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Section 1
Food Safety, Control, and System

This section presents four chapters dealing with food safety audits, a study of 
the prevalence of bacteria in ready-to-eat foods, opportunities and challenges to 
authenticate food safety issues, and a strategic approach in handling food microbial 
hazards in restaurants.

Chapter 1
Food.Safety.Audits:.Ensuring.Quality.and.Safe.Food.to.Our.Plate.and.Palate......1

Ruby Siwach, College of Dairy Science and Technology, Lala Lajpat Rai 
University of Veterinary and Animal Sciences, India

Food.safety.has.gained.global.attention.due.to.rising.issues.of.food-borne.illnesses,.
adulteration,.and.increased.consumer.awareness.about.food.safety.worldwide..It.is.
a.challenge.for.the.governments.and.the.food.industry.itself.to.maintain.food.safety.
throughout.the.food.and.supply.chain..There.are.several.systems.and.processes.adopted.
by.various.countries.to.ensure.food.safety,.and.the.food.safety.audits.are.one.of.the.
indispensable.tools.to.achieve.the.goals.of.food.quality.and.safety..Rising.trends.of.
consuming.processed.foods,.eating.out.in.restaurants.and.cafes,.home.deliveries.of.
food.from.outside.worldwide.have.made.the.auditing.process.very.essential.to.ensure.
that.the.food.products.are.being.manufactured,.stored,.and.sold.in.compliance.with.
national.and.international.standards..This.chapter.aims.at.providing.an.overview.of.
the.food.audit.processes,.scope,.importance,.challenges,.and.future.trends.
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Chapter 2
Prevalence.of.Bacillus.cereus.in.Ready-to-Eat.Foods.in.Northern.Perak,..
Malaysia................................................................................................................26

Noor Azira Abdul Mutalib, Universiti Putra Malaysia, Malaysia
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Food.poisoning.cases. in.Malaysia.showed.an.increasing.trend.every.year.where.
496.episodes.were.reported.in.2018.as.compared.to.401.episodes.in.the.same.week.
of.the.year.2017..Bacillus.cereus.is.one.of.the.foodborne.pathogens.related.to.food.
poisoning.cases.in.Malaysia..The.main.cause.for.the.outbreak.of.B..cereus.is.the.
unregulated.temperature.during.holding.time..This.study.was.conducted.to.detect.the.
presence.of.aerobic.bacteria.and.B..cereus.present.in.ready-to-eat.food.in.Northern.
Perak..A.total.of.83.food.samples.were.collected.and.analyzed.for.the.microbial.
count..The.result.shows.that.aerobic.bacteria.and.B..cereus.were.detected.in.28%.
of.the.samples..B..cereus.count.in.food.samples.tested.ranged.from.100.cfu/g.to.
42000.cfu/g,.whereas.the.aerobic.bacteria.recorded.a.range.of.500.cfu/g.to.2100000.
cfu/g..The.highest.percentage.of.B..cereus.was.found.in.rice-based.food,.followed.
by.meat,.poultry,.and.gravy.dishes..Positive.colonies.of.B..cereus.were.further.tested.
for.anti-microbial.resistance.profile..Most.B..cereus.isolates.showed.resistance.to.
tetracycline.and.clindamycin.

Chapter 3
Rapid.and.Non-Invasive.Techniques:.Opportunities.and.Challenges.to.
Authenticate.Food.Safety.Issues.in.Restaurants...................................................41

Muhammad Haseeb Ahmad, Government College University, 
Faisalabad, Pakistan

Amna Sahar, University of Agriculture, Faisalabad, Pakistan
Muhammad Imran, Government College University, Faisalabad, Pakistan
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Pakistan
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Pakistan
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Pakistan
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In.this.modern.era.of.digitalization.and.consumer.awareness.regarding.food.safety.
issues,.it.has.become.important.to.build.proper.strategies.that.can.ensure.the.quality.
and.safety.of.the.food.items.from.farm.to.forks..People.love.to.eat.at.restaurants.not.
only.during.business.meetings.but.also.with.their.family.for.fun.and.entertainment..
The.choice.and.safety.of.the.food.is.vital.to.attract.the.consumer.in.this.competitive.
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environment..Previously,.conventional.methods.have.been.employed.for.assurance.
of.quality.and.safety.parameters.of.the.food..But.in.this.modern.era,.there.are.many.
potential. alternatives. that. can. serve. the. purpose. rapidly. and. non-destructively..
Hence,.this.chapter.describes.the.rapid.and.non-destructive.methodologies.such.as.
fluorescence,.NIRS,.MIR,.and.Raman.spectroscopy.that.can.be.used.for.the.food.
safety.evaluations.

Chapter 4
Food.Microbial.Hazards,.Safety,.and.Quality.Control:.A.Strategic.Approach.....67

Aysha Sameen, University of Agriculture, Faisalabad, Pakistan
Amna Sahar, University of Agriculture, Faisalabad, Pakistan
Farwa Tariq, University of Agriculture, Faisalabad, Pakistan
Usman Mir Khan, University of Agriculture, Faisalabad, Pakistan
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Bushra Ishfaq, University of Agriculture, Faisalabad, Pakistan

Food.is.any.material.or.substance.eaten.or.drunk.to.provide.energy.and.nutrients.for.
the.body’s.growth,.development,.and.maintenance..Food.can.be.considered.safe.if.
it.is.free.from.all.hazardous.substances.that.can.affect.consumer.health..Food.safety.
issues.can.place.a.high.burden.of.responsibility.on.traders,.government.bodies,.and.
international.organizations..This.chapter.covers.the.hazards,.their.types,.foodborne.
diseases,.and.strategies.to.ensure.food.safety.and.quality..Different.food.quality.and.
safety.assurance.programs.are.discussed.as.well.like.quality.management.systems,.
HACCP.certification,.ISO.9000.family,.good.manufacturing.practices.(GMP)/good.
hygiene.practices.(GHP),.total.quality.management.(TQM),.good.working.practices.
(GWP),.good.lab.practices.(GLP),.etc..Moreover,.the.role.of.some.novel.processing.
technologies.is.also.focused.on.in.this.regard.

Section 2
Food Safety: Cognitive and Behavioral Perspectives

This section presents four chapters highlighting issues relating to knowledge, attitude, 
and practices of the use of polystyrene food packaging among food operators, 
standard food safety practices in a restaurant, a literature review on the level of 
food safety knowledge among food handlers, and a study of consumers awareness 
and opinion toward food safety practices and policy.

Chapter 5
Knowledge,.Attitude,.and.Practice.(KAP).of.Polystyrene.Food.Packaging.
Usage.Among.Food.Operators............................................................................100
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Polystyrene.is.commonly.used.on.a.daily.basis.for.the.packaging.of.takeaways.as.
if.people.assume.that. it. is.safe..Although.studies.show.the.migration.of.styrene.
into. food.could.cause.adverse.health. impacts. such.as.cancer,.neurotoxicity,.and.
hormone-related.problems,.less.is.known.about.public.awareness.of.its.risk..This.
chapter.presents.a.study.conducted.to.assess.the.level.of.knowledge,.attitude,.and.
practice.(KAP).of.polystyrene.food.packaging.usage.among.food.operators.(i.e.,.
hawkers,.restaurants,.and.night.market)..Data.were.collected.using.self-administered.
to.survey.115.food.operators..Results.show.that.the.food.operators.have.a.moderate.
knowledge.and.attitude.in.polystyrene.usage..Their.practice.in.polystyrene.usage.is.
still.poor..Food.operators.from.restaurants.had.the.highest.level.of.KAP.compared.
to.hawker.and.night.markets..The.finding.could.provide.some.guides.in.developing.
interventions.to.educate.food.operators.about.food.safety.issues.related.to.polystyrene.

Chapter 6
Standard.Food.Safety.Practices.From.Receiving.to.Cleaning.in.the..
Restaurant...........................................................................................................123

Suzita Ramli, Sultan Idris Education University, Malaysia
Jun Xian Wong, Sultan Idris Education University, Malaysia

Transmission.of.hazardous.materials.could.be.aggravated.by.inappropriate.handling.
and.storage.practices..This.results.in.cross-contamination.to.foodstuff.or.cooking.
utensils..The.introduced.hazards.in.the.food.supply.chain.might.lead.to.client.and.
reputation. loss..The. implementation.of.food.safety. is.necessary. to.secure.safety.
concerns..All.employees.should.take.initiative.to.be.aware.and.have.good.attitudes.
regarding.proper.hygiene.and.sanitary.practices.to.assure.their.product.integrity.and.
safety.for.human.consumption..Therefore,.this.chapter.delivered.the.appropriate.and.
standard.food.safety.protocols.to.all.individuals.involved.in.food.storage,.preparation,.
and.serving..The.scope.was.structured.into.(1).identification.of.hazardous.ingredients,.
(2).purchasing.and.receiving.raw.materials,.(3).transporting.and.storage,.(4).cooking.
and.reheating,.(5).food.serving.and.displaying,.(6).leftover.storage,.and.(7).cleaning.
and.sanitation.

Chapter 7
A.Systematic.Literature.Review.of.Assessing.the.Level.of.Food.Safety.
Knowledge.Among.Food.Handlers.in.Malaysia.................................................151

Genevie Eleanor Ruby, Universiti Putra Malaysia, Malaysia
Ungku Fatimah Ungku Zainal Abidin, Universiti Putra Malaysia, Malaysia

Being.knowledgeable.about.food.safety.is.one.of.the.strategies.to.address.food-borne.
diseases.(FBD)..The.systematic.review.was.focuses.on.food.safety.knowledge.and.
the.respective.interventions..Generally,.numerous.relevant.studies.have.been.done.
to.determine.the.level.of.food.safety.knowledge.among.food.handlers,.but.studies.
from.a.Malaysian.perspective.were.limited..Therefore,.the.present.study.reviewed.
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a.number.of.previous.studies.regarding.level.of.food.safety.knowledge.and.type.of.
interventions. that.have.been.done.among.various.categories.of.food.handlers. in.
Malaysia..For.the.review.purpose,.preferred.reporting.items.for.systematic.reviews.
and.meta-analyses.(PRISMA).was.adopted.based.on.Science.Direct,.Scopus,.and.
Google.Scholar.databases..A.total.of.22.resulted.from.the.searching.and.were.analyzed.
systematically..The.review.of.food.safety.knowledge.was.divided.into.three.themes.
consisting.of.food.handlers.at.premises,.consumers,.and.students..The.results.of.this.
review.have.identified.the.knowledge.gap.of.food.handlers,.and.the.authors.provide.
recommendations.for.future.food.safety.education.

Chapter 8
Assessing.Consumer.Awareness.and.Opinion.Toward.Food.Safety.Practices.
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Foreword

Food is one of the most important commodities in the world to ensure the survival of 
human beings. Enjoying safe and nutritious food is the right of human beings. This 
handbook exists to provide the extensive research works relating to numerous food 
safety current trends, practices, and issues, particularly in restaurant establishments, to 
the readers. Ten book chapters are all-inclusive of three major topics namely 1) Food 
Safety, Control, and System 2) Food Safety: Perspectives of Cognitive and Behavior, 
and 3) Food Adulteration and Defense. The diversity of authors from countries 
around the globe will offer an exclusive knowledge spectrum, both theoretical and 
practical, that could be useful to comprehend the food safety practices of a specific 
population. It is hoped that all stakeholders in the food service industry as well as 
in academia will benefit from the publication of this handbook.

Eman A. Alam
Biosciences Research Support Foundation (BRSF), Egypt & Al-Azhar University, 
Egypt
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Preface

The restaurant industry is often linked with foodborne illness outbreaks; particularly 
due to the unsafe food handling by workers. Seven safe food handling practices 
in the restaurant industry include washing hands, preventing contamination of 
food, using gloves, cooking food to the right temperature, keeping heated food 
hot, keeping cooled food cold, and reheating food to the right temperature. Time 
pressure, lack of equipment and resources, management and co-workers, negative 
consequences, education and training, and restaurant procedures are identified as 
factors linked to the seven safe food handling practices. Food safety systems in the 
restaurant industry should cover the entire flow of food from receiving to cleaning 
for the operation. As the global borders continue to be redefined with increased 
opportunities to supply food globally through international trade, it is becoming 
more and more important to emphasize food safety to ensure the safety and quality 
of food supplied throughout the food supply chain. Food safety continues to be a 
concern globally and especially in developing nations that are estimated to have the 
highest incidence rate of foodborne illness globally; as evidenced by the increased 
annual cases in many developing countries.

Food Safety Practices in the Restaurant Industry consists of 10 chapters divided 
into three sections: 1) Food Safety, Control, and System; 2) Food Safety: Perspectives 
of Cognitive and Behavior; and 3) Food Adulteration and Defense. Those chapters 
discuss multidimensional aspects of ensuring the safety and quality of food throughout 
the food supply chain; including various hazards affecting safety quality of food, 
food handler practices, and consumers knowledge, attitude, behavior, awareness, 
and opinion of food safety, challenges of food adulteration and terrorism, various 
techniques to authenticate food safety, food safety standards, and management systems.

All types of hazards and allergens can lead to deleterious effects on the human 
body; strategies should be devised to avoid them. Foodborne diseases exert a 
significant effect on the health, morbidity, mortality, and economic development 
of a country. A food safety management system is concerned about contamination 
hazards that might occur accidentally within the food supply chain. In addition 
to food safety, more recently food defense has been suggested to be of concern 

xvi
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by regulatory authorities, industry, and consumers alike that is also discussed in 
this book. The food defense system deals with intentional contamination done to 
the food supply chain which causes public harm or economic disruption. The key 
difference between these two systems is the motivation for committing adulteration. 
Outbreaks of both unintentional and deliberate foodborne diseases can be managed 
by the same mechanism.

The target audience of this book is academicians and researchers in the food safety 
area, government enforcement agencies, and policy makers, foodservice operators, 
including workers and managers, students, and the general public that should be 
concerned about the safety and quality of food they consume daily. 

Food Safety Practices in the Restaurant Industry covers three important elements 
in the food industry. Each section encapsulates the current issues, problems, and 
solutions related to food safety practices and management systems within the industry. 
Those sections are categorized as follows:

Section 1: Food Safety, Control, and System
Section 2: Food Safety: Perspectives of Cognitive and Behavior
Section 3: Food Adulteration and Defense
In the first section, four chapters highlighting issues with food safety audits, 

a study of the prevalence of bacteria in ready-to-eat foods, opportunities, and 
challenges to authenticate food safety issues, and a strategic approach in handling 
food microbial hazards in restaurants. The authors discussed the raising issue of 
foodborne illnesses, adulteration, and increasing awareness on food safety globally. 
The first chapter discusses food safety auditing procedures to ensure the food that 
is manufactured, stored, and sold to the consumers is safe and complies with the 
national and international standards. The next chapter covers the occurrence of 
pathogenic bacteria such as Bacillus cereus in ready-to-eat food. The authors indicate 
that due to temperature abuse, pathogenic bacteria can easily grow and contaminate 
food, and might lead to serious illness. Next, techniques to authenticate food were 
covered in the third chapter. The authors suggest several strategies to ensure the 
food intended to be sold is safe and at its highest quality without damaging the food 
with rapid and non-destructive techniques such as fluorescence, NIRS, MIR, and 
Raman spectroscopy. In another chapter, the authors discuss various food safety 
management systems that are essential to control hazards in the food industries such 
as HACCP, GMP, GHP, and others.

The second section is dedicated to food safety practices from the perspectives 
of human cognition and behavior. Four topics delve into food safety knowledge and 
practices related to consumers and employees of restaurants include issues relating to 
knowledge, attitude, and practices of the use of polystyrene food packaging among 
food operators, standard food safety practices in a restaurant, a literature review on 
the level of food safety knowledge among food handlers, and a study of consumers 

xvii
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awareness and opinion toward food safety practices and policy. In the first chapter of 
this section, the authors examine issues related to knowledge, attitude, and practice 
(KAP) of the operators and consumers relating to food safety. The authors identify 
the KAP of the food operators on the usage of polystyrene food packaging. The 
results show that the food operators have moderate knowledge and poor practices 
while using this food packaging that can lead to health and environmental issues 
that warrants intervention programs. The next chapter presents the emphasis made 
by the authors that the food safety behavior related to identification of hazards, 
purchasing and receiving raw materials, transporting and storage, cooking and 
reheating, serving and displaying, leftover storage, cleaning, and sanitation. In the 
next chapter, the authors suggest that food operators should undergo food safety 
education due to some knowledge gaps identified in the study. In the last chapter, 
the authors evaluate consumers’ awareness in the Maldives related to food safety 
practices and policy. The data show that there is a high level of food safety awareness 
among the consumers. However, due to the geographically dispersed islands, effective 
awareness and surveillance programs are often difficult to commence.

In the final section, the chapters deal with the latest research trends in food safety 
management systems namely food adulteration and defense. In the first chapter, the 
authors highlight two important issues. Food terrorism is an act intended to harm 
consumers and paralyze the economy. The authors report that the level of awareness 
related to food terrorism among Malaysians residing in Klang Valley is average. 
Therefore, education relating to food terrorism might increase the awareness level 
among the citizens and future research should be done to further investigate the 
situation. Finally, in the next chapter, the author emphasizes the importance of the 
regulatory agencies to combat food adulteration and constantly monitor the quality 
of the food. This is to ensure that the consumers receive safe and quality food, and 
this could prevent harmful substances that might affect their health.

In conclusion, all 10 chapters published in this book showcase the current matters 
associated with food safety practices and management systems in the food industry, 
particularly in the restaurant sector. The authors of this book have done extensive 
research, thus the data shared is a significant added value in the body of knowledge 
and also will benefit the readers as well as the stakeholders in the foodservice industry.

xviii
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Section 1

This section presents four chapters dealing with food safety audits, a study of 
the prevalence of bacteria in ready-to-eat foods, opportunities and challenges to 
authenticate food safety issues, and a strategic approach in handling food microbial 
hazards in restaurants.

Food Safety, Control, and 
System
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ABSTRACT

Food safety has gained global attention due to rising issues of food-borne illnesses, 
adulteration, and increased consumer awareness about food safety worldwide. It is 
a challenge for the governments and the food industry itself to maintain food safety 
throughout the food and supply chain. There are several systems and processes 
adopted by various countries to ensure food safety, and the food safety audits 
are one of the indispensable tools to achieve the goals of food quality and safety. 
Rising trends of consuming processed foods, eating out in restaurants and cafes, 
home deliveries of food from outside worldwide have made the auditing process 
very essential to ensure that the food products are being manufactured, stored, and 
sold in compliance with national and international standards. This chapter aims at 
providing an overview of the food audit processes, scope, importance, challenges, 
and future trends.

INTRODUCTION

The global food industry has witnessed large expansion in productions and markets 
due to globalization. Besides that, the increase in the education level of consumers; 
the health and awareness campaigns run by various national governments and 

Food Safety Audits:
Ensuring Quality and Safe Food 

to Our Plate and Palate

Ruby Siwach
College of Dairy Science and Technology, Lala Lajpat Rai University of 

Veterinary and Animal Sciences, India

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



2

Food Safety Audits

international agencies like WHO; and the top of it the advertising industry have made 
the consumers worldwide very health conscious. These days consumers consider 
it essential to have a look at the label of the food product not only to know its cost 
but also to know about its nutritional value as well as whether the product quality 
and safety are being audited/certified by any national or international agency or not. 
Therefore, consumers want food packed, high nutrition, ready to eat, longer shelf 
life, but not at the cost of food quality and safety.

Food quality is a holistic concept that includes all the factors that will influence 
consumers’ acceptability of any product including positive attributes such as 
nutritional value, cultural value, color, taste, flavor, texture as well as negative 
attributes such as spoilage, contamination, adulteration, and food safety hazards. 
On the other hand, food safety means the assurance that a given food will not 
cause any adverse health effect, toxicity, or injury to the consumers as it has been 
handled, prepared/manufactured, and stored in compliance with the food standards 
laid down by various governments and international bodies and it is free from any 
contaminants and adulterants or any non-permitted additives (The National Council 
of Educational Research and Training [NCERT], 2021-22).

As food safety has gained utmost importance, the food manufacturers, processors, 
retailers, and regulatory agencies across the globe are increasingly turning to the food 
safety auditing process to assure their consumers base about the safety and quality 
of their products. The auditing process involves the inspection of the food business 
unit, starting from the raw material to the manufacturing processes and systems; 
the manufactured products and throughout the supply chain till it reaches the end 
consumer, in a very detailed and systematic manner by a trained individual (auditor) 
possessing the experience, education, and knowledge of the above disciplines, but 
they must also have skills in conducting auditing in a systematic, objective and 
professional way (Food Safety and Standards Authority of India [FSSAI], 2006). 
For the food industry the auditing process has become indispensable as it effectively 
ensures food quality and food safety in several ways:

• The given food products, processes employed and the systems involved 
comply with national and international standards.

• The audit programs find deficiencies and non-compliances in the audited 
elements thereby create room for further improvement in the operations, 
processes, and systems of a food manufacturing and processing unit.

• Food safety and quality audits are used to evaluate management systems in 
the food industry followed by prioritization of management actions.

• Audits help a business unit to obtain certifications to certain food safety and 
quality standards.
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• Audits increase the credibility of the auditees (the business unit on which 
audit is to be performed) for consumers in the global marketplace and thus 
help them to stay and compete for the betterment of food safety and quality.

• Audits give the consumers the necessary satisfaction and trust in a given 
product.

Therefore, this book chapter has been written to impart readers a detailed overview 
of the food audit processes, basic principles of auditing in the food industry, the 
scope of auditing in food systems, the importance of conducting audits, skills and 
knowledge required for auditors, challenges in auditing processes and systems, 
recent and future trends in food audit systems.

BACKGROUND

The word audit has been derived from the Latin word “auditus” which means “hearing” 
and the history of auditing dates back to medieval times when auditing was done 
by hearing the accounts and was aimed at checking any negligence or fraudulence 
(Matthews, 2006). Earlier the auditing process was mainly restricted only to the 
financial accounts of any business unit, however, later on with the rapid growth of 
industrialization in the 19th century and dawn and spread of globalization in the 20th 
century, and due to the focus of industry on consumers’ trust and confidence owing to 
cut-throat competition in the marketplace in the 21st century, the auditing has become 
an integral part of every process associated with any business or industry whether 
primary, secondary, or tertiary. In recent times the audit covers not only financial 
accounts of a business unit or industry but covers the entire process involved in the 
procurement, manufacturing, and distribution of a given product starting from the 
raw material till the end product reaches the retailer and the food industry is not an 
exception to it.

The auditing process has evolved itself over the centuries from a mere hearing 
process to a systematic, well-planned, and documented process conducted by a 
certified auditor for getting audit evidence and thereafter evaluating it objectively 
to determine the extent to which the audit criteria i.e. regulations and standards 
specified by national and international agencies for a given food product are fulfilled 
(International Organization for Standardization [ISO], 2018a).

The need for a comprehensive and robust audit system to ensure food safety 
was felt in the food industry due to several incidences of food poisoning outbreaks 
across the world and the 1993 Jack in the Box restaurant E. coli outbreak in the U.S. 
was one of them, which occurred due to consuming beef patties contaminated with 
Escherichia coli O157:H7 bacterium, caused the death of four children and infected 
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732 people across four states in the United States (Millstone & Van Zwanenberg, 
2003).

In the United Kingdom, the food safety regulations had to be revised and a ban 
was put on beef exports by European Union (EU) in 1996 due to Bovine Spongiform 
Encephalopathy (BSE) crisis to gain credibility and consumer confidence. Bovine 
spongiform encephalopathy is also known as mad cow disease and when spreads 
to humans by eating contaminated food, is known as Creutzfeldt–Jacobs disease 
(Ramasamy et al., 2003).

Several incidences and changes across the globe along with the release of the 
General Principles of Food Hygiene by the Codex Alimentarius in 1969 demanded 
a system that could prevent any such outbreaks and can maintain consumers’ trust; 
and thus, the food safety and quality audit systems came into existence.

In the 1990s and the early 2000s, many food manufacturers themselves developed 
and introduced many food safety audit schemes as a tool to ensure the quality and 
safety of the raw material they were buying from their suppliers. This was a significant 
step towards food quality and safety, but it gave birth to the problem of multiple 
audits every year—sometimes 20 or more to which suppliers were subjected, and to 
solve this problem the Global Food Safety Initiative (GFSI) was launched in 2000 
to attain the objective of “certified once, accepted everywhere” to reduce the costs 
and multiple audits; and also to pursuit for food safety culture in the whole supply 
chain across the globe.

The GFSI launched many audit schemes such as Food Safety System Certification 
22000, International Featured Standards (IFT), and many more under one umbrella. 
Although these audit schemes served well, these were privately owned schemes and 
there was a global demand for an international food safety standard and after detailed 
meetings and discussions on international platforms and thorough examination 
of food laws and regulations from around the world the ISO 22000 standard was 
developed as an international food safety standard by the International Organization 
for Standardization (ISO) using the ISO 9000 standard for quality and the Codex 
Food Hygiene document. The ISO 22000 standard is a food safety-specific standard 
that integrates the HACCP system as described by Codex Alimentarius, along with 
three other elements: interactive communication, prerequisite programs, and system 
management (Stier, 2020). The audit in the food industry can be of three types:

First-party audit: This is also referred to as an internal audit where the audit 
is being conducted by the company or organization by itself or by an external party 
on its behalf.

Second-party audit: This is also referred to as an external audit where the 
audit is conducted by another company or organization i.e. when the auditee and 
the auditor are different but there is a direct commercial relationship between the 
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two. For example, the audit conducted by a food company on one of its suppliers 
or the audit conducted by a retailer on the food business unit.

Third-party audit: This is also referred to as an external audit where the audit 
is conducted on a food business by an organization, body, or agency on behalf of 
another organization or scheme which has no direct commercial relationship with 
the food company. For example, the certification audits under the Global Food 
Safety Initiative (GFSI).

With this background, this chapter aims to enrich the knowledge and concept of 
the readers about the safety and quality auditing system in the food industry across 
the globe.

PRINCIPLES OF AUDITING

There are several underlying principles behind a successful audit program and only 
strict adherence to these principles can make an audit program efficient, effective, 
and reliable:

Integrity: Integrity refers to the personality attributes of the auditor and the 
auditing team managing an audit program such as professionalism and works ethics 
(honesty, responsibility, impartiality, upright character, and ability to be incorruptible, 
ability to resist influences on the judgment while carrying out an audit and more).

Fair presentation: The audit evidence, audit conclusions, and reports should be 
a truthful, objective, and accurate reflection of the audit activities. Any difference 
of opinions between the audit team and the auditee observed while conducting the 
audit should be reported and consensus-based. Fair representation of the entire audit 
program includes the truthful and accurate representation of the findings which are 
observed or heard for example the Lactometer no. 11 is out of calibration since the 
due date of calibration has passed; then arriving at inferences from such facts on 
basis of evidence and in consensus with the auditee, for example, the auditee has 
no calibration program for calibration of Lactometer as required by Standard I.S. 
9585; and the truthful statement of any non-compliances encountered such as the 
Hazard Analysis Critical Control Point (HACCP) plan has not been documented 
well as per prescribed standards.

Due diligence: The ability of the auditors to apply professionalism and to make 
reasoned judgments in all the audit situations is a must-needed principle while 
conducting an audit. Proper professional conduct helps in building up the relationship 
of trust and mutual respect between the auditor and the auditee which is essential 
for the exchange of basic data and information between the two to conduct an audit. 
This principle if followed creates a working environment where both the parties 
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are willing and can work together to achieve both business improvement and food 
safety and quality audit objectives.

Confidentiality: The auditors should not use the confidential information available 
to them while conducting the audit, inappropriately for personal gain or against the 
legitimate interests of the auditee. The confidential and sensitive information should 
be handled securely by the auditor.

Independence: The auditors should maintain the objectivity of the audit evidence 
and impartiality of the entire audit process by avoiding biases and conflicts of 
interest. For internal audits, the assigned auditors should not be chosen from the 
system or activity being audited.

Evidence-based approach: The audit evidence should be collected objectively 
using a rational method so that these remain verifiable and the reproducible audit 
conclusions can be reached out every time for a given set of audit criteria and scope, 
even when performed by different auditors.

Risk-based approach: The audit process should take into consideration the 
risks and opportunities that are important for the audit client, and for achieving the 
audit program objectives (ISO, 2018b).

AUDIT PROCESSES

Food safety and quality audit are conducted to identify any areas of potential 
improvement in food safety processes and systems of a food business unit. It also 
identifies areas having deficiencies so that appropriate corrective action may be taken 
to restore compliances (Food Standards Australia New Zealand [FSANZ], 2001). 
Audits are of three types- first party, second party, and the third party depending upon 
the conducting organization/agency and can be conducted by private organizations 
(such as certification bodies for example GFSI, contractors) or government bodies 
or by customers of a business’s product or services. Audits are an integral part of the 
food business units covering both products and systems starting from the procurement 
of raw materials to manufacturing of product and throughout the supply chain to the 
retailer to ensure that products and systems comply with the regulatory requirements 
and standards. Regardless of the audit criteria and scope the food safety and quality 
audits are conducted by following steps:

• Planning
• Execution
• Corrective and preventive action
• Verification
• Audit Evaluation
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(Global Food Safety Resource [GFSR], 2016).
Planning: The audit program planning covers some areas that need to be carefully 

planned before commencing an off-site audit program. The planning for conducting 
a specific audit, by the audit team leader should be done on a risk-based approach 
and should include the preparation of an audit program according to the auditee and 
the processes and systems to be audited to achieve the objectives effectively. The 
audit team leader communicates with the auditee to provide necessary information 
related to the audit objectives, scope, criteria, methods, and audit team composition, 
including any technical experts; and also asks for the information related to risks 
and opportunities identified by the organization and how they are being addressed. 
The auditor plans for arranging the applicable statutory and regulatory standards 
and other requirements relevant to the systems, processes, products, and services 
of the auditee, so that the documented food safety program of the food business 
unit can be reviewed for compliance before an on-site assessment or during off-site 
assessment (FSANZ, 2001; ISO, 2018a).

Execution: The audit program is initiated by appointing and assigning the 
auditors and formally notifying them. For the execution of the audit plan, the audit 
team members should collect and review the information related to their audit 
assignments and prepare documented information for the audit, such as physical or 
digital checklists; audit sampling details, audiovisual information, and more. A process 
audit is carried out through performing a review of procedures and documentation, 
and interviewing persons directly involved in the process being subjected to audit. 
The first step while conducting an on-site audit is - appointing and assigning roles 
and responsibilities of guides and observers with approval from the audit team leader, 
audit client, and/or auditee. The main job of the guides or observers is to assist the 
auditors throughout the audit process. While conducting an audit, the audit team 
exchange information, assess audit progress and reassign work between the audit 
team members, as needed and also maintains communication with the auditee, 
the audit client and regulators when statutory and regulatory requirements require 
mandatory reporting of nonconformities.

Corrective and preventive action: In the next step the auditor evaluates the 
data and evidence collected to decide whether the audited products and systems are 
consistent and following documented policies, objectives, procedures, and records. 
The job of the auditor is to search for the reasons behind non-compliance and then 
correlate it with the management system and a standard, giving the food company 
the tools, they need to identify and address the inconsistency (Surak & Lorca, 2007). 
Corrective action is performed for a nonconformity that has already occurred and 
involves locating and documenting the root cause behind the non-conformities, then 
scanning the entire system to ensure that no other similar nonconformities could 
occur, and thereafter analyzing the effect that such nonconformity may have had 
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on a product or service produced before the nonconformity was identified and dealt 
with. The corrective action is taken according to the severity of the situation either 
by recalling the product, notifying the consumer, or downgrading or scrapping the 
product. On the other hand, a preventive action addresses the chances and potential 
for nonconformity to occur and involves the establishment of proactive measures 
to prevent a potential nonconformity from occurring, and thereafter analyzing the 
entire process and system to determine what actions are required and what controls 
should be in place to prevent non-conformity from occurring (Westcott, 2005).

Verification: The verification stage of an audit involves the conduction of the 
process of assessment to evaluate how effective the corrective and preventative 
actions are in achieving their objectives. The individual responsible for conducting 
the food safety audit should not be the same individual who determined the corrective 
action, to add a degree of impartiality and a 2nd viewpoint.

Evaluation: All the audit evidence collected using appropriate sampling is 
evaluated against the audit criteria to reach audit findings which are further reviewed 
to reach audit conclusions. As per the audit plan, the audit findings should include 
conformities and good practices along with their supporting evidence, nonconformities 
along with their supporting audit evidence, opportunities for improvement, and any 
other recommendations to the auditee. The audit conclusions should be reported 
by the audit team leader to provide a complete, accurate, concise, and clear record 
of the audit.

Therefore, an on-site audit involves on-site audit management according to 
the audit plan, an opening meeting with the representatives of the company for 
understanding the processes, products, and systems to be audited, verification that 
the audited elements are under compliance, and thereafter communication of results 
and observations related to compliances as well as non-compliances among team 
members and with the auditee (ISO, 2018a).

GLOBAL AUDITING AGENCIES, SCHEMES, AND STANDARDS

An auditing agency means an agency recognized by the Food Authority of a country 
for conducting food safety and quality audits by the prescribed regulations and 
standards. For example, the Food Safety and Standards Authority of India (FSSAI) 
grants recognition to private auditing agencies for carrying out food safety audits 
after fulfillment of certain criteria such as the agency is established or registered and 
holds a valid accreditation on ISO/IEC 17020 or ISO/IEC 17021 or ISO/TS 22003 
from National Accreditation Board for Certification Bodies for Management System 
Certification, for the required food categories specified by the Food Authority; and 
it has at least three auditors with the prescribed qualifications and requirements.
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The food manufacturing and processing units are different concerning the products 
being manufactured and processed at their sites and processes and systems involved in 
the production, therefore no auditing agency can use the “one size fits all” approach 
for conducting the auditing and usually consists of different schemes and the auditee 
can choose one of them as per its requirements (Safe Food Alliance, n.d.). Food safety 
and quality audit are conducted to determine compliances and non-compliances in 
the products, processes, and systems of a food business unit, and to have a standard 
against which these can be determined is an essential requirement for any auditing 
agency. The standard refers to the criteria such as specific legislation/regulation, 
technical requirements, standard operating procedures, or codes of practice against 
which the audit is being conducted. In absence of a standard, the auditor cannot 
conduct audits objectively and there would be no uniformity in the audit findings 
and conclusions when the audit is conducted on a given auditee by different auditors. 
Without standards, the subjective assessment of the elements to be audited will 
result in a breakdown of the audit program. The standard or audit criteria provide 
unambiguous requirements which the company can aspire to meet and the auditor 
can audit against. By referring to standards all the stakeholders involved in the 
audit process can understand what is expected from them, side by side the scope 
for arbitrary interpretation of the circumstances and findings is minimized. Various 
global auditing agencies, schemes, and standards are as follows:

Global Food Safety Initiative (GFSI): The GFSI is a private organization that 
approves different auditing platforms once the auditing platform meets the criteria 
as specified by GFSI thus providing recognition to specific food safety audits which 
are conducted to ensure that the food facilities are manufacturing and processing safe 
and quality food for the consumers. Therefore, if a food processor or manufacturer 
has the GFSI certification, it can effectively gain credibility by showing its current 
and potential customers that its plant is operating with a structured, comprehensive, 
and effective food safety program. GFSI over the years has established benchmarked 
schemes that focus on food safety and the essential prerequisite programs. The GFSI 
benchmarked schemes are:

• PrimusGFS
• Global Aquaculture Alliance (GAA)
• GLOBALG.A.P.
• Food Safety System Certification 22000 (FSSC 22000)
• Global Red Meat Standards (GRMS)
• CanadaGAP
• Safe Quality Food (SQF)
• BRCGS
• International Featured Standards (IFS)
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• Japan Food Safety Management Association (JFSM)

Out of these, the FSSC 22000—Food Safety System Certification 22000, BRC 
Global Standard, IFS—International Featured Standards, and SQF Food Safety 
Code are approved process-related audit schemes.

PrimusGFS: PrimusGFS is a GFSI recognized audit certification program, having 
a presence in 22 countries, and is the only GFSI audit that is fully integrated into 
an online platform. It is working with a large community of stakeholders such as 
growers, shippers, retailers, food service providers, restaurants, scientists, consultants, 
academics, etc. to provide for the certification of produce sector products — from 
growing operations to minimally-processed produce (fresh-cut) products. Depending 
on the operation being audited, PrimusGFS audits cover Food Safety Management 
Systems (FSMS), Good Agricultural Practices (GAP’s), Good Manufacturing Practices 
(GMP’s), and Hazard Analysis Critical Control Points (HACCP). PrimusGFS audits 
are performed by certification bodies (auditing companies) that are approved by the 
PrimusGFS Certification Program and accredited under ISO/IEC 17065 or ISO/
IEC 17021 to perform PrimusGFS audits. PrimusGFS also licenses training centers 
to provide required training for auditors, as well as optional education for auditees 
which are very crucial for conducting robust and efficient audits.

Global Aquaculture Alliance: Global Aquaculture Alliance changed its name to 
Global Seafood Alliance in 2021. It is a non-governmental organization and through 
the development of its Best Aquaculture Practices (BAP) certification standards, it has 
become the leading standards-setting organization for farmed seafood. It ensures the 
robustness and credibility of the BAP standards through quality control, compliance 
monitoring, and technical expertise. Implementation of BAP standards can meet 
the demands of the growing global market for wholesome seafood produced in an 
environmentally and socially responsible manner.

GLOBALG.A.P.: The scheme is a trademark and a set of standards for good 
agricultural practices. It is a global organization to bring safe and sustainable 
agriculture worldwide with an understanding that every generation has a right 
to safe food and extends support to farmers enabling them to connect to markets 
where they can sell their safely and sustainably produced agricultural products by 
developing and implementing farm assurance systems that are based on facts and 
recognized across the supply chain. GLOBALG.A.P. certification is available for 
three scopes of production (i.e., crops, livestock, and aquaculture) and consists of 
a total of more than 40 standards.

FSSC 22000: The Food Safety System Certification 22000 (FSSC 22000) offers 
a complete certification Scheme for the auditing and certification of Food Safety 
Management Systems (FSMS) of an organization. It also offers certification for 
combined FSMS and Quality Management Systems (FSSC 22000-Quality). The FSSC 
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22000 Scheme is managed by Foundation FSSC and governed by an independent 
Board of Stakeholders, consisting of representatives from several sectors in the food 
industry. This scheme uses international and independent standards such as ISO 
22000, ISO 9001, ISO/TS 22003, and technical specifications for sector-specific 
Pre-Requisite Programs (PRPs), such as ISO/TS standards and BSI PAS. Besides 
these standards, this scheme contains additional requirements to ensure consistency, 
integrity and to provide governance and management. FSSC 22000 supports all 
the sectors of the food supply chain starting from animal farming, to animal feed 
production, food packaging manufacturing, food manufacturing, transport and 
storage, catering, and wholesale and retail.

Global Red Meat Standards (GRMS): The Global Red Meat Standard has 
been developed by the Danish Agriculture & Food Council in partnership with 
its abattoir members and the Danish Meat Research Institute. It is a certification 
program customized to the specific requirements of the red meat industry. GRMS 
was first published in 2006 – and since 2009 it has been benchmarked against GFSI 
benchmarking requirements. GRMS aims to deliver transparency within animal 
welfare, quality, food safety, and hygiene in factories that slaughter, cut, debone, 
process, and handle meat and meat products from pork, beef, lamb/sheep, goat, 
and horse, through an independent certification process based on ISO/IEC 17065.

