
and globally. To promptly pinpoint the possible outbreak’s origin, it is crucial to trace it back to the early
phases of an epidemic. A review of the global food traceability regulations in major OECD countries
revealed that none of the countries had an electronic tracking system for all commodities, highlighting
the need for more sophisticated traceability systems for other domestic and imported products'.
Many developed countries have implemented new legal requirements for traceability and exporting
countries are under pressure to comply with the regulations set up by importing countries®®.
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Self-interested parties must be encouraged to commit since, despite technology developments, the
design, implementation and upkeep of a traceability system are frequently decentralized. In the food
industry, there are new traceability trends aimed at streamlining operations'. But as was already
mentioned, the main obstacle to implementing these solutions is cost. Consumer enthusiasm for these
items may drive away some smaller companies who lack the resources to implement traceability systems
as they become increasingly common. Comparably, changes in traceability regulations may result in the
exclusion of certain producers from the market.

Conventional and social media: In addition to making foodborne ilinesses more easily transported and
disseminated, globalization has also made news more easily disseminated through media outlets like TV
and the internet, which has negatively impacted companies’ bottom lines. According to numerous
reports, the media exaggerates and distorts the risk associated with food accidents, which erodes public
confidence in the food supply®. Food-related issues may not be thoroughly explored before publishing
or transmission and the level of risk posed may be overstated as a result of the rush to publish and the
tactics used to construct a “newsworthy” story'"?. As a result, the media may be a bad source of
information on food risks and may also increase public worry about food risks".

Researching this subject offers a great opportunity because it's arguably one of the most important parts
of building a strong environment for food safety. Gaining public support and facilitating the adoption of
techniques and technologies that improve our capacity to provide global food security may also be
accomplished through accurate and transparent communication regarding the use of particular
agricultural practices or food processing technologies that have the potential to cause social unrest.
To generate conversation and enlighten the public and media, food safety experts must take the initiative
to establish and manage social media accounts as well as other channels for the targeted distribution of
food safety information.

CONCLUSION

Food safety is essential for maintaining public health and ensuring food security. Food availability has
been and will continue to be crucial to the advancement of human society. In actuality, societal
advancement may be considered contingent upon food security. Strongly encourage the harmonization
and equating of regulatory and standard frameworks. Future food-related concerns will require a flexible
and responsive strategy.

SIGNIFICANCE STATEMENT

The article advocates for a multidisciplinary and collaborative approach to food security science, with a
focus on empowering approaches and upgrading technology in response to societal and global market
developments, to achieve food security. Furthermore, this publication offers an overview of global food
safety. A wide range of tactics and procedures are being investigated to reduce food loss and waste while
also recovering lost commodities for use as novel raw materials in the food industry. The study’s findings
showed that the international food community must come up with creative solutions to get beyond these
obstacles. To effectively handle the food concerns of the future, a responsive and adaptable strategy will
be required.
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