CanadaGAP: The CanadaGAP certification program was launched in 2008 by the 
Canadian Horticultural Council (CHC), and currently has six generic HACCP models 
and two on-Farm-Food-Safety (OFFS) manuals: one specifically for greenhouse 
operations and a second for other fruit and vegetable operations. It is a voluntary 
food safety program for fruit and vegetable businesses operating in Canada and is 
owned and operated by CanAgPlus, a not-for-profit corporation. CanadaGAP focuses 
on good agricultural practices, GMP, and HACCP programs (commodity-specific 
HACCP plans) and was GFSI benchmarked in 2010. The program is designed to be 
realistic, cost-effective, voluntary, and market-driven. It is based on industry input 
and needs, technically sound, and credible as well as consistent between regions 
and commodities and buyer recognition.

Safe Quality Food (SQF): The SQF Institute is a Division of the Food Marketing 
Institute in the USA and manages the SQF supplier assurance programs that are used 
by food retailers, manufacturers, and primary producers internationally to assure the 
safety and quality of their food supply. The food safety codes of SQF are designed for 
all parts of the food supply chain from primary production through manufacturing, 
to storage and retail; and are internationally accredited and benchmarked by the 
GFSI. Various food safety codes under SQF are:

• SQF Food Safety Fundamentals (for small farm businesses)
• The SQF Food Safety Code for Primary Production
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• The SQF Food Safety Code for Manufacturing
• The SQF Food Safety Code for Storage and Distribution
• The SQF Food Safety Code for Manufacture of Food Packaging
• The SQF Food Safety Code for Retail
• The SQF Food Safety Code for Foodservice
• The SQF Quality Code

British Retail Consortium Global Standards (BRCGS): BRCGS was founded 
in 1996 by retailers in pursuit of harmonization of food safety standards across 
the supply chain. BRCGS also has several standards such as Packaging Standard, 
Consumer Products Standard, Storage and Distribution Standard, Agents and Brokers 
Standard, Retail Standard, and Ethical Trade, and Responsible Sourcing Standard. 
Each Global Standard is regularly reviewed, revised, and updated at least every 
three years after extensive consultation with a wide range of stakeholders. BRCGS 
focuses on the post-farmgate (starting with packhouses), through to retail.

International Featured Standards (IFS) Food: International Featured Standard 
(IFS) Food is a GFSI recognized standard for certifying the safety and quality of 
food products and production processes. Intertek is an accredited certification 
body of International Featured Standard with accreditation for globally recognized 
programs including the Food Safety System Certification (FSSC 22000), British 
Retail Consortium Food Standard (BRC), and Safe Quality Food (SQF). Intertek 
goes beyond testing, inspecting, and certifying products and is a Total Quality 
Assurance provider to industries worldwide. It has its presence in more than 100 
countries and delivers innovative assurance, testing, inspection, and certification 
solutions for food business units’ operations and supply chains.

Japan Food Safety Management Association (JFSM): The JFSM was 
established in 2016 and it contributes to food safety and strengthens consumer’s 
confidence by establishing international food safety management standards in Japan 
and related schemes, by managing an accreditation and certification scheme to the 
Japanese food safety management standards, by training and developing human 
resources among food industries and by conducting surveys related to food safety 
and providing information to the food industries.

The GFSI audit schemes have gained incredible popularity and acceptance 
around the world. Though these schemes are not mandatory, most buyers of foods, 
beverages, packaging, and ingredients expect that their suppliers have an established 
GFSI audit scheme in place.

NSF International: This international body is a leading American organization 
involved in certification, testing, and auditing to support food safety worldwide. 
National Sanitation Foundation (NSF) is accredited by the American National 
Standards Institute (ANSI) and has developed over 80 currently active voluntary 
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American National Standards under the scope of public health, safety, environment, 
and sustainability assessment. Besides certification, it also offers online, on-site, and 
on-demand training and education and world-class strategic and technical consulting 
services to the companies. The NSF mark is valued by consumers, manufacturers, 
retailers, and regulatory agencies worldwide and assures consumers that a product 
has been tested by a trusted independent certification organization.

British Standards Institution (BSI): BSI is the national standards body of 
the United Kingdom and reaches across the international standards community. It 
provides auditing (i.e. supplier audits, custom audits, and internal audits), certification 
(ISO certification, and others such as IATF, FSSC), product testing, certification 
(BSI Kitemark, CE marking, and verification, market access solutions), and training 
services to various stakeholders.

Australian National Food Safety Auditor (NFSA): The NFSA Auditor 
certification program has been developed by Exemplar Global in conjunction with 
the Australian Government, primary producers, food manufacturers, retailers, trainers, 
and certification bodies. The Australian Government Department of Agriculture, 
Fisheries, and Forestry initiated the project to develop a single national certification 
scheme that encompasses first-, second-, and third-party auditors.

China FSMS: China Quality Mark Certification Group Co., Ltd. is a core 
enterprise, approved registered in China which has an independent legal entity of 
the third-party certification and training institutions. The enterprise implements the 
GB/T22000-2006 standard to establish and improve the food safety management 
system, to improve the ability to ensure food security, to reduce the risk of food 
insecurity, and to increase consumers’ satisfaction.

GETTING READY FOR AUDITS

Audit readiness may be defined as the awareness of a company and its staff about 
audit principles, processes, programs, and the preparedness to undergo a food safety 
and quality audit at any time. Due to the presence of several national and international 
food safety standards, certification bodies such as FDA, USDA, GFSI, SQF, BRC, 
FSSC, IFS, and more, and different types of audits (first party, second party, and 
third party), it can be very challenging for a company and its staff to prepare itself 
for food safety and quality audit. Depending on the nature of the food business unit 
and the standard under which it is being audited, the audit plan, scope, criteria, 
and management will vary. However, manufacturers who have strong food safety 
and quality programs in place take audits as an opportunity to identify the areas of 
deficiency and improvement in their systems, products, and processes (Ecolab, 2011). 
Any organization can make itself audit-ready by implementing the following steps:
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1.  Awareness: The documented food safety procedures related to food products, 
processes, and systems in any food business unit to be audited should be 
followed thoroughly and consistently as these are the first ones to be reviewed 
by the audit team leader while conducting the audit. The organization and staff 
should be fully aware of potential risks and corrective and preventive actions 
should be part of everyday activities. For example, if the staff understands that 
by following good hygienic practices, they are preventing the contamination 
of a food product or any tool that might come in contact with food or food 
product then the cross-contamination and occurrence of foodborne illnesses 
can be prevented.

2.  Risk-based prioritization: All tasks, actions, and timelines in any food 
business unit should be prioritized based on their risks to food safety and 
quality rather than audit date. The understanding by the management and staff 
of any organization of the fact that the purpose behind audit readiness is not 
to pass the audit only but to maintain a culture of food safety in every area of 
the organization.

3.  Establishing a culture of peer and self-review: Companies should empower 
those at the top of the hierarchy to coach their subordinate employees and also 
the employees should conduct peer observations, not only to bring compliance 
but also to keep the entire workforce committed to upholding the culture of 
food safety. If the tools such as self-review and daily checks are imbibed in 
the everyday activities of an organization then every employee will become 
his/her auditor.

4.  Sense of belongingness: Establishing and maintaining a culture of 
communication with all the employees and a conducive working environment 
can make them more efficient and transparent in their assigned duties. This 
can earn their trust and create an environment in which employees feel like 
they belong to the organization.

If a company is not feared of visits by auditing agencies and rather waits for the 
agency to make an impromptu visit that means the company and its staff are audit-
ready (Chegeni, n.d.).

DIGITIZATION IN FOOD SAFETY AND QUALITY AUDITS

History has witnessed significant changes in the processes of conducting an audit 
and collecting audit evidence, starting from a mere hearing process to a systematic 
and well-documented process. In recent times, the audit processes have witnessed 
another revolutionary change (i.e. digitization) by shifting from paper-based auditing 
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and reporting to auditing based on tools such as the Internet of Things (IoT), 
blockchain, mobile solutions, big data analytics, full end-to-end traceability, and recall 
management and even artificial intelligence (Sebastian, n.d.). This modernization 
and digitization in all aspects of the food safety and quality audits infers many 
advantages to the food safety management systems and the food industry as a whole:

Better decision and policymaking: Digitization of the entire auditing process 
generates enormous digital data at the national and global level, which can be 
analyzed by advanced statistical tools easily, to reach various conclusions and 
inferences significant to the policymakers and can be used for better public health 
decision making, for example, what adulterants are common in a given food product, 
supplies from which region are showing highest non-compliances and which process 
steps are at high risk of getting a non-compliance and what are the lacunae in the 
supply chain.

Rapid data exchange: Digitization facilitates audit data exchange between all 
the stakeholders and parties involved in the auditing process, thus making it easier 
to correspond and communicate regarding corrective actions and non-compliance.

Real-time monitoring: The monitoring data obtained from digitizing the audit 
process allows different Food Safety Management Systems of an organization to 
check the entire procurement, production, and supply chain systems for compliance 
and non-compliance on a real-time basis.

Training of the auditors: Training of the auditors is an essential component 
of a robust audit process and digitization has made online training on principles 
and methodology of the audit processes, preventative controls such as detecting 
and preventing adulteration, safe food handling, food handler health awareness 
and more, available to auditors, enabling them to gain knowledge, and competence 
without traveling. Such common digital platforms providing online training can 
be accessed virtually by auditing agencies for their employees working as external 
auditors, food industry for their internal auditors, and foodservice operators (e.g. 
restaurants, hotels, canteens) for their employees across the globe covering a very 
large workforce compared to off-line training and simultaneously saving costs for 
each stakeholder.

Tracking of the supply chain: Digitization enables real-time tracking and 
monitoring of vehicles used for transportation and delivery of food products and 
quickly identifies vehicles having deviation from the prescribed temperatures thus 
preventing temperature shock to the product, maintaining product quality and safety, 
and also the deviations can be reported and corrected immediately.

No multiple audits: Digitization has transformed supplier management in the 
food industry. All the relevant nutritional information and certifications are verified 
and digitized on a common digital platform and are available for the buyers to view 
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and thereby reducing the need for multiple supplier audits thus saving time and 
costs for all the stakeholders.

Addressing the shortage of auditors: The ratio of auditors to the food 
manufacturing facilities to be audited across the globe is not satisfactory due to the 
shortage of competent auditors and better use of digital tools and technology can 
solve the problem of shortage of auditors in the auditing field and thus improving 
the efficiency and effectiveness of the auditing process (Harris, 2019).

Traceability and food safety: Digitization has transformed the traceability 
and recall processes in the food industry making auditing and the entire food safety 
system more robust. Technology has enabled manufacturers and processors to trace 
their food right from their suppliers to retailers. These days many larger buyers are 
expecting their suppliers to have high-end tracking technologies. For example, after 
the 2018 Romaine lettuce, E.coli outbreak the Wal-Mart demanded that all of the 
company’s leafy green suppliers should have blockchain technology which allows 
for transparency in terms of recording, storing, and securing data (Keogh, n.d.). 
Blockchain is a system of linked chain that stores auditable data and information 
in units called blocks across a network of users in a virtual open space, allowing 
all users to simultaneously look at records, reports, audit evidence, etc. in real-time 
and since the data and information are not stored at any particular single location, it 
is almost impossible to hack the information. Blockchain has immense potential to 
revolutionize traceability and recalls, thus food safety in the food industry. Walmart 
has employed this technology for conducting traceability tests on mangoes and the 
blockchain remarkably increased the efficiency of traceability by reducing the time 
required to trace the product’s origin. By using blockchain, the time required to 
trace mangoes back to their original farm was reduced from six days, 18 hours, and 
26 minutes to only 2.2 seconds. During an outbreak of disease or contamination, 
tracing and recall in few seconds by using blockchain technologies can save many 
lives. Blockchain is also being used by some certification bodies in audits (Food and 
Agricultural Organization [FAO], 2019). Another recent development in traceability 
is 2DBarcodes storing a large amount of product information at the Point-Of-Sale, 
for example, batch number, lot number, best-before date, use-by date, pack date, 
product weight, product price, and more.

Predictive modeling enabled risk reduction: Predictive modeling has emerged 
as another innovation in the digitized audit system. In financial auditing, predictive 
modeling provides the auditors with early warning indicators in real-time (throughout 
the audit year) before the year-end annual audit. Unilever used predictive modeling 
to develop a probabilistic exposure assessment to assess the safety of REPFEDs 
(refrigerated processed foods of extended durability) about Bacillus cereus by 
taking into consideration many factors including raw material contamination, heat 
treatment, bacterial spore heat resistance, injured spore lag time and growth potential, 
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chilled supply-chain market (split into the warehouse, retail, consumers steps) and 
consumers’ habits (e.g. time for shopping, a time before consuming) to predict the 
growth of Bacillus cereus (Membré et al., 2007). Food safety predictive modeling 
would help in conducting the audits which follow a risk-based approach and aim at 
maximizing risk reduction, rather than focusing on the traditional model of interval-
based audits followed by the remedial intervention (Martin, 2018).

Benefits of smart glass technology: The smart glass technology coupled with 
intelligence allows real-time, hands-free two-way audio-visual communication over 
any distance across the globe. The person wearing smart glasses can talk to a remote 
viewer and view images or video messages on the device’s visual display. The remote 
viewer − via computer, smartphone, or tablet – can see the other person’s point of 
view through the lens of the wearable device. The use of smart glasses by many 
companies in training auditors and conducting shadow audits by allowing experts 
to be “virtually” on-site anywhere in the world at any time and has significantly 
reduced the traveling cost and other expenditures compared to on-site training and 
audit programs.

LESSONS TO BE LEARNT

Various food manufacturing and processing units, national and international bodies, 
retail chains, and global auditing agencies are setting examples by being pioneers 
in adopting new techniques, methodologies, and processes in the auditing system.

With the digitization of their entire food safety management system, Dubai has 
taken a global leader in protecting the health and well-being of residents of Dubai 
and the millions of visitors. Dubai has taken purposeful steps in advancing towards 
an integrated and digitized approach and announced its open data and blockchain 
policy in 2016.

Freshchain, an Australian-owned and operated company is using blockchain and 
artificial intelligence to improve traceability throughout the supply chain.

National Sanitation Foundation (NSF) international has begun to trial smart 
glasses in actual food safety audits of foodservice operations, to augment auditor 
knowledge and access to data. For NSF, this brings greater accuracy and efficiency 
when executing over 150,000 food safety and quality audits around the globe each 
year. At a time when there is a much greater need for specialized expertise, and an 
aging workforce of auditors that is no longer willing to travel to conduct on-site 
audits, the smart glasses technology introduces the capability to bring these experts 
to the audit without them ever having to leave their home or office.

In Australia and New Zealand, the Joint Accreditation System of Australia and 
New Zealand (JAS-ANZ) is conducting a trial on using smart glasses. The trial is 
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aiming to evaluate smart glass technology for effectiveness by comparison with 
having JAS-ANZ staff, technical experts, or mentors on-site, including evaluating 
the costs of the glasses (including associated costs such as couriering, mobile phone 
costs, etc.) compared to the costs of having JAS-ANZ staff on-site.

In Europe, risk-based approaches have been planned where the businesses with 
good audit performance and low-risk may be audited less frequently and replaced 
with remote audits in some years. BRCGS has brought many changes in its new 
version from the expansion of the requirements for environmental monitoring (sanitary 
design, personnel practices, and operational methods) to an increased number of 
unannounced audits to further strengthen food safety systems (Solar, n.d.).

CHALLENGES, ISSUES, AND PROBLEMS IN AUDITING

The food safety and quality audit processes have evolved over the years to keep 
pace with changing consumers’ requirements, the regularly revised national and 
international standards, and advanced technology. However, any changes in existing 
audit processes and techniques though can solve some existing problems and can 
bring improvements in operations but side by side might pose new challenges in 
its adoption and execution. Also, the dynamic nature of the global food markets 
keeps bringing new issues and problems in the auditing area which further demand 
improvements in audit processes and the cycle continues to go on. The challenges 
and problems faced by different stakeholders of the auditing process are as follows:

Multiple audits: The problem of multiple audits is as old as the audit process 
itself. The food manufacturers and processors usually complain that despite the launch 
of commonly recognized private schemes such as GFSI and international standards 
such as ISO 19011: 2018, they are still subjected to multiple audits, sometimes 10 or 
even more. Most of these audits are conducted by different buyers using their audit 
schemes and demands. There are several reasons behind the multiple audits and a 
lack of trust in audit findings of the private schemes is one of them. Some buyers are 
of the view that many existing audit schemes have become mere checklists that do 
not provide the details that they want to see in the product and services and therefore 
they must conduct their audit as per their requirement. Many buyers complain that 
in many cases the food poisoning outbreaks have happened even after the third-
party audits thus questioning the efficiency of third-party audits and they have to 
conduct an audit on their own to ensure that food quality and safety are maintained 
as per consumers’ satisfaction. Another issue that concerns buyers is that an auditor 
might conduct an audit on various elements of products, processes, and systems 
in a food business unit as per the audit plan, yet the auditor, when evaluating these 
elements, may only rate them either as fully compliant, or partially compliant or 
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non-compliant and thorough details are provided only when the given point is fully 
non-compliant. The detailed information about the elements which are partially 
compliant is equally important as these are the sources for future non-compliances. 
Besides many food companies, want additional details regarding the operations of 
a supplier and want to rely on this detailed information when evaluating a supplier 
as a potential partner, so they are of the view that they have to do their audit even 
though the company has passed a food safety audit (Stier, 2020).

Old technology: The continuous use of paper-based systems in auditing, and 
the failure to communicate information across the stakeholders on a real-time basis 
is another challenge.

Challenges in adopting digitization in the audit process: Although the benefit 
of digitizing food safety audits outweighs the traditional paper-based approach, 
the former can prove to be a challenge if not implemented and managed correctly. 
Digitization needs to be introduced and implemented sustainably to minimize the 
loss of jobs. Both experts agreed that while advanced technology seems to hold 
promise in helping the audit situation, food manufacturers are not generally buying 
them because they are expensive, company owners do not see a high return on the 
investment, and some are even wary of making it easier to be prosecuted should 
something go wrong.

Problems faced by the auditors: There are several problems faced by the auditors 
such as advanced age, the physical and time demands of the job and inadequate 
compensation, traveling nature of the job, contractual work so no working days - no 
money, no compensation for travel time to facilities, or for the time they need to 
undergo training. Besides that, auditing is a never-ending job for the auditor as the 
audit reports are to be written along with follow-up on any corrections that need 
to be made.

Challenges faced by auditing schemes: The organizations running auditing 
schemes face the problem of the auditee and their perception of audit only as 
compliance and as an unavoidable necessary activity to an improved food safety 
culture across the business at any point in time. Organizations across the globe are 
trying to address this issue to make the audit process a sought activity rather than 
a burden.

RECOMMENDATIONS AND SOLUTIONS

Focus on auditors: Auditors are the backbone of any robust and efficient audit 
program and to carry out efficient audits, it is essential to pay attention to their work 
environment, monetary benefits, and other incentives. The creation of a lucrative 
career path having well-paid entry-level positions and frequent promotions to move 
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up in the profession are need of the hour to attract the food safety auditors. Also, the 
introduction of blended and off-site online audits with the use of modern technology 
can ease the burden of traveling on the auditors.

Unscheduled or unannounced audits: Unscheduled or unannounced audits 
can solve the problem of the one-day-per-year mentality of the auditee, faced by the 
auditing schemes, and are being used as a tool for ensuring year-round compliance. All 
the stakeholders should understand the importance of unscheduled or unannounced 
audits in reducing costs and bringing the culture of food safety in the longer term. 
The governments and the certification bodies across the globe should focus on 
incentivizing food businesses to move from a compliance/ market access mindset 
to the opportunity of a robust food safety culture with unannounced audits.

Adoption of risk-based auditing: Risk-based auditing has emerged as a new 
development while conducting food safety and quality audits. It is based on more 
frequent audit visits for poor performers/higher-risk products, processes, and systems 
thereby giving them ample opportunities to improve, and, very few and less frequent 
audit visits for good performers/lower-risk products, processes, and systems to 
incentivize them to maintain their performance by reducing their costs. However, 
it has not been adopted by all major auditing schemes like GFSI and others.

Regular revisions in standards: All ISO standards are reviewed and revised 
regularly to make sure that they remain relevant to the changing needs of all the 
stakeholders and the ever-changing marketplace. Over the years, ISO has developed 
additional standards for supporting the certification of food safety management 
systems and for defining prerequisite programs and auditor competencies (Stier, 
2020). ISO 22000:2018 encompasses the latest trends and food safety requirements, 
and is a timely response to the rising global demand for food safety and to overcome 
the challenges faced by the food industry as it includes improvements in definitions, 
a better understanding of the concept of risk, distinguishing between risk at the 
operational level and the strategic level of a management system and more. The third 
edition (ISO 19011:2018) has added new approaches in the principles of auditing, 
expanded the guidance on conducting, and managing an audit program, expanded 
guidance on new concepts such as leadership and commitments, virtual audits, 
compliance, and supply chain. Therefore, it will help to address the growing need 
for robust and sustainable food security systems (ISO, 2018a).

Regular revisions of audit programs: The audit programs should be reviewed 
to identify needs for changes in planning, methodologies, and execution and possible 
opportunities for improvements.

Digitization in auditing: Many private auditing agencies, schemes, and big 
players like Walmart are adopting new technologies like blockchain, the internet 
of things, smart glasses, and digital platforms for real-time communication of their 
operations starting from procurement to production, processes, tracing, recalls, and 
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audit systems amongst all stakeholders. For example, the Foodwatch is a cutting-
edge digital platform for food safety and nutrition functional in Dubai. However, 
digitization is in the budding stage and there is no clear trend at present on which 
digital technology will be most useful for the industry to pursue and further research 
is required. Moreover, the digital platforms need to be designed at the international 
level by organizations like ISO for uniform and rapid adoption of digital technology.

Regular update of auditing schemes: GFSI fully recognizes the option of 
partially remote audit, however fully remote audits are yet to be recognized by 
GFSI. Therefore, GFSI should update itself by recognizing fully remote audits so 
that all the stakeholders across the globe can maintain the robustness of the food 
safety systems during situations like the COVID-19 pandemic which does not allow 
direct physical audits.

FUTURE AND EMERGING TRENDS

Remote or blended auditing: Remote auditing or blended (mix of on-site and 
remote) auditing is a trend on the global audit horizon, brought into sharp focus 
through the COVID-19 pandemic. Digitization in the auditing sector has made it 
possible to conduct full or partial remote auditing which has emerged as a future 
trend in auditing. Since October 2020, all FSSC 22000 licensed Certification Bodies 
(CBs) can deliver FSSC 22000 auditing and certification for food safety and quality 
by utilizing the full remote audit option. Similarly, since July 2020 CanadaGAP has 
introduced the option of a partial remote audit in its auditing process.

Risk-based auditing: Risk-based auditing has emerged as a new development 
while conducting audits, which includes more frequent audit visits for poor performers/
higher-risk products, processes, and systems thereby giving them ample opportunities 
to improve, and, very few and less frequent audit visits for good performers/lower-risk 
products, processes, and systems to incentivize them to maintain their performance 
by reducing their costs.

Self-assessments: Strengthened self-assessments are also growing in prevalence, 
with self-assessments forming part of some schemes’ processes to help in reducing 
costs.

CONCLUSION

Food safety and quality audits have gained utmost importance in recent times for every 
stakeholder in the food industry such as suppliers, manufacturers, processors, and 
end consumers by offering benefits to each one of these. The suppliers benefit from 
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reducing unnecessary multiple audits thereby reducing their cost, the manufacturers 
and processors benefit from gaining the credibility and confidence of the consumer 
which is essential for staying in the marketplace and the consumers benefit from the 
assurance that they are consuming safe and healthy food and are getting value for their 
money. When the audit is performed in any food industry or food service providers 
(restaurants, hotels, etc.) by following the principles and detailed methodology is 
described in the ISO 19011 (2018), one can surely achieve the objectives of ensured 
quality and safety in the given food product. However, the auditing process is still 
evolving and digitization of auditing has opened up new avenues for the auditing 
sector of the food industry and has the potential to deliver real-time assurance of 
food quality and safety on basis of predictive modeling which gives the insight into 
what went wrong to what is likely to go wrong. Though digitization seems promising 
the global food industry needs development and implementation of common digital 
platforms at the global level by organizations like ISO for the benefit of one and 
all. Moreover, the key to improving food safety is the generation of a robust food 
safety culture across the business system and processes which can be established by 
overcoming the ‘one-day one-year’ mentality about the audit programs.
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KEY TERMS AND DEFINITIONS

Adulteration: Food adulteration refers to the process of lowering the quality 
of the food either by substituting the main product wholly or partly and either by 
the addition of inferior quality material or by extraction of valuable ingredient and 
the added substances may be injurious to health, e.g., removal of fat from milk and 
selling it as full cream milk is adulteration.

Audit: A food safety audit is a structured activity performed by an auditor who 
checks and collects the evidence to ensure that the given food product, processes 
involved, and the supply chain points comply with the requirements, criteria, 
specifications, and procedures set out in the food safety standards, legislation, and 
internal standards of operation.

Audit Agenda: The audit agenda is the time-table schedule for conducting the 
actual audit and sent to the auditee (business unit being audited) well in advance 
of the audit to enable the auditee to make sure that the required personnel and 
documentation of each section/unit (purchase, production, quality) to be audited 
are ready when the auditor conducts the audit.

Audit Conclusions: Audit conclusions refer to the overall outcome of an audit 
program provided by the audit leader or the audit team after a thorough evaluation 
of audit results. The checklist findings and all the data and information gathered 
during the process of auditing should be reviewed by the auditor against the reference 
standard.

Audit Criteria: Audit criteria refer to the range of requirements or standards 
against which the audit is conducted. These requirements can be related to one 
or more management system standards, technical standards for a given product, 
statutory and regulatory requirements, or any other requirements specified by 
relevant interested parties. The food safety and quality audit may be conducted 
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against the above-mentioned audit criteria, separately or in combination, including 
but not limited to these.

Audit Scope: The scope of food audit refers to the details regarding coverage 
of the audit activity such as the physical and virtual location of the unit, products, 
and processes, time, etc.

Food Auditor: A food auditor is a trained person having multi-disciplinary 
knowledge about the manufacturing processes, standard operating procedures, risk 
assessment, monitoring, human resources, food quality and safety, microbiology, 
chemistry, toxicology, engineering, and so on with the competence to conduct an 
audit in a systematic, independent, and documented manner for obtaining the audit 
evidence, and thereafter evaluating it objectively to assess the extent of compliance 
to national and international food safety standards.

Food Quality: Food quality is a holistic concept that includes all the factors that 
will influence consumers’ acceptability of any product including positive attributes 
such as nutritional value, cultural value, color, taste, flavor, texture as well as negative 
attributes such as spoilage, contamination, adulteration, food safety hazards.

Food Safety: Food safety means the assurance that a given food will not cause 
any adverse health effect, toxicity, or injury to the consumers as it has been handled, 
prepared/manufactured, and stored in compliance with the food standards laid down 
by various governments and international bodies and it is free from any contaminants 
and adulterants or any non-permitted additives.

Food Standard: The food standards are laid down by various governments and 
international bodies for manufacturers/suppliers in the food industry to ensure that safe 
and quality foods are reaching the consumers. These consist of a set of criteria and 
specifications regarding various physical, chemical, and microbiological parameters 
such as raw materials used during manufacturing, chemical composition, color, 
permissible food additives, and maximum bacterial content, etc. that a particular 
food product must meet to ensure that consumers get safe food and value for money.

Management System: It refers to the set of interrelated, interconnected, 
or interacting elements of an organization that are involved in establishing the 
organization’s structure, roles and responsibilities, planning, operation, policies, rules, 
objectives, and the processes to achieve those objectives addressing single or multiple 
disciplines, e.g., quality management, financial management, or environmental 
management or the entire organization.
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ABSTRACT

Food poisoning cases in Malaysia showed an increasing trend every year where 
496 episodes were reported in 2018 as compared to 401 episodes in the same week 
of the year 2017. Bacillus cereus is one of the foodborne pathogens related to food 
poisoning cases in Malaysia. The main cause for the outbreak of B. cereus is the 
unregulated temperature during holding time. This study was conducted to detect the 
presence of aerobic bacteria and B. cereus present in ready-to-eat food in Northern 
Perak. A total of 83 food samples were collected and analyzed for the microbial 
count. The result shows that aerobic bacteria and B. cereus were detected in 28% 
of the samples. B. cereus count in food samples tested ranged from 100 cfu/g to 
42000 cfu/g, whereas the aerobic bacteria recorded a range of 500 cfu/g to 2100000 
cfu/g. The highest percentage of B. cereus was found in rice-based food, followed by 
meat, poultry, and gravy dishes. Positive colonies of B. cereus were further tested 
for anti-microbial resistance profile. Most B. cereus isolates showed resistance to 
tetracycline and clindamycin.
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INTRODUCTION

Food poisoning is the result of eating contaminated, spoiled, or toxic food. According 
to the Centers for Disease Control and Prevention (CDC) Trusted Source, 1 in 6 
Americans will contract some form of food poisoning every year. In Malaysia, 50.90 
incidence rate per 100,000 population of food and waterborne disease involved food 
poisoning, followed by dysentery (0.67), typhoid and paratyphoid (0.55), hepatitis 
A (0.29) and cholera (0.25) (Ministry of Health Malaysia, 2020). Symptoms can 
differ depending on the source of the infection. The incubation time for symptoms to 
appear also depends on the source of the infection, but it can range from 30 minutes 
to 15 hours (Food & Drug Administration [FDA], 2012).

Common causes of food poisoning typically include at least three of the following 
symptoms: abdominal cramps, diarrhea, vomiting, loss of appetite, mild fever, 
weakness, nausea, headaches. Staphylococcus aureus, Escherichia coli, and Bacillus 
cereus have been identified as the most common pathogenic microorganism from food 
and hand swab samples (Okareh & Erhahon, 2015) and the isolates of Bacillus cereus 
has been shown to demonstrate resistance to various common antibiotics (Penido et 
al, 2013). In addition, a significant percentage of outbreaks of foodborne diseases 
are caused by foods that are poorly processed (Fang et al., 2003). The objectives of 
this study were to determine the prevalence of B. cereus in ready-to-eat (RTE) food 
and the antimicrobial resistance of detected colonies towards common antibiotics.

BACKGROUND

Food Poisoning Cases in Restaurants

Almost 1 in 10 people in the world fall ill every year after consuming spoiled food, 
causing 420,000 deaths (FDA, 2018). From 1992 to 2009, 677 restaurant outbreaks 
reported in England and Wales affected 11,795 people with 491 hospitalizations 
(Gormley et al., 2012). Department of Standard Malaysia (2020) reported that food 
and water-borne diseases increased by 12% in 2019 where 97% are food poisoning 
cases.

Food handling and preparation practices in the restaurant followed by food 
handlers are the most common contributing factors of food poisoning reported in 
restaurants in the United State from 1998 to 2013 (Angelo et al., 2017). Numerous 
studies on local ready-to-eat (RTE) food have linked hygiene practices to the cross-
contamination from hands to food (Okareh & Erhahon, 2015 and Lee et al., 2017). 
Apart from cross-contamination, environmental contamination, and under-cooked 
dishes were identified as contributing factors of food poisoning in the restaurant 
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in the United Kingdom and Pittsburgh which caused a large outbreak in 2009 and 
2013, respectively (Severi et. al., 2012; Torso et al., 2015).

Bacillus cereus as Food Spoilage

Bacillus cereus is a Gram-positive, spore-forming bacteria, capable to grow in a 
wide range of temperatures which is often related to causing foodborne disease 
(Christiansson, 2002; Guinebretiere et al., 2003 and Tirloni et al., 2019). Even though 
B. cereus is commonly related to rice, there are many outbreaks from a variety of 
foods in Europe since 1950. It naturally exists everywhere and the heat resistance 
of its endospores, joint with psychrotrophic properties, make it a likely contaminant 
of cooked and chilled foods (Christiansson, 2002 and Guinebretiere et al., 2003).

This bacterium is divided into two types of B. cereus-related illness which are 
gastrointestinal (emetic) diseases and diarrhoeal disease. The gastrointestinal type 
is most likely the result of eating contaminated rice or other starchy product which 
produce toxins between 30 minutes and 5 hours after ingestion. On the other hand, 
the diarrhoeal form caused by the presence of B. cereus in the intestine resulted 
from eating infected food. In some outbreaks both diarrhoeal and the emetic types 
of illness had been reported together (Christiansson, 2002).

B. cereus does not require a complex nutrient and is commonly found in soils 
with a low nutrient amount (Kotiranta et al., 2000). Due to this characteristic and 
its ability to form spores, B. cereus is able to spread easily and is related to a wide 
variety of infection-related foods, including cooked meat and vegetables, boiled or 
fried rice, vanilla sauce, custards, soups, ice cream, herbs, and spices. Since this 
organism’s spores are heat-resistant and can withstand cooking temperature, this 
bacterium can contaminate cooked foods (Schneider et al., 2017). Previous studies by 
Gadaga et. al., (2008) and Fang et. al, (2003) also found the prevalence of B. cereus 
in the stew, vegetables, and salads, chilled ready-to-eat (RTE) food, sandwiches, 
cold noodles, and rice balls.

Antibiotic Resistance of Bacillus cereus

In 2013, the first Antibiotic Resistance Threats Study in the United State (US) had 
alarmed about antibiotic resistance where at least 2 million people reported getting 
an antibiotic-resistant infection every year in the US resulted in 23,000 people 
dying (US Department of Health & Human Services, 2019). Antimicrobial agents 
such as antibiotics are necessary to treat infections caused by bacteria. However, 
their overuse and misuse in veterinary and human medicine has been related to the 
development and spread of resistant bacteria. This condition results in making the 
treatment of infectious diseases ineffective in animals and humans.
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Earlier studies found that B. cereus isolates were highly resistant to beta-lactam 
antibiotics (Shilla, 2011; Bilung et. al., 2018 and Torkar & Bedenić, 2018). Since 
beta-lactam antibiotics are frequently used to treat food poisoning, the incidence of 
resistant strains to these antibiotics may be a matter of concern as it may result in 
ineffective medications and useless efforts to monitor and prevent them. Another 
research by Jawad et. al., (2016) also found some of these bacterial strains be resistant 
to most commercial antibiotics, including tetracycline, gentamicin, vancomycin, 
penicillin, nalidixic acid, and nitrofurantoin.

METHODOLOGY

Sample Collection and Microbial Analysis

Eighty-three food samples were collected from twenty-five food facilities in Northern 
Perak, Malaysia from June to August 2020. Ethical approval (JKEUPM-2019-043) 
was obtained from the Ethics Committee of Universiti Putra Malaysia on 11 June 
2020. Food samples were collected and kept in a cold box occupied with ice and 
were taken to the laboratory for microbial analysis. For this study, food samples 
were analyzed for aerobic bacteria using APC agar and Bacillus cereus (BC). 
Enumeration steps for each food sample were done as in Figure 1. This method 
referred to Bacteriological Analytical Manual (2012) and Biokar Diagnostic (2019).

Antibiotic-Susceptibility Testing of Positive Colonies

Antibiotic-susceptibility testing (AST) for each Bacillus cereus colony detected was 
done as below. Five types of antibiotics were used to test the antibiotic resistance of 
the colonies. This method (Figure 2) referred to Cockerill et al, (2013).

FINDINGS AND DISCUSSION

Microbial Count in Food Sample

The microbial analysis tested were aerobic bacteria and Bacillus cereus (Figure 3). 
From 83 food samples, 28% were detected with Bacillus cereus, while 61% were 
detected with aerobic bacteria only. B. cereus count in food samples tested, ranged 
from 1.0×102 cfu/g to 4.2×104 cfu/g, whereas the aerobic bacteria recorded a range 
of 5.0x102 cfu/g to 2.1x106 cfu/g.
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There are guidelines for unsatisfactory ready-to-eat food in Australia and Europe 
which limit to less than 105 CFU/g for total plate count and less than 104 CFU/g for 
B. cereus. These microbiological limits are also used worldwide by other countries. 
More than 104 CFU/g B. cereus in food are reported to cause food poisoning (Bolton, 
2009 and Food Standard Australia New Zealand [FSANZ], 2018). Malaysia does not 
have a specific microbiological limit for ready-to-eat food but in Part VII Incidental 
Constituent: 39(2), there is a statement stated that “no person shall import, prepare 
or advertise for sale any food ready for consumption that is contaminated with 
pathogenic microorganism” (Malaysia Food Regulation,1985).

Figure 1. Steps for APC and BC microbial analysis of food sample

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



31

Prevalence of Bacillus cereus in Ready-to-Eat Foods in Northern Perak, Malaysia

The type of food tested in this study were rice-based, poultry, meat and gravy 
dishes as shown in Table 1.

The highest percentage of Bacillus cereus was detected in meat and rice-based 
food, followed by poultry, and gravy dishes. However, no significant difference 
between the types of food to microbial count was found. Previous studies also showed 
the same type of food reported incidences of B. cereus which 50-73% in cooked 
rice, 27-33% in curry and 17-34% in cooked meat (Sandra et al., 2012; Erihun et 
al., 2015; Ali et al., 2017; Yu et al., 2020; Sornchuer & Tiengtip, 2021).

Figure 2. Steps for AST analysis of positive B.cereus colony
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Rice had been the most common food contaminated with B. cereus. Additionally, 
even though precooked rice is contaminated at very low levels of B. cereus due to 
its natural presence in different substrates, storing at room temperature would allow 
rapid spore germination and toxin-producing food contamination (Choi et al., 2014 
and Tirloni et al., 2019). A study done by Bilung et al., (2018) found that 100% 
of samples of local unhusked rice collected in Sarawak, Malaysia were detected 
with B.cereus. However, the percentage of B. cereus detected in cooked food was 
considered low compared to food detected with aerobic plate count. A study was 
done by Tirloni et al., (2019) reported a low percentage of which only 3 out of 38 
total samples (7.89%) were detected with B. cereus in fried rice meals.

Other studies towards various cooked foods in China and Thailand reported 35% 
and 21% samples respectively, were positive with B.cereus (Yu et al., 2020 and 
Sornchuer & Tiengtip, 2021). Types of foods tested were cooked meat, vegetables, 
rice and noodles dishes, soups and curries, and miscellaneous foods. Although 
vegetable dishes are considered low-risk food, they are usually not subjected to 
heat treatment resulted in incomplete elimination of microorganisms (Yu et al., 

Figure 3. (left) Colonies of Bacillus cereus on COMPASS selective media for Bacillus 
cereus agar, (right) Aerobic colonies on Total Plate Count agar

Table 1. Percentage of microbial detected based on type of food

Type of RTE food No. of food APC (% detected) BC (% detected)

Rice 40 37 (93%) 15 (38%)

Poultry 11 9 (82%) 2 (18%)

Meat 7 7 (100%) 3 (43%)

Gravy 25 21 (84%) 3 (12%)

Total 83 74 23

RTE - ready-to-eat, APC - aerobic plate count, BC - Bacillus cereus
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2020). Moreover, fruits and vegetables are usually in contact with soil that contains 
high levels of spore-forming bacteria such as B. cereus and other Bacillus spp. 
(Guinebretiere et al., 2003).

Antibiotic Resistance of Bacillus cereus in Food

There were five types of common antibiotics used to check the resistance of B. 
cereus extracted from food samples. The analysis was done on Mueller-Hinton 
agar using the antibiotics disc diffusion method (Figure 4). The antibiotics used 
were clindamycin (2 ug/ml), chloramphenicol (30 ug/ml), tetracycline (30 ug/ml), 
gentamycin (10 ug/ml), and vancomycin (30 ug/ml). The resistance level of strains 
towards antibiotics used was determined by comparing the diameter of the zone to 
the CSLI guideline. The percentage of antibiotic resistance were shown in Table 2.

Figure 4. (left) Antibiotics disc on Mueller-Hinton agar inoculated with B.cereus 
before 24 hours incubation time, (right) Resistance zone of B. cereus on Mueller-
Hinton agar after 24 hours incubation time

Table 2. Resistance level of Bacillus cereus strain towards different antibiotics

Antibiotics Concentration 
(ug/ml)

No. of strains (%)

Sensitive Intermediate Resistant

Clindamycin 2 47 35 17

Chloramphenicol 30 78 17 4

Tetracycline 30 47 0 52

Gentamycin 10 83 17 0

Vancomycin 30 47 52 0
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The results found that B. cereus isolates showed resistance to tetracycline and 
clindamycin, which is supported by a study done by Jawad et al., (2016) and Ahmed 
et al., (2020). There is no need for bacteria to be resistant to many antibiotics to be 
dangerous because resistance to even one antibiotic also can mean serious problems. 
This is because the bacteria can cause more harm to patients with antibiotic-resistant 
infections and caused longer care and recovery period due to the need for using 
second-and third-line treatments (US Department of Health & Human Services, 2019).

On the other hand, isolates were found to be highly sensitive to chloramphenicol, 
gentamycin, and vancomycin. These findings were supported by previous studies by 
Chon et al., (2012), Arsian et al., (2014), Gdoura-Ben et al., (2019), Fiedler et al. 
(2019), Zhao et al. (2020) and Sornchuer & Tiengtip (2021) who also reported the 
same results. Besides, there was a case report in 2016 found that vancomycin as the 
most suitable treatment for B. cereus bacteremia (Aygun et al., 2016). However, it was 
contrasted to a study done by Ali et al. (2017) which found isolates were resistant to 
vancomycin (87.5%) and clindamycin (91.6%). The difference in findings showed 
that isolates can develop new ways to resist antibiotics which caused relying on one 
type of antibiotic for certain bacteria may no longer effective. 

The resistance mechanism of bacteria can work in several ways to survive from 
antibiotics by (i) developing new cell processes that avoid using the antibiotic’s 
target, (ii) destroying the antibiotic with enzymes or protein that can break down 
the antibiotic, (iii) changing the entryways or limiting the number of entryways 
to restrict access of antibiotic, (iv) changing the antibiotic’s target to make drug 
can no longer fit and (v) using its pump to get rid of antibiotic. At worst, some 
resistant germ can also pass directly their resistance to other germs that have not 
been exposed to antibiotics either by (i) transferring resistance genes via phages, 
(ii) transferring resistance genes when they connect by DNA conjugation, and (iii) 
picking up resistance genes released from nearby live or dead germs by another 
germ. (US Department of Health & Human Services, 2019). As the use of antibiotics 
also kills helpful bacteria that naturally protect humans, resistant germs have bigger 
advantage to multiply and emerge.

FUTURE RESEARCH DIRECTIONS

Antimicrobial resistance (AMR) microorganisms have been reported to be increasing 
worldwide. This happens due to the overuse of drugs especially in the animal farms 
such as poultry, cattle, fish, and others involving animals in large quantities. To top 
it all off, some of the bacterial pathogens develop multiresistant to more than one 
antibiotic which makes it harder to be eradicated. Infections of these superbugs among 
humans will cause huge problems because the treatment in health facilities might 
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become useless and difficult. This situation can lead to severe health problems as 
might also cause death. Overuse of antibiotics can also release them to the environment 
through improper irrigation, which can lead to more AMR organisms. Continuous 
research on antimicrobial resistance testing to more types of antibiotics is crucial 
for finding the most suitable antibiotic for the treatment of food pathogens. Besides, 
future studies should include a larger randomized sample size across the country to 
permit better and broad statistical results. Overall, the One Health approach, which 
is the collaborative efforts of multiple disciplines working locally, nationally, and 
globally, to attain optimal health for people, animals, and the environment should 
be practiced in all sectors including the food industry. This initiative can ensure the 
food source is clean, safe, and healthy.

CONCLUSION

From this study, it was discovered that about 28% of the ready-to-eat foods sold 
are contaminated with B. cereus with the highest percentage detected was in the 
meat and rice-based sample. The bacterium was also isolated in poultry and gravy 
dishes at a low percentage. In addition, the samples were contaminated with a high 
percentage of aerobic bacteria. Even though there was no significant difference 
between the type of foods to microbial count, the food safety and hygiene practices 
of food handlers are questionable since 83% of the food tested were contaminated. 
The mean count of B. cereus was in the range of 102 to 103 which is still considered 
as safe based on the international standard of RTE food. However, the number of 
aerobic bacteria exceeded the allowable limit which is more than 104. Further study 
found that some isolates detected showed resistance to few antibiotics which were 
tetracycline, clindamycin, and chloramphenicol. However, no isolate was resistant 
to gentamycin and vancomycin. The finding of the antimicrobial resistance profile 
of B. cereus towards several antibiotics showed that relying on one type of antibiotic 
for certain bacteria may no longer be effective and is a cause for concern.
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KEY TERMS AND DEFINITIONS

Antibiotic Resistance: This could happen when microorganisms like bacteria 
develop the ability to resist the drugs designed to destroy them. Antibiotic resistance 
is a major concern of overuse of antibiotics.

Food Poisoning or Foodborne Illness: An infection or irritation of the digestive 
tract that is caused by eating contaminated food. The illness is commonly caused 
by viruses, bacteria, and parasites.

Food Spoilage: This could occur when there are changes in the food through 
physical, chemical, enzyme deterioration, or microorganisms growth, that lead to 
the food becoming damage, inedible, or unsafe for human consumption.

Foodborne Illness Outbreak: This outbreak occurs when two or more people 
experience the same illness resulting from the consumption of the same contaminated 
food or drinks.

Ready-to-Eat (RTE) Foods: Food products that are pre-cleaned, precooked, 
mostly packaged, and ready for consumption without prior preparation or cooking. 
Examples of RTE foods are salads, cooked meats, smoked fish, desserts, sandwiches, 
cheese, and food that is cooked in advance to serve cold.
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ABSTRACT

In this modern era of digitalization and consumer awareness regarding food safety 
issues, it has become important to build proper strategies that can ensure the quality 
and safety of the food items from farm to forks. People love to eat at restaurants not 
only during business meetings but also with their family for fun and entertainment. 
The choice and safety of the food is vital to attract the consumer in this competitive 
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INTRODUCTION

Due to advancements in modern technologies and consumer awareness about the 
foods and their ingredients, it has become important to ensure the quality and safety 
of the food items. Food quality and safety are the important criteria that help for the 
selection of the food that the consumer eats. If they eat low quality and substandard 
food products then they will suffer from different ailments and become a burden 
not only on their loved ones but also on society. Therefore, the government and the 
consumers are focusing on the quality and safety of food products. It is an important 
tool to ensure the quality of life and a way to compete with their market competitors.

Food safety and quality of any substance are distracting by the presence of any 
hazard or foreign particle. There are three types of hazards (physical, chemical 
and microbiological) that may be present in the food. These hazards may come in 
contact with food through contamination, mishandling unhygienic and poor sanitary 
practices during handling, processing, storage and serving of food. The ingestion of 
such hazards present in the food may lead to illness. There are intrinsic and extrinsic 
sources of these hazards (Edwards & Stringer, 2007). The intrinsic source of physical 
hazards includes fruit stalk in dried fruits as well as the presence of bone in boneless 
meat products. The extrinsic sources of physical hazards are glass, rubber or metal 
etc. The presence of a foreign body in food may be a risk factor that is dependent on 
the size, shape, type, hardness and sharpness of the object. The existence of external 
hazards in food leads to choking as well as in few cases surgery may be required 
to remove these foreign objects from the body (Bansal, et al., 2017; Hyman, et al., 
1993; Olsen, 1998). In addition to this, chemical and biological hazards are more 
problematic as one cannot see them with a naked eye and the presence of such 
hazards in the food may seriously damage nutritional, organoleptic and textural 
characteristics. The ingestion of such hazards may lead to food poisoning and severe 
physiological damage, which ultimately reduce one´s immunity.

Food industries and foodservice sectors such as hotels and restaurants are very 
conscious about the product. The restaurants receive raw and processed materials. 
The raw materials include meat and fresh produce such as fruits and vegetables. 

environment. Previously, conventional methods have been employed for assurance 
of quality and safety parameters of the food. But in this modern era, there are many 
potential alternatives that can serve the purpose rapidly and non-destructively. 
Hence, this chapter describes the rapid and non-destructive methodologies such 
as fluorescence, NIRS, MIR, and Raman spectroscopy that can be used for the food 
safety evaluations.
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The handling and storage of such products need extensive care of temperature 
monitoring for maintaining the quality and safety of such raw materials. On the 
other hand, processed food items such as dairy products, frozen items and spices 
that also need proper attention for ensuring the safety of the served food items to 
the customers. Any mishandling during the processing and storage of such products 
may lead to severe damage. Food safety is the responsibility of growers, retailers, 
and the employees dealing with the production and serving of the food. Previously, 
various methods have been employed for assurance of the food safety issue that is 
time consuming, laborious and needs experts for their conduction. Therefore, there 
are some potential rapid and non-invasive methodologies, which are easy to use, 
environment friendly and need no sample preparation and experts for the analysis. 
The optical methods based on different spectroscopic techniques such as fluorescence, 
near-infrared, mid-infrared and hyperspectral imaging as well as the biomimetic 
sensing devices can have the potential to serve as rapid and non-destructive tools 
for combating the safety issues in restaurants and hotels. This chapter discusses in 
detail the principle and potential of all these rapid and non-invasive technologies 
for the assurance of food safety.

BACKGROUND

Food industries and food businesses promote a lot of techniques to ensure the safety 
of food products from any external objects. There are a lot of conventional methods 
to detect external objects like a magnet, electrical impedance, and surface penetrating 
radar as well as metal detector, etc. These are very simple and reliable techniques 
but these have many restricted tasks such as these are not able to detect the plastic 
and glass-like materials. Similarly, electrical impedance and surface penetrating 
radar enable to detect the metallic and foil packaging.

Recently, the assurance of safety and quality of food becomes a major problem 
related to public concerns. It is mentioned by the discipline of food safety that the 
availability of food should be safe, as well as it is not contaminated with toxins and 
chemicals that are hazardous to human health. Therefore, food quality, the nutritional 
value and the appearance of food are the attraction towards the consumers (Alander 
et al., 2013). All countries must assure the quality of imported food products to 
protect their consumers. It is also observed the exported foodstuff is being more 
reliable for the consumers globally. Thus, many countries imposed strict rules to 
assure the food standards that are associated with the safety and quality of food. 
The outbreaks of any disease via food becomes more dangerous for human health 
and also affect the economy (Saldaña et al., 2013). Foodborne illness and frauds are 
preventable and can be managed through employing good management practices. 
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These can also be assured using novel technologies in this modern era. Recently, 
various kinds of non-invasive techniques are used to investigate food safety and 
quality due to their specification and uniqueness in several tasks like analysis of 
different food parameters, reduce wastes and allow the repeated measurements on 
time (Nicolai et al., 2007). However, it is noticed that conventional techniques are 
not reliable due to some limitations like being more labor-intensive, requires material 
preparation and being time-consuming. Whereas the visual detecting techniques are 
best to achieve safety and quality of food.

It is reported that the foodstuff is evaluated by the most commonly used parameters 
which are safety and quality of that substance (Busby & Hyman., 2012). Fruits and 
vegetables are a reliable source of micronutrients and rich in antioxidants due to 
which enhance immunity and resulted in no chance of any foodborne illness. It is 
reported in many countries that the food because illness recognized in the fresh 
foodstuff products. The producers must ensure food safety and quality and prevent 
the production of these hazardous types of food products (Siddiqui et al., 2014).

Food safety and quality are constraining to evaluate the consumers’ contentment, 
and these are affected by visual variables like surface, flavor, texture appearance and 
local government standards (Mahendran, 2012). Quality is a comprehensive term 
that may vary from one buyer to another, but the quality integrates characteristics 
that attract the customers. Many countries are willing to imposed legislation and 
acquired food certification to assure safety and quality. It is an actual standard to 
achieve the financial development of the nation is to nature of nourishment. Several 
experts believe that security is the key factor for this but the absence of this leads 
to real damage and demise of the consumer. An item may be harmful if it is not 
evaluated by the pathogenic organisms, chemical toxins and poisonous materials

The production of food is a very typical confusion worldwide, due to sufficient 
quality of producer which is the main problem for food sectors, food business and 
consumers. Currently, due to awareness about the food products the customer knows 
about the product which they purchase. Thus, to attract and satisfy the consumer 
quality is not compromised. To achieve these types of interest, modern technologies 
are being used that provide more security to the consumers associated with safety 
and quality as well as introduce the standard for nutrition (Harrison., 2003).

The European food industry is liable to produce the market demand due to 
the incredible technological progress and advancement of consumer’s lifestyles. 
Generally, these advanced technologies are quickly adopted by consumers but their 
expectation about food products is frequently not reliable. It is noticed that they are 
willing food products should have some characteristics like increased functional and 
nutritional properties, sensory quality, wholesome image and safety ensured as well 
as inexpensive. But they are also interested to ensure the increased shelf life and 
convenient processing of food. These methods have some limitations because these 
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are time-consuming, highly trained and educated staff is required and also limit to 
use potentially (Nychas et al., 2008; Papadopoulou et al., 2011). It is noticed that 
these molecular techniques are more costly, and expensive equipment is needed.

Food industries and food businesses promote a lot of techniques to ensure the 
safety of food products from any external objects. There are a lot of conventional 
methods to detect external objects like, magnet, electrical impedance, and surface 
penetrating radar as well as metal detector, etc. these are very simple and reliable 
techniques, but these have many restricted tasks such as these are not able to detect 
the plastic and glass-like materials. Similarly, electrical impedance and surface 
penetrating radar enable to detect the metallic and foil packaging.

These days, some noninvasive analytical techniques are used to evaluate food 
safety and quality. These approaches include spectroscopic techniques such as 
fluorescence, and vibrational spectroscopy (near-infrared, Fourier transform infrared 
and Raman). In addition to this, biomimetic sensors and hyper/multispectral imaging 
are being used for ensuring food safety and authenticity (Argyri, et al., 2014; Ellis 
& Goodacre, 2001; Nychas et al., 2008).

RAPID AND NON-INVASIVE TECHNOLOGIES

Fluorescence Spectroscopy

Fluorescence spectroscopy falls under the umbrella of rapid and non-invasive 
technologies. It is one of the techniques that is widely used for the authentication 
and characterization of food and food products. The main reason for its utilization 
in the food system as it requires very little and no sample preparation. It is simple 
and easy to apply on all types of the product either in solid and liquid forms. It is 
considered to be a cost-effective method, which can detect the contaminants in the 
food items (Horigome et al., 2016).

Principle of Fluorescence Spectroscopy

The basic principle of fluorescence spectroscopy is based on the Jablonski diagram. 
In this method, the light of a certain frequency is absorbed by the fluorophores 
(aromatic amino acids, NADH and vitamins) which may be present in the sample. 
Due to the absorbed excitation light, the electrons in the molecule become excited 
and goes to a higher energy state. This excited state is highly unstable and the 
electron comes back to the ground state by the emission of light. This emission of 
light is called fluorescence.
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Application of Fluorescence Spectroscopy for Authentication 
of Food Safety and Quality of Food Products

Fluorescence spectroscopy is widely used in various food applications for ensuring 
the safety and quality of food products.

Cereals are the basic ingredients in various food products that may be served in 
restaurants. The most important cereals grains are wheat, rice, and corn. Among 
these cereals, wheat is widely used in various wheat-based products. The quality of 
wheat plays an important role in the quality of these wheat-based ingredients that 
may be served in restaurants.

Wheat from various varieties has different characteristics that affect the quality of 
the bakery and pasta product. Fluorescence spectroscopy has been used for analytical, 
rheological and nutritional parameters of the wheat flour. In rheological parameters 
of the wheat, dough development time and water absorption are the most important 
parameters that determine the accurate amount of water and proper mixing time 
which ultimately ensure the quality of the bakery product that has been prepared 
from these wheat flour (Ahmad et al., 2016a). The nutritional contents of wheat flour 
have been also determined using fluorescence spectroscopy that used the partial least 
square regression and locally weighted regression for obtaining the high value of the 
coefficient of determination (Ahmad et al., 2016b). In addition to this, sourdough 
fermentation is an important operation in which pH and lactate contents are important 
parameters which were determined with the help of fluorescence spectroscopy with 
acceptable root mean square error of prediction (Grote et al., 2014).

Dairy items such as milk, dried milk powder and cheese are the most important 
ingredients that can be utilized in various food products. So the quality and safety 
of these food ingredients are important for maintaining the organoleptic parameters. 
Fluorescence spectroscopy can be utilized to monitor the changes in milk due to the 
mild heat treatments (Kamal & Karoui, 2017). It can also be used for the monitoring 
of changes in protein isolate powders during storage (Babu & Amamcharla, 2018). 
Similarly, it has been employed for monitoring the changes in non-fat dry milk 
powder during storage. The changes in Millard browning, tryptophan and riboflavin 
spectral fingerprints have been used that illustrate the changes taking place during 
the storage at various temperatures (4, 22, 35, 50°C) for 8 weeks (Liu & Metzger, 
2007). It has been also utilized in the determination of milk composition (Shaikh 
& Donnell, 2017). It is used as a rapid and no invasive tool for the determination 
of riboflavin in milk that replaces the chemical-based high liquid chromatographic 
method (Alvarado et al., 2020). It has also been used for monitoring the light-
induced oxidation in cheese (Anderson et al., 2005). In addition to this, it can be 
employed to monitor the changes in the milk during processing and storage (Purna 
et al., 2005). As for as the authentication of the dairy products is concerned, it has 
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been employed for the detection of plant oil in cheese (Dankowska et al., 2015). 
The aflatoxin in milk is one of the prevailing safety issues that can be tested with 
fluorescence spectroscopy (Manetta et al., 2005). Hence it can be inferred from the 
above discussion that fluorescence can be a value able tool for the characterization 
of various milk-based food items.

Meat and meat-based products are some of the most served food items that are 
being served in the hotel and restaurants. Therefore the quality of the meat and its 
products is very important for having excellent organoleptic characteristics. The 
meat is normally cooked to increase its taste and palatability. Therefore, fluorescence 
spectroscopy has been utilized that can monitor the changes which were subjected 
to various cooking temperatures (66, 90, and 237°C) for 1 min to 10 min (Amna 
et al., 2016).

Meat is a perishable food that undergoes microbial spoilage which can be 
monitored using fluorescence spectroscopy. The spectral signatures of meat stored 
at 15°C under aerobic conditions were taken at the tryptophan and NADH region. 
The high peaks in these regions give indications that due to microbial spoilage, 
NADH produce which is evident from these peaks and also creates the changes in the 
protein structure that generate peaks in the tryptophan region (Oto et al., 2013). The 
fluorescence spectroscopy was used to determine the microbial contamination on the 
surface meat that is stored at refrigerated temperature for 20 days. The fluorophores 
such as NADH and porphyrin show peaks related to the different microbiota. During 
the storage of the meat, porphyrin level increases that generate peaks which show 
that fluorescence spectroscopy can be used to investigate the microbial spoilage on 
the surface of the meat (Durek et al., 2016).

Minced meat is also used as an ingredient in various products in restaurants. It 
may spoil due to microbial activity. Hence fluorescence spectroscopy was used to 
monitor the microbial spoilage of minced meat using a portable spectrophotometer 
stored at refrigeration temperature and 15°C under aerobic and anaerobic conditions. 
The portable device can predict the microbial spoilage of the meat with a higher 
coefficient of determination (Ait Kaddour et al., 2011). Similarly, aerobic plate 
count was also investigated on the sliced beef and spectral signatures were taken in 
porphyrin, vitamin A, tryptophan and NADH regions which can be utilized to build 
the predictions models that generate a higher coefficient of determination showing 
the authenticity of the partial least square regression models for determination 
of microbial spoilage (Mala et al., 2016). The above discussion elaborates that 
fluorescence spectroscopy is a rapid and non-destructive tool for the investigation 
of microbial spoilage of meat during storage. These applications can be utilized 
for the authentication of meat products in restaurants regarding microbial spoilage.
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All these methods have been applied at a laboratory scale and need to develop 
miniature devices so that such devices can be used at restaurants and hotels for 
ensuring the safety and quality of the food products.

Near-Infrared Spectroscopy (NIRS)

In recent years, near-infrared spectroscopy (NIRS) has been proved to be one of 
the most promising and efficient techniques not only for monitoring but also for 
controlling the quality and safety of the processing of agri-based foods. In comparison 
with conventional detection methods, it requires little sample preparation time, less 
time for detection and also exhibits good adaptability. It covers the electromagnetic 
spectra ranges between 780 and 2500 nm. Its spectra can be documented in 
transmission, reflection, or interactance modes presenting complex physical and 
chemical information with reference to the vibrational behavior of molecular bonds 
like OH, CH, and NH (Kademi et al., 2019). The prompt development in NIRS has 
led to innovation in the evaluation of food safety and its quality control. With the 
chemometrics development, NIRS has become even more famous and grabs the 
attention of food scientists and researchers.

Fundamentals of Near-Infrared Spectroscopy

The NIR spectrometers comprise of beam splitter system also known as a wavelength 
selector, a light source, optical detector, sample detector and data analyzing system 
(Wang & Paliwal, 2007). All these components possess different properties and these 
should be selected on the basis of their intended use, in order to offer a consistent 
and effective instrument. The most frequently used radiation sources of NIR, which 
are quite cheap in price but also give high-intensity radiation are QTH (quartz–
tungsten–halogen) lamps. But these are not very productive at the industrial level due 
to their temperature sensitivity, low energy efficiency, long start-up times, vibration 
sensitivity and heat generation. Contrary to it, LED (light-emitting diodes) has 
resolved many of the issues presented by QTH light sources and gaining popularity 
in this regard, but their high cost is preventing their regular use by the relevant 
authorities (Nicolai et al., 2007; Wang & Paliwal, 2007). Beam splitter systems 
used in NIR spectrometers give light of single-color translating from multi-color 
input. Within the NIR spectrometer, sample detectors vary by speed of response, 
spectral response, and the minimum threshold for detectable radiant power. More 
often, NIR spectrometers use single-channel and multi-channel photon detectors. 
Various sample detectors are only for use in laboratories; though, portable devices 
which are recently developed are more simple in use, compact, have a more robust 
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design and are cheap in price. These improvements have enabled the utilization of 
the technology of NIR spectroscopy in a variety of applications (Qu et al., 2015).

Applications of NIRS for Food Safety and Quality Control

The NIRS is being used successfully in various sectors of the food industry with a 
special focus on authentication, poison detection, adulteration, freshness determination 
and illegal treatments on different food materials, which are described as below:

Meat authentication is a reason of great concern for meat and its products, as its 
adulteration is a common phenomenon because of the great gap in its demand and 
supply, which is amplifying its adulteration by several means and causing major 
losses in this sector. Adulteration of meat is causing trust deficit issues among the 
public as it may cause great harm to human health. Apart from health issues, meat 
adulteration is in direct link with religious issues as consumption of certain meat 
(e.g. pork) is prohibited among Muslims. There is a dire need for reliable and rapid 
methods that could highlight peculiar adulteration would be of great prominence. 
Numerous methods were used including enzymatic, Immunological, electrophoretic 
and DNA-based techniques, but all the methods were quite demanding and laborious. 
NIRS being easy, rapid and non-destructive was involved in various studies, from 
which satisfactory results were attained (Ballin et al., 2009; Ballin, 2010).

Beef adulteration is of great concern for the consumers, as few retailers tend to 
provide customers with beef of inferior quality which is partially substituted with 
the meat of lower quality from other species (Cozzolino & Murray, 2004; Mamani-
Linares et al., 2012) or beef has undergone some illegal treatment (use of harmful 
growth promoters) (Berzaghi et al., 2006). All these above-mentioned problems were 
resolved by NIRS by providing highly accurate meat classifications. Mamani-Linares 
et al. (2012) used VIS-NIRS (visible near-infrared spectroscopy) to differentiate 
among horse, beef and llama meat by examining reflectance spectra of their minced 
meat. In this experiment, more than 89% of accuracy was achieved. It was also 
used by Alomar et al., 2003, in which he tried to differentiate among various cattle 
meats including many breeds, ages and different muscle types. NIR was successful 
in discriminating and identifying beef samples based on their difference in water 
contents and intramuscular fat.

Fish and its products are the food items, which rank in the category of perishable 
food owing to which they need a lot of care for maintaining their quality and ensuring 
safety. A huge proportion of this food material is lost due to spoilage annually. 
Series of different postmortem chemical and physical changes take place including 
autolysis by endogenous enzymes and cellular structures breakdown along with an 
increase in microbial growth, which results in spoilage of fish and thus can’t cope 
with consumer expectations (Qu et al., 2015).
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Consequently, quality assessment of fish is vital for the safety of its products 
during processing transportation and storage. Contrary to traditional methods for 
the assessment of fish quality which are quite laborious and time-consuming, NIRS 
provides nondestructive and rapid measurements, which aid in the determination of 
real-time assessment of bacterial load on fish. Loss of freshness in these products 
is also aligned with high microbial load, which is followed by a combination of 
physical, chemical, and microbiologic spoilage processes, which could result in the 
death of an individual. That is why the government authorities and consumers are 
paying great attention to this critical issue (Cheng et al., 2013).

Many scientists (Uddin et al., 2007) are working on these lines and have 
successfully explored the use of VIS/NIRS for the assessment of the freshness of 
fish. Similarly, another study was held by Sivertsen et al. (2011) using the same 
equipment (VIS/NIRS), which was also equipped with an imaging spectrometer 
and handheld interactance probe. They were successful in differentiating between 
frozen-thawed and fresh cod fillets, keeping in view the freshness as criteria. They 
determined that oxidation of myoglobin and hemoglobin during cold storage and 
freezing-thawing proved to be the main reasons for change. Several researchers 
were also successful in differentiating between fresh and frozen-thawed (F-T) fish 
(inferior in quality) through NIRS using chemometric tools (Uddin et al., 2005).

Fruits and vegetables are the main sources of vitamins (fat and water-soluble) 
and minerals that play a key role in the growth, development and maintenance of the 
human body. During their growth phase, both fruits and vegetables have to go through 
attacks by the pests, which could reduce their quality and acceptability. Pesticides 
are chemicals that protect them against all the pests, which can cause damage to 
them. But their excessive use is resulting in pesticide residues on both natural food 
materials, which is a matter of food safety for end-users and this serious issue must 
be resolved. Many studies in recent times have used NIRS for detecting dichlorvos 
(Xue et al., 2012) and herbicide residues (Salguero-Chaparro et al., 2012) which is 
helping scientists in controlling this critical issue.

Another important parameter in the evaluation of freshness of fruits and vegetables, 
which can be measured shelf life. Numerous studies have been accomplished 
utilizing the NIRS technique on green asparagus (Sánchez et al., 2009), pineapples 
(Di Egidio et al., 2009) and nectarines. In a study using pineapples, it was observed 
that FT-NIR was used to study the shelf-life of fresh-cut pineapple in the region 
from 800 to 2564 nm. The changes in the product were owing to the modification 
in composition, water loss and microbiological and enzymatic processes (Di Egidio 
et al., 2009). So the NIRS has the ability to give a clue about the acceptability of 
the product after storage time.

NIRS has the ability to discriminate and classify edible oils of different breeds 
and grades, identifying harmful substances in them and detecting the presence of 
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oil adulterants of inferior quality, also distinguishing between transgenic and non-
transgenic oils. The most prominent issue among them is the authentication of virgin 
olive oils and separating them from the oils of poor quality. Sinelli et al. (2010) 
successfully used NIRS at wavelengths of 800 to 2222 nm and 750 to 2500 nm, 
respectively to classify and characterize virgin olive oils based on their fatty acids 
and other olfactory attributes. Moreover, 10 different edible oils were successfully 
differentiated after examining through FT-NIR combined with LDA, accomplishing 
a 93% accuracy rate (Yang et al., 2005). Furthermore, many experiments have been 
done to detect the adulteration in valuable edible oils have by NIRS, such as olive 
pomace, soybean, corn, in extra virgin olive oils (833–2500 nm), camellia oils 
(400–1700 nm) and in sesame seed oils (1111–2222 nm) and got exceptional results 
(Wang et al., 2006; Mignani et al., 2011; Luo et al., 2012).

Milk and affiliated dairy products are very important sources of proteins, vitamins 
and minerals, which are quite critical in maintaining the health status of the masses. 
But their high demand has paved the way for their adulteration with numerous life-
threatening chemicals and adulterants to enhance its shelf life and also to maintain 
its organoleptic properties (Qu et al., 2015). Resultantly, many experiments have 
been performed by NIRS methods on raw milk, yogurt, powdered milk and more. 
Additionally, milk powder was analyzed for whey adulteration and reconstituted milk 
through NIRS and suitable chemometric methods like SIMCA, DPLS, LS-SVM 
and SVM. The addition of illegal mixtures in powdered milk was also explored by 
NIRS, especially melamine which poses a great threat to humans (Qu et al., 2015).

It is important to establish a speedy and effective method for quality and safety 
assessment as there are few illegal transactions of cereals and their products 
comprising illegal additives and microbial contaminants along with a few sham and 
shoddy commodities. Aflatoxin, a mycotoxin produced by Aspergillus parasiticus 
and Aspergillus flavus, ranks among one of the life-threatening toxins that frequently 
appear in cereal grains, under humid conditions. Sirisomboon et al. (2013) both 
explored the NIRS method to identify aflatoxin B1 (AFB1) and Aspergillus 
contamination (yellow-green) in raw grains like barley, maize, and rice which proved 
to be very useful for ensuring the safety of cereals and their products.

MIR Spectroscopy

Principle

MIR spectroscopy is a vibrational spectroscopic technique, uses a ray of MIR light that 
passes through the sample and helps in the measurement of transmitted and absorbed 
light. Fourier transform (FT) helps to increase the sensitivity, allows a throughput 
of higher energy and enhances the speed of spectral acquisition. Transmission, 
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attenuated total reflectance and transflection are the three key methods for sampling 
this technique. It is a feasible substitute for label-free examination of liquid foods 
(Bakalis & Sun, 2018; Bell, 2012; Davis & Mauer, 2010).

Applications of MIRS for Food Safety and Quality Control

Edible oil obtained from plant, animal or synthetic fat can be utilized in cooking 
food or flavoring it. MIR technique has been applied successfully for investigating 
quality attributes of numerous oils including soybean, olive and other oil seeds. This 
technique coupled with PLSDA and PLSR was proved to be an effective method 
to determine the adulteration of extra virgin olive oil with other low-quality oils 
including sunflower oil and soybean oil (Hirri et al., 2016; Mendes et al., 2015; de 
Souza et al., 2015). It was also useful in detecting the quality level of four virgin 
olive oils of commercial grade including extra virgin, virgin, ordinary virgin, and 
lampante olive oils. This method could also be useful in determining the adulteration 
of extra virgin olive oil with old olive oil. Apart from this, adulteration in high-priced 
avocado oil with sesame oil, soybean oil or grapeseed oil was also accomplished 
by this technique (Su & Sun, 2019).

Honey, a natural food product produced by the honey by extracting the nectar either 
from the same plant source or from different plants to produce uni-floral or multi-
floral honey respectively. The main ingredients of honey are water, glucose, fructose, 
sucrose, and numerous beneficial components minerals, amino acids, vitamins and 
polyphenols. It has also been used as an effective antimicrobial agent owing to the 
presence of Methylglyoxal, which helps to perform this function. This beneficial 
component can be determined by MIR spectroscopy, to detect the antimicrobial 
ability of that particular honey. Moreover, this technique also helps in the accurate 
quantification of adulteration of honey. Apart from this, MIR spectroscopy has also 
aided in the successful differentiation of botanical origin of variant types of honey 
(Bogdanov et al., 2008; Mandal & Mandal, 2011).

Juice is a type of beverage that is obtained from fresh fruits and vegetables. 
Numerous studies exhibit that MIRS is ideal for not only classifying but also 
characterizing variations in the chemical composition of fruit and vegetable juices. 
Igual et al. 2010 found that heat treatment by microwave can preserve vitamin C and 
ascorbic acid in fruit juices, while traditional treatments cause substantial reduction 
in these compounds. Spectroscopic techniques based on MIR and NIR regions have 
been used for the quantification of total anthocyanin and total phenolics in grape 
juice (Caramês et al., 2017). Other quality parameters comprising serum viscosity, 
soluble solids, Bostwick consistency, Ostwald value, fructose, glucose, reducing 
sugars and pH in tomato juice were quickly determined using MIR spectroscopy 
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(Ayvaz et al., 2016). Thus, MIR spectroscopy is a great device for the determination 
of the quality and authentications of fruit and vegetable juices.

Raman Spectroscopy

Raman spectroscopy is a type of vibrational spectroscopic technique that uses light 
which interacts with matter gives information regarding intra- and inter-molecular 
vibrations and can also provide understanding about the reaction (McMillan & 
Hofmeister, 2018). Hence, Raman spectroscopy provides a spectrum of specific 
vibrations of a molecule (“molecular fingerprint’) and are appreciated for the 
identification of a substance (Vašková, 2011).

Principle of Raman Spectroscopy

Raman effect was devised by Sir C.V. Raman and got the Nobel Prize in Physics 
for his work in 1930. When a photon interacts with matter (solid, liquid, and gas), 
which results in dispersion and scattering at the same energy. This is called elastic 
scattering or Rayleigh scattering. A small number of photons, around 1 photon in 10 
million may scatter at a different frequency as compared to the incident photon. This 
process is known as inelastic scattering or the Raman effect. Raman has been used 
for a vast array of applications in various fields of sciences including the discipline 
of food science and technology for the characterization and safety assessment of 
food products (Vandenabeele, 2013).

Applications of Raman Spectroscopy in 
Food Safety and Quality Control

In this modern era of digitalization, all the actors who are dealing with the handling 
and production of food need to develop some rapid and non-invasive technologies. 
The quality of the fresh produce is also important as these products are being 
consumed without any thermal treatments. In this regard, Raman spectroscopy has 
been employed for safety, structural analysis, quantification and classification of 
fruits and vegetables (Yang & Ying, 2011).

The foodborne pathogens may present on the surface of the fruits which need to 
quantify. FT-Raman method was used to detect the pathogenic microorganisms such 
as bacteria and viruses on the whole apple skin for the very first time. In addition to 
this, the discrimination of five strains of Escherichia coli was detected with 100% 
accuracy which shows the potential of FT-Raman spectroscopy for the analysis of 
microorganisms on fruit surface (Yang & Irudayaraj 2003). Studies by Bonora et 
al. (2009) confirmed the use of FT-Raman spectroscopy for the identification of 
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microbial diseases in fruits. The spectral signatures taken for pulp obtained from 
elephantiasis fruits showed peaks at 1530 and 1661 cm−1 which is related to the 
infection and can be utilized as a marker of demonstrating diseased plants.

At present, the pesticides are being sprayed to get maximum yield but the pesticide 
residues may remain in the fruits and vegetables that may cause serious health 
hazards. Hence, the pesticidal residues can be detected with the help FT-Raman 
technique quite accurately (Zhang et al. 2006), On the other hand, Surface Enhanced 
Raman Spectroscopy (SERS) can also be utilized for the quantification of pesticidal 
residues both on the surface and of the fresh fruit as well as its juice (Shende et al. 
2004). This technique can detect the pesticide residues in parts per billion.

FT-Raman spectroscopy was also employed to discriminate between pure and 
adulterated milk powders (Almeida et al., 2011). Melamine in milk can also be 
detected by using the same methodology that is normally added to increase the 
protein contents of powdered milk which causes severe health hazards (Ai et al., 
2009). Previously chromatographic techniques were applied to determine melamine 
but now the Raman spectroscopy can detect such adulterations (Liu et al., 2009). 
The strong peaks were observed for melamine in milk powders at 676 cm−1 (Okazaki 
et al. 2009). Similarly, Qin et al. (2010) quantified melamine in milk powders with 
greater accuracy. In addition to this portable devices based on this technology were 
also devised to determine melamine adulteration in dried milk (Cheng et al. 2010). 
Such portable devices used two bands (673 and 982 cm−1) that generate reproducible 
results. SERS has the potential to detect samples with a limit of detection (LOD) 
down to parts per billion (ppb) or even a single-molecule level.

Multispectral (MSI) and Hyperspectral Imaging (HSI)

Hyperspectral and Multispectral imaging (HSI - MSI) is a technique that provides 
spectral and spatial information from chemical targets. Chemical imaging technique 
is also a combination of computer vision and vibrational spectroscopy. The computer 
vision technique is an optical technique that describes the association between 
incident light and molecules in matter. On the other hand, spectroscopy is used to 
evaluate a small portion of the food sample but the techniques take the whole sample 
for detection they provide a comprehensive and more representative measurement. 
Computer vision technique also used for spatial information by imitates the human 
vision using three bands like red, green, blue to attain the features of samples. 
Some characteristics of a sample like color, size, shape and texture are detected by 
computer vision techniques in a visible range. There are a few bands involved like 
HSI shows more than 100 bands, as well as MSI, which has less than 20 bands.

MSI is generally reliable due to the HSI that provides very important wavelengths. 
In hyperspectral imaging, a variety of options are available to evaluate the task. 
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These choices involved some other techniques like fluorescence HIS, near-infrared 
HIS and Raman HIS that offer flexibility to determine the solutions of all kinds of 
measured complications. While the hyperspectral imaging technique has versatility 
due to its involvement in food inspection related to safety and quality. Several studies 
describe the role of hyperspectral imaging techniques in various aspects of food 
safety and quality (Gowen et al., 2015; Liu et al. 2015).

Hyperspectral imaging (HSI) is commonly used in restaurants due to its beneficial 
applications like used as the detection of grains, provide spatial and spectral 
information sensitive to minor components. As well as working on the principle 
of optical absorption and reflection. At the same time, it is not suitable because it 
takes a long time for pre-processing of the data and classification.

Biomimetic Sensors

It is noticed that in food quality assurance a highly trained sensory personal is 
required but this approach has few disadvantages such as inconsistency that may 
be due to personal stress or fatigue. According to food sectors, these employees 
(sensory panels) are more expensive and are not reliable for large-scale observations. 
This problem is resolved by introducing the biomimetic system in which sensors are 
designed to mimic the gustatory and olfactory systems of humans that are known 
as e-tongue and electronic nose respectively (Ghasemi-Varnamkhasti, et al., 2010).

A human can sense odor through a proper channel like when the odor of a 
chemical substance resembles the nasal cavity receptors then the signal is transferred 
from receptors to the brain via neurons. According to this principle, the e-nose has 
a chemical sensor that resembles the neurons related to show different sensitivity to 
unique odors. Thus, the interaction associated between odor substances and sensors 
leads to the generation of electrical signals that are recorded by the instrument.

Recently, in the food science discipline, e-nose is more used than e-tongue. There 
are distinct types of different sensors introduced but the commonly used types of 
sensors are conducting polymers composites, metal oxides and intrinsically conducting 
polymers. Thus, these sensors are more reliable due to their shortcoming which is 
useful in data analysis like the stability of sensor behavior, senor drift, sensitivity 
and selectivity. Every technique has advantages and drawbacks but ignoring the 
drawbacks of these sensors are more useful in some characteristics of foodstuff like 
shelf-life, ripeness, quality grading and freshness of the products (Baietto & Wilson, 
2015; Baldwin, et al., 2011; Loutfi et al., 2015; Wilson, 2013).

To evaluate the shelf life, ripeness, quality grading and freshness of the products 
used in the restaurants this technique is suitable. It is a noninvasive and unexpansive 
technique but trained personal is required for it.
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FUTURE RESEARCH DIRECTIONS

All these rapid and non-invasive technologies described above are gaining a lot of 
interest in this digital era. These methods are simple, easy to use, environment friendly 
which requires no chemicals and no complex preparation of the sample. The above-
mentioned application has been experimented with at a laboratory scale. Sensors 
based on spectroscopic techniques can be used to characterize and authenticate food 
products. But very few applications have been adopted for industrial applications. 
The need of the time is to develop some handheld portable devices that can scan the 
food product and the desired characteristics. Hence, researchers and scientists focus 
on the development of such devices so that food safety can be assured at all levels 
including the foodservice sector. They should focus on the different optimization 
techniques such as genetic algorithms, ant colony optimization, etc. for the desirable 
wavelength selection from the spectral information that can ultimately result in the 
development of handheld devices for food safety and quality evaluation.

CONCLUSION

In this chapter, the use of noninvasive techniques to ensure food safety and quality 
in restaurants is discussed. These noninvasive techniques are more reliable than the 
traditional instrumental analysis and chemical analysis methods to evaluate food 
safety and quality. Traditionally used analysis methods have some drawbacks like 
time-consuming, laborious and inflated cost. Thus, in this modern era, noninvasive 
techniques show a better result than previously used methods. These noninvasive 
techniques are more reliable for accessing the food quality and also improve the 
internal quality of foodstuff. In restaurants, noninvasive techniques are increasing 
the interest of food businesses to produce quality foodstuff. The instruments used 
in these techniques are very costly these days.
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KEY TERMS AND DEFINITIONS

Food Safety: A discipline that deals with food handling, preparation, as well as 
storage to prevent harmful infectious diseases and to ensure that food has adequate 
nutrients for a healthy diet.

Foodborne Disease: Due to the consumption of food or drink that are contaminated 
through pathogens like bacteria, viruses and parasites during the food processing 
to consumption.

Fluorescence: The emission of light by a substance that has absorbed light or 
other electromagnetic radiation. It is a form of luminescence. In most cases, the 
emitted light has a longer wavelength, and therefore lower energy, than the absorbed 
radiation.

Near-Infrared Spectroscopy: (NIRS): A spectroscopic method that uses the 
near infrared region of the electromagnetic spectra (from 780 nm to 2500 nm).

Raman Spectroscopy: A a non-destructive chemical analysis technique which 
provides detailed information about chemical structure, phase and polymorphy, 
crystallinity, and molecular interactions.
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ABSTRACT

Food is any material or substance eaten or drunk to provide energy and nutrients for 
the body’s growth, development, and maintenance. Food can be considered safe if it 
is free from all hazardous substances that can affect consumer health. Food safety 
issues can place a high burden of responsibility on traders, government bodies, and 
international organizations. This chapter covers the hazards, their types, foodborne 
diseases, and strategies to ensure food safety and quality. Different food quality and 
safety assurance programs are discussed as well like quality management systems, 
HACCP certification, ISO 9000 family, good manufacturing practices (GMP)/good 
hygiene practices (GHP), total quality management (TQM), good working practices 
(GWP), good lab practices (GLP), etc. Moreover, the role of some novel processing 
technologies is also focused on in this regard.
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INTRODUCTION

Food is any material or substance eaten or drunk to provide energy and nutrients 
for the body’s growth, development, and maintenance. It is usually of an animal or 
plant origin consisting of nutrients like fats, proteins, carbohydrates, vitamins, and 
minerals (Abdulmumeen et al., 2012). Food is the basic precondition for survival but 
food quality and safety issues embrace us all time (Jeukendrup & Gleeson, 2018). 
According to the Food and Agriculture Organization of the United Nations (FAO), 
food quality can be defined as “a complex characteristic of food that determines 
its value or acceptability to consumers” (McLoughlin et al., 2017; Nielsen, 2010). 
Basic quality control and quality assurance programs are used by food industries 
like other industries for achieving food quality e.g. ISO 9000 Quality Management 
System Standard, HACCP system, GMPs, etc. (Hubbard, 2012; Nguz, 2007).

Food can be considered safe if it is free from all hazardous substances that can 
affect consumers’ health. In pre-historic times, the food safety chain was very short; 
it compromised hunter-gatherers and their families. When societies grew complex 
and larger, this chain became more diffused due to an expanded international trade 
network and long shipping distances (Gorris, 2005). This chain can be a reason 
for introducing unfamiliar food safety hazards during food transportation. This 
situation places a high burden of responsibility on traders, government bodies, and 
international organizations. There is a need to improve food safety regulations and 
systems to ensure the safety of consumers by taking multidimensional approaches at 
all levels of the food chain, from farm to fork (Gorris, 2005; Jeukendrup & Gleeson, 
2018; Unnevehr & Huirne, 2002).

FOOD HAZARDS

Food hazard can be characterized by any physical, chemical, or biological agent 
that has the potential to exert harmful effects on human health (Peter et al., 2013).

Physical Hazards

Physical hazards are any poisonous or deleterious foreign objects incorporated into 
food that have clinical evidence of injury or traumatic injury including perforation of 
tissues present in the oral cavity and gastrointestinal tract if ingested. This includes 
hard or sharp foreign objects and choking hazards. Contaminants like dirt, hair, 
insects, wood splinters, glass, and metal are included in the category of physical 
hazards (Das et al., 2019). Potential sources of these hazards include:
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• Foreign objects that are present in raw materials
• Objects that are broken from containers, machinery, and equipment present 

at the processing plant
• Objects linked with maintenance operations such as a piece of glass from a 

bulb

Analytical considerations for the detection of physical hazards in food can be 
the visual examination of raw material and other objects involved in processing, 
separation of food components from heavier foreign objects by sedimentation, 
filtration, and other such processes. The state is responsible for providing a legislative 
framework that defines certain conditions involved in the processing and provision 
of food (Alston & Quinn, 2017).

Chemical Hazards

These hazards include agriculture chemicals, heavy metals, sanitizing chemicals, 
and some naturally occurring chemicals. Agriculture chemicals are used in the 
production of crops like fertilizers, growth regulators, miticides, fungicides, and 
insecticides. They can also be added to food during post-harvest handling and 
processing at industries. Heavy metals can be incorporated into the water from geogenic 
sources, waste materials of industries, organic fertilizers, domestic effluents, and 
pharmaceutical sources. Chemicals for sanitization and cleaning can be hazardous, if 
not used correctly (Pretty, 2012). Naturally occurring hazards include allergens like 
weeds, alkaloids, phytohaemagglutinin, mycotoxins like aflatoxins, and mushroom 
toxins. Mycotoxins are secondary metabolites from fungi contaminating fruits and 
vegetables like spices, dried fruits, soybeans, cereals, corn, tree nuts, and peanuts.

Biological Hazards

Biological hazards the microbes like viruses, bacteria, and parasites responsible for 
foodborne diseases. Moreover, some toxins produced by fungi are biological hazards 
(Merna & Al-Thani, 2011; EFSA Panel on Biological Hazards [BIOHAZ], 2013). 
Some microorganisms associated with foods are as given below:

• Bacteria: Staphylococcus aureus, Bacillus cereus, Clostridium species, 
Listeria monocytogenes, Escherichia coli, Shigella, and Salmonella

• Viruses: Coronaviruses, Adenoviruses, Parvoviruses, Coxsackie viruses, 
Enteroviruses, Astroviruses, Rotaviruses, Norwalk-like virus, and Hepatitis 
A
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• Parasites: Isospora, Sarcocystis, Toxoplasma, Entamoeba, Giardia, and 
Cryptosporidium (Sun et al., 2019).

Microorganisms can be shifted to food due to incidental contamination from 
dust, soil, and surroundings, poor production, inappropriate handling practices, 
use of contaminated water, unsanitary handling of food, sewage fluids, infected 
animals, and humans (Bultman et al., 2013). Freshly harvested food has few to 
millions of bacteria/gram and from none to hundreds of mold spores (Yang et al., 
2017). When grains, flour, and other food commodities are stored in a high moisture 
environment, it can lead to the growth of microorganisms leading to alteration of 
product properties (Okoye & Oni, 2017).

FOODBORNE DISEASES

Foodborne illness is any illness resulting due to consumption of food or water 
contaminated with pathogenic bacteria, parasites and viruses, mycotoxins, poisonous 
mushrooms, and some species of beans. Individuals of all life stages are at risk of 
such diseases especially children and older adults (WHO, 2007). Major foodborne 
diseases are brucellosis, cholera, traveler’s disease, leptospirosis, salmonellosis, 
shigellosis, tuberculosis, botulism, etc. Poor hand hygiene practices are one of the 
major causes of the spread of the disease. Children who are malnourished and have 
weak immune systems are more at risk of foodborne diseases and diarrhea leading to 
increased child mortality (WHO, 2007). Foodborne diseases can lead to malnutrition; 
this is a vicious cycle of mortality and disease (Prüss-Ustün et al., 2011). Foodborne 
diseases are one of the major reasons for the increased mortality rate in children 
under 5 years. This rate is higher in developing countries (72/1000 live births) than 
developed ones (6/1000 live births) (UNICEF, 2010). Unsafe food consumption 
leads to more than 200 diseases from diarrhea to cancers. Foodborne diseases affect 
almost 600 million people worldwide and 420,000 die from these illnesses every 
year. Hepatitis A that spreads mostly through uncooked or raw seafood can lead to 
severe liver damage. Mycotoxins can be present in staple foods like cereals or corn 
and long-term exposure to them can lead to compromised immunity and abnormal 
development or even certain cancers (WHO, 2019).
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STRATEGIES TO ENSURE GLOBAL 
FOOD QUALITY AND SAFETY

Food Preparation Practices at Home

Unhygienic practices during domestic food preparations are also a key factor in 
promoting foodborne diseases. If a person deals with food with contaminated hands 
then he is surely putting all his family at risk of infection. The use of unsafe water 
for cleaning, food processing, and cooking increases the chances of exposure to 
hazards (Prüss-Ustün et al., 2011). Consume cold foods cold and hot foods hot; 
be familiar with the signs of unsafe food to immediately identify it and discard it. 
These signs include bad smell, unusual taste, mold, and rancidity (King & Burgess, 
1993). Wilna & Abdulkadir (2016) outline measures that can ensure food safety 
and quality at the domestic level.

Restaurants and Street Vendors

As the world population is increasing like a snowball, new technologies are introduced 
in every aspect of life to make it easy and comfortable. In this advanced era, people 
are mostly fond of eating junk foods; they are not committed to cooking food in their 
houses and tend to consume food away from home in restaurants, hotels, motels, 
and particularly from street vendors (Troedsson, 2009). This trend is mostly present 
among teenagers, young, and baby boomers whose taste buds’ desires rich, spicy, 
crunchy, junk, food especially meat and meat-based products. Street-vended foods 
(SVFs) that encompass a big range of ready to eat beverages and fruits prepared and 
sold in streets are growing global concern. Their final preparation is done when the 
customer arrives, orders then purchases, and takes away. Fruits and vegetables sold 
outside the markets and streets come under this umbrella. Although these foods are 
affordable and accessible but they can contain hazards as food safety requirements 
are often neglected. This can lead to unprecedented incidences of foodborne illnesses 
making food safety a global concern and developmental issue leading to financial 
consequences (Troedsson, 2009).

Lack of safety skills and hygiene knowledge and lack of cooking and handling 
skills such as temperature, time, personal hygiene, reheating and thawing of frozen 
products, etc. can lead to serious problems (Osaili et al., 2013). Food business 
operators shall ensure hygiene maintenance, training of food handlers, appropriate 
handling of food and equipment, environmental hygiene, and personal hygiene 
care during all stages of production, processing, and distribution of food (Azanza 
et al., 2000). Local authorities and food inspectors must visit SVFs and restaurants 
regularly to improve food quality.
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FAO Strategies to Promote Global Food Safety

FAO focuses on adequate food control programs worldwide for ensuring that all 
individuals on this planet are food secure in terms of quantity, quality, affordability, 
and safety. This is the key factor for promoting public health. In this regard, Codex 
Alimentarius Commission implemented the Codex Alimentarius General Principles 
of Food Hygiene in 1995 for providing a strong foundation for food safety and hygiene 
and highlighting the main control points at every step in the food chain (Codex 
Alimentarius, 2012). It further suggested that Hazard Analysis Critical Control Point 
(HACCP) system must be implemented for improving food suitability and safety 
for human consumption. Critical control points and food hazards are identified by 
HACCP. Critical control points are the points on which measures should be taken 
to eliminate or prevent hazards or to decrease them to an acceptable limit. So by 
applying HACCP throughout the food chain, effective use of resources, food safety, 
and time management of food safety concerns can be obtained (FAO, 1997).

WHO Strategies to Promote Global Food Safety

The world has become a global village and there are more opportunities for 
international trade than ever before. Food and food products trade between continents 
and countries puts the world at a challenge to maintain food quality and safety across 
the borders. A single or few countries cannot maintain this safe chain, because this 
is not a national concern and there is a need to address it through closer linkages at 
the international level among food safety authorities (WHO / FAO, 2011). In 2000, 
WHO was urged by the 53rd World Health Assembly for implementing a strategy 
to improve food safety practices and reduces the burden of foodborne diseases 
worldwide. In 2007, fifty countries adopted the Beijing Declaration on Food Safety, 
a prestigious international forum. In 2006, an international meeting was held by the 
collaboration of multiple international partners and the WHO Department of Food 
Safety and Zoonoses to launch an initiative for providing a strategic framework 
for estimation of the worldwide burden of foodborne illnesses (Prüss-Ustün et al., 
2011). International Food Safety Authorities Network (INFOSAN) was launched 
by WHO with the collaboration of FAO for facilitating the collaboration of food 
safety authorities at the national as well as the international level (WHO/FAO, 2011). 
In 2006, a food hygiene message was developed by WHO to ensure the safety of 
customers and industry. These five ways of safer food are given below:

• Keep clean (this covers the personal hygiene as well as an area for food 
preparation)

• Raw and cooked food should be separated
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• Cook thoroughly (this can reduce the risk of infection from food hazards)
• Store food at a suitable temperature
• Use safe raw materials and water

CHALLENGES FOR DEVELOPING COUNTRIES

Developing countries have more burdens of foodborne diseases due to poor food 
safety conditions. They face various challenges while ensuring food safety and 
quality such as rapid population growth, urbanization, poor hygiene, and sanitary 
practices, pre and post-harvest food losses due to lack of resources, insufficient 
scientific expertise and adequate facilities, lack of coordination between government 
departments dealing with food, and environment hygiene issues (Henson, 2003; 
WHO, 2007). Government should take on a regulatory and advisory role in this 
matter and provide supporting infrastructure to industries and food handlers at any 
stage from farm to fork. This responsibility of maintaining food safety is shared 
between the government, industry, and consumers. Government is responsible for 
food legislation, research and acquiring information, guidance to industry, consumer 
education, and provision of health care services. Industry and trade stakeholders 
must ensure good handling of food during processing and distributing, training 
of staff especially food handlers, and appropriate labeling. Consumers must try 
to educate themselves about the products they are eating through safe domestic 
food handling practices and community participation (Henson, 2003; Wilna & 
Abdulkadir, 2016). World Trade Organization (WTO) agreement emphasizes on 
recognition of international food standards in international markets. Phytosanitary, 
sanitary, certificate of origin is an essential part of import documents. The purpose 
of these regulations is to ensure harmony in world food markets and providing 
equal chances of participation in international trade to developing countries (FAO, 
2020; Henson, 2003). In 2004, WHO and FAO developed the Codex Trust Fund 
for assisting developing countries to improve their food quality and safety in terms 
of facility and training support systems (WHO, 2004). This will increase the trade 
between developing and developed countries that will lead to the better economic 
condition of developing countries and fewer outbreaks of foodborne diseases (WHO, 
2007; Wilna & Abdulkadir 2016).
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AN ANALYTICAL MODEL OF FOOD QUALITY

Food will be considered of good quality if it satisfies the needs and expectations of 
consumers. Analytical model of food quality comprises of consumer requirements 
(Peri, 2006), that include:

• Safety requirements normally mean the absence of harmful substances in 
food. In case of risk factors, consumer health can be affected and industry 
can be punished by law.

• Commodity requirements account for the genuineness and authenticity of 
the product. Voluntary regulations, laws, and customary practices set these 
requirements.

• Nutritional requirements are of key importance because food is taken to fulfill 
the nutritional needs of the body. Functional foods have additional health 
benefits beyond energy provision. Strong reactions are there in case of any 
fraud in this regard leading to product rejection.

• Sensory requirements are the vital mean of interaction between consumers 
and products. Sensations are transformed to perceptions by the brain in a 
space closely connected to other brain functions like memory, values, 
emotions, culture, etc. These complex interactions are responsible for our 
memory, ideas, emotions, and sensory reactions associated with food.

• Production context requirements are related to tradition, origin, and culture 
of food/area where it is produced or use of organic agriculture. These 
requirements have a strong emotive and psychological effect on consumers. 
Their appeal to consumers depends on ‘‘how’’, ‘‘where’’ and ‘‘when’’ of a 
food product rather than on “what”.

• Ethical requirements are related to the system of values conditioning 
behaviors of a consumer. They include organic agriculture, the defense of 
biodiversity, defense of the environment, the well-being of animals, etc. 
However, unfortunately, there are fewer ways of verifying for a consumer 
that ethical requirements are met or not. There is no way to assess, either 
biological agriculture was respected or not during the production of an 
apple. There are more chances of deceit and fraud. That’s why guarantee 
requirements are becoming more popular.

• Product/packaging system requirements are essential for product recognition, 
advertisement, and use. They include aesthetic requirements as well, relating 
to its presentation and information provided on the label. The products that 
are easy to handle are preferred by customers and their desire for ease is the 
most fertile ground for advertising and marketing experts.
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• Product/market system requirements include product availability at the right 
place, right time, in the desired amount, and affordable price.

FOOD STANDARDS

Food standards have also been established along with the food laws and regulations to 
ensure the quality and safety of food. Food standards are not legally required until or 
unless they are part of the food regulations. One of the best examples of food standards 
is Codex Standards. For the implementation of the joint Food Standards Program of 
the World Health Organization (WHO) / Food and Agricultural Organization (FAO), 
the Codex Alimentarius Commission has been given the authority (Havinga, 2006). 
Codex Alimentarius can be defined as a set of standards for the safety, quality, and 
suitability of food. They consist of codes of good hygiene practices such as general 
food hygiene principles, standards for the usage of animal drugs in foods, standards 
for the determination of maximum residue levels (MRL) when a pesticide is used 
on food products, and standards for the regulation of food additives. Food standards 
promote the international trade of food and are approved by countries all over the 
world (Newslow, 2013).

Quality Management Systems (QMS)

Quality management systems (QMS) are essential in all departments of the food-
related industry to make sure the safety and quality of food (Orris & Whitehead, 
2000). Major quality management systems in the food sector are International Food 
Standard (IFS), Safe Quality Food (SQF), Global Food Safety Initiative (GFSI), 
International Organization for Standardization - ISO 22000:2005, and British 
Retail Consortium (BRC) (Baert et al., 2005). Management related aspects in food 
industries are focused on by Total Quality Management (TQM) and International 
Organization for Standardization (ISO). On the other hand, HACCP and GMP 
cover technical aspects (Hoogland et al., 1998). Guidelines are covered by Good 
Manufacturing Practices whereas TQM makes use of rewards and assessments. The 
only quality management system comprised of a complete 14 stage plan is HACCP 
(Van der Spiegel et al., 2003).

Global Food Safety Initiative (GFSI)

The Global Food Safety Initiative (GFSI) is coordinated by CIES also known as 
Food Business Forum, which is an organization of the world’s biggest retailers and 
was initiated in 2000. The primary mission of GFSI is the continuous advancement 

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



76

Food Microbial Hazards, Safety, and Quality Control

of the systems required for the management of food safety to restore the faith of 
consumers in the safest food delivery. It is primarily aimed at consumer protection 
and to gain and sustain consumers’ trust. The fundamental principle of GFSI is the 
fact that insurance of food safety should not be a competitor in nature because the 
internationalization of the market may result in a single problem affecting the entire 
food supply chain (CIES, 2008). Four major standards of GFSI are IFS and BRC, 
SQF, and HACCP. The criteria for all of these food safety standards are defined by 
experts in food safety. It is primarily aimed at the safe production of food products 
consequently reducing cost and audits in the supply chain (CIES, 2008).

IFS AND BRC Standards

British Retail Consortium (BRC) standard and International Food Standard (IFS) 
is based on the HACCP system, GHP / GMP principles, and ISO 9001 (Drabas & 
Wojciechowski 2006). These standards include the requirements as given below;

• The requirement to do threat analysis allergies associated hazards
• Work efficiency monitoring
• Cover facial hair with masks during working
• Carry out products’ application tests
• Documentation of stocks of raw material and final products
• Use of FIFO principle “first-in, first-out”
• Establishment of a system allowing the industry to get information about 

GMO
• Elaboration of all procedures used in case of unusual circumstances
• Identification and elaboration of the area of the industry where hazardous 

materials like glass occur
• Applying of metal detectors
• Devising a procedure for qualification, verification, and approval of suppliers.

Safe Quality Food (SQF)

A system was developed in 1995 by the Australian government and farmers’ 
associations 1995 for controlling whole and safe quality food system agro-food chain. 
It later remained as SQF 2000. The basis of this system is requirements established by 
ISO 9000 and Codex Alimentarius. Since farmers’ associations were involved in the 
development of these systems, therefore; they can be applied in primary production 
as well. SQF is managed by Food Marketing Institute (FMI) in Washington since 
2003. Due to variation in processes, size, products, and circumstances using a single 
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standard are impractical; several standards of SQF have been made (Safe Quality 
Food Institute, 2008).

• SQF 1000 for smaller businesses and primary production
• SQF 2000 for big industries
• SQF 3000 for restaurants and retail.

HACCP Certification

Dutch food-processing industry launched a standard of certification called Hazard 
Analysis and Critical Control Point system (HACCP) in 1996 with the name of 
“Criteria for the assessment of an operation HACCP-system”. It was renamed 
“Requirements for a HACCP-based food safety system” after six years (SCV, 2008). 
HACCP is a proactive, systematic, and preventative approach to food safety that 
relies on identifying and controlling hazards in the food chain from harvesting to 
consumption. This system consists of 7 steps and 12 principles that are given below 
(1-12 are principles and 1-7 are steps) (Burgess et al., 2019; Das et al., 2019).

1.  Assembling HACCP Team
2.  Product description (describe food and its distribution)
3.  Identification of intended use and target customers
4.  Construct a flow diagram
5.  Verification of flow diagram
6.  Conduction of hazard analysis
7.  Determination of the Critical Control Points (CCPs)
8.  Establishment of critical limit(s)
9.  Establishment of a system to monitoring the control of the CCP
10.  Identify where CCPs are lacking by monitoring
11.  Establishment of procedures for verifying the efficiency of the HACCP system
12.  Documentation of all the procedures and records.

STANDARDS FROM THE ISO 9000 FAMILY

ISO 9000 is a family of standards of quality management that is implemented in 
various organizational systems. Their application was allowed in a diverse range 
of enterprises regardless of their operating branches. Standards comprised by the 
ISO 9000 family are as follow:
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• ISO 9000, this standard supports the basis as well as terminology of quality 
management systems (ISO 9000:2000)

• ISO 9001, this standard is specifically implemented in enterprises as well 
as it proposes requirements concerned with the quality management system 
(ISO 9001:2000)

• ISO 9004, is associated with the specification of the guidelines to improve the 
already implemented system of the company or organization (ISO 9004:2000)

• ISO 19011, provides the recommendations regarding audit (ISO 19011:2002)

Although standards mentioned are optional still customers, contractors, as well as 
recipients, urge their supplier to adopt systems fulfilling with standards of ISO 9000 
because they can then be assured that their suppliers work in a specific, distinguished 
manner by keeping in view the following eight principles:

• Customer-centric
• Leadership (leaders establish the unity of the aim and operation of the 

organization)
• Engrossment of the workers
• Process approach
• System approach to management
• Continuous improvement
• Decision making based on facts
• Mutually beneficial cooperation with suppliers

Apart from these, it streamlines the qualification procedure for customers as 
well as suppliers along with a reduction of cost associated with these operations. 
Management of organization and resources, product realization and measurement 
processes, analysis, and improvements are the main areas that are being covered 
by a quality management system based on standards of ISO 9000 (Knaflewska & 
Pospiech, 2007).

ISO 22000:2005

This standard was published in September 2005. The goal of it is to merge the codes 
of the quality management system being used in the food industries (Fabisz-Kijowska 
& Kijowski, 2006). However, it is optional as it surpasses the agenda of GHP/GMP 
and HACCP. It encompasses;

• The Prerequisite Programme (PRP), i.e. the above-mentioned GHP/GMP 
principles and GAP (Good Agricultural Practice), GVP (Good Veterinarian 
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Practice), GPP (Good Production Practice), GDP (Good Distribution 
Practice), GTP (Good Trading Practice)

• The HACCP system
• The identification system (traceability system)
• The quality management system ISO 9001:2000

ISO 22000:2005 incorporates both the HACCP and quality management system 
(ISO 9001:2000). There are also cross-references between ISO 22000, ISO 9004, 
and terms and definitions from ISO 9000. The implementation of the most effective 
system of food quality and safety that was designed into the current framework of the 
management system may be beneficial for both organizations as well as interested 
parties. Additionally, its implementation into the enterprise may be independent of 
the other existing management system (Fabisz-Kijowska & Kijowski, 2006).

Good Manufacturing Practices (GMP) And 
Good Hygiene Practices (GHP)

Good Hygiene Practice (GHP) denotes all food processing procedures must be carried 
out in hygienic conditions to guarantee food safety. Good Manufacturing Practice 
(GMP) refers to the procedures to be undertaken and conditions to be fulfilled to 
ensure that food production, packaging, raw materials, and other related materials 
having contact with food are conducted properly to ensure safe food production 
at the end of the process (Turlejska, 2003). Manufacturing practices include well-
defined and controlled protocols. It includes validated processes that show their 
compliance with specifications as well as consistency. These practices are well 
controlled and are carefully evaluated for any change made to them. Necessary 
validations are performed for all those changes, having an impact on food quality. 
Procedures and all related guidelines are written in a language that is clear-cut and 
easy to comprehend. Operators are well trained to perform as well as document all 
the procedures (Good Documentation Practices) (Abdellah et al., 2015).

During manufacturing, records are well maintained either manually or by using 
different instruments. These records show that all necessary steps were taken during 
a procedure and all instructions were followed and food was of required quantity 
and quality. Any deviances in the procedure are also documented (De Oliveira et 
al., 2016). The area covered by GMP requirements (Turlejska, 2003) comprises of 
following mentioned below:

• The working site, environment, and infrastructure
• Equipment and machines
• Disinfecting and washing procedures
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• Water supplies
• Waste management
• Pest control and protection
• Training of staff
• Personnel training and hygiene
• Documentation and record keeping.

Six Sigma

In the middle of the 1980s, the concept of six sigma emerged from the work of 
Motorola. The Method utilizes the application of statistical tools in business 
progressions, with the motive to eliminate risks. A key goal of Six Sigma is quality 
improvement, enhancing the pace of production, and making the product more 
economical. Six Sigma focuses on quality improvement by waste removal; waste is 
identified and removed which is of no value to the customer. The technique helps 
the company to carry out operations more efficiently at lower costs, improve quality, 
enhance customer satisfaction, and upsurge profitability (Paiva, 2013; Tjahjono & 
Ball 2010; Werkema, 2004). The Greek letter “Sigma (σ)” is used by statisticians 
to quantify the change in a process.

A cycle known as DMAIC (Define, Measure, Analyze, Improve, Control) is 
utilized as a guide for professionals, to apply on the most innovative projects and 
highly ambitious targets set by the company (Figure 1). The cycle can be described 
as follows:

Define: definition of the problem and the situation that needs improvement 
keeping in view the company’s targets and strategic ambitions

Measure: application of established and consistent methods for information and 
data handling and processing

Analyze: analysis of the obtained information from the measurement tools 
to identify the loopholes and gaps in the current performance of the system and 
developing a method to reduce the flaw to achieve the desired goal. The analysis 
must be done with the aid of statistical methods and an approach

Increment: install processes, utilize the project management tools, and planning 
techniques for newly established processes

Control: implement effective controls to improve the cycle and create a 
continuously improving cycle (Kwak & Anbari, 2006; Paiva, 2013; Tjahjono & 
Ball 2010; Werkema, 2004).
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Allied Quality Assurance Publication (AQAP)

There should be cooperation between user, ordered, and supplier in the field of quality 
assurance of the product. There should be cooperation in the quality systems as 
described in ISO 9000 series. Adjustments must be made in quality issues to reduce 
the risk level associated. The representative must supervise the quality assurance 
system of the deliverer especially in the areas with higher risks. Assessment and 
analysis of risk that is associated with the deliverer and product to ensure that the 
necessities of the contract will be fulfilled (Wierzbicki, 2003).

Total Quality Management (TQM)

The term total quality management (TQM) was first introduced in North America 
during the 1980s. This term refers to the management approach to improve quality that 
was utilized in Japan for acquiring long-term success. TQM possesses both quality 
concepts and management principles including empowerment of people, strategic 
planning, leadership, customer focus process management, and improvement (Dark 
et al., 2015; Schilling & Neubauer, 2017; Tricker, 2019).

These concepts and principles first evolved during the twentieth century with the 
considerable involvement of many experts related to the field of quality management. 
During the 1980s and 1990s, many food businesses in North America approved the 

Figure 1. DMAIC Cycle (Six Sigma Approach)
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TQM approach and proposed the framework for using it in their system of Quality 
Management, for acquiring maximum advantage in the global market (Child, 2015; 
Wallace et al. 2018; Tricker, 2019).

Implementing QMS

Before implementation of QMS, the two important requirements need to be ensured:

• Customers’ requirements – an organization’s ability to provide desired 
product and service to meet their expectations and needs

• Organization’s requirements – optimum cost with effective utilization of 
available resources like materials, technology, workforce, and information.

A quality management system has four distinct components: quality control, 
quality planning, quality assurance, and improvement. The major constraints in 
implementing advanced food safety and quality management programs are lack of 
human resources and finance due to high cost, less personnel, lack of knowledge, 
experience, and time restrictions. The analysis of key factors influencing the 
application of these integrated or advanced systems can be helpful to understand 
the association between certain elements like internal (communication, staff 
involvement, leadership), external (relationships with authorities, suppliers, and 
customers), structural (ownership structure and size). In Figure 2, the principles of 
TQM are presented. The accountability for implementing and regulating food laws 
is allocated to the agencies regulating the government. These enforcement actions 
are divided into two classes:

• Inspection and auditing of establishments that are involved in processing, 
handling, and food storage to make sure that necessary sanitary and well-
controlled conditions are applied; audits are utilized by a few regulatory 
agencies enforcing HACCP-based regulations (Marriott et al., 2018)

• Food analysis and inspection for detrimental substances to make sure 
conformity to acknowledged limits along with tolerances.

Despite efforts made by government agencies for enforcing food laws as well 
as regulations, the misbranded foods that are harmful for human use sometimes 
penetrate food distribution or supply chain (Kotsanopoulos & Arvanitoyannis, 
2017). Therefore, regulating government agencies and food companies need to take 
mandatory action to protect customers against these violations (Hubbard, 2012; 
Kotsanopoulos & Arvanitoyannis, 2017).
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Good Working Practices (GWP)

Working practices may be regulated by compliance between employers and workers’ 
representatives, or the practices, which are considered without any formal agreement. 
The processes that are used to produce goods following precise procedures of 
manufacturing and marketing authorizations, to obtain the indispensable standard 
of the products (Bidwell et al., 2013). Protocols must be followed and if required 
must be recorded while taking care of products and handling the raw materials 
including processes like quarantine, sampling, cleaning storage, dispensing labeling, 
packaging, processing, and distribution. Deviation from the authorized protocol must 
be avoided to the fullest extent. Approved methods must be followed to carry out 
any discreet process in case of divergence from normality (Karmacharya, 2014). The 
batch number should be used to label and identify the equipment and materials; it is 
also encouraged to mention the materials and capacity of the equipment. Mention 
the stage of the production process where it seems reasonable and applicable. In 
many cases recording of previously processed products is also useful (Sonnemann 
et al., 2018). Only authorized and relevant personnel should be allowed inside the 
production facility and intra-process controls are applied and carried out inside the 
production area (Press, 2003). Contamination of both the raw material at the start of 

Figure 2. Principles of TQM
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a process and the finished product must be avoided. Strict measures must be in place 
to avoid cross contaminations on both technical and organizational levels like keeping 
a check on gaseous, vaporized, and liquid effluents which can cause contamination 
of the product. Standard operating procedures must include periodical checks of 
the production units to check for the sources of contamination and production areas 
should be regularly scrutinized from time to time for environmental sustainability 
(Patel & Chotai, 2013). Before starting packing operations ensure that documents 
used, workplace, and packaging lines are clean. No previous product or unnecessary 
documents, products, or materials are lying around that are not required for the 
operation at hand (Cohen, 2014; Moerman & Wouters, 2016).

Good Lab Practices (GLP)

Any quality system related to organizational conditions and processes under which 
environmental safety and non-clinical health studies and research are planned, 
practically done, examined, documented, archived, and finally reported must be 
according to recommendations. A chemical must be bought in minimum quantity, 
even if it seems cheap. Store chemicals within correctly and well-labeled containers 
having appropriately identified hazard warning (either utilizing circled letter written 
with help of permanent marker or any of the labels with special hazard code having 
yellow color; also store chemicals according to the instructions by the supplier). 
All the chemicals containers should be properly sealed when transporting and store 
hazardous chemicals like volatile compounds within the fire-proof cabinet. On the 
other hand, if a chemical is non-flammable or inflammable in little amounts, store 
in the fume cupboard. Flammable solvents having flashpoints less than 32°C (e.g. 
ethanol, acetone, propanols, diethyl ether, petroleum ether, isoamyl alcohol, butanols) 
their storage must be done in bottles with not greater than 500 ml unless within the 
fire-proof cabinet (De Oliveira et al., 2016).

Good Documentation Practice (GDocP)

Good documentation practice is normally abbreviated as GDP but it is recommended 
to abbreviate it as GDocP so that it might not be confused with “good distribution 
practice”, which is also being abbreviated as GDP. These are the practices that are 
used in the food, medical, pharmaceutical industries to create and maintain necessary 
documents. GMP prospects in addition to the legal requirements are inspected by 
authorities but not the Law, and if departures are seen, then necessary comments 
are made. In the last few years, it has been seen that these GDocP is also expanding 
to the cosmetic industries and ingredient manufacturers (Trafialek & Kolo zyn-
Krajewska, 2011).
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Good Distribution Practices (GDP)

The distributed food products must be authorized according to the defined set of 
rules. Storage conditions are well checked and maintained throughout transportation. 
Chances of any contamination are minimized and adequate turnover of stored food 
is ensured. To minimize the quality risk of the product, safe and secure areas are 
chosen for storage. It is ensured that a good quality product is delivered to the right 
addressee within the time limit provided. An effective tracing system should be used 
to identify any faulty product (Blanchfield, 2005).

PROCESSING TECHNOLOGIES FOR IMPROVING 
FOOD QUALITY AND SAFETY

Consumer demands for healthy, fresh, and nutritious food have triggered the food 
industries to adopt new technologies for high quality products. These technologies 
can help in enhancing functional and nutritional characteristics, reducing the 
processing cost and reduction of the foodborne pathogen. Some of these technologies 
are discussed below (Considine et al., 2008).

High Temperature Short Time (HTST) Pasteurization 
and Ultra High Temperature (UHT)

Traditional pasteurization was used for milk and milk products for 30 minutes in the 
large tank. Now the modified form of pasteurization is used called High Temperature 
Short Time (HTST) pasteurization. In this type of pasteurization, metal plates are 
used for attaining the temperature of 161° F for 15 seconds. This increases the shelf 
life but the product still needs refrigeration. Ultra High Temperature (UHT) is an 
aseptic method done in aseptic containers above 135 °C (275 °F) for 2-3 seconds; 
packaging is also done by following food safety standards. No refrigeration is required 
after this type of treatment (IDFA, 2020).

High Pressure Processing (HPP)

This processing can inactivate enzymes and microorganisms and modify structures 
exerting no effect on nutritional and sensory attributes like texture, the color of 
products. This helps in controlling spoilage of food, ensuring food safety, and 
increasing the shelf life of the product (Cheftel, 1995; Hogan et al., 2005; Patterson, 
1999). Color changes in meat/poultry are there due to change in heme displacement/
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release, changes in myoglobin, and ferrous atom oxidation. HPP can help in coping 
up with these color change issues.

Ultrasonication

It is a technique that can pasteurize and preserve food products by inactivation of 
enzymes and microorganisms at low temperatures improving food quality. The baking 
industry is dependent on control of dough properties to achieve consistency and food 
quality. Ultrasonic measurements like attenuation and velocity at w100 kHz help 
in assessing flour quality (Alava et al., 2007). They can be used to determine the 
rheological properties of doughs made from different types of flour. It can help in 
discriminating different types of flours (Chandrapala et al., 2012; Gomez et al., 2008).

Vacuum Frying

Traditional frying of potatoes and other foods can lead to acrylamide due to the high 
content of reducing sugars and amino acid asparagine. Acrylamide formation can 
be reduced by using the vacuum frying method. This method does not compromise 
the taste and nutritional properties of foods (Granda et al., 2004).

Nanotechnology

Nano-particles can be used in the food industry to improve nutritional and flow 
properties, color, flavor, increase shelf life, and extending shelf life. Healthy foods 
with reduced fat, sugar, and salt content can be produced by using this technology to 
prevent diseases. Nutraceuticals can be incorporated in carriers including phytosterols, 
beta-carotene, and lycopene are used in foods for preventing the accumulation 
of cholesterol (Mozafari et al., 2006). The anti-cancer activity of curcumin was 
increased by hydrophobically modified starch encapsulation (Yu & Huang, 2010). 
TiO2 nanoparticles can be used against foodborne pathogens like L. monocytogenes, 
Vibrio parahaemolyticus, and Salmonella choleraesuis (Kim et al., 2003).

Biomimetics

Food taste and perception are based on the five senses we are gifted by nature. 
Biomimetics as the ‘abstraction of good design from nature’ is to tap and analyze 
nature’s potential for innovative solutions. They are human sense inspired technologies 
to given the decision about the quality of the final product (Ghasemi-Varnamkhasti 
et al., 2010).
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Microwave Processing

A significant reduction in cooking consumption and cooking time can be achieved by 
using microwaves. Microwave technologies include sterilizing, heating, and drying 
leading to better food quality and safety. It can retain higher levels of bioactive 
compounds, the activity of antioxidants, and vegetable color than conventional 
methods. It can inactivate enzymes and bioactive active components (Guo et al., 2017).

Radio Frequency Electric Field (RFEF) Processing

Commercial heating methods generally focus on convention and conduction methods 
transferring heat from outer surfaces of products to inner ones leading to more time 
consumption overheating and dehydration. On the other hand, interaction between 
foods and electromagnetic energy for controlling bacteria, appearance, improving 
sensory, and nutritional attributes (Di Rosa et al., 2019).

Ohmic Heating

Ohmic heating also called electrical resistance heating, Joule heating, direct electrical 
resistance heating is a procedure of heating food products by passing current 
dissipating energy directly to food. Potential applications for ohmic heating include 
heating, pasteurization, sterilization, fermentation, dehydration, evaporation, and 
blanching. It is a faster heating method along with the sustainability of nutritional 
value and color properties. However, great start-up cost, lack of awareness, and 
lack of its application in foods having oil and fat limit its use (Kaur & Singh, 2016).

Pulsed Electric Field (PEF)

This commercialized nonthermal intervention technology was introduced in 2005. 
This method has excellent microbial inactivation for liquid products. It can kill molds, 
yeasts, and vegetative bacteria. Pumpable and fluid can be pasteurized using PEF. 
It assures the retention of product freshness and quality compared to non-thermal 
procedures (Barbosa-Canovas & Swanson, 2019).

Ultraviolet (UV) Light Irradiation

Radiations from the ultraviolet region of the electromagnetic spectrum are used 
in ultraviolet processing. These radiations can reduce the growth of the microbial 
population by damaging their DNA. UV irradiation serves as a universal ligand to 
active cell surface receptors and to induce the assembly of signaling complexes at 
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the plasma membrane. These complexes activate cytosolic protein kinase cascades 
that relay signals to the cell nucleus, thereby regulating the activity of a variety of 
transcription factors. Key cellular responses are up-regulation of matrix-degrading 
metalloproteinase and down-regulation of extracellular matrix biosynthesis. The 
resultant net deficit of structural integrity of skin connective tissue is one of the 
major factors that contribute to the phenotype of photo aging (Xu & Fisher, 2005).

RELATIONSHIPS BETWEEN QUALITY 
SYSTEMS IN THE FOOD INDUSTRY

Specific approaches are highly required in agri-food production industries to 
satisfy consumers’ expected quality parameters (Van der Speigel et al., 2003). It is 
essential to integrate above mentioned various quality systems to improve the overall 
performance of the industry. HACCP is considered an important part of quality 
systems because it not only assures the safety of food products but also ensures 
the better implementation of the whole quality system. There is a clear distinction 
between assurance and management. The word assurance describes the product itself 
and includes various safety assurance systems (GHP, GMP, and HACCP) and also 
the Quality Assurance Control Points. Thus, the term assurance not only refers to 
the safety but also the quality of the end product.

An integrated model regarding essential requirements for food organization is 
indicated in Table 1. The assurance of safer food production is a mandatory requirement 
for the agri-production industry and can be achieved by following an organizational 
and systematic structure, controlling processes, activities, and resources mentioned 
by the quality and hygienic systems like ISO 9001, HACCP, and ISO14000 series.

FOOD QUALITIES AND CONSUMERS’ PERCEPTION

The perceptions of consumers vary with time (Fife-Shaw & Rowe, 1996). Commonly 
interlinked risks occur frequently and are less harmful. Moreover, these risk factors 
are known to be in control of individuals and are often underestimated (Alvensleben, 
2002). Nowadays people are more curious about their health, specifically in terms 
of nutrition. It is assumed that this drastic change in consumer perception is mainly 
because of safety measures taken by manufacturers and the awareness of consumers. 
Food manufacturers in the industry are working ambitiously to ensure food safety in 
products. Reliability and trust are the main factors on which effective communication 
regarding food risk and safety between people and manufacturers is based. There 
are various dimensions of trust such as honesty, competence, and concern with 
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public welfare (Frewer & Miles, 2001). The best way to develop trust is to actively 
provide information to consumers regarding food safety in peaceful times and proper 
information should be provided on labels (Röhr et al., 2005).

FUTURE RESEARCH DIRECTIONS

Food safety rules and standards have been the primary drivers of new food business 
changes in recent decades. However, this is changing; consumers increasingly 
have emerged as recent trends in many businesses, including the food industry. 

Table 1. Essentials of food quality and safety assurance in the industry

Quality management
The commitment of top management 
Sharing of responsibilities, plan, material and human resources 
Effective quality system assurance

Production areas and 
equipment

Guarantee the presence of all equipment and facilities, installation and 
maintenance of equipment, sanitization, cleaning

Staff

Development of a proper organizational framework 
Description of executive positions 
Training of staff 
Development of attitude and behavioural competencies 
Supervision of personal health and hygiene

Documentation Develop, approval, updating, distribution, maintenance of document

Regulations Follow contractual requirements 
Apply mandatory requirements

Quality control

Apply GLP and good sampling techniques 
Inspect the analytical methods 
Validate the process 
Maintenance, checking, calibration of monitoring and measuring devices

Processing

Process validation 
Avoid cross-contamination 
Procure quality raw materials 
Fulfil label requirements 
Ensure good quality of end product 
Identification and tracking of batches

Consumer complaints
Handle the complaints from customers 
Documentation of recalls and withdrawals 
Analyze the decisions

Self-inspection Conduct internal audit 
Check corrective and compliance

Supplier 
relationships

Identify key suppliers 
Communicate open and clear 
Share future plans and information 
Start joint improvement and development activities

Source: Rotaru et al., 2015
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Plasma-activated water (PAW), which is water or solutions that have been treated 
with atmospheric cold plasma, is a procedure that causes minimal changes in food, 
making it a viable alternative to existing disinfection methods. PAW has gotten a 
lot of attention lately because of its possible microbicidal qualities in the culinary, 
agricultural, and biomedical areas. As a result, urgent research efforts should be 
directed toward the development and scaling up of lower-cost PAW production 
methods for commercial applications. One of the most important future study paths 
is the generation mechanism of reactive species in PAW, which might potentially 
assist to improve the antibacterial capacity of PAW by improving the plasma process 
parameters for PAW production. Furthermore, multi-omics technologies such as 
transcriptomics, proteomics, and metabolomics should be used to better unravel 
PAW’s antimicrobial activity mechanisms. Overall, PAW offers prospective solutions 
to improve the safety and quality of food products as a potentially environmentally 
friendly and effective antibacterial agent.

Due to its transparency, decentralization, tamper-proof nature, and encryption 
security, blockchain technology is projected to confront some obstacles and 
hurdles in a variety of industries. Blockchain is a potential technology for food 
safety regulation, but there are still many food-related concerns, impediments, 
and challenges to overcome. Nonetheless, it is believed to be a practical option for 
reducing food safety issues.

Current and projected future developments in food technology, consumption, 
and commerce that may have an impact on foodborne disease are examined, and 
significant driving variables are highlighted, with a focus on the European Union 
and, to a lesser extent, the United States and worldwide challenges. System-based 
methodologies are used to establish an understanding of factors, and their impact 
is examined in relation to current events and future trends projections.

CONCLUSION

Ensuring food quality and food safety is a necessity today especially for developing 
countries to take part in international trade. Both negative and positive experiences 
from all countries can be used for the betterment of systems globally. All types of 
hazards can lead to deleterious effects on the body; strategies should be devised to 
avoid them. Foodborne diseases exert a significant effect on the health, morbidity, 
mortality and economic development of a country. Food safety must be ensured 
to avoid the risk of any hazards in food. The effectiveness of a quality and safety 
assurance system is based on the relationship of external, internal and structural 
factors. Food quality assurance and certification has an important role in building 
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the trust of the customer. The industry needs to select a suitable management system 
for evaluating and measuring the performance of the company.
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Section 2

This section presents four chapters highlighting issues relating to knowledge, attitude, 
and practices of the use of polystyrene food packaging among food operators, 
standard food safety practices in a restaurant, a literature review on the level of 
food safety knowledge among food handlers, and a study of consumers awareness 
and opinion toward food safety practices and policy.
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ABSTRACT

Polystyrene is commonly used on a daily basis for the packaging of takeaways as 
if people assume that it is safe. Although studies show the migration of styrene 
into food could cause adverse health impacts such as cancer, neurotoxicity, and 
hormone-related problems, less is known about public awareness of its risk. This 
chapter presents a study conducted to assess the level of knowledge, attitude, and 
practice (KAP) of polystyrene food packaging usage among food operators (i.e., 
hawkers, restaurants, and night market). Data were collected using self-administered 
to survey 115 food operators. Results show that the food operators have a moderate 
knowledge and attitude in polystyrene usage. Their practice in polystyrene usage is 
still poor. Food operators from restaurants had the highest level of KAP compared 
to hawker and night markets. The finding could provide some guides in developing 
interventions to educate food operators about food safety issues related to polystyrene.
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Knowledge, Attitude, and Practice (KAP) of Polystyrene Food Packaging Usage

INTRODUCTION

A packed schedule and busy lifestyle had caused us to have lesser time spend to 
cook especially during weekdays; classes, work or when so much activity is to be 
completed in a day. Therefore, take-away is always the best option. Consumers 
could eat their food anywhere and everywhere that they want according to their 
preference. Food packaging material such as plastic is a medium mostly used to 
take away food in developing nations including Malaysia (Jayaraman et al., 2011). 
Plastic is still widely used among foodservice operators especially if they provide 
takeaway and delivery service. Food packaging had several functions where it protects 
food from being contaminated and spoiled, ease of transportation and provides a 
uniform measurement of contents. There are many types of favorite food packaging 
in Malaysia; for example, polystyrene, plastics, oil paper, paper box, etc.

Polystyrene food packaging is one of the products derived from monomer styrene 
and had side effects if being exposed.-This food packaging had been very popular, not 
only among food operators but also customers and the usage is prevalent nationally 
before it was banned in certain areas (Haqim, 2015; Soon, 2016). The authorities 
of federal territories such as Putrajaya, Kuala Lumpur and Labuan, as well as the 
state of Selangor, Pulau Pinang and Malacca, had recently forbidden the usage of 
polystyrene in their states (Ahmad, 2016). In almost all food operations, polystyrene 
could be found as a medium of packing food before it is banned in some states in 
Malaysia (Haqim, 2015). The purpose of this study is to assess food operators’ level 
of knowledge, attitude and practice (KAP) about polystyrene food packaging. The 
specific objectives are as follow:

i.  To evaluate the level of KAP among food operators
ii.  To determine the relationship between KAP
iii.  To compare the level of KAP between different types of food operations (i.e., 

hawker, restaurant and night market).

BACKGROUND

Polystyrene

Polystyrene is a common type of food packaging that food service operators regularly 
employ to package their take-out meals. This packaging is a transparent, rigid, 
and brittle addition polymer of styrene with a relatively low melting temperature. 
Styrene is a monomer that is utilised as a fundamental building block in the plastics 
industry and has been deemed safe for use in food packaging. Foaming produced 
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from styrene generates an opaque, hard, lightweight material that is resistant to 
impact and provides thermal insulation. Protective packaging such as egg cartons, 
containers, disposable plastic utensils, lids, cups, plates, bottles, and food trays are 
common examples available in the market (Marsh & Bugusu, 2007). The drinking 
cup, bowl, and foam food are all examples of polystyrene employed in this industry.

Polystyrene is a polymer composed of many different styrene monomers that 
is commonly utilised by manufacturers and food service operators. They feature 
a number of characteristics that are ideal for food service, including lightweight, 
portability, and heat-resistant material. Additionally, polystyrene is opaque, hard, 
and impact-resistant, making it an ideal material for protective packaging (Marsh 
& Bugusu, 2007).

Despite the benefits of polystyrene for both operators and customers, there are 
significant risks associated with its use, necessitating the use of alternate packaging. 
The problem is to develop containers that maintain the temperature of the food while 
remaining economically packaged (Boyce, Charles & Binkley, 2008). The currently 
utilised white polystyrene containers failed to preserve food’s temperature, spilled 
frequently, and were easily broken by sharp cutlery (Sheridan, 2003).

Additionally, environmental-conscious individuals demanded green packaging 
in order to avoid food waste and to have packaging that degrades quickly. While 
manufacturers of biodegradable items frequently claim to be environmentally 
friendly, there is currently no solution that can replace polystyrene while remaining 
environmentally benign. Even biodegradable paper boxes for food packing have a 
higher life cycle assessment (LCA) and do not totally decompose when contaminated 
(Bavani, 2016). To date, no alternative to polystyrene that is environmentally friendly 
and fully degrade when polluted.

Chemical Migration of Polystyrene into Food

Chemical migration occurs due to the movement of chemicals from the substance 
used inside the polystyrene container to the food. Only if the packaging is handled 
incorrectly and comes into close touch with food will the chemical migrate. When 
metals, glass, ceramics, rubber, plastic, and paper come into contact with certain 
types of foods, small amounts of their chemical contents can be released. Chemical 
migration was facilitated by packaging that came into direct touch with food, which is 
referred to as primary packaging. Food and beverage products can be quite aggressive 
and can interact violently with other materials, depending on the components with 
which they come into touch (Ardic & Kahve, 2015; Castle, 2006).

The chemical styrene may be soluble in food because it undergoes partial 
breakdown under specific conditions, such as when fat is present, when alcohol is 
present, or when Vitamin A is present. Besides temperature and food acidity, other 
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factors that may contribute to the solubility of styrene in food or beverages include 
long-term exposure of polystyrene to food or beverages. Styrene migrates rapidly, 
especially when food or beverages are hot, as this causes partial decomposition of 
styrene.

Due to its solubility in oil and fat, styrene migrates into food. According to Ardic 
and Kahve (2015), the more the fat content of food, the higher the level of styrene 
migration into the food. Foods with high-fat content, such as entrees, soups, and 
beverages, styrene will migrate at a faster rate than other foods. Aside from that, the 
ethanol that is typically included in alcoholic beverages has the ability to dissolve 
styrene. Vitamin A, also known as beta carotene, which is widely believed to be 
beneficial when eaten, can be harmful to the human body if not consume properly. 
Because vitamin A degraded by the addition of heat, it produces toluene, which is 
highly reactive and aggressively dissolves the styrene. Intentional and unintentional 
food contamination may come from acidic food such as coffee and spices, oil fried 
dishes, extreme hot conditions and food that contains Bisphenol A (BPA) (Ardic 
& Kahve, 2015; Castle, 2006; Khaksar & Khansari, 2009).

It is widely known that high-temperature food or drinks that contact directly 
with plastic surfaces could cause chemical migration (Ardic & Kahve, 2015; Castle, 
2006). Styrene monomer will migrate into hot beverages based on the amount of 
fat present, the temperature, and the duration of the beverage. Temperature is the 
most important component to consider because the level of migration increases 
as the temperature rises. Similarly, it was demonstrated that food packaged in 
polystyrene trays and wrapped in supermarket packaging absorbs styrene from the 
container (Ardic & Kahve, 2015; Castle, 2006; Khaksar & Khansari, 2009;). The 
rates of chemical migration are also affected by a number of factors: a) direct or 
indirect contact with food by packaging material, b) characteristics of the materials 
in contact with food, c) migrant chemical property, d) migrant initial concentration 
in packaging material, e) contact time and temperature components in contact with 
the packaging material, and f) acid content in food. High acidity food can increase 
the rate of styrene migration in the packaging material (Ardic & Kahve, 2015; 
Kamidi, 2015).

Styrene can poison a person over an extended period of time because it has been 
classified as a human carcinogen by the Food and Drug Administration (FDA), 
and the International Agency for Research on Cancer (IARC). Investigations of the 
harmful effect of styrene on the haematological, central neurological and peripheral 
nerve systems, gastrointestinal, reproductive organs, and lymphatic systems have 
raised widespread concern (Emma et al. 2001). Only a little amount of evidence 
suggests that styrene can be harmful to the developing child, the female reproductive 
system, or the endocrine system. Other research have suggested that styrene may 
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have an impact on neurobehavioral development and may have neurotoxic properties 
(Brown et al. 2000).

Consumer Perception of Food Packaging

In the food packaging industry, there are two levels of consumers: the primary 
consumer is the food operator who uses the packaging to pack the food purchased by 
the consumer, and the secondary consumer is the customer who consumes the food 
from the packaging. Despite the fact that sales continue to grow, customer interest 
in dining does not increase. Take-out and curb-side services are fueling the market 
(Prewitt, 2002). The increasing number of take-out sales at food establishments that 
continue to expand demonstrates that the use of food packaging is also increasing. 
On the contrary, there are certain worries about take-out meals, one of which being 
the sort of container that is being used to deliver the food (Boyce et al, 2008).

According to Boyce et al. (2008), consumers have inadequate awareness of food 
safety and food security. Furthermore, the end customer believes that they do not 
need to be concerned about food safety issues and has delegated this responsibility to 
food operators and health inspectors. Because of their lack of information about food 
safety issues, they have a low level of knowledge, and they have denied themselves 
the right to eat food of the highest possible quality that is also safe to consume. On 
the other hand, operators may not care because their major focus is their clientele. 
They will just continue to use them as long as there is a demand and no objection 
from the customer.

Despite the fact that Malaysia is a developing country, Malaysians have the habit 
of purchasing hot food items in plastic food packaging (Jayaraman et al., 2011). In 
Malaysia, this practice had been observed practically everywhere, and people may 
have concluded that there was nothing wrong with it. The actual issue is whether or 
not the average consumer is aware of the safety of plastic bag that is used for packing 
hot things (Jayaraman et al., 2011). Furthermore, food should not be packaged at 
extremely high temperatures in any sort of food packagings, such as polystyrene, 
plastic bags, or paper boxes, under any circumstances. Consumers should avoid 
using polystyrene boxes to pack food that would be exposed to high heat because 
this may result in the chemical migration of food packaging (Jayaraman et al., 2011).

Perceived Mechanism of Food Packaging

Food packaging serves as a conveyance for the food while it is being transported. 
Given the increasing popularity of delivery services, business owners are searching 
for more effective packing (Boyce et al. 2008). The attributes that consumers have 
been seeking in food packaging include the ability of the packaging to act as an 
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insulator for the food, the ability to transport product without spillage, and the 
ability to keep food independently within the same package (Boyce et al, 2008). 
Additionally, customers have expressed an interest in food packaging that can 
moderately preserve convenience foods while maintaining their fresh-like appearance 
and taste (Vermeiren et al., 1999). Apart from that, it should be convenient, low-cost, 
and simply accessible for food service companies.

Food packaging protects food against three types of external impacts: chemical, 
biological, and physical. Chemical protection is used in situations where compositional 
changes caused by external factors, such as gases, moisture, or light, can be minimised 
or eliminated. Biological protection, on the other hand, acts as a barrier against 
bacteria and other pathogens that could cause disease and spoilage. Aside from 
that, it also serves as physical protection, preventing mechanical damage, stress, and 
vibration that may occur throughout the process of distribution (Bugusu & Marsh, 
2007). Packaging is advantageous in the sense that it protects food from spoiling 
caused by external forces; yet, chemicals from packaging may have a negative impact 
on the quality and safety of the food they are protecting (Ardic & Kahve, 2015). 
Physical contamination could be easily observed and avoided if precautions were 
taken, but chemical and biological contamination could not be observed with the 
human eye and could not be controlled. These are the variables that should be the 
most concerned about, and food packaging should be effective in preventing this 
type of contamination from occurring.

Problem Statement

Polystyrene is commonly used as a medium of packaging for food in almost all food 
operations before it is banned in some states in Malaysia. There is a need to study 
the food operator’s usage of this type of packaging especially in holding a hot edible 
item. While studies indicate that styrene migration into food may have negative 
health consequences such as cancer, neurotoxicity, and hormone-related disorders, 
little is known regarding public knowledge of the risk. The risk of migration is 
higher as the food is held inside polystyrene packaging for some time before it is 
consumed by the consumer. Hence, there is a need to know if food operators had 
knowledge on the usage of plastic food packaging to pack takeaway food specifically 
polystyrene in this study.

To date, a limited number of research on knowledge, attitude and practice (KAP) 
of plastic food packaging usage has been conducted among food operators such as 
restaurants, hawkers and night markets in Malaysia. Most studies on the usage of 
plastic food packaging, particularly on KAP, were conducted among consumers. 
Although food operators are also considered as customers because they bought 
and used plastic food packaging, they are classified as the primary user who is 
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different from the end-user. In short, there is a lack of data on food operators KAP 
to understand the risk associated with the use of polystyrene.

METHODOLOGY

Research Design

A cross-sectional survey study was conducted to gather empirical data on the level 
of knowledge, attitude, and practice (KAP) in connection to the use of polystyrene 
food packaging among food operators. The survey approach was chosen because it 
is cost-effective, can be sent to a large number of respondents, and provides more 
accurate responses (Dillman, 2013). It is one of the most widely used methodologies 
in order to evaluate and determine the specific associations between variables in a 
corresponding study (Neuman, 2003).

Study Sample and Sampling

The population of this research is food operators in four selected states in Malaysia 
that have not banned the usage of polystyrene for food packaging, namely Negeri 
Sembilan, Perak, Kedah, and Kelantan. The selection of these locations was made 
with the goal of ensuring that the KAP of the food operators at the time of the 
study’s execution could be examined. Hawkers, restaurants, and night markets were 
among the food establishments that have been targeted. The usage of polystyrene 
food packaging is high among these types of food operators. The sampling strategies 
utilized in this study were convenience sampling techniques. There are no resources 
available to build a sampling frame for polystyrene users in the food service industry, 
even if the population had been more narrowly defined. It is therefore difficult to 
use a random sampling technique. Respondents were chosen among food operators 
from small operation enterprises in which polystyrene is likely to be used for food 
packaging. The targeted number of samples was 150 respondents, but the useable 
valid data obtained was 115 respondents.

Data Collection

A paper survey questionnaire was employed as a tool for data collection. The 
questionnaire contains four sections and was prepared in two language options 
(i.e., English and Bahasa Malaysia). The first section contains questions on the 
respondent’s demographic and operation profile. Demographic questions included 
were age, gender, work position, and years of experience with the current operation. 
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Three questions on operation profile pertaining to the duration of operation and 
estimated sales monthly were included using a multiple-choice answer format. The 
second section contains ten questions on the polystyrene usage level. Respondents 
were asked to estimate the amount of polystyrene used according to the types of food 
packed for the customer. The type of food they used to pack and the frequency of 
usage were also captured. Besides, a question on reasons for choosing polystyrene 
for their operation was also included in the questionnaire. Respondents were allowed 
to select more than one answer choice for this question.

In the third section, questions measuring the level of knowledge which contains 
12 items on knowledge about styrene, polystyrene and chemical migration of styrene 
were included. Most of the knowledge questions were adapted from a previous study 
(Haqim, 2016), but some additional questions were developed by the researcher. 
Respondents must indicate whether each statement is true or false. The fourth 
section constitutes a series of questions about the attitude of food operators towards 
polystyrene by using five points Likert scale, where 1 = strongly disagree and 5 = 
strongly agree. The attitude of food operators towards polystyrene was measured 
based on how safe they think of polystyrene and the health hazard that might be 
caused by styrene compounds. Lastly, eight questions on practices were included 
in the final section of the questionnaire. Items in this section measure how food 
operators handled polystyrene food packaging and their decision-making in the usage 
of polystyrene for the operation. Respondents are given five points of Likert scale 
where 1 = never, 2 = occasionally, 3 = sometimes, 4 = usually, and 5 = frequently. 
The survey questionnaire was pre-tested with food operators (n=10) prior to data 
collection to check for face validity.

Data Analysis

The data were analyzed by using the Statistics Package for Social Sciences (Version 
23). Descriptive analysis was done to provide frequency, percentage and mean scores 
from the data. Descriptive analysis was used to report the level of knowledge score, 
the mean of attitude and practice and the level of food packaging usage. This study 
applied the ANOVA test to compare the level of KAP among the types of food 
service operators. Next, correlation and regression analysis were used to determine 
the relationship between knowledge, attitude and practice.
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RESULTS AND DISCUSSIONS

Profile of the Respondents

Table 1 shows the profile of respondents in this study. Slightly more than of the 
respondents are female (56.5%) and within the age range 19 and 29 years old (26.1%). 
Most of the respondents surveyed are the owner or supervisor of the food operations 
(67%), followed by a cook or kitchen helper (19.1%). The majority of them who 
participated in this study have one to ten years of work experience in food business 
operations (77.4%).

Respondents’ Food Operation Information

Respondents’ food operation information is presented in Table 2. Almost half of 
the food operations are restaurants (47.2%), followed by hawker stalls (30.3%) and 

Table 1. Summary of respondents’ profile (n=115)

Characteristics Frequency (n) Percentage (%)

Gender

Male 50 43.5

Female 65 56.5

Age

19 – 29 years old 30 26.1

30 – 39 years old 29 25.2

40 – 49 years old 27 23.5

More than 50 years old 29 25.2

Work Position

Owner/supervisor 77 70.0

Cook/kitchen helper 22 19.1

Others 12 10.4

Work Experience in Food Business 
Operation

1 – 10 years 89 77.4

11 – 20 years 15 13.0

21 – 30 years 7 6.1

More than 30 years 4 3.5

Note. Some percentages do not add up to 100% due to missing value
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night market (22.5%). Most of the respondents surveyed have operated their business 
within less than 10 years (85%). Only 14.8% of the food premises operated between 
11 and 20 years while the remaining 10% operated for more than 10 years. The 
majority of food operations achieved less than RM10K sales per month (82.6%) and 
has less than five total numbers of workers (81.7%). Less than 20% of the operations 
obtained more than RM10K sales and have more than 5 workers.

The Level of Knowledge Relating to 
Polystyrene Food Packaging Usage

Respondents’ level of knowledge related to polystyrene food packaging usage was 
evaluated by asking them to choose true or false statements. Each response was then 
graded based on the correct answer was chosen by the respondents. The percentage 
of respondents providing a correct and incorrect response is tabulated in Table 3. 
The results are arranged in descending order from highest to lowest percentage 

Table 2. Summary of respondents’ food operation profile (n=115)

Characteristic Frequency (n) Percentage (%)

Type of operation

Hawker 39 30.3

Restaurant 42 47.2

Night Market 34 22.5

Period of operation

Less than 10 years 85 73.9

11 to 20 years 17 14.8

21 to 30 years 6 5.2

More than 30 years 6 5.2

Sales (per month)

Less than RM 10K 95 82.6

RM 11K to RM 20K 14 12.2

More than RM 20K 6 5.2

Number of workers

Less than 5 94 81.7

6 to 10 19 16.5

More than 10 2 1.7

Note. Some percentages do not add up to 100% due to missing value
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of the correct answer. The highest percentage of respondents (82.6%) answered 
correctly was on the statement that “Styrene will not leach out from cold food”. 
This indicates that the majority of the respondents knew styrene monomer does not 
undergo breakdown to migrate into food at room temperature or cold food and that 
they knew temperature does affect the migration.

The second highest statement answered correctly is the statement of “Polystyrene 
is made up of styrene that can cause adverse health impact”, where 55.7% of the 
respondents answered correctly. The statement tested respondents’ general knowledge 
of components of polystyrene. From this statement, the study found that most of 
the respondents had the idea of styrene could give negative impacts on our health.

Table 3. Food operators’ knowledge on polystyrene food packaging (n=115)

Statement

Percentage of respondent 
% (n)

Correct 
answer

Incorrect 
answer

Styrene can leach out when cold food is packed in polystyrene food 
packaging 82.6 (95) 14.8 (17)

Polystyrene food packaging is made up of styrene that can cause adverse 
health impact 55.7 (64) 41.7 (48)

Styrene can leach out when oily hot food is packed in polystyrene food 
packaging 53.9 (62) 43.5 (50)

Human can be exposed to styrene from polystyrene food packaging 51.3 (59) 46.1 (53)

Polystyrene is a type of synthetic polymer that is used in making polystyrene 
food packaging 49.6 (57) 47.8 (55)

Polystyrene food packaging contains compound called styrene that is toxic 46.1 (53) 51.3 (59)

Polystyrene is safe to be used as food or drink packaging 44.3 (51) 53.0 (51)

The safety of polystyrene is no different from other types of food packaging 
such as paper or plastics 40.0 (46) 57.7 (66)

Styrene can migrate into food upon prolong exposure at high temperature 38.3 (44) 59.1 (68)

There are some food safety issues related to the use of polystyrene food 
packaging 37.4 (43) 60.0 (69)

Polystyrene used in food/drink packaging are made from natural gases 29.6 (34) 67.8 (78)

Some states in our country banned food provider from using polystyrene 
food packaging because of health impact 26.1 (30) 71.3 (82)

Note: Total percentage of respondent does not add up to 100% due to missing data
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The next highest statement that was answered correctly is “Styrene can leach out 
when oily hot food is packed in polystyrene” with 53.9% of them answer correctly. 
This statement tested respondents’ awareness about the factors that contribute to 
the migration of styrene into food. Next, a total of 51.3% of respondents correctly 
answered that “human is exposed to styrene through polystyrene food packaging”. 
Only less than 50% of respondents answered correctly for the remaining statements 
given. The lowest correct response was on the statement “Some states banned food 
providers from using polystyrene because of health impact” with a percentage of 
26.1% only.

The Level of Attitudes Relating to 
Polystyrene Food Packaging Usage

Respondents’ level of attitudes towards polystyrene food packaging usage was 
evaluated on eight items using a Likert scale (1 = Strongly disagree; 5 = Strongly 
agree). Table 4 shows the level of attitude arranged in descending order of highest 
to lowest mean. The highest rating is at a mean score of 3.76 where around 60.9% of 
respondents believe that “it is safe to pack cold food in polystyrene food packaging”. 
The following highest rating means is 3.24 in which respondents agree (42.6%) 
that “Polystyrene food packaging is safer compared to any other packaging (e.g., 
oil paper, plastic bags, polypropylene container)”. In other words, respondents 
moderately believed that polystyrene food packaging is safer compared to any other 
packaging. Respondent agrees that the risk of all food packaging might be different. 
Results in Table 4 implied that respondents have a low attitude towards the safety 
of polystyrene food packaging usage.

The third highest mean score rating is 3.17 where 46.9% of respondents believe 
that “the use of polystyrene as food packaging is safe”. In general, respondents 
believe that the usage of polystyrene as plastic packaging is safe. Most of the food 
operators had no idea that the usage of polystyrene could cause adverse health 
impacts to humans.

On the other hand, the results show that majority of respondents disagree (20.9%) 
or are neutral (51.3%) that “Continuous usage of polystyrene could cause adverse 
health impact such as neurotoxicity” with a mean score rating of 2.96. Most of the 
respondents also disagree (38.3%) that “it is safe to pack oily hot food in polystyrene 
food packaging”. Finally, most of the food operators disagree (29.6%) and neutral 
(43.5%) that “Continuous usage of polystyrene could cause health impact such as 
neurotoxicity” with a mean score rating of 2.85. Based on this result, it could be 
concluded that respondents do not believe that polystyrene could cause neurotoxicity 
towards the human body as the majority of the respondents, disagree with this 
statement.
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The Level of Practice Relating to Polystyrene 
Food Packaging Usage

The result for respondents’ practices toward polystyrene food packaging usage is 
presented in Table 5 with mean scores arranged in descending order. The level 
of food operator general practice relating to the use of polystyrene was evaluated 
using 5 points Likert scale (1= never; 5= frequently). Overall, the respondents have 
a moderately poor practice as the majority of them reported sometimes or usually 
used polystyrene for their business operation.

The highest mean score rating of 3.41 with 32.2% respondents rate they frequently 
use polystyrene when packing food for take-away in business. Only 14.8% of the 
respondents reported they never use polystyrene for their operation while around 
14% occasionally used them. This result implied that respondents have moderately 
good practice towards polystyrene usage. Apart from that, the statement about 
using polystyrene to pack oily hot food was also rated high with a mean score 

Table 4. Respondents’ attitude towards polystyrene food packaging usage

Statement
Respondent % (n)

Mean SD
1 2 3 4 5

It is safe to pack cold food in polystyrene 
food packaging

0 
(0)

7.0 
(8)

27.0 
(31)

42.6 
(49)

18.3 
(21) 3.76 0.85

Polystyrene food packaging is safer 
compared to any other packaging (e.g., 
oil paper, plastic bags, polypropylene 
containers)

1.7 
(2)

21.7 
(25)

28.7 
(33)

37.4 
(43)

5.2 
(6) 3.24 0.93

The use of polystyrene as food packaging 
is safe

9.6 
(11)

26.1 
(30)

12.2 
(14)

33.0 
(38)

13.9 
(16) 3.17 1.26

Continuous usage of polystyrene could cause 
adverse health impacts such as cancer*

2.6 
(3)

21.7 
(25)

38.3 
(44)

28.7 
(33)

3.5 
(4) 3.09 0.89

The use of polystyrene food packaging does 
not cause adverse health impacts on human

3.5 
(4)

27.0 
(31)

29.6 
(34)

29.6 
(34)

4.3 
(5) 3.05 0.97

Continuous usage of polystyrene could 
cause adverse health impacts such as 
gastrointestinal effects*

2.6 
(3)

20.9 
(24)

51.3 
(59)

18.3 
(21)

1.7 
(2) 2.95 0.77

It is safe to pack oily hot food in polystyrene 
food packaging

6.1 
(7)

38.3 
(44)

14.8 
(17)

27.8 
(32)

7.8 
(9) 2.93 1.14

Continuous usage of polystyrene could 
cause adverse health impacts such as 
neurotoxicity*

2.6 
(3)

29.6 
(34)

43.5 
(50)

17.4 
(20)

1.7 
(2) 2.85 0.82

Note: Scale used: 1- Strongly disagree, 2- Disagree, 3- Neutral, 4- Agree, 5- Strongly agree
*Reverse code items
Scale Reliability (Cronbach-alpha) = 0.62
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rating of 3.28. Respondents claimed they usually (25.2%) and frequently (21.2%) 
use polystyrene to pack oily hot food, which indicates poor practice of polystyrene 
usage while only 10.4% of the respondents rated never use polystyrene frequently 
in packing of oily hot food.

The next highest mean score rating is the statement “If I have options for food 
packaging for my business (polystyrene, oil paper, plastic, etc.), I choose polystyrene” 
with a mean score of 3.17. The majority of respondents choose polystyrene even if 
they were given other options possible due to the cost-effective use of polystyrene 
which shows good practice among the operators. The statement with the lowest 
mean score rating is “I tell the customers to bring their own food container if they 
wanted to take-away their food” (M = 3.01). Around 62% of the food operators never 
tell their customers to bring their own container, which indicates a poor practice 
to reduce the usage of polystyrene while only 3.5% of respondents encourage their 
customers to bring their own container to take-away food.

In short, the practice could be improved if food operators are aware and have 
related knowledge about particular problems especially those related to health. 
Necessary education will increase the knowledge and positive attitudes, therefore 

Table 5. Respondents’ practice towards polystyrene food packaging usage

Statement
Respondent % (n)

Mean SD
1 2 3 4 5

I use polystyrene when packing food for 
take-away for my business.

14.8 
(17)

13.9 
(16)

15.7 
(18)

18.3 
(21)

32.2 
(37) 3.41 1.47

I use polystyrene to pack oily hot food for my 
business.

15.7 
(18)

10.4 
(12)

21.7 
(25)

25.2 
(29)

21.7 
(25) 3.28 1.38

If I have options for food packaging for my 
business (polystyrene, oil paper, plastic, etc.), 
I choose polystyrene.

10.4 
(12)

16.5 
(19)

27.8 
(32)

27.0 
(31)

13.0 
(15) 3.17 1.20

When purchasing food packaging for 
my business, I do consider purchasing 
biodegradable packaging*

16.5 
(19)

20.0 
(23)

24.3 
(28)

24.3 
(28)

9.6 
(11) 2.90 1.25

I tell the customer to bring their own food 
container if they wanted to take-away their 
food*

62.6 
(72)

8.7 
(10)

10.4 
(12)

9.6 
(11)

3.5 
(4) 1.76 1.21

I avoid using polystyrene as much as I could 
for my business*

14.8 
(17)

19.1 
(22)

28.7 
(33)

14.8 
(17)

14.4 
(20) 3.01 1.32

Note: 1: Never 2: Occasionally 3: Sometimes 4: Usually 5: Frequently
*Reverse code items
Scale Reliability (Cronbach-alpha) = 0.55
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good handling practice (Azaman et al., 2016). In this study, food operators had a 
moderate level of knowledge and attitude with a lack of good practice in the usage 
of polystyrene for food packaging.

The Relationships between KAP relating to 
Polystyrene Food Packaging Usage

Regression analysis was performed to test the relationship between knowledge, 
attitude and practice. Prior to testing the relationship, correlation analysis between 
knowledge, attitude and practice was conducted as presented in Table 6. There is a 
moderate correlation between all variables (p<0.000) indicating knowledge, attitude 
and practice measured in this study are distinguished constructs. As summarized in 
Table 7, the influence of knowledge on attitude is significant (F=52.435, p=0.000). 
The beta value -0.517 shows that when the knowledge is increased by 1%, the 
respondent’s attitude will increase by 51.7%, assuming that other variables are constant. 
Similarly, the effect of attitude on practice is significant (F=52.435, p=0.000). As 
shown in Table 7, beta value (0.364) indicates that, when attitude increases by 1%, 
respondents’ practice will rise by 36.4%, assuming that other variables are constant. 
Hence, the results indicate there is a significant influence of knowledge on attitude 
and subsequently attitude on practice.

Table 6. Correlation between KAP variables

Knowledge Attitude Practice

Knowledge 1.000 0.573** 
(p<0.000)

0.352** 
(p<0.000)

Attitude 1.000 0.364** 
(p<0.000)

Practice 1.000

Note. **Correlation is significant at the 0.01 level

Table 7. Relationship between KAP variables

Variable Predictor Beta t Sig. F (Sig.)

Attitude Knowledge 0.517 -7.241 0.000 52.435 
(0.000)

Practice Attitude 0.364 4.038 0.000 16.307 
(0.000)

Note. Regression is significant at the 0.001 level
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Comparisons of KAP Level Between Types of Food Operation

The types of operation in this study are divided into three categories (i.e., hawker, 
restaurant and night market). Table 8 shows the differences in the level of KAP 
among the three types of food operations (see Table 8). Restaurant had the highest 
mean score of knowledge (m= 6.22) compared to hawker (m=5.973) and night 
market (m= 5.696) at F-value = 5.957 (p=0.016). However, the difference in the 
level of attitude among all types of operation was insignificant (p>0.05). Finally, 
the difference in practice toward polystyrene food packaging usage was significant 
(F-value= 7.084, p<0.01) with night market had the highest mean score (m=3.50) 
indicating they have poor practices of polystyrene usage (1=never; 5=frequent) 
compared to other types of food operation.

Figure 1 shows the percentage of polystyrene usage level among food operators 
namely hawker, restaurant and night market (see Figure 1). The usage level of 
polystyrene is divided into three categories (i.e., low, moderate and heavy). 
Specifically, low level of usage is less than 50 packages per day, moderate level of 
usage is between 51 and 100 polystyrene packs daily while heavy users used more 
than 100 polystyrene packs per day. The highest percentage of low user is restaurant 
(65.8%). Hawker had the lowest percentage of low user (40.7%). For moderate user, 
the highest percentage is the hawker (51.9%) followed by restaurant (29.3%) and 
night market (23.5%). Night market had the highest percentage of heavy user of 
polystyrene food packaging as they represent 23.5% of total respondents. On the 
other hand, only a few of hawkers and restaurants are heavy user of polystyrene 
food packaging with the percentage of 7.4% and 4.8%, respectively.

Table 8. Comparisons of KAP among food operators

Variable
Type of operation

F-value p-valueHawker 
(n=37)

Restaurant 
(n=41)

Night Market 
(n=34)

Knowledge 5.973 6.220 5.696 5.957 0.016*

Attitude 3.153 3.055 3.276 2.116 0.149

Practice 3.278 3.329 3.500 7.084 0.009*

Note. *F-value is significant at the 0.05 level. Post-hoc analyses were conducted using Duncan test.

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



116

Knowledge, Attitude, and Practice (KAP) of Polystyrene Food Packaging Usage

Restaurants are mostly classified as low user is possibly because they provide 
seating and usually, the customers who came are more likely to dine-in instead of 
take-away. On the other hand, night market operator is said to be the heavy user 
as night market only provide take-away services as they operated only by opening 
table to display their product on-site without any seating for customers. Hawker is 
a moderate user of polystyrene. Usually, hawkers operate along the street or at a 
certain site and offer take-away service most of the time. However, they also provide 
limited seats to dine-in for their customers.

The types of food packed in polystyrene packaging among the different types of 
operation were further analyzed. Respondents were asked to list the types of food 
commonly packed in polystyrene and state the frequency level for each (i.e., less 
than 30, 31-60, 61-100, and more than 100). Four different types of foods were 
commonly recorded from the survey (i.e., hot food, mixed rice, chicken rice and 
non-hot food). Hot food mostly represents cooked to order food (e.g., mamak fried 
noodles, fried rice, kuey teow, etc.) while non-hot food refers to food with a long 
holding time before it is sold to customers. Figure 2 shows the frequency of food 
packed with polystyrene packaging among hawkers (see Figure 2). The type of 
foods packed in polystyrene more than 100 packs per day are chicken rice and mixed 
rice, but only a small number of hawkers reported the usage. The largest number 
of hawkers packed only less than 30 per day is hot food followed by non-hot food 
packed between 30 and 60 per day.

Figure 1. Percentage of usage level according to types of operation
Note. Low user (less than 50 packs per day), Moderate user (51-100 per day), Heavy user (More 
than 100 per day)
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Figure 3 shows the frequency of food packed in polystyrene among the restaurants. 
Overall, hot food was packed using polystyrene by a large number of respondents 
from restaurants (n=22) followed by mixed rice (n=14) and non-hot food (n=12). 
About half of those who packed hot food would use less than 30 packs per day. 
Based on a total of 41 respondents surveyed, very few restaurants use more than 
100 packs of polystyrene per day for various types of food.

Figure 2. Frequency of food packed with polystyrene among hawkers surveyed (n 
= 37)

Figure 3. Frequency of food packed with polystyrene among restaurants surveyed 
(n = 41)
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Finally, the frequency of food packed with polystyrene among night markets 
is shown in Figure 4. Similarly, the largest number of respondents from the night 
market use polystyrene to pack hot food (n=17), while a very limited number of 
respondents packed chicken rice (n=2). Both hot food and non-hot food are packed 
more than 100 per day by a few respondents from the night market. Only a small 
number of respondents who packed chicken rice with polystyrene possibly because 
this type of food was sold in limited stalls at the night market.

Figure 5 presents the factors that influence polystyrene food packaging usage 
among different types of food operations (see Figure 5). For hawkers, the highest 
frequently marked is the price factor. A possible reason for explaining the importance 
of price is that because polystyrene is one of the cheapest packaging compared to 
other food packagings. In business operation, often the price is the deciding factor 
as businesses prioritize profit, hence they need to lower the cost, especially among 
small food operations. The next highest-rated factor is the packaging feature of the 
polystyrene itself. A total of 20 respondents among hawkers reported that the features 
also influence their usage of polystyrene. Polystyrene features that are favorable 
including lightweight, convenient and able to maintain temperature for some times 
are the significant reason for it used.

Figure 4. Frequency of food packed with polystyrene among night market surveyed 
(n = 34)
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The type of food is the third important reason to use polystyrene among the 
hawkers. Respondents agree that their decision in choosing polystyrene as their 
food packaging is because of the type of food that they serve. Respondents from 
the night market appear to rate the same factors as the hawkers. Price, packaging 
features as well as the type of food packed are the three most frequently marked 
factors that influence night market use of polystyrene.

Customer demand is the most important factor that influences polystyrene usage 
particularly among restaurants, where 17 of them use polystyrene as requested by 
their customer. It is common that foodservice operators follow customer demand in 
many aspects of their operation particularly product and service. In return, it gives 
benefits to operations and brings in sales. The next important factor is the type of 
food followed by packaging features, which is consistent with other types of food 
operations.

The least important factor is the regulation as rated by all types of food operators. 
The regulation does not influence food operation because they had to choose 
polystyrene probably as the packaging widely available. Respondent also specified 
other factors described as the food operators would follow the trend and competitors 
whereby, they just follow what other food operators are doing.

CONCLUSION

In general, the findings of this study show the level of knowledge is at a moderate 
level among all of the food operators involved in this study. Food operators do not 
have sufficient general knowledge especially the proper way to handle polystyrene 

Figure 5. Factors that influence polystyrene food packaging usage 
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as food packaging and its safety effect. This is indicated by the fact that less than 
half of food operators provide the correct answer for most knowledge questions 
tested. Similarly, the attitude of the food operators towards polystyrene is also at a 
moderate level. Food operators have a moderate attitude particularly on the aspect 
of polystyrene health effects. From the results obtained, it is also found that level of 
practice among food operators is at a poor level as many of them would use polystyrene 
as food packaging materials for their business despite its safety and health effects. 
The finding is partly consistent with the research conducted by Haqim et al. (2016) 
that evaluated university students, a different group of population.

Overall, this study shows the level of KAP on the usage of polystyrene food 
packaging among food operators is still moderate, thus further research is needed 
to help the industry improve their knowledge and attitude, hence applying proper 
practice when handling polystyrene food packaging. In this study, it was also found 
that there is a significant relationship between knowledge and attitude as well as the 
relationship between attitude and practice. This finding supports the application of 
the KAP model in assessing the current status of polystyrene food packaging usage 
among food operators in Malaysia.

This study also compares the level of KAP among different types of food operators 
(i.e., hawker, restaurant and night market). The restaurant had the highest level of 
knowledge and the hawker had the best level of practice. The difference in the level 
of attitude was insignificant across all types of food operators. Besides the level 
KAP, other factors that influence the use of polystyrene food packaging were also 
investigated. The findings show price, packaging features and the suitable type of 
food packed are the common factors that influence the hawker and night market 
to choose polystyrene. Factors related to customer demand, price and packaging 
features play important role in choosing polystyrene as packaging among restaurants.

This study demonstrates that KAP on polystyrene food packaging usage among 
food service operators is still at a moderate level. It is, therefore, necessary to 
train the industry in order to increase their knowledge and attitude, resulting in 
the application of suitable practices while managing polystyrene food packaging. 
Providing more awareness among food operators who handle polystyrene could be 
advantageous to the business, as they are the ones who have the ability to reduce 
the risk of styrene leaking into food through chemical migration. If food operators 
have a better understanding, their attitude will improve as well, resulting in better 
practices when using polystyrene as food packaging in their business. Besides, this 
study could provide the policy makers with an understanding on the status of public 
health and safety risk of chemical migration of polystyrene. Additionally, the findings 
offer some data and information to aid in the creation of successful interventions or 
initiatives, such as public awareness campaigns and food handler training.
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ABSTRACT

Transmission of hazardous materials could be aggravated by inappropriate 
handling and storage practices. This results in cross-contamination to foodstuff or 
cooking utensils. The introduced hazards in the food supply chain might lead to 
client and reputation loss. The implementation of food safety is necessary to secure 
safety concerns. All employees should take initiative to be aware and have good 
attitudes regarding proper hygiene and sanitary practices to assure their product 
integrity and safety for human consumption. Therefore, this chapter delivered the 
appropriate and standard food safety protocols to all individuals involved in food 
storage, preparation, and serving. The scope was structured into (1) identification of 
hazardous ingredients, (2) purchasing and receiving raw materials, (3) transporting 
and storage, (4) cooking and reheating, (5) food serving and displaying, (6) leftover 
storage, and (7) cleaning and sanitation.

Standard Food Safety 
Practices From Receiving to 
Cleaning in the Restaurant
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INTRODUCTION

Food consumption is reflected as a biological need in fulfilling hunger and gaining 
nutrients. In this modernization and urbanization society, outside catering outlets 
are mushrooming around the globe due to the limited time required to cook at home 
and more choices provided in outdoor catering outlets (Souza et al., 2018). However, 
unhygienic food served to provide the ideal conditions for microbial proliferation and 
the occurrence of foodborne diseases due to unhygienic food preparation practices 
(Faridah et al., 2016; Insfran-Rivarola et al., 2020). Foodborne illness imposes a 
global public health threat due to food quality, economic, and reputation loss of 
countries. Approximately 2.2 million people died annually due to foodborne or 
waterborne illnesses (Ncube et al., 2020).

Instead of food safety and public health risk, people are generally more concerned 
with the service provided, price setting, menu choices (Harris et al., 2018). Unlike 
home-cooked food, one little mistake did by food handlers can cause a chaotic 
consequence. Therefore, clientele perception of food safety is crucial to provide 
consumers with a ‘safer’ meal. Restaurant owners are responsible to take regulatory 
initiatives to implement and practice international food safety interventions such as 
ISO 22000 routinely: 2018, Good Manufacturing practices (GMP), Hazard analysis 
and critical control point (HACCP), and WHO food safety strategic plan (2013 to 
2022) and motivate their subordinates to comply it (Ncube et al., 2020). Table 1 
describes categories of restaurant and their respective complement of food safety 
practices. Bear in mind that high commitment to hygiene practices did not represent 
high effectiveness in preventing foodborne illness (Mjoka & Selepe 2018). Therefore, 
impactful food safety training is necessary to be delivered in worldwide restaurants.

This chapter attempts to recommend a complete and standard FSMS to be 
implemented during food hygiene and sanitation training in offering long-term 
benefits to the restaurant industries. The scope in this chapter will cover different 
categories of food contaminants and standard procedures from receiving cleaning 
and sanitizing in restaurants.
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BACKGROUND

Identification of Hazardous Ingredients 
in Restaurant Industries

Food Allergens

Food allergens trigger the body’s immune system when ingesting and reacting to 
specific proteins that induce food allergies. Food allergies vary from mild to life-
threatening symptoms, including anaphylaxis, lip swelling, and hives (FDA, 2021). 
Currently, there are no cures for food allergies. Consumers who suffer from food 
allergies should be more cautious and self-aware in their daily diets (Alvarez & 
Boye, 2012). In the United Kingdom, allergy individuals prefer dishes containing 
allergenic ingredients to be listed in restaurant menus (Lieberman et al., 2021). 

Table 1. Different categories of restaurants establishments and their respective 
complement level in food safety practices

Restaurant Categories 
(Provided with 

examples)
Key Characteristics of Restaurantsa General Complement of Food 

Safety Practices

Full service 
(Fine dining and casual 
dining)

• Customers are known as guests. Guests will 
be provided wide options of food types from 
the menu 
• Guests are often served by waiters once 
they sit down and until they leave 
• Guests will dine in those particular 
restaurants and seldom practice takeaway 
• Takeaway or delivery orders are seldom 
been practiced

Foods are mostly prepared 
under hygienic conditions. 
Most of the food handler staff 
are educated, well trained, and 
aware of knowledge regarding 
food safety and kitchen hygiene 
(Darko et al., 2015).

Quick service 
(Fast food settings)

• Fast services provided, long operation 
hours, low food price, convenient location 
drive-through service, fast, and efficient 
customer services 
• Food formula preparation is always 
standardized

Most of the employees under 
are provided with formal 
hygiene training. Food prepared 
is considered hygiene and safe 
to consume (Elobeid et al., 
2019).

Quick casual 
(Pub, café, normal dining 
restaurants, and street 
vendors or hawkers)

• A category locates between quick service 
and full-service restaurant 
• Dining price will normally be lower than 
full-service restaurants 
• Accentuate high food quality but at a 
reasonable and affordable price 
• Food only prepared once received customer 
order 
• Different restaurants will have their 
signature or innovative dishes

Food handlers might 
uneducated, untrained, 
or unaware of food safety 
knowledge and hygiene 
practices. The risk of hazard 
exposure is very high 
(Khairuzzaman et al., 2014; 
Olu-Taiwo et al., 2021).

Superscript a = key characteristics of each category are adapted from Chua et al. (2020)
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According to the Food Allergen Labelling and Consumers of Protection Act of 
2004 (FALCPA), the eight major food allergens (also known as ‘Big 8’) consist of 
egg, milk, peanut, tree nuts, soybean, wheat, fish, and shellfish, as demonstrated in 
Table 2 (Verhoeckx et al., 2015; FDA, 2018a).

If certain products contain allergenic ingredients, specific labeling is required to 
protect individuals facing food hypersensitivities (FDA, 2021). Food allergens are 
categorized into declared allergens and non-declared allergens. Declared allergens 
are legally required to be labeled to be aware of allergic individuals. Undeclared 
allergens are unintentionally introduced and mainly found in raw ingredients or 
cross-contamination during processing or ingredients formulation (Ricci et al., 
2017). The undeclared allergen is also known as a ‘hidden allergen’. Hidden allergen 
presents as the technical term or absents in the food ingredient list. For instance, 
‘textured vegetable protein instead of soy’ or ‘casein instead of milk’ (Gendel, 
2012). The generic terms like ‘ingredients’ or ‘spices’ are inappropriate and should 
be avoided when describing the allergenic materials. Specific terms are required 
for each type of spice in food labeling, such as basil, rosemary, cumin, and parsley, 
instead of mentioning generic terms without specific within the ingredient list (Pérez, 
2013). South Korea had recently identified 30 cases of the prevalence of allergenic 

Table 2. The descriptions and common allergens source present in ‘Big 8’ food

Food Types Description Common Food Examples

Egg The egg is act as a common additive in bakeries, 
condiments, and sauce

Bread, cake, muffin, pancake, waffles, 
mayonnaise, custard, and Caesar salad dressing

Milk Raw milk or ingredients derived from milk are 
cause the possibility in milk allergic All types of creams, butter, and cheese

Peanut Peanut allergy is one of the most common allergies 
in western countries

Roasted peanuts, boiled peanuts, peanut oils, and 
peanut butter

Tree nut
A hard shell or fruity bodies in hard shells. The 
tree nuts are usually consumed in roasted form or 
applied in confections, pastries, and bakeries

Almond, Brazil nut, cashew, hazelnut, pistachio, 
and walnut

Soybean Soybean is very famous in many Asian foods as it 
will be introduced during cooking Miso paste, tempeh, tofu, soymilk, and soy sauce

Fish
In several Asian cuisines, seafood, stock, and fish 
sauces are very crucial as base flavors during the 
preparation of dishes

Codfish, yellowfin tuna, ocean perch, swordfish, 
and Atlantic salmon

Shellfish
In several Asian cuisines, seafood, stock, and fish 
sauces are very crucial as base flavors during the 
preparation of dishes

Crab, lobster, and shrimp

Source: Alvarez and Boye (2012) and Verhoeckx et al. (2015).
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substances (almond, egg, milk, nut, and wheat) in candies, chocolates, and snacks, 
without being labeled (Kim et al., 2021).

Awareness and training to identify food allergens should be introduced and 
emphasized repeatedly among restaurant food handlers. Among 114 food handlers 
in Penang, Malaysia, only 1.79% of food staff considered has excellent knowledge 
in food allergen, whereas 21.37% of respondents have low-risk practices in food 
allergies (Shafie & Azman, 2015). Food handlers must understand that allergen 
cross-contamination can occur via food-to-food, hand-to-food contact, interchanging 
multiple containers, equipment, and utensils without cleaning or washing (Codex 
Alimentarius, 2020).

Foodborne Pathogens

Foodborne pathogens, especially bacteria, are frequently involved by ingesting 
contaminated food or microbial toxins to conduct foodborne illness, also known 
as food poisoning (Ozogul & Hamed, 2017). The foodborne outbreaks are mostly 
associated with myriad factors such as restaurant policies or food handling practices 
such as bare hand contact with food or food prepared by sick employees (Hedberg, 
2013; Mun, 2020). The restaurant has been reported as one of the potential sites 
for foodborne infection. The higher likelihood of acquired foodborne diseases is 
reflected by increased consumption of contaminated food (Angulo & Jones, 2006; 
Ozogul & Hamed, 2017). There are some common foodborne pathogens detected 
in restaurant industry as summarized in Table 3 below.

Table 3. Common pathogens found in restaurant industries and their associated 
food sources and clinical symptoms

Foodborne Pathogens Associated Food Types Symptoms

Bacillus cereus Powdered milk, dairy products, chicken, and meat Abdominal cramp, diarrheal, nausea, 
and vomiting

Campylobacter jejuni Raw milk and undercooked shellfish, poultry, 
or meat

Abdominal pain, diarrheal, fever, 
nausea, and vomiting

Clostridium perfringens Poultry, meat, species, stew, and salmon Abdominal cramp, diarrheal, and 
nausea

Shiga-toxin producing 
E. coli (STEC)

Undercooked ground meat or beef, unpasteurized 
dairy products, dirty water sources, and 
vegetables (radish, sprouts, and lettuce).

Bacteremia, diarrheal, fever, headache, 
nausea, vomiting, and typhoid fever

Listeria monocytogenes Poultry, meat, dairy product, and vegetables Abdominal pain, fever, headache, and 
diarrheal

Salmonella spp. Poultry, meat, and raw milk Abdominal cramp, diarrheal, nausea, 
and vomiting

Source: Ozogul & Hamed (2017).
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Despite worldwide are coping with the COVID-19 pandemic crisis, the issues of 
foodborne illness should not be ignored as well. Serious foodborne diseases might 
cause fatal to individuals. Foodborne pathogens can be introduced at any point 
from farm to fork supply chain, restaurant or any dining service sites are the most 
common site for illness occurrence among chain (Al-Ghazali et al., 2020). In most 
of the developed countries, restaurant industries contributed the highest among food 
service and preparation facilities, which accounted for 40% of reported outbreaks 
(Xue & Zhang, 2013; Angelo et al., 2017; Cui et al., 2021).

According to a surveillance report from Centers of Disease Prevention and Control 
(CDC), 61% of foodborne cases are associated with restaurants. The majority of 
cases originate from sit-down restaurants (48%), followed by catering and banquet 
functions (14%), and hotels (8%). The highest outbreak contribution of food sources 
was meat and poultry (44%), followed by seafood (27%) and vegetables (26%). This 
finding showed food preparation and serving facilities pose a huge concern in public 
health (Dewey-Mattia et al., 2018). Another finding supported seafood (26%), meat 
and poultry (36%), and fresh produce (14%) are common foodborne transmission 
vehicles by S. enterica, C. botulinum, E. coli O157:H7, C. jejuni, Vibrio, Shigella, 
and B. cereus (Angelo et al., 2017). Similarities of both cases are due to unhygienic 
practices and lack of food safety knowledge (including slow cooling, insufficient or 
inadequate temperature or time during reheating, cold or hot holding, inadequate and 
dirty utensils, and equipment) thus caused the proliferation of foodborne bacteria.

Purchasing and Receiving

Purchasing is mainly done by the procurement department in restaurant authorities 
or hotel executives. Therefore, selecting the right and reliable supplier is crucial 
to restaurant management for the sake of food safety. All raw materials need to 
be procured from reliable sources and reputable suppliers (CFS, 2017). Suppose 
there are some inquiries regarding sources and food safety practices. In that case, 
there are necessary to conduct a site inspection or supplier audit on the particular 
companies or industry plants from time to time. The purpose of site inspection is to 
ensure all food handling practices comply with the food safety requirements (CFS, 
2017; Trafialek, 2019).

Before delivery, the person in charge should instruct the suppliers to ensure all 
the goods are kept at a specified temperature. Upon receiving, personal inspection 
shall conduct to the hygiene status of delivery trucks, label (best before and expiry 
date), packaging, and freshness of food by restaurant authorities or person in charge. 
In cold delivery of raw supply, the chilling or freezing trucks should maintain below 
4°C and -18°C, respectively. Frozen foods should entirely be freeze in the truck. 
All cold-stored food must be chilled and froze immediately within 10 mins upon 
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receiving and inspecting to be free of evidence of previous temperature abuse during 
transporting and loading (FDA, 2010; CFS, 2017). The packaging materials types 
and conditions must be inspected as well. For example, all the fresh leafy greens 
such as mixed salad, cabbage, endives, iceberg lettuce, and romaine lettuce should 
be delivered by cold storage trucks and packed in sealed plastic bags then in carton 
boxes to minimize physical damage of vegetables (Coleman et al., 2013). After 
delivering all the ordered items, the delivery invoices and receipts should provide 
accurate and detailed information of supplier and products (company names, address, 
use by or expiry date) for the record, traceback, or identification purposes (FDA, 
2010; FSAI, 2014; FSANZ, 2019a).

The delivery truck must operate in clean, tidy, and without emitting putrid odors. 
All cold-stored food must be delivered with chiller or freezer trucks. The interior 
temperature of chillier or freezing trucks must regularly check once delivered goods. 
The frozen food should be solid without thawing or refreezing signs by observing 
the large ice crystals or liquids appear below the container bottom (USDA, 2012). 
During the inspection, the hygienist or restaurant staff needs to probe a clean and 
sanitized thermometer to ensure the core temperature of the fresh meat, poultry, 
and fish are kept below 5°C and below 7°C for milk (SFA, 2020). There are some 
criteria of goods that should be rejected for consumer safety reasons during receiving 
and purchasing. Conditions that lead to item rejection or not being purchased are 
tabulated in Table 4.

Table 4. List of food categories that should be rejected or not purchased

Food Categories Conditions Lead to Reject or Not Purchase

Canned food Dented, rusty, and swollen cans

Package food Unsealed, opened, or pored packets

Table eggs Cracked and dirty eggs shell surfaces

Fruits and vegetables Shriveled, moldy, bruised, wilted leaves, and blemished appearance

Meat and poultry

• Stale appearance and release of off odors 
• No excessive moisture amount on meat and poultry surfaces 
• Make sure the meat is in a hard and frozen state 
• If the meat is packed in form, no torn, and dripping of meat juices

Seafood

Fish 
• Red, cloudy fish eyes and slimy flesh 
• Strong ammonia fishy-smell 
• The gills and liver are not in red color 
• The fish edges are found with brown or yellowish discoloration 
Shellfish 
• Slippery surface, black spots, mild odor, and shell discoloration are detected on prawn shells 
• Oysters, mussels, and clamshells should close tightly when touched. The gapping shells 
indicated shellfish are dead 
• The tails of lobsters should be curled during handpicked 
• Crabs should be able to exhibit the leg movements

Sources: FDA (2010) and SFA (2020).
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Storage of Fresh Raw Ingredients

Chilling and Freezing

Domestic fridge usage seems easy, but consumers often failed to complement the 
correct food storage and maintenance practices. Refrigerators served in restaurants 
could render microbial contamination during stock arranging, unwashed, unpackaged 
raw uncooked food, and packaging leakage (Madhwal & Sharma, 2017). Temperature 
display on the refrigerator is critical to determine whether the current temperature is 
appropriate or not to keep materials. Additionally, the displayed temperature should 
always be tallied with the actual temperature inside the chiller or freezer (CDE, 2000). 
Ensure all perishable food products to chill or freeze within I to 2 h at 4°C or below. 
The foodborne pathogens can multiply quickly in the food danger zone (5 to 60°C) 
at room temperature for more than 2 h. However, pathogenic microbes required 1 
h to multiply if the surrounding temperature is higher than 32°C (Odumeru, 2012; 
CDC, 2021). Table 5 tabulates all suggested temperature and storage periods to 
store all perishable foods during chilling and freezing.

Table 5. Suggested temperature and storage periods during chilling and freezing 
of perishable foods

Food Categories Chilling (below 4°C) Freezing (below -18°C)

Mix salads (contain hams, 
tunas, chickens, and eggs) 3-4 days Freezing is not allowed

Hot dogs 1 week (opened package) or 2 weeks 
(unopened package) 1-2 months

Luncheon meat 3-5 days (opened package or in deli sliced 
form) or 2 weeks (unopened package) 1-2 months

Sausage

1-2 days (raw from chicken, beef, pork, and 
turkey) 
1 week (fully cooked from chicken, beef, 
pork, and turkey)

1-2 months 
1-2 months

Hamburger patties 1-2 days (chicken, ground beef, turkey, lamb, 
veal, and pork patties) 3-4 months

Steak, chop, roasts 3-5 days 4-12 months

Ham

5-7 days or follow use-by date (cured) 
3-5 days (uncured) 
2 weeks (whole ham or sliced vacuum-packed 
with cooked hams)

3-4 months 
3-6 months 
1-2 months

Poultry products 1-2 months (whole or sliced chicken and 
turkey)

1 year (whole) 
9 months (sliced)

continues on following page
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Still, some perishable ingredients are not suitable neither chilling nor freezing. 
Tomato cannot be chilled store since it promotes the formation of grainy texture. 
Besides, banana is not ideal for chilling unless they are fully ripened but need to 
consume within 2 days. Banana skin will blacken due to chilling injury, or the ripening 
process of unripe banana would be terminated. Some of the tuber vegetables such 
as onions, garlic, potatoes, and sweet potatoes are required to keep under dark and 
cool room temperature conditions (Dales, 2018).

Refrigerator doors must close and be tightly sealed anytime to ensure the coolness 
of the internal environment and prevent external heat gain into the refrigerator (CDE, 
2020; CDC, 2020a). Overcrowd is not allowed during refrigerator shelving to ensure 
free circulation of cool air around the ingredients. Shelving items are required to 
follow the first in first out (FIFO) policy by rotating and utilizing the older date 
labeling first (Dales, 2018; MOHM, 2021). Spillage from liquid and meat drip are 
frequently found in the refrigerator, however, the spills need to be wiped or cleaned 
immediately to reduce the chances of L. monocytogenes surviving or growth under 
low temperature (USDA, 2017).

Some emergencies like weather or power outages are unpredictable and may 
happen any time of year to disrupt the normal usage of the chiller or freezer. We 
need to decide which ingredients to keep or discard after a long circuit cut since the 
freshness will be altered without sufficient power supplies to keep the food cold. A 
freezer container, block ice, dry ice, or cold gel packs should always be prepared 
and available to transfer as another backup temporary storage space when the chiller 
or freezer is in down functions (CDC, 2020a). The doors must be closed all-time 
for freezer and chiller compartments. A short power breakdown will not affect the 

Food Categories Chilling (below 4°C) Freezing (below -18°C)

Eggs
3-5 weeks (raw shell eggs) 
2-4 days (manually cracked raw eggs) 
1 week (hard-boiled eggs)

Freezing is not allowed. If accidentally 
froze the raw eggs, used them 
immediately after thawing 
12 months (beat the albumen and yolks 
together before keeping in the freezer) 
Freezing is not allowed

Fish

1-2 days (freshwater fish) 
1-2 days (salmon steak) 
1-2 days (fish fillets: cod, mullet, sea trout, 
ocean perch, sea bass) 
3-4 days (cooked fish)

4-6 months 
2 months 
4-6 months 
1-3 months

Shellfish

1-2 days (crabs) 
1-2 days (lobsters) 
1-2 days (shrimps) 
1-2 days (clams, oysters, and scallops)

4 months 
6 months 
3-6 months 
3-4 months

Sources: McCurdy et al. (2009) and SDA et al. (2021).

Table 5. Continued
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freshness of the frozen foods. However, the perishable food must be discarded after 
being exposed to an unrefrigerated condition for more than 4 h continuously, altered 
color, changed texture, and internal temperature of food is above 4°C (Harris, 2002; 
USDA, 2021). After the power restore, the food temperature must be measured 
again and discarded any ingredients found above 4°C. It is strictly not allowed to 
taste the food to determine its safety or freshness during or after circuit break down. 
This is because the unrefrigerated temperature will provide an ideal condition for 
microorganisms to divide in the food temperature danger zone. Table 6 lists down 
all actions required to be taken against high-risk items after a short-term power 
outage in the freezer and chiller.

Preparation and Cooking

Personal Hygiene Practices, Knowledge, and Attitudes in Kitchens

GMP and HACCP provide a series of guidelines and knowledge for all food handlers 
to comply in their working area. However, lacking knowledge and training causing 
majorities of people did not comply with the listed protocols given in GMP and 
HACCP. For example, most of the kitchen staff (70.4%) did not have idea about 

Table 6. Action required to respond during a short-term power outage in high-risk 
foods

Food Categories Actions

Partially cooked poultry and meat

Subjected the partially cooked poultry or meat into high temperature 
reheating to achieve the desired internal temperature (at least 74°C), or 
Discard the ingredients if in doubt of cooking and consuming or kept 
for more than 2 h in food temperature danger zone.

Fully cooked food
Chill back the food after power is restored, or 
Discard the ingredients if kept for more than 2 h in food temperature 
danger zone.

Partially cooked vegetables

The ingredients need to be eaten as soon as possible, or 
Heated the ingredients until they become fully cooked using the grill 
or stove, or 
Chilled back into the chiller immediately once the power is restored.

Fresh-cut fruits and vegetables Discard the ingredients if kept for more than 2 h in the temperature 
danger zone.

Eggs (with or without shells), milk 
(all types), cheeses (all types), 
fishes (all types), and shellfish (all 
types)

Discard the ingredients if kept for more than 2 h in the temperature 
danger zone.

Sources: Harris (2002) and USDA (2021).
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proper food handling method, training course, and ppm levels of chlorine to be 
applied at fruits and vegetables as stated in GMP and HACCP in restaurants (Al-
Ghazali et al., 2020).

A high level of personal hygiene in grooming and behavior is revealed as an 
important consideration to keep the food safe. Poor awareness of personal hygiene has 
been identified as one of the main risks in food contamination or foodborne illness 
(Tan et al., 2013). The grooming standard must be suitable, clean, and protective to 
prevent unnecessary cross-contamination to raw ingredients or RTE food. All the 
chef must tie their hair and be covered with hair net or hat. All personal accessories 
such as watches, jewelry, and hairband are not allowed during food handling and 
preparation. Individuals need to avoid touching face and hair while doing food 
preparation and cooking (FSA, 2018). Furthermore, drinking, smoking, or injured 
people with cut wounds are prohibited from the food preparation areas.

Handwashing Method

Food contamination can occur anytime during food preparation or serving via hand 
contact, especially with physical and microbiological hazards. It poses public health 
risk if consumers are taking contaminated food unconsciously. Proper handwashing 
methods can efficiently reduce the transmission of pathogens from bare hands to 
food (Green et al., 2006). In this regard, a handwashing station could be so crucial 
in domestic kitchens. A handwashing station is a dedicated area that provided soaps 
and water for handwashing. The location of the handwashing station should be 
convenient for food handlers, and it can either be established near to washroom or 
food preparation areas (Hulland et al., 2013). Handwashing areas must restrict only 
to handwashing without washing food or utensils. A complete handwashing station 
should consist of liquid soaps dispensers, consistent of water supply (preferably 
warm water), hands-free water taps (foot-operated pedal or lever arm type), hand 
scrub with alcohol, hand drying facilities (clean paper towels or electric dryer), and 
enclosed trash cans (FSAI, 2017; APEC & FSCF PTIN, 2018; Knight et al., 2020). 
Handwashing should be done before, during, and after food preparation, handling 
food equipment, eating, or coming back from the washroom. During handwashing, 
both hands need to undergo scrubbing for 20 s, accompanied by warm running 
water and soaps must be used. CDC has been suggested 20 s of handwashing can 
be done by humming the “Happy birthday” song twice from the beginning till the 
end of washing. Finally, a hand sanitizer must be prepared at handwashing areas. 
Similarly, 20 s is required by rubbing sanitary gel over the surfaces of hands, palms, 
and fingers (Coorey et al., 2018; CDC, 2020b; CDC, 2021).

Handwashing is the most easily forgotten or wrongly practiced step during food 
handling. Inadequate handwashing is the primary contributor to foodborne outbreaks 
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associated with restaurants. Based on a study conducted in Jiangsu Providence, 
China, less frequent handwashing practice among 453 kitchen chefs is identified, 
either after leaving their work temporarily or before leaving the kitchen. Respondents 
are found seldom using kitchen towels or handwashing areas after touching used 
cutleries (Cui et al., 2021).

Wearing Gloves

Even though handwashing is vital before food preparation, but it is impossible to 
eliminate all microbes from both hands. Therefore, the FDA Food Code has specified 
the necessity for food handlers to wear disposable gloves during the handling of 
non-RTE food (Green et al., 2006). Disposable hand gloves provided an efficient 
barrier between bare hands and food to prevent cross-contamination. However, a 
standard handwashing procedure is required before putting on disposable gloves. 
Hand gloves are necessary to change frequently, especially during non-food-related 
cleaning, such as cleaning trash or emptying dustbins (FSAI, 2017). Besides, different 
gloves should be used during handling raw, cooked, or RTE food (SFA, 2020).

Cutting

Before start cutting, it is advisable to clean cutting boards and knife with hot soapy 
water after cutting one food before switching to another ingredient (Odumeru, 2012; 
CDC, 2021). An uncleaned chopping board will serve as a cross-contamination 
vehicle to other ingredients, especially handle the ready-to-eat products (RTE) on 
raw ingredients chopping board (FSAI, 2014). In commercial kitchens, the cutting 
board should use plastic-based or non-porous materials type. The benefits of using 

Table 7. The types of color codes in cutting boards and suitable materials to be 
used on it

Color Codes Ingredient Types

Red Raw meat

Brown Cooked meat

Yellow Poultry

Blue Seafood

White Dairy and bakery product

Green Fruit and vegetable

Source: Mallett (2017).
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a plastic chopping board are easily clean and sanitize, non-absorbent, non-easily 
contaminated and waterproof. According to HACCP International guidelines, cutting 
boards must be assigned into different colors to handle specific ingredients to prevent 
cross-contamination (Mallett, 2017). Table 7 has presented a series of color codes 
in cutting boards and respective food ingredients that are suitable to be used on it.

Cooking

Chefs should never judge food texture and color to determine whether food is raw 
or cooked. It is unreliable and inaccurate without measuring the food’s internal 
temperature. Food is considered safe to consume when the desired internal temperature 
is obtained, as demonstrated in Table 8. Pathogenic microorganisms only can be 
eliminated when sufficient core temperature of food is achieved (USDA, 2017; CDC, 
2021). A thermometer probe is recommended to insert into the food central part to 
ensure they are fully cooked. The probe should calibrate time by time to ensure the 
instrument functions optimally (Brown et al., 2012).

Table 8. The internal temperature required to achieve fully cooked in selective food 
ingredient lists.

Food Temperature (°C)

Whole or cut poultry (ground chicken or turkey) 82

Ground beef, veal, lamb, and pork 71

Ground chicken and turkey 
Pre-cooked ham 
Casseroles (mixture of chopped meat and 
vegetables)

73-74

Whole beef, pork, lamb, veal cuts, raw fresh ham, 
roasts, chops, and steaks 63

Fin fishes 63°C or cooked until the flesh turns opaque, and 
easily separated when using a fork

Crustaceans (crabs, shrimps, and lobsters) and 
scallops Cooked until the flesh turns pearly white or opaque

Clams, mussels, and oysters Cooked until the shells are opening

Shelled eggs Cooked until the albumen and yolk turn firm

Sources: Odumeru (2012) and CDC (2021).
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Food Serving and Displaying

This section describes standard safety guidelines that should comply during food 
serving or buffet displaying either in restaurants or hotel settings. A two-hour rule 
is very crucial during buffet serving. Any dishes left beyond two hours on buffet 
counters should be discarded. The buffet holding period needs to be reduced to 
one hour if the temperature of the holding warmer at above 32°C (FDA, 2018b). 
Ensuring all the cooked or RTE food will not be displayed too early before the 
buffet session is start. It is advisable to seal or wrapped the food container before 
serving or on the way to be delivered to the buffet counter. Different sets of utensils 
(tong, fork, or spoon) will be required for different displayed food to minimize the 
probability of cross-contamination (CFS, 2017). Buffet can be categorized into hot 
and cold items. ‘Keeping hot food at hot condition’ and ‘keeping cold food at cold 
condition’ is important to prevent food from being kept in the food danger zone (4 
to 60°C) (FDA, 1999; CDC, 2020). In the serving of high-risk food such as salad, 
seafood, and sushi, a minimum quantity of high-risk food needs to be displayed on 
buffet counters. Recook or top-up the finished food items can prevent temperature 
abuse and minimize the high-risk food standing too long at displayed temperature 
(FSAI, 2014).

Displaying of Hot and Cold Buffet Dishes

The temperature of the hot buffet counter should maintain at least 60°C or above 
during displaying. Eggs or egg-based dishes can be chilled, stored, and reheated 
to 74°C before serving (FDA, 1999; CDC, 2020c). In non-buffet restaurants, the 
chilled dishes should be refrigerated before serving. During buffet cold holding, 
ices are required to retain the chill condition of high-risk dishes, including sashimi, 
raw oysters, RTE salad, and display not more than two hours. These foods are 
principal sources of foodborne pathogens such as Staphylococcus aureus, Vibrio, 
and Salmonella (FDA, 1999). During salad-bar display, all fresh-cut vegetables 
need to be held at less than 5°C. The chilled or frozen food should transport with 
pre-cooled insulated vehicles or containers (FDA, 2010; FSAI, 2017).

Leftover Storage

Storing Opened Ingredients

Generally, the unopened ingredients and products can be stored according to the time 
frame of best before or expiry date (primary shelf life) specified by manufacturers. 
However, the primary shelf life is no longer accurate as the package has been opened. 
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All leftover food should be marked with the desired date to be disposed of. Secondary 
shelf life is defined as the period once the container or packaging is opened, thus 
might inducing a sharp acceleration in the product deterioration (Brown et al., 2012; 
Nicoli & Calligaris, 2013; Dales, 2018). Table 9 list-out the secondary shelf life of 
food ingredients and the time frame given to keep the opened products.

Uncooked raw materials like the whole raw meat, poultry, or fish should be 
stored in the freezer. It is recommended to cut large portions into smaller parts to 
facilitate the frozen process within a short time. All the cut portions need to wrap 
or cover with plastic film or freezer bags (MOHM, 2021).

Table 9. The examples of secondary shelf life of food ingredients once it opened

Categories Types Opened Storage Periods 
by Refrigeration

Condiments and 
sauces

Ketchup and chili sauces 4 months

Pickles and salad dressing (commercial) 1-3 months

Mayonnaise (commercial) 2 months

Spaghetti sauce 4 days

Black pickled olives 2 weeks

Oils (olive and vegetable) 3-5 months

Dried materials

Baking powder 3-6 months

Flour (white or wheat) 6-8 months

Icing sugar 2-3 weeks

Sugar (brown, white, and confectioners) 18-24 months

Grounded spices 24-36 months

Canned foods
Fish (salmon, tuna, and sardine), meat (beef, chicken, 
turkey, and pork), soups, and vegetables 3-4 days

Fruits (flesh and juices) 5-7 days

Baking materials

Cakes and muffins (commercial) 7-10 days

Bread (pans, flats, rolls, and buns) 2-3 weeks

Cookies (soft and crispy) 8-12 months (frozen)

Tortilla (corn and flour) 6-8 months

Dairy products

Butter 1-2 months

Margarine 6 months

Cheese 6 months (hard and block) 
1 month (shredded)

Yogurt 1-2 weeks

Milk (plain or flavored) 1 week

continues on following page
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Cooling of Hot Food

Food cooling practices are normally well-practiced by most of the food premises 
before undergoing chilling on pre-cooked food, yet appropriate cooling procedures are 
poorly implemented by individuals (Brown et al., 2012). According to the Ministry 
of Health, Malaysia, hot prepared food cannot directly keep in the refrigerator as heat 
vapor generated from the dishes will subsequently increase the internal temperature 
and humidity of the fridge (MOHM, 2021). Slow cooling leads to the risk of food 
safety issues in retail foodservice operations. From 1998 to 2008, the CDC reported 
504 outbreaks associated with catering establishments caused by hot food undergoing 
a prolonged cooling period (CDC, 2020c). For instance, Clostridium perfringens and 
Bacillus cereus are major pathogens to germinate spores in improper cooling food 
(Schaffner et al., 2015). According to the FDA Food Code, the whole cooling process 
needs to cool down below 5°C within 2 h, provided with a total two-stage cooling 
method to be applied to monitor rapid cooling of hot prepared food. Internal food 
temperature must achieve from 57.2-21.2°C within 2 h, and followed by 21.1-5°C 
within 4 h or less. Periods of hot food cooling should minimize as the temperature 
danger zone ranges from 5-57.2°C. Foodborne pathogens can increase their counts 

Categories Types Opened Storage Periods 
by Refrigeration

Prepared or cooked 
foods

Pasta 3-5 days

Rice 4-6 days

Fresh cut fruits 4 days

Fresh cut vegetables or mix-salad 3-5 days

Leftovers (with meat, poultry, fish, egg, cooked 
vegetables), meats served with broth or gravy, salads 
(mix with meat, poultry, fish, and egg), soup, and 
stew

3-4 days

Meat, fish, and 
shellfish (fresh)

Roasts, steaks, and chops (beef, pork, and lamb) 3-5 days

Ground meats (beef, lamb, poultry, and pork), fatty 
fish (catfish, salmon, tuna, and mackerel), lean fish 
(cod, rockfish, sea trout, and others), whole cut 
poultry, raw scallops, and shrimps

1-2 days

Raw crab (legs) and raw lobsters (tails) 3-5 days

Meat, fish, and 
shellfish (cooked, 
processed, or smoked)

Bacon, hams, hotdogs 1 week

Sausage
1-2 days (raw), 
1 week (smoked and 
cooked)

Sources: Andress & Harrison (2011) and Dales (2018).

Table 9. Continued
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within the temperature danger zone. Therefore, monitoring time and temperature 
should be conducted on a routine basis (Roberts et al., 2013; FSANZ, 2019).

Food Code and United States Department of Agriculture (USDA) recommend 
that multiples cooling methods can be conducted simultaneously to ensure food 
temperature can be lowered below 5°C within 6 h are as follow: (1) placing the 
large pot of cooked sauce, stew, or soup inside the shallow pans, inserting the 
pans in the ice water bath, then refrigerating at maximum holding temperature of 
5°C, (2) separating whole food (e.g. large cut of poultry or meat) into thinner or 
smaller portion and wrapped separately before refrigerating at maximum holding 
temperature of 5°C, (3) stirring the food in a shallow pan or container placed in the 
water ice bath, and (4) using the rapid cooling equipment such as ice wands and blast 
chillers. Also, Food Code, and USDA suggest the food pans or containers can leave 
uncovered during cooling for well ventilated during cooling. It can leave uncovered 
or loosely covered if it is necessary to avoid food from overhead contamination. 
Other than the commercialized refrigerator, the cooling standards are appropriate 
with a walk-in chiller or walk-in freezer as well. Last but not least, do remind that 
the cooling food should not leave at temperature danger zone for more than 2 h. The 
person in charge of food service establishments (manager, sous chef, or bar captain) 
must ensure all food is being appropriately cooled via routine monitoring of food 
internal temperature (Brown et al., 2012; Haraminac, 2017).

Reheating of Chilled Food

Many people did not know the correct method of food reheating. A previous 
study in Saudi Arabia observed the restaurant supervisors had demonstrated poor 
knowledge in desired hot food temperature (14/97; 14.4%), temperature danger zone 
(15/97; 15.5%), and correct food cooling method after cooking (45/97; 46.4%) (Al-
Mohaithef et al., 2021). Another research discovered some respondents (270/1178; 
22.9%) were not aware that cooked food is required to be reheated again before being 
consumed (Low et al., 2016). Cooled food needs to be reheated until steam vapor 
is released and achieve at least 70°C and hold at least 2 min at this temperature. 
In the stove usage, the pans or woks need to be located at the stovetop and heated 
thoroughly until the internal temperature of food is reached 74°C. Stirring, rotating, 
and covering is necessary during microwave reheating until the food temperature is 
reached at least 74°C. Slow cooker and steam tables are not recommended during 
reheating of foods since they are letting the foods for standing too long in the food 
danger zone (USDA, 2019).
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Cleaning and Sanitation

RTE products like fruits and vegetables are mostly lacking decontamination and 
preservation treatments before undergoing packaging, transporting, or distributing 
(Wong et al., 2021a; Wong et al., 2021b). Therefore, cleaning is crucial in pre-cooking, 
however, cleaning with untreated water or without sanitized are strictly unencouraged 
as non-treated water can be transmission vehicles of waterborne pathogens. Studies 
showed that cleaning with one-cycle used water (such as groundwater, well water, 
tap water, river water, and wastewater) cannot reduce microbial loads effectively 
(USDA, 1998; Balali et al., 2020). Water may serve as decontamination but also 
cause recontamination. A previous study in Malaysia, the respondents provided 
the wrong answer (1123/1178; 95.3%) based on the question ‘Washing fruits and 
vegetables thoroughly with tap water is necessary to prevent foodborne diseases’ 
(Low et al., 2016). Therefore, filtered water or sanitized water with chlorine and 
ozone treatments are suggested to prevent recontamination and decontamination 
(López-Gálvez et al., 2021). Das et al. (2019) compared washing vegetables by tap 
water and filter water reduced 0.85 to 2.05 and 2.38 to 3.36 log CFU/g of microbial 
loads, respectively. In general, 4 to 7 log CFU/g of microbiota can be retained 
without thoroughly cleaning. In the same study, washing with chlorine water (200 
ppm) achieved an additional microbial reduction (2 log CFU/g).

Three essential steps to conduct sequencing cleaning and sanitation; (1) washing, 
(2) sanitizing, and (3) drying. All the cooking utensils are required to soak in warm 
soapy water. The utensils should be visibly clean and dry after washing. Deep 
washing and cleaning could help to reduce cross-contamination of food allergens 
while preparing food for allergic people (Ricci et al., 2017; FSANZ, 2019b). Some 
restaurants have three compartment sinks, also known as a three-step washing system 
or pot washing station (PWT) dedicated to cleaning, washing, and sanitizing the 
dirtied pots, cooking equipment, and utensils. The first compartment is mainly for 
detergent cleaning or above 43°C, following by rinse cleaning with water (second 
compartment) and sanitizing using sanitizing solution or hot water immersing at above 
77°C for 30 s (third compartment). The water supply for each compartment must 
be visibly clean and warm enough to achieve the desired temperature as specified 
earlier (FDA, 2013; USDA, 2017).

CONCLUSION

To summarize, the food safety training program is significant to ensure all massages 
given are successfully delivered to all food handlers, servers, and management 
executives. The purpose is to educate all people regarding the food safety knowledge 
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and guideline provided. Based on this chapter, all standard procedures are important 
from receiving to cleaning, to prepare a portion of safe food for the consumers. It is 
undeniable that it will be tedious for all food handlers to conduct all the so-called 
implemented standard protocols. However, there are no ways for us to minimize 
the public health risk if we are compromised to follow the food handling practices. 
As the saying goes, no man is on the island. Each individual has responsibility in 
the practicing and participating of proper food handling manner in the restaurant 
industries. In should contribute their effort in practicing food hygiene practices 
and build awareness in their mindset. In short, delivering is heavily dependent on 
people’s attitude and how they practice standard appropriate hygiene culture in their 
working environment.
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KEY TERMS AND DEFINITIONS

Cross-Contamination: The transferring of any microorganisms or foreign 
substances from one medium to another medium. The foreign substances are including 
food allergens, microbial toxins, chemicals, and microbial cells.

Food Code: The Food Code is a model that representing the best advice from 
FDA for a consistent set of provisions addressing the safety and protection of food 
sold in retail and in foodservice. Besides, it is a systematized basic standard to protect 
public health relating to food, beverages, raw materials, utensils, and equipment use 
and domestic consumption. At last, it will ensure all the foods to be safe prepared, 
without unadulterated and accurately served to consumers

Food Danger Zone: The temperature range allows the foodborne bacteria to 
grow faster from 5 to 60°C and doubling the bacterial population as more quickly 
as 20 minutes.

Hazard Analysis and Critical Control Point (HACCP): HACCP is an 
international food safety management system that emphasizing on the food safety 
by analyzing and monitoring the physical, chemical, and biological hazards from 
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raw ingredients production, food purchasing, and handling until to the finalized 
product manufacturing, distribution, and human consumption.

Internal Food Temperature: The core temperature inside the central part of the 
cooked food. The internal food temperature can be obtained using the temperature 
probe by inserting it into the central part of food.

Partially Cooked Food: The food has been cooked in halfway without entirely 
cooked. It will be cooked again later on before serving to the guest.

Perishable Food: Perishable food refers to any edible food or raw ingredients that 
are highly susceptible to food spoilage and become unfit for human consumptions. 
They usually have a shorter shelf life and most probably need to store in a chilling 
or freezing environment to prolong their storage shelf life.

Primary Shelf Life: The time elapsed between the manufacture and packaging 
of a product and the point at which the product first becomes unacceptable under 
specified environmental parameters.

Ready-to-Eat (RTE): The RTE food can be directly consumed without the need 
to further cooking or reheat. It can be directly serving to consumers. The examples 
of RTE food consist of sandwiches, cheese, and smoked fish. Some of the RTE food 
can even be served cold in advance such as sashimi and sushi.

Secondary Shelf Life: The period when the original food packaging or containers 
had opened by consumers and lead to a sudden sharp acceleration of alteration in 
the product quality.

Two-Hour Rule: The time frame provided to display any perishable items that 
are left without cold or hot holding on the buffet counter under room temperature 
conditions. After 2 hours, the perishable ingredients need to be discarded.
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ABSTRACT

Being knowledgeable about food safety is one of the strategies to address food-borne 
diseases (FBD). The systematic review was focuses on food safety knowledge and 
the respective interventions. Generally, numerous relevant studies have been done 
to determine the level of food safety knowledge among food handlers, but studies 
from a Malaysian perspective were limited. Therefore, the present study reviewed 
a number of previous studies regarding level of food safety knowledge and type of 
interventions that have been done among various categories of food handlers in 
Malaysia. For the review purpose, preferred reporting items for systematic reviews 
and meta-analyses (PRISMA) was adopted based on Science Direct, Scopus, and 
Google Scholar databases. A total of 22 resulted from the searching and were 
analyzed systematically. The review of food safety knowledge was divided into three 
themes consisting of food handlers at premises, consumers, and students. The results 
of this review have identified the knowledge gap of food handlers, and the authors 
provide recommendations for future food safety education.
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INTRODUCTION

The food and waterborne diseases in Malaysia include cholera, dysentery, food 
poisoning, Hepatitis A, and typhoid (Ministry of Health Malaysia, 2017). Recently, 
several cases of food poisoning and even some deaths have been reported. For 
example, Malaysia was shocked by food poisoning because consuming “Laksa” 
contributed to 34 cases, including two deaths in Perak, 25 cases in Kedah, and 24 
cases in Selangor (The Malaysian National News Agency, 2018). In addition, 36 
students from tahfiz center in Kedah (Noorazura Abdul Rahman, 2019), 49 primary 
school students in Keramat (New Straits Times, 2019), and 110 college students 
in Kajang (The Malaysian National News Agency, 2019) was rushed to hospital 
after experiencing symptoms such as vomiting, stomach ache, and diarrhea. All of 
them have been confirmed suffering from food poisoning. A recent case of food 
poisoning was reported at the training center in Kuala Lumpur involving a total of 
137 kindergarten teachers after consuming “ayam masak lemak” dish (The Malaysian 
National News Agency, 2020).

Clinical reports of Malaysian diarrheal patients revealed that non-typhoid 
Salmonella (57%) become among the most significant pathogens isolated from their 
stool samples, followed by enteropathogenic Escherichia coli (14%), Shigella (11%), 
Campylobacter (5%), and Aeromonas (5%) (Dewanti-Hariyadi & Gitapratiwi, 2014). 
All of these pathogens can be found in common foods, for example, Salmonella 
discovered in meat, especially buffalo (Saira Banu, Humairak, Zakiah, & Siti Adila, 
2019), or leafy vegetables such as cabbages and cucumbers (Saw et al., 2020).

Poor personal hygiene among food handlers was also a significant cause for the 
transmission of the pathogen into food. A microbiological study by Nasrolahei, 
Mirshafiee, Kholdi, Salehian, & Nasrolahei (2017) revealed that Staphylococcus 
aureus and Escherichia coli were prevalent in the fingernails of butchers, fast food 
handlers, and school cafeterias staff. Furthermore, during the typhoid outbreaks 
in Kelantan, Malaysia, food handlers also identified as the chronic carriers for 
Salmonella Typhi that were detected from their stool samples (Chua et al., 2015).

Pathogens transferred from the unhygienic hands of food handlers may continue 
to survive in food that is not stored and cooked at a recommended temperature. In 
the case of consuming raw or uncooked eggs that lead to the infection of Salmonella 
enterica, it could be prevented by immersed the half-boiled egg in freshly boiled 
water for at least 15 min (Mohamad Fithri et al., 2018). Regarding this matter, food 
handlers also recommended cooking the egg at a temperature more than 100 °C for 
8 min and low storage temperature in the refrigerator to be practiced at home and 
other food premises to minimize the risk of food poisoning caused by Staphylococcus 
(Sánchez, Neira, Laca, Laca, & Díaz, 2019). Therefore, to ensure that food is safe 
to consume, the food handlers should adopt food safety practices. Numerous studies 
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abroad indicated that a good food safety knowledge level promotes better food 
handlers’ food safety practices from various premises (Al-kandari, Al-abdeen, & 
Sidhu, 2019; Alqurashi, Priyadarshini, & Jaiswal, 2019; Omemu & Aderoju, 2008; 
Unusan, 2007).

To date, limited study has synthesized the literature using systematic review 
methods to assess the food safety knowledge of food handlers in Malaysia. The 
increment in the incidence rate of 7.87 per 100,000 population for food poisoning 
cases in 2017 compared to 2016 indicated the importance of having knowledge 
about food safety among food handlers (Ministry of Health Malaysia, 2016; 2017). 
This synthesis will identify the food safety knowledge gaps among food handlers 
and develop food safety intervention programs to minimize the risk of food borne 
diseases (FBD). Therefore, the current study aimed to conduct a systematic review 
using standardized and structured techniques to identify, characterize, and summarize 
the existing literature investigating the food safety knowledge among food handlers 
and interventions implemented to improve their knowledge. In addition, this study 
also will examine the trends in research related to food safety knowledge. Results 
from this systematic review may emphasize the important areas that could be targeted 
for future education and assist future researchers interested in studies regarding food 
safety knowledge in Malaysia.

METHODS AND MATERIALS

Search Strategy

As systematic literature review (SLR) will help summarize the previous literature 
and explain differences among the same questions of the studies; therefore, scientific 
strategies and a rigorous method to minimize its bias (Cook, Mulrow, & Haynes, 
1997). The Preferred Reporting Items for Systematic Reviews and Meta-Analyzes 
(PRISMA) has been applied to enable this SLR to be more comprehensive, explain 
the method in more detail and take into account the quality differences between 
the studies (Moher, Liberati, Tetzlaff, Altman, & The Prisma Group, 2009). The 
searching was done in three academic databases such as Science Direct, Scopus, 
and Google Scholar by using the search strings (“food safety knowledge” OR “food 
safety education” OR “food safety awareness” OR “food safety assessment*” OR 
“food safety concern*” OR “food hygiene knowledge” OR “food hygiene education” 
OR “food hygiene awareness” OR “food hygiene assessment*” OR “food hygiene 
concerns*” AND “Malaysia”). A total of 40 articles were retrieved in the initial 
stage of the systematic review process.
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Screening Process

A total of 6 duplicate articles were removed before initiated the screening process. 
Then, a total of 34 articles were screened in accordance with the inclusion and 
exclusion criteria that have been determined. The first inclusion criteria where 
the type of literature must be research articles because it contains empirical data. 
Therefore, secondary sources such as conference proceedings, theses, books, or 
book chapters were excluded from this review. Only studies conducted in Malaysia 
included, in line with the study objectives. In addition, this review only focused on 
articles published in English, and there was no limit on the publication date due to 
the known gap in literature specific to food safety knowledge among food handlers 
in Malaysia. The earliest record found was published in 2002, and the latest was 
published in 2020.

Eligibility

A total of 29 articles were prepared for the eligibility process. During this process, 
the articles were examined its titles, abstracts, and main contents to ensure that they 
fulfilled the inclusion criteria and met the current review’s objectives. Consequently, 
four articles were excluded because they do not focus on Malaysian food handlers 
and are not appropriate to the objectives. A total of 22 remaining articles to be 
analysed was indicated in Figure 1.

RESULTS AND DISCUSSIONS

General Characteristics of the Studies in the Review

The analysis produced a total of 22 articles related to food safety knowledge in 
Malaysia. As shown in Table 1, a study on food safety knowledge is focused on food 
handlers involved in businesses that operated at the premises, including schools, 
food courts, colleges, universities, and home-based (n = 13), home (n = 4), and 
students (n = 4). In addition, there was also a study that combined food handlers 
in the cafeteria and students. Most of the studies (n = 20) have been done in West 
Malaysia, while only two (n=2) analyses were carried out in East Malaysia.

The discussion in this section is about the level of knowledge of food safety 
based on the category of food handlers.
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Figure 1. Flow diagram of the literature review process

Table 1. Summary of food safety knowledge studies in Malaysia

Author Location Type of 
respondent

Number of 
respondents

Data collection method

Questionnaire Interview

Mohd Zain & Naing 
(2002)

Kota Bharu, 
Kelantan

Food handlers 
on-premises 430 /

Nee & Abdullah Sani 
(2011)

Universiti 
Kebangsaan 
Malaysia

Food handlers 
in residential 
colleges and 
canteens

65 /

Abdul-Mutalib et al. 
(2012)

Kuala Pilah, Negeri 
Sembilan

Food handlers on 
premises 64 /

Tan, Cheng, Soon, 
Ghazali, & Mahyudin 
(2013)

Klang Valley, 
Selangor

Food handlers in 
primary school 25 /

Tan, Fatimah, 
Muhammad Shahrim, 
Lee, & Nor Ainy (2013)

Hulu Langat, 
Selangor

Food handlers in 
primary school 85 /

continues on following page
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Author Location Type of 
respondent

Number of 
respondents

Data collection method

Questionnaire Interview

Rosnani, Son, Mohhidin, 
Toh, & Chai (2014) Putrajaya Food handlers in 

restaurants 127 /

Mohd Firdaus Siau, Son, 
Mohhiddin, Toh, & Chai 
(2015)

Putrajaya Food handlers in 
food courts 274 /

Lee, Abdul Halim, 
Thong, & Chai (2017) Kuala Lumpur

Food handlers at 
canteens in the 
university

67 /

Mustaffa, Rahman, 
Hassim, & Ngadi (2017) Peninsular Malaysia

Food handlers 
in university 
cafeterias

30 /

Siti Nurul Ain, Sahilah, 
& Razalee (2018)

Kuala Pilah, Negeri 
Sembilan

Food handlers 
on-premises 134 /

Asmawi et al. (2018) Petaling Jaya Food handlers in 
food courts 108 /

Dora-Liyana, Mahyudin, 
Ismail-Fitry, Ahmad-
Zaki, & Rasiyuddin 
(2018)

Northern Region of 
Malaysia

Food handlers in 
boarding schools 134 /

Mohd Yusof, Rahman, 
& Haque (2018)

Universiti 
Pertahanan 
Nasional Malaysia

Food handlers in 
cafeterias 53

/
Dietetic students 53

Mohamad Hapiz (2019) Sungai Petani, 
Kedah

Food handlers 
on-premises 322 /

Nur Izyan et al. (2019) Klang Valley, 
Selangor

Home-based food 
providers 111 /

Lim, Chye, Mohd Rosni, 
Norazah, & Lee (2016) Semporna, Sabah Household food 

preparers 250 /

Balaganesan & Siti Nur 
Afifah (2019) Selayang, Selangor Housewives 200 /

Ruby, Ungku Zainal 
Abidin, Lihan, Jambari, 
& Radu (2019)

Sibu, Sarawak Adult consumers 623 /

Norazmir et al. (2012) Johor Bahru, Johor Upper secondary 
school students 399 /

Mohd Halim, Mazni, 
Mohd Shazali, & 
Norazmir (2016)

Universiti 
Teknologi Mara, 
Puncak Alam

Students of a 
culinary degree 
program

18 /

Abdul Nazer, Angeline, 
Sunil Kumar, & Nazer 
Zulfika (2018)

Kedah Private university 
students 869 /

Syahira, Huda, & Mohd 
Rafee (2019)

Hulu Langat, 
Selangor

Form four 
secondary school 
students

575 /

Table 1. Continued

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



157

A Literature Review of Assessing the Level of Food Safety Knowledge Among Food Handlers

Food Safety Knowledge among Food Handlers

The level of knowledge of food handlers on food safety is mostly measured in 
percentage except for a study by Mohamad Hapiz (2019), which uses mean. Various 
ranges were used to interpret the level of food handler knowledge. The studies by 
Abdul-Mutalib et al. (2012), Asmawi et al. (2018), Dora-Liyana, Mahyudin, Ismail-
Fitry, Ahmad-Zaki, & Rasiyuddin (2018), Nee & Abdullah Sani (2011), Nur Izyan 
et al. (2019) and Tan, Fatimah, Muhammad Shahrim, Lee, & Nor Ainy (2013) set 
a score of less than 50% to show that the food handlers have poor knowledge in 
food safety. Meanwhile, Mohd Yusof, Rahman, & Haque (2018) and Siti Nurul 
Ain, Sahilah, & Razalee (2018) estimated the percentage of a total score less than 
60% and 75% as poor, respectively. In the study by Rosnani, Son, Mohhidin, Toh, 
& Chai (2014), food handlers who scored lower than 85% were considered less 
knowledgeable and this is among the highest score recorded.

Most studies found that food handlers are knowledgeable in maintaining the 
hygiene of the food, which can be prevented by controlling cross-contamination. 
The food handlers agreed that food contamination can be controlled by washing 
hands before handling food (Abdul-Mutalib et al., 2012; Lee, Abdul Halim, Thong, 
& Chai, 2017; Mustaffa, Rahman, Hassim, & Ngadi, 2017; Nee & Abdullah Sani, 
2011; Tan et al., 2013), wearing proper attires including gloves, masks or caps 
(Abdul-Mutalib et al., 2012; Tan et al., 2013; Tan, Fatimah, Muhammad Shahrim, 
Lee, & Nor Ainy, 2013) and using clean food utensil during food preparation (Siti 
Nurul Ain et al., 2018).

However, it was indicated that even though the food handlers were knowledgeable 
regarding hand hygiene, they still missed the proper steps when washing hands (Dora-
Liyana et al., 2018; Tan et al., 2013). The transmissions of pathogens potentially 
occur if hands do not completely wash and will contaminate the food. While the 
study by Nur Izyan et al. (2019) found the food handlers comply with one of the 
procedures before handling food: the use of warm water and soap for handwashing.

In addition, the food handlers also have adequate knowledge regarding the 
prevention and transmission of FBD (Mohd Zain & Naing, 2002). This fact was 
reinforced by the findings of a study by Mohd Yusof et al. (2018) indicating food 
handlers familiar with FBD and identified Salmonella as the main cause. The presence 
of a suitable temperature may accelerate the growth of pathogens. Thus, the food 
handlers also agreed that proper food storage and recommended temperature for 
refrigerator or freezer were among the essential measures to control FBD (Mohd 
Firdaus Siau, Son, Mohhiddin, Toh, & Chai, 2015).

The food handlers are also knowledgeable regarding the correct methods to 
defrost food especially meat (Asmawi et al., 2018) and have awareness to check 
the quality of raw food (Mohamad Hapiz, 2019). These matters can prevent food 
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from spoilage due to pathogens action while preserving freshness to ensure it is 
safe to be consumed.

The studies also found that food handlers were lack of knowledge regarding the 
temperature control that included the safe temperature of cooked food (Rosnani 
et al., 2014; Mohd Firdaus Siauet al., 2015; Asmawi et al., 2018; Nur Izyan et al., 
2019), temperature for food storage (Nee & Abdullah Sani, 2011; Mohamad Hapiz, 
2019) and food thawing (Dora-Liyana et al., 2018). To ensure the food such as meat, 
poultry and seafood safe for consumption, it must be cooked at the temperature of 
70°C, stored at a temperature above 60°C after cooked and no food thawing at room 
temperature (Ministry of Health Malaysia, 2014). All this measure was to inhibit 
the growth of pathogens that can spoil food.

Apart from that, food handlers also lack of knowledge related to food poisoning. 
They were identified did not know about the pathogens that caused food poisoning 
such as Staphylococcus or Campylobacter (Mohd Yusof et al., 2018; Mustaffa et al., 
2017; Nee & Abdullah Sani, 2011) and its symptoms (Mohd Zain & Naing, 2002).

Another critical knowledge among food handlers was about cross contamination. 
Most of the food handlers demonstrated low scores related to the use of gloves when 
handling food (Abdul-Mutalib et al., 2012), cleaning cutting boards after use (Lee 
et al., 2017) and selection of the plastic cutting boards that are easier to clean and 
less risk for the growth of microorganisms (Siti Nurul Ain et al., 2018).

Food Safety Knowledge among Consumers

Those involved in food preparation at home and not professional food handlers were 
defined as consumers (Nesbitt et al., 2014). FBD also has the potential to occur in 
the home environment. Therefore, the consumers should also be knowledgeable in 
food safety. In this review, only three studies determined the level of food safety 
among consumers in Malaysia. A study by Lim, Chye, Mohd Rosni, Norazah, & Lee 
(2016) found that consumers agreed that it was important to maintain kitchenware 
hygiene for food safety (mean = 14.64) even though they assumed that the use of 
water only to wash hand is sufficient to prevent FBD (mean = 12.00). However, 
the consumers realized that they must wash their hands before preparing food, after 
using toilets and after handling raw meats and poultry (99.5%) but lack knowledge in 
terms of temperature control (29.5%) (Ruby, Ungku Zainal Abidin, Lihan, Jambari, 
& Radu, 2019). On the other hand, the study by Balaganesan & Siti Nur Afifah 
(2019) on housewives indicated a good knowledge level in clean concept focusing 
on personal hygiene (89.5%). Still, the level was unsatisfactory for the chill (9%), 
separate (6.5%), and cooking concept (33.5%).
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Food Safety Knowledge among Students

Students should also have knowledge about food safety as they are prospective food 
handlers in the future, whether at home or industry level. The study on the level 
of food safety knowledge among students in Malaysia has been done in secondary 
school and higher education institutions. The majority of the upper secondary school 
students notified that they must wash their hands after sneezing (92.0%) but failed 
to identify the risky food that can potentially cause food poisoning (4.5%) and did 
not know that chilling or freezing could eliminate pathogens (25.6%) (Norazmir et 
al., 2012; Syahira, Huda, & Mohd Rafee, 2019).

The interview with culinary degree students indicated that they could explain 
the source of physical and chemical hazards. However, the knowledge of biological 
hazards was limited as they are still unclear about cross-contamination (Mohd Halim, 
Mazni, Mohd Shazali, & Norazmir, 2016). Meanwhile, the students in private and 
public universities were also knowledgeable in recognize FBD symptoms and 
identified Salmonella, Staphylococcus aureus and Listeria as its source (90.6%) 
but they got a low score in storage method and failed to identify Campylobacter as 
one of the pathogens that can cause FBD (47.2%) (Abdul Nazer, Angeline, Sunil 
Kumar, & Nazer Zulfika, 2018; Mohd Yusof et al., 2018).

Interventions

Previous studies also suggest interventions to enhance the food handler’s knowledge 
in respect of food safety. According to Food Hygiene Regulations 2009, the food 
handlers at the premises are required to undergo the Food Handler Training Course 
organized by Food Handler Training School accredited by Ministry of Health 
Malaysia. Therefore, researchers suggested that continuous training should be held 
to improve the knowledge of food handlers and also regular check-ups to monitor 
their health status (Abdul-Mutalib et al., 2012; Mohd Zain & Naing, 2002; Mustaffa 
et al., 2017; Nur Izyan et al., 2019; Siti Nurul Ain et al., 2018; Tan et al., 2013).

To further strengthen the food handler’s knowledge, it should also be focusing 
the hands-on activities instead of just delivering the theory and the test at the end 
of the training can be considered (Asmawi et al., 2018; Tan et al., 2013). Since the 
training needs to be emphasized, the curriculum and teaching methods must be 
reviewed including the usage of appropriate language and illustration module due 
to various backgrounds of food handlers in Malaysia (Lee et al., 2017 ; Rosnani et 
al., 2014). In the meantime, the government may also introduce a better system and 
gazette a new law in regards to reducing FBD outbreaks (Mohamad Hapiz, 2019).
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Compared with the food handlers at premises, there were no specific regulations 
relating to consumers who handle food at home. Therefore, local authorities play 
an essential role in delivering important information regarding safe food handling 
(Lim et al., 2016). FightBac! can be used as the basis of the information presented 
to enhance the consumer’s understanding of the concept of clean, chill, separate, 
and cook, which also can be shared through the mass media (Balaganesan & Siti 
Nur Afifah, 2019). In addition, the ‘5 Keys to Safer Food’ recommended by the 
World Health Organization also can be used as a guide to educate consumers at 
home (Ruby et al., 2019).

For students, not only researchers encourage continuing education, but teachers 
or lecturers need to be more competent in delivering knowledge on food safety 
and having adequate infrastructure (Abdul Nazer, et al., 2018; Mohd Halim et al., 
2016; Norazmir et al., 2012). Food safety education should also take into account 
the diverse background of students, incorporates with mainstream subjects, and 
most importantly, parents should be role models to their children when at home 
(Syahira et al., 2019).

DISCUSSIONS

The main purpose of this review is to examine the level of food safety knowledge in 
Malaysia and its interventions based on the category of food handlers. Simultaneously, 
a systematic literature review is important for the researcher to understand the pattern 
of previous studies and the derived outcomes can be implemented in the future. From 
this review, some studies patterns of food safety knowledge level were discovered.

The level of food safety knowledge studies in Malaysia focused on three main 
groups: food handlers at premises, food handlers at home, and senior students. While 
abroad, the study of food safety knowledge was also carried out on other groups such 
as street food vendors (e.g., Samapundo, Cam Thanh, Xhaferi, & Devlieghere, 2016; 
Madaki & Bavorova, 2019), primary school students (e.g., Tutu, Hushie, Asante, & 
Egyakwa-Amusah, 2020), hotel staff (e.g., Baser, Ture, Abubakirova, Sanlier, & Cil, 
2017) and meat handler (e.g., Tegegne & Phyo, 2017). Thus, it was recommended 
that the food safety knowledge be determined to all food handlers since each group 
has various backgrounds and environments of food handling.

Based on the number of studies, it obviously showed that previous researchers 
were more focused on food handlers at premises and most limited studies have been 
done on consumers. This matter should be given due attention as it was reported 
that 42% of food poisoning cases were due to negligence of food handling at home 
(World Health Organization, 2002). While Redmond & Griffith (2003) also estimated 
that almost 87% of the FBD occurrence is contributed by food mishandling at home. 
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Consumers who handle food at home should be aware of food safety measures. They 
play the main role in providing food for the family members, including vulnerable 
groups such as children or the elderly.

Most researchers tend to conduct research using the questionnaire as a tool to 
collect data rather than qualitative research interviews. Methods of data collection 
through the questionnaire become popular because it can reach a larger target 
population that will produce greater statistical power, gain a high response rate, 
and be effective in saving time and financial (Jones, Baxter, & Khanduja, 2013). 
However, qualitative studies may also be practiced as this method may provide more 
in-depth information about a study and understand the various dimensions of the 
problem instead of concerning the quantified aspects. The researchers may adopt 
methods such as case studies, focus groups, and field research that are frequently 
adopted in qualitative methodology (Queirós, Faria, & Almeida, 2017).

Even though the food handlers were knowledgeable in food safety, two knowledge 
gaps were identified: temperature control and cross-contamination. The knowledge in 
temperature included storage, cooking and refrigerator temperatures. All were aware 
that the use of inaccurate temperature would promote the growth of microorganisms. 
In the meantime, cross contamination has potentially transferred the microorganisms 
from any source to food and contaminate it. Previous studies also have shown that 
food handlers were lack of knowledge regarding temperature control (Al-Kandari et 
al., 2019; Okour, Alzein, Saadeh, & Alfaqih, 2020). Temperature control was related 
to knowledge about the use of thermometers. Lack of knowledge about the importance 
of thermometers among consumers may be due to several perceived barriers such 
as inconvenient or impractical, lack of time, the difficulty of thermometer usage 
and cost (Elshahat, Woodside, & Mckinley, 2019). Apart from that, it was found 
that some food premises did not supply the thermometer for use by food handlers 
(Asim et al., 2019).

Knowledge regarding refrigerator’s temperature, which is to be maintained 
below 4°C also crucial to ensure the food can safely consumed or it will increase 
the risk of accelerating the growth of microorganisms. The microbiological test of 
the home refrigerator confirmed Listeria monocytogenes inside the refrigerator with 
temperature 5–63 °C (Dumitrașcu et al., 2020). Technological developments can be 
considered in addressing the food handler negligence in using the thermometer in the 
refrigerator. The manufacturer may design refrigerators that are readily installed with 
a sensor that monitor the temperature in the refrigerator or lowers the temperature 
of food stored in the refrigerator door shelves (Katiyo, de Kock, Coorey, & Buys, 
2019; Rodriguez-Martinez et al., 2020).

Another problem among food handlers is a lack of awareness about using the 
thermometer when cooking, especially involving food such as meat or poultry. 
A thermometer is used to check the doneness of food because eating raw or 
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undercooked food may increase the risk of contracting the infection of Salmonella 
and Campylobacter. However, less emphasis on food handlers about using the 
thermometer as a method to determine a food cooked, for example, based on length 
of cooking time, checked using equipment such as a knife or toothpick and looked 
for meat juice (Kosa, Cates, Godwin, & Chabers IV, 2017). Only a handful of food 
handlers used the thermometer to check their food. Then this contributes to the lack 
of knowledge about the needs of its usage for food safety.

On the other hand, food handlers should realize that raw materials, contact 
surfaces and cooking utensils may promote cross-contamination (Parry-Hanson 
Kunadu, Ofosu, Aboagye, & Tano-Debrah, 2016). Cross-contamination can also be 
controlled if the food handlers wear proper attire during handling food, use separate 
cutting boards for different types of food and ensure that the knife and cutting board 
always sanitize (Rebouças et al., 2017; Taha et al., 2020). In the meantime, Garayoa, 
Abundancia, Díez-Leturia, & Vitas (2017) also suggested that those involved in food 
service apply disinfectants to eliminate microorganisms from food contact surfaces 
such as serving trays and cutting boards. Thus, all this effort may minimize the 
number of microorganisms from being transmitted into food.

The studies that have been carried out in Malaysia also suggested that intervention 
programs be developed to improve knowledge regarding food safety for food handlers. 
However, these interventions focus on food handlers operating at food premises 
operators compared to other food handlers. A systematic review by Young, Waddell, 
Wilhelm, & Greig (2020) also agreed that the interventions were most frequently 
targeted on food handlers in educational institutions and restaurants with personal 
hygiene and prevention of cross-contamination became the most covering contents 
in the training session.

Other food handlers, such as consumers and students who are not involved in food 
safety training, should be targeted in the educational program. Social media may 
use as an effective medium to distribute any information regarding food safety. For 
example, the authorities should more actively promote The Official Facebook Page 
of Food Safety and Quality Programme to disseminate the food safety information 
among social media users. This method received positive feedback from the public 
after each registered article in the portal received an average of 13,920 readers, while 
every posting recorded an average of 131,074 readers (Food Safety and Quality 
Division, 2018).

For students, the knowledge about food safety may be incorporated into the formal 
curriculum by educational materials such as posters or modules. This teaching aid 
should be student-centered to ensure its effectiveness. Lee, Jeong, Ko, Park, & Ko 
(2016) have developed a textbook and poster under the theme of foodborne illness 
that required the students to explain, differentiate, and ways to prevent foodborne 
illness based on social cognitive theory supplementing with hands-on activities. 
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Take home worksheets that were administered based on the positive deviance model 
also enhanced the student’s knowledge by applying the theories they learned in class 
after school sessions (Whited, Feng, & Bruhn, 2019). In addition, the application of 
simulation games on tablet personal computer could be implemented to boost the 
student’s motivation to learn food safety knowledge (Yu, Sirsat, & Madera, 2018). 
It would also be recommended to develop the food safety curricular based on other 
behavior theory, such as introspection-based, behavioristic, and sociological.

CONCLUSION

This systematic review was able to identify the pattern of previous studies related to 
food safety knowledge focusing on premises food handlers, consumers, and students 
in Malaysia. Outcomes of the analysis indicated that further research needs to be 
done in certain areas. The research gap recommended that future research about food 
safety knowledge in Malaysia could widen the target groups, vary the study methods 
and determine a depth study regarding temperature control and cross-contamination. 
Furthermore, this review also recommended interventions and education campaigns 
to improve the knowledge among consumers and students that were least involved 
in food safety training.
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ABSTRACT

The Maldives relies completely on imported food for its staples such as rice, flour, 
and sugar. It is reported that the Maldives produces less than one-tenth of its overall 
food requirements. Due to its huge dependence on imported food products, Maldives 
is exposed to a high risk of contaminated food and foodborne illnesses caused within 
the supply chain. This chapter aimed to investigate the level of awareness among 
the public of the Maldives relating to food safety practices in the food industry. An 
online survey was developed and administered to the consumers in the Maldives. 
A total number of 369 usable responses were analyzed statistically. The findings 
highlight that even though there was a high level of awareness of the participants 
towards food safety in general, participants were poorly aware of the activities and 
the consumers’ roles in the food safety practices. This study serves as a baseline 
study for future research in this area, particularly in the Maldives.
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BACKGROUND OF THE STUDY

Food safety is a major concern in all countries around the world. World Health 
Organization (WHO) estimated 600 million foodborne illnesses and 420,000 deaths 
in the year 2010 (WHO, 2015). It is reported that the foodborne diseases have 
caused the total productivity loss associated with foodborne disease in low- and 
middle-income countries was around US$ 95.2 billion per year, and the annual cost 
of treating foodborne illnesses is estimated at US$ 15 billion (World Bank, 2018). 
Food safety practices have become complex with the emerging trends and behaviors 
in the food supply chain, particularly during the preparation and processing stages.

Human is the primary stakeholder in food consumption framework. For decades, 
food safety is an aged concern since the day’s humans have developed measures to 
make sure that the food consumed does not harm them in any way. Written records 
and problem-based solutions have been established to mitigate the contamination 
and to enhance the safety points of many products. Additionally, numerous public 
awareness programs have been conducted to increase public knowledge in food safety 
and to ensure that the food standards set by authorities are effectively implemented. 
In many countries, the proactive participation of consumer associations allows the 
consumer representatives involvement in policy reforms and implementation at 
national and international levels.

While a proper legal framework provides a detailed guideline for the food 
industry regarding to food safety management within their establishment, consumer 
awareness is necessary for the prevention and implementation of food safety measures 
in a community. It is known that a legal framework alone cannot ensure that the 
food will never pose a risk to any consumer (De Boer & Bast, 2018). Based on the 
code of ethics for international food trades as outlined in Codex Alimentarius, the 
consumers have the right to safe and quality food, as well as the right to express 
their opinions about the food control procedures, including standards set out by the 
governments and the food industries to ensure safe, sound and wholesomeness of 
the food (FAO & WHO, 2010).

Numerous studies relating to consumers’ level of awareness toward food safety 
have been done in different demographic settings. Today the food travels at great 
distances from different countries, different farms, and factories before being passed 
on to the consumer. The world’s increasing population and the consumers’ needs 
for a variety of food have resulted in a more complex network of the food chain. 
Nonetheless, a complex food chain can cause contamination at any stage of the 
food chain. As a result, foodborne illnesses pose a risk to international public health 
safety and economic development (Uçar, Yilmaz, & Çakiroglu, 2016). While this 
scenario has happened around the world with no exception to the Maldives. The 
Maldives has imported more than 95 percent of the food consumed from various 
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parts of the world (Maldives Food and Drug Authority, 2017). Every year there 
is an estimate of 600 million cases of foodborne illnesses globally (WHO, 2015). 
Though there is no specific monitoring data available for foodborne diseases in the 
Maldives, 30442 cases of acute gastrointestinal or diarrheal diseases were reported 
in 2015 alone (Ministry of Health, 2016). The National Food Safety Policy (NFSP) 
has highlighted the need for the assessment of foodborne disease surveillance and 
response through different means such as validation workshops and self-administered 
questionnaires (Maldives Food Drug Authority, 2017). In an effort to design an 
effective advocacy framework and to engage positively with the local community, 
it is crucial to understand their level of awareness and understanding about the food 
safety practices in the Maldives. Lack of consumers’ awareness of policies governing 
food safety deprives the consumers of means of receiving information on food safety 
activities done by the regulatory authorities and can cause consumers to lose trust 
in the food safety system of the country. As for now, there are no published studies 
in this field in the Maldives.

A conceptual framework is developed within the basis of the health belief model 
and the theory of planned behavior. The independent variables of this conceptual 
model are sociodemographic characteristics (gender, age, education level, working 
situation, food safety training, and marital status). The dependent variables are 
consumers’ awareness of food safety and consumers’ awareness of food safety 
policy. As this study aims to assess the relationship between consumers’ opinions 
and awareness of food safety policy, awareness acts as a mediator variable.

Thus, this paper investigated the consumers’ level of awareness toward food safety 
practices in the Maldives. The significance of this study is to provide a baseline 
reference for the policymakers in developing effective awareness programs among 
the consumers in the Maldives particularly.

Literature Review

This literature review is intended to describe the key components of this study with 
a reference to numerous past studies conducted in various countries.

Consumers’ Awareness of Food Safety

The importance of food safety is instrumental in protecting consumers from foodborne 
illnesses and promoting public health and market safer foods. There are several 
cases of foodborne diseases that can be prevented by mere education and awareness. 
While many of the consumers display a certain level of awareness in food safety 
practices, many studies done suggested that it was limited by the knowledge of food 
safety acquired (Liu & Niyongira, 2017). Also, a positive relationship is observed 
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in food safety knowledge and education level (Ruby et al., 2019). Studies conduct 
to measure the level of awareness on personal hygiene practices among consumers 
of different categories and regions show concerning disparities. A high level of 
awareness was recorded on some of the personal hygiene questions such as washing 
hands with soap after using the toilet (Tomaszewska et al., 2018) among consumers 
from Thailand and Poland. However, a study conducted in Miami concluded that 
pregnant women and mothers, in general, reported less frequent hand washing and 
had poor food safety practices (Davila et al., 2009).

Many of the consumers are unaware of food safety practices such as microbiological 
contamination of food kept that is kept at room temperature for a longer time 
(Odeyemi et al., 2019). The study conducted in Malaysia shows that less than a 
quarter of participants had detailed knowledge of temperature effects on bacterial 
growth (Ruby et al., 2019). Interestingly, a majority of the participants were aware 
that foodborne bacterial can be fatal though, there was little awareness of specific 
foodborne pathogens and they were not concerned or aware of the food safety issues 
while purchasing ready-to-eat street food (Asiegbu, Lebelo, & Tabit, 2016).

In Turkey, public concerns were acknowledged regarding food safety and food 
handling practices to prevent foodborne illnesses (Ergönül, 2013). Tomaszewska et al. 
(2018) found that consumers from Poland and Thailand have incorrect knowledge of 
food preparation practices and the cause of foodborne illnesses. Meanwhile, Spanish 
consumers have a higher level of awareness of food labels and the majority read the 
label before purchasing the food (Todt et al., 2009). On the contrary, the practice 
of checking labels before purchasing food is low in Asia and Africa (Odeyemi et 
al., 2019).

Consumers’ Opinion of Food Safety

Consumers have the right to give their opinion and concerns when food safety and 
quality are involved (FAO & WHO, 2010). Numerous studies indicated the concerns 
of consumers of food safety. In Vietnam, consumers were concerned about the safety 
of food and perceived that there is a high risk in food due to pesticide residues, 
preservatives, and using hormones in livestock (Ha, Shakur, & Pham Do, 2019). 
Similarly, another study conducted in Vietnam shows a majority of the consumers 
are concerned about the use of pesticides and growth chemicals which can potentially 
lead to residues in vegetables (Ngo et al., 2020). Increased consumer concerns are 
expressed due to an observable increase in food adulteration and food fraud in recent 
years (Medina et al., 2019).

Consumers from rural areas are less concerned about food safety as they 
perceived they have better control of the food through the integrated farming and 
livestock husbandry. Nonetheless, consumers from urban areas have a higher level 
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of concern as they perceived they have a low level of control over food (vegetables 
and meat) (Ha et al., 2019). As education is one of the major factors that influence 
various aspects of life, consumers with a lower level of education are seen to be less 
concerned in certain areas of food safety while consumers with higher education 
and higher expenditure are more likely to have high concerns for food safety. A high 
level of concern for food safety is also seen in women with families and children 
(Liu & Niyongira, 2017).

History and Development of the National 
Food Safety Policy in the Maldives

The Maldives is a long-standing member country of WHO since 1965, to assist with 
and improve food safety activities in the country (WHO, 1998). The WHA53 resolution 
recognizes food safety as an essential priority for public health and committed WHO 
and its Member States to series of multidisciplinary and multisectoral actions to 
promote food safety at international, national, and local levels. Specifically, it focuses 
on the expansion of WHO responsibility in food safety, and promotes food safety as 
an essential public health function by utilization of the limited resources available 
and recommended suitable interventions to improve global food safety (WHO, 2002).

Since the beginning of the 1990s, the WHO regional office South-East Asia 
has been working simultaneously with the Member States to improve national 
food safety programs through collaborative activities and by providing technical 
assistance. In 1993 a review was done on the food safety initiatives in the region 
which results in the formation of the 10-point regional strategy for food safety in 
the South-East Asia Region. This blueprint identifies 10 key strategies that would 
be useful in achieving safe food for all in the region including (i) food safety policy; 
(ii) food legislation; (iii) food control and inspection; (iv) analytical capability; (v) 
epidemiological system; (vi) relationships with the food industry and trade; (vii) 
relationships with food service providers and retailers; (viii) relationships with 
consumers; (ix) education and training; and (x) research in food safety. Through 
this 10-point strategy WHO urges all Member States to develop their own national 
food safety policies (WHO, 2013).

Regional Food Safety Strategy 2013-2017 by WHO states that even though 
numerous action plans have been developed by the Member States, many of them 
do not have a specific policy for food safety including Maldives, Indonesia, India, 
Nepal, Bangladesh, and Thailand. WHO identifies the lack of coordination and 
cooperation between government agencies involved as the major cause of problems 
in most Member States. Also, in some Member countries, the responsibilities of the 
involved government sectors remain unclear with the absence of leadership in the 
implementation and monitoring of the programs. In support of the WHO call for a 
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food safety policy, the government of the Maldives drafted a bill in 2011 (WHO, 
2013).

Under WHO technical assistance, the initial draft of the National Food Safety 
Policy came into existence in 2015. This policy was developed based on a multisectoral 
and integrated farm-to-fork approach and was done with the consideration of the 
traditional, cultural, and religious practices in the context and perspective of the 
Maldivians. Four policy goals were identified and objectives for each goal were 
developed. Along with proposed responsible agencies, a strategic approach for 
each objective was identified in the policy. Also, the action plans for each strategic 
activity with a time frame and coordinating mechanisms were developed through 
consultations. The workshop for stakeholders was held in 2016 for concerns and 
comments on the policy.

Implementation of the policy was planned within 10 years with technical and 
human resources along with sufficient budget and coordination with the stakeholders. 
There is an important role to be played by the high-level Inter-ministerial Food Safety 
Committee and by the National Codex Committee. For the implementation of the 
NFSP, it will be necessary to enact and enforce food safety-related statutory Acts and 
Regulations. This can be achieved through the development of adequate infrastructure, 
capacity building, and collaboration among stakeholders and consumers’ education 
and awareness (Maldives Food and Drug Authority, 2017).

METHODOLOGY

The research design of this study was a quantitative survey. An online survey was 
developed using a free online survey development cloud-based software. The original 
survey was in English and a translation was provided in Dhivehi (the native language 
of Maldives) to attract more native respondents. Prior to data collection, an ethical 
approval was obtained from UPM Research Management Center (RMC) with reference 
number UPM/TNCPI/RMC/JKEUPM/1.4.18.2 (JKEUPM). The location selected for 
this study was in Malé City, Maldives. Malé City has the highest population in the 
Maldives with a population of 133,412 people (National Bureau of Statistics, 2017). 
The main reason for this selection was because the co-researcher has access to the 
local respondents and it was convenient to complete the data collection activities 
there. The target respondents for this study are all consumers age 18 years and above 
living in Malé City, Maldives. It must be noted that in the Maldives, the legal age 
of being an adult starts from 18 years. It is important to recruit respondents of legal 
age so it will give them the legal right to give consent either or not to participate 
voluntarily in the study, thus, avoiding any legal issues with the consent granted 
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for the study. Figure 1 illustrates the seven major data collection steps taken in the 
study which includes, i) develop a research design; ii) identify the location for data 
collection; iii) identify the population; iv) determine the sample size; v) collect the 
data via online platforms; vi) analyze data, and vii) report the final results.

Sample Size

The total population of Maldives is 344,023 and the population total Malé City is 
133,412 (National Bureau of Statistics, 2017). However, there is no data published 
for the population of Malé City over the age of 18 years. Due to this reason the 
target population was estimated to be 100,000. The sample size was calculated 
using n = z2 * p * (1 - p) / e2 formula (Daniel & Cross, 2013), utilizing z score 
and population proportion. Where: z = 1.96 for a confidence level (α) of 95%, p = 
proportion (expressed as a decimal), N = population size and e = margin of error. The 
calculated sample size is 383. Below is the sample size calculation used in this study.

Figure 1. Data collection steps in this study
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z = 1.96, p = 0.5, N = 100000, e = 0.05
n = [1.962 * 0.5 * (1 - 0.5) / 0.052] / [1 + (1.962 * 0.5 * (1 - 0.5) / (0.052 * 100000))]
n = 384.16 / 1.0038 = 382.69
n ≈ 383

The sample size (with finite population correction) is equal to 383.

Survey Instrument

The survey instrument in this study consisted of 42 questions derived from past 
literature. The questionnaire consisted of two major sections. Section 1 was designed 
to capture the socio-demographic profiles of the participants and it consisted of 6 
questions. Section 2 was created to investigate the level of awareness and opinion 
of the participants towards food safety practices. This section was further divided 
into 4 sub-sections to assess different aspects of food safety as follows:

Sub-section 2.1: This section aimed to evaluate the level of awareness of food 
hygiene practices among the participants. Questions are designed with a 5-point 
Likert scale (always, often, sometimes, seldom, never) to measure the frequency of the 
hygiene practices employed by the participants. This section consists of 6 questions.

Sub-section 2.2: This section had 8 questions, is intended to evaluate the level of 
awareness on food safety practices by measuring the frequency of these food safety 
practices employed by the participants and measured using a 5-point Likert scale 
(always, often, sometimes, seldom, never).

Sub-section 2.3: This section was designed to evaluate the opinions of the 
participants on food safety in different aspects with 5 points Likert scale to measure 
how much the participants agree or disagree on the given statements (strongly agree, 
agree, undecided, disagree, strongly disagree). This section consisted of 9 questions.

Sub-section 2.4: This section was developed to capture the awareness of the 
participants on the food safety policy and its activities. It was measured with ‘yes, 
no, and unsure’ options to identify if the participants were aware of the roles and 
activities implemented by the government that has been put in place to ensure food 
safety. There were 13 questions in this section.
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Data Collection

Samples were collected through convenience sampling by sharing survey links 
through social media and messaging platforms such as Facebook, Viber, WhatsApp, 
and Telegram. The sample collection was completely voluntary and the participants 
had the right to leave the survey at any point. The sample collection was done over 
six weeks. A total of 470 responses were received through the online survey, but 
due to selection criteria and respondents opting out from answering the questions 
after starting the survey only 369 responses were usable for statistical analysis. The 
collected samples were generated in a google sheet which later was converted to 
Microsoft excel file format for data analysis.

Data Analysis

Data were analyzed using Microsoft Excel and Statistical Package for the Social 
Sciences (SPSS) version 25.0. Descriptive analysis was done using Microsoft Excel 
and the inferential analysis was done using SPSS 25.0. The raw data was initially 
collected in google sheets and converted to Microsoft Excel files. The data was further 
computed and converted to numerical data through SPSS 25.0 for data analysis.

The normality testing for data was done to determine the statistical tests to confirm 
the relationship or association between different variables. As data distribution was 
not normal, which was common when using the Likert scale for measurements, 
non-parametric statistical testing was employed. Mann-Whitney U test was done 
to test dichotomous variables (gender, working situation, training situation) in the 
sociodemographic characteristics against the dependent variables (awareness of food 
safety policy, awareness of food safety practices, and consumers’ opinions towards 
food safety) (see Table 1). Finally, the Kruskal-Wallis test was used to analyze the 
association between marital status (independent variable) and the dependent variables 
(awareness of food safety, awareness of food safety training, and consumers’ opinions 
towards food safety) of the study (see Table 2). Spearman’s rho correlation was used 
to analyze the relationship between the level of education, age against awareness 
on food safety, awareness of food safety policy, and consumers’ opinions towards 
food safety (see Table 3).

The level of awareness score focused mainly on the classification of ‘good’ (more 
than 75%) and ‘adequate’ (50 to 75%) and ‘poor’ (less than 50%). On the other 
hand, the food safety opinion section evaluated how much consumers understand 
food safety practices. The scoring is similar to the score used by Samapundo, Cam 
Thanh, Xhaferi, & Devlieghere, (2016).

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



181

Assessing Consumer Awareness and Opinion Toward Food Safety Practices and Policies

Table 1. Mann-Whitney U test

Analysis of awareness of food safety and gender

Ranks

Gender N Mean Rank Sum of Ranks

AVawareness2.1n2.2

Male 133 140.32 18663.00

Female 236 210.18 49602.00

Total 369

Test Statistics

AVawareness2.1n2.2

Mann-Whitney U 9752.000

Wilcoxon W 18663.000

Z -6.049

Asymp. Sig. (2-tailed) .000

a. Grouping Variable: Gender

Analysis of awareness of food safety with training situation

Ranks

RCFST N Mean Rank Sum of Ranks

AVawareness2.1n2.2

No 316 176.93 55910.00

Yes 53 233.11 12355.00

Total 369

Test Statistics

AVawareness2.1n2.2

Mann-Whitney U 5824.000

Wilcoxon W 55910.000

Z -3.554

Asymp. Sig. (2-tailed) .000

a. Grouping Variable: RCFST

Analysis of awareness of food safety with working situation

Ranks

RCwork N Mean Rank Sum of Ranks

AVawareness2.1n2.2

No 281 171.76 48264.00

Yes 88 227.28 20001.00

Total 369

continues on following page
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Table 2. Kruskal-Wallis test analysis

Analysis of awareness of food safety with marital status

Ranks

RCmarital N Mean Rank

AVawareness2.1n2.2

Single 134 159.63

Married 218 201.70

Divorced 17 170.85

Total 369

Test Statistics

AVawareness2.1n2.2

Mann-Whitney U 8643.000

Wilcoxon W 48264.000

Z -4.268

Asymp. Sig. (2-tailed) .000

a. Grouping Variable: RCwork

Analysis of awareness of FSP with gender

Ranks

RCSex N Mean Rank Sum of Ranks

FSPawareness

Male 133 202.33 26910.00

Female 236 175.23 41355.00

Total 369

Test Statisticsa

FSPawareness

Mann-Whitney U 13389.000

Wilcoxon W 41355.000

Z -2.363

Asymp. Sig. (2-tailed) .018

a. Grouping Variable: RCSex

Table 1. Continued

continues on following page
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Table 3. Spearman’s rho correlation

Analysis of awareness of food safety with level of education

Correlations

AVawareness2.1n2.2 Education

Sp
ea

rm
an

’s
 rh

o AVawareness2.1n2.2

Correlation Coefficient 1.000 .017

Sig. (2-tailed) . .745

N 369 369

RCeducation

Correlation Coefficient .017 1.000

Sig. (2-tailed) .745 .

N 369 369

Test Statistics

AVawareness2.1n2.2

Kruskal-Wallis H 13.265

df 2

Asymp. Sig. .001

a. Kruskal Wallis Test 
b. Grouping Variable: RCmarital

Analysis of awareness of FSP with marital status

Ranks

RCmarital N Mean Rank

FSPawareness

Single 134 195.56

Married 218 181.14

Divorced 17 151.29

Total 369

Test Statisticsa,b

FSPawareness

Kruskal-Wallis H 3.353

df 2

Asymp. Sig. .187

a. Kruskal Wallis Test 
b. Grouping Variable: RCmarital

Table 2. Continued

continues on following page
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Analysis of awareness of food safety with age

Correlations

AVawareness2.1n2.2 Age categories

Sp
ea

rm
an

’s
 rh

o AVawareness2.1n2.2

Correlation Coefficient 1.000 .146**

Sig. (2-tailed) . .005

N 369 369

RCage

Correlation Coefficient .146** 1.000

Sig. (2-tailed) .005 .

N 369 369

**. Correlation is significant at the 0.01 level (2-tailed).

Analysis of awareness of FSP with level of education

Correlations

FSPawareness RCeducation

Sp
ea

rm
an

’s
 rh

o FSPawareness

Correlation Coefficient 1.000 .041

Sig. (2-tailed) . .431

N 369 369

RCeducation

Correlation Coefficient .041 1.000

Sig. (2-tailed) .431 .

N 369 369

Analysis of awareness of FSP with age

Correlations

FSPawareness RCage

Sp
ea

rm
an

’s
 rh

o FSPawareness

Correlation Coefficient 1.000 .014

Sig. (2-tailed) . .784

N 369 369

RCage

Correlation Coefficient .014 1.000

Sig. (2-tailed) .784 .

N 369 369

continues on following page

Table 3. Continued
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Pilot Testing

The validity of the questionnaire was tested in a pilot study consisting of 20 participants 
(5% of the study population). This data was not included as data for the final study. 
After pilot testing, minor changes were done to the structure and sentencing of 
the questions in section 2, and the inclusion of another parameter for section 1 
(sociodemographic characteristics). The validity and the reliability of the different 
sections of the research instrument were determined by calculating Cronbach’s α 
value (see Table 4). Cronbach’s α for different constructs ranges from 0.70 to 0.724 
which was within the acceptable limits (Ursachi, Horodnic, & Zait, 2015).

Table 4. Cronbach’s alpha reliability test

Reliability Statistics

Cronbach’s Alpha Cronbach’s Alpha Based on Standardized Items N of Items

.724 .739 13

Reliability Statistics

Cronbach’s Alpha Cronbach’s Alpha Based on Standardized Items N of Items

.700 .702 9

Analysis of awareness of FSP with consumers’ opinions of food safety

Correlations

FSPawareness Opinion

Sp
ea

rm
an

’s
 rh

o FSPawareness

Correlation Coefficient 1.000 .205**

Sig. (2-tailed) . .000

N 369 369

Opinion

Correlation Coefficient .205** 1.000

Sig. (2-tailed) .000 .

N 369 369

**. Correlation is significant at the 0.01 level (2-tailed).

Table 3. Continued
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RESULTS AND DISCUSSIONS

Sociodemographic Characteristics

A total of 369 respondents participated in this study. As shown in Table 5 among 
369 respondents, 236 were females (64%) and 133 were males (36%). In terms of 
age categories, the highest percentage of the respondents are of age 23-27 with 
26.3%) and the lowest percentage of responses regarding age is 53 years and above 
(1.1%). Regarding the level of education, 58.3% (215) participants have tertiary 
and above education, and 22% (82) participants had higher secondary education. 
Only 8 respondents (2.2%) had only primary education. Among the respondents, 
218 (59.1%) are married and 134 (36.2%) of participants are single and the rest 17 
(4.6%) are divorced. Out of all the respondents, only 88 (23.8%) respondents deal with 
food safety in their work, while only 53 (14.4%) have received food safety training.

Table 5. Sociodemographic characteristics of the respondents

Variables Frequency 
(N= 369) Percentage

Gender

  Male 133 36.0

  Female 236 64.0

Age categories

  18 – 22 48 13.0

  23 – 27 97 26.3

  28 – 32 92 24.9

  33 – 37 73 19.8

  38 – 42 28 7.6

  42 – 47 21 5.7

  48 – 52 6 1.6

  53 and above 4 1.1

Education level

  Primary 8 2.2

  Secondary 64 17.3

  Higher secondary 82 22.2

  Tertiary and above 215 58.3

continues on following page

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



187

Assessing Consumer Awareness and Opinion Toward Food Safety Practices and Policies

Awareness of Consumers on Food Safety

The respondents have a good awareness of hand hygiene, where 286 (77.5%) and 
43 (11.7%) wash their hands always and often respectively, before the preparation 
of food. Similarly, a high percentage of the respondents wash their hands after 
using the toilet. That is always 79.7 percent and often 13.8 percentage. The highest 
percentage of awareness is observed in washing hands after handling raw meats and 
poultry, with 325 (88.1%) participants. Personal hygiene awareness is consistent 
with other studies, where consumers were found highly knowledgeable on hand 
hygiene, especially handwashing.

Hand hygiene is perceived as the most critical component of food safety (Ruby et 
al., 2019) A study conducted in the United Arab Emirates also has a high percentage 
(62.5%) of good awareness in handwashing (Abushelaibi, Jobe, Al Dhanhani, Al 
Mansoori, & Al Shamsi, 2016). In comparison, Thailand consumers even though 
having adequate knowledge about handwashing, are less likely to wash hands before 
food preparation (Tomaszewska et al., 2018).

It is seen the participants have low awareness when it comes to washing hands for 
20 seconds, where only 94 (24.4%) participants always practice this. On the contrary, 
only 37.9% of adult consumers in Malaysia are unaware of the proper duration of 
handwashing (Ruby et al., 2019). It is deduced that an inadequate handwashing 
duration may expose the consumers handling, preparing, or consuming the food to 
be subjected to foodborne pathogens such as Staphylococcus aureus and Salmonella 
spp. (Lin, Jensen, & Yen, 2005). Interestingly, (62.3%) 230 participants have good 
awareness in covering their mouths during coughing and sneezing however only 80 

Variables Frequency 
(N= 369) Percentage

Marital status

  Single 134 36.3

  Married 218 59.1

  Divorced 17 4.6

Does your work deal with food safety?

  No 281 76.2

  Yes 88 23.8

Have you received food safety training?

  No 316 85.6

  Yes 53 14.4

Table 5. Continued
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(21.7%) participants wash their hands after sneezing and coughing always. Likewise, 
Odeyemi et al. (2019) concluded that more than half (58%) of the respondents use 
hands to cover their mouths during coughing or sneezing.

A survey done in Northern Ireland observes that the most frequently checked 
information while purchasing food is the “use by” or “best before” information 
(Food Standard Agency, 2016). In contrast in this study, only 200 (54.2%) of the 
participants are very much aware of checking the labels for “use by” or “expiry date” 
before purchasing pre-packaged food. A lower percentage have good awareness 
when it comes to checking labels for allergens, where only 85 (23.5%) respondents 
check always. In regards to checking the instruction of packaged food for “condition 
of use” and “storage”, 96 (26.0%) participants have good awareness as they always 
practice it. Conversely, Odeyemi et al. (2019) concluded that only 48% of respondents 
check the label for the condition of use and storage condition of the packaged food.

A majority of the participants (79.9%) always wash raw vegetables and raw fruits 
before eating and cooking. Tomaszewska et al. (2018) noted that comparing between 
Polish consumers and Thailand consumers, Thais were more aware of the risks of 
consumption of raw unwashed fruits and vegetables. In regards to storing food in 
the refrigerator, 216 (58.5%) respondents store raw meats and chicken separately. 
Similar results are reported by Odeyemi et al. (2019) with 48% of respondents. 
A benchmark survey done in Hong Kong by the Food and Environment Hygiene 
Department shows a comparatively high percentage (>90%) of the participants, 
stored cooked and raw food separately in the refrigerator (Mercado Solutions, 2018).

In the current study, 185 (50.1%) respondents used separate cutting boards always 
when cutting raw meat and other foods. On the other hand, in a survey conducted 
in Turkey while assessing the consumers’ knowledge on cross-contamination, it 
was found that fifty-nine percent of the consumers do not think using the same 
equipment for cooked and raw food can cause any risks (Ergönül, 2013) Similar 
results by Redmond & Griffith (2003) indicated that 36% and 22% of consumers 
residing in England did not know the significance of using washed or separate 
equipment for food preparation. Lastly, 294 (79.7%) respondents always washed the 
dishes manually with detergent and water.

Limitations and Recommendations

First, since the study proved there is a relationship between awareness of food safety 
practices and consumers’ opinions of food safety, a more comprehensive model about 
the consumer attitude towards the role of government in food safety could be developed 
to investigate the awareness of the consumers towards food safety governance. In 
addition to that since this study used self-reporting questionnaires, further studies 
can be developed with observations and face-to-face surveys to ensure the validity 

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



189

Assessing Consumer Awareness and Opinion Toward Food Safety Practices and Policies

of the reported level of awareness of hand hygiene and food safety practices in this 
study. Lastly, a future study can be conducted with a population of the entire Maldives 
instead of one particular city or island so the data can be generalized.

CONCLUSION

In conclusion, this study has shown a high level of awareness among consumers 
towards hand safety practices in the Maldives. Regarding consumers’ opinions 
of food safety, it was observed that the majority of participants have an adequate 
attitude and understanding towards food safety practices. Moreover, statistical 
analysis confirms that there is a positive correlation between awareness of food safety 
practices and consumer opinion. It is important to note that most of the consumers 
who participated in this study have attained education equal to higher secondary 
education or above. It is necessary to highlight that the biggest challenge in food 
safety is the absence of a proper legislative framework in governing food safety in the 
Maldives. Also due to the geographically dispersed of the islands in the Maldives, 
effective awareness, communications, and foodborne illnesses surveillance are often 
barriers to an effective advocacy program.
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Section 3

This section presents two topics covering the level of awareness of food terrorism 
activities among consumers and food adulteration.

Food Adulteration and 
Defense
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ABSTRACT

Food terrorism issues have gained attention from the food industry globally. Food 
terrorism is a threat, sabotage, or contamination act to the food supply chain 
committed intentionally by people with a purpose to harm the public, jeopardize 
the economy, and disrupt the social and political system. More seriously, injury and 
death caused by contaminated food are inevitable. In Malaysia, very few studies 
have delved into food terrorism research. Therefore, this chapter presents a study 
to evaluate the level of awareness among consumers in the Klang Valley towards 
food terrorism activities. A quantitative survey was employed to gather data from 
consumers residing in the Klang Valley. Approximately 384 reusable surveys were 
analyzed using Pearson correlation and one-way analysis of variance to generate 
the results. The results indicated that customers in Klang Valley have an average 
level of awareness of food terrorism activities. This study offers a baseline reference 
for future research to investigate a wide area of food terrorism in Malaysia.
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BACKGROUND

Around the globe, the act of terrorism occurred in many ways: hijacking, bombings 
(mass or suicide), hostage-takings, kidnapping, shooting (random or mass), as 
well as food contamination in a deliberate manner (Jenkins, 2020; Spink & Moyer, 
2011). Terrorism is defined as the unlawful use of violence and intimidation towards 
civilians at large or a specific group of people (Oxford Reference, 2021). World 
Health Organization describes food terrorism as an act of intentional contamination 
using biological, chemical, and physical agents on food supply to cause harm to 
the public and disrupting the stability of social, economic, or political (Detwiler, 
2014). The act of food terrorism has caused million dollars loss to the food-related 
industry because of the damage caused to the brand image, customers’ trust, and 
reputation of the companies.

In several foodborne disease outbreaks, the contaminated food from intentional 
sabotage acts was found to have the capability to affect human health such as illness 
and death. Food terrorism can affect the economy in terms of development in 
poorly developed areas and worsen the scarcity of food availability (World Health 
Organization, 2002). The vulnerability of our food system has been highlighted by 
Tommy G. Thompson, the United States Health and Human Services Secretary, 
where he said, “I, for the life of me, cannot understand why the terrorists have not 
attacked our food supply because it is so easy to do.” (Cox, 2006). This statement 
indicates that the most convenient channel to be contaminated deliberately is 
through our food supply. That being said, some incidents of food terrorism have 
been reported for the past years in many countries. Table 1 lists out some countries 
with food terrorism incidents.

Table 1. Countries with food terrorism incidents

Year Country Incidents

2020 Indonesia A fish farmer lost his seven fish ponds due to poisoning by an 
unknown person

2018 Australia A coworker was charged for committing a needle scare on packed 
strawberries resulted from a workplace revenge

2014 Japan A factory worker was sentenced to life imprisonment after 
tampering with frozen dumpling with pesticide

2011 USA A male worker was jailed for contaminating his female coworker’s 
yogurt lunch by injected his semen at the P&G facility

2008 UK A hypermarket worker was charged for contaminating the store with 
his urine and feces which had caused £700K loss to the company
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On a different page, most younger consumers were concern more about their 
food safety compared to 10 years ago (Tucker et al., 2006). This is due to active 
advocacy campaigns relating to food safety awareness by government agencies, 
non-government organizations, and social scientists. In recent years, research on 
food terrorism started to gain interest from the research and industry communities. 
Most research done is on the implementation of food defense systems within the 
organizations which is related to preventive measures of food terrorism. Table 2 
summarizes the current research trend relating to food safety defense from 2017 
until 2019 which is available online.

All current articles above provide a brief explanation about the food terrorism 
issues. Most previous studies focused on food safety and food security in the food 
supply chain.

Table 2. Current research trend relating to food safety defense

Author(s) Title Summary of the Study

Manning (2019)
Food defense: Refining 
the taxonomy of food 
defense threats

Describes strategies of food defense that should be 
adopted by developing a taxonomy of food defense 
threats which aims to make the food defense a risk-
reduction strategy in the food supply chain

Tumbarski (2019)

Foodborne zoonotic 
agents and their food 
bioterrorism potential: A 
review

Reviews a deliberate action taken by using biological 
agents (bioterrorism) with the purpose to cause death, 
disease, fear, and panic among the public to achieve 
their goals

Sadiku, Musa, & 
Ashaolu (2019) Food terrorism

Introduces food terrorism by explaining how food has 
been used as a weapon with a purpose to harm the 
public

Meulenbelt (2018)

Assessing chemical, 
biological, radiological 
and nuclear threats to the 
food supply chain

Provides an understanding of the threat of 
contamination in the food chain through chemical, 
biological, radiological, or nuclear (CBRN) agents and 
clarify various parameters such as access to the types 
of agents that can cause damage and effect of deliberate 
CBRN

Adelaja, George, 
Miyahara, & Penar 
(2018)

Food insecurity and 
terrorism

Explain the relationship between food insecurity and 
violence for eight states and views on the consequences 
of not protecting food from violence in efforts to 
improve food security globally

Davidson et al. 
(2017)

From food defense 
to food supply chain 
integrity

Elaborate how food defense protects the food supply 
from any threat. Besides, it also provides a distinction 
between food security and food safety, as well as its 
importance to the food supply chain
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Comparison Between Food Safety and Food Defense System

A food safety system is concerned about contamination hazards that might occur 
accidentally within the food supply chain. On contrary, the food defense system deals 
with intentional contamination done to the food supply chain by grudge employees 
(in most cases) or anyone who has ill-intent to cause public harm or economic 
loss. According to Food Defense Certification Guideline 2016, food defense is the 
security to secure the food supplies from being contaminated intentionally which 
causes public harm or economic disruption. The purpose of this guideline is to 
protect food from a person or group of people who are intentionally doing something 
to the food to either cause illness or death on a large scale (FDA, 2019). The key 
difference between these two systems is the motivation for committing adulteration 
(see Figure 1).

Food quality and safety are exposed to accidental adulteration, while food fraud 
and defense are vulnerable to intentional adulteration motivated by benefitting for 
economic gain and harming others, respectively. Sadiku et al. (2019) suggest that 
effective food defense systems must be the priority of the food industry, regulatory 
authorities, and consumers. Kinsey et al. (2009) explained that in the federal annual 
budget, U.S. federal government spent $5.65 billion to protect airline travel; however, 
this budget should be spent to secure the food system since there are only $93 million 
allocated to secure the food supply chain. The FDA has taken steps to help food 
facilities develop their food defense system from deliberate adulteration of the food 
supply by developing several tools and resources (FDA, 2019).

Karayan (2016) indicated that providing a regulatory framework for food defense, 
while maintaining it at a practical level, including the need for a requirement of food 
defense plans, training and record-keeping has enabled these deliberate adulteration 
regulations to be a huge success. To identify, measure, and assess weaknesses in the 

Figure 1. Classification of accidental and intentional adulteration
Source: Eurofins (2020)
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food system, the FDA conducts vulnerability assessment (VA) with the identification 
of the highest concern management measures and mitigation strategies to reduce 
these weaknesses (FDA, 2018). Besides, Spink (2014) states that the Global Food 
Safety Initiative (GFSI) has separated Hazard/Food Safety (HACCP), Threat/Food 
Defense (TACCP), and Vulnerability/Food Fraud (VACCP) in a different column 
to be addressed individually in the Food Safety Management system (see Figure 2).

Malaysia External Trade Development Corporation (MATRADE) (2016) reported 

that the United States Food and Drug Administration (USFDA) has introduced a food 
defense certification system that requires companies in the US to implement a food 
defense system to prevent food supply from intentionally contaminated. MATRADE 
also urges that Malaysian companies adapt the food defense system. In 2018, the 
Ministry of Health Malaysia introduces Food Defense Certification under the Food 
Safety and Quality Program. The purpose of this certification is to provide written 
assurance that the food defense plan implemented in the food facilities conform to 
food defense certification requirements before the food products are being exported 
to the US. However, there is still a lack of literature available in Malaysia relating to 
the food terrorism sector. Thus, this study aims to evaluate the level of awareness of 

Figure 2. Food safety management system
Source: Food Fraud and Vulnerability Assessment (VACCP) by Spink (2014)
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food terrorism among consumers in Klang Valley. Three independent variables were 
used to measure the consumers’ awareness are their knowledge, concern, and risk 
perception about the food terrorism activities (Cassoff et al., 2014). This study offers 
a baseline reference in food terrorism which could be useful to the policymakers 
and industry players in drafting food safety management systems and related policy. 
Figure 1 shows an illustration of a conceptual framework in this study.

Consumers’ Knowledge

Ishak and Zabil (2012) clarify that knowledge influences individual attitudes and 
beliefs as it been explained by Ajzen’s Theory of Planned Behavior (TPB). Eggers 
et al. (2011) indicated that mostly informants said they had never searched for 
information related to food terrorism during interview sessions regarding their 
knowledge about food terrorism. Damage control can be effective if the information 
relating to food safety or food defense crisis communication is effectively conveyed to 
the consumers, yet approximately 84% of consumers know how to protect themselves 
during any crisis that happened when they received the information (Stinson et al., 
2007). According to Tucker et al. (2006), due to lack of knowledge, individuals 
cannot anticipate or avoid the negative effects of unusual threats which of them 
may be severe and can cause them to feel worried.

Figure 3. Conceptual framework for consumers awareness
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WHO (2004) also explains that consumers should be aware and know how to 
react correctly if food terrorism might have happened, so the information related 
to food terrorism should be included in consumers’ education action plans as a part 
of preparedness planning. Therefore, knowledge has been associated to conduct 
preparedness actions and self-reported preparedness attitudes, and knowledge is 
also antecedent as an action to get ready for future threats (Wood et al., 2012).

Consumers’ Concern

Generally, concern is a feeling of worry about something important. Recently, the 
concerns level of Portuguese consumers is increased to 43.9%, and their level of 
confidence in food decreased due to the food crisis have big diffusion through the 
media (Venture-Lucas, 2004). Many surveys on food terrorism have been done 
in the United States compared to other countries. One large-scale online survey 
was conducted nationwide relating to consumers’ attitudes and concerns about 
terrorism (Applebaum, 2006. Based on another survey, the consumers prefer 
anti-terrorism agencies to spend 19% of their budget to secure the supply of food 
terrorism (Ghosh et al., 2007). They also stated that the overall result of the survey 
shows the consumers have a higher level of concern towards terrorism on public 
transportation. Kinsey et al. (2009) also clarified that the National Center for Food 
Protection and Defense was designed a survey to identify the relationship between 
consumers’ levels of fear and preferences towards protection and secure the food 
system instead of airlines and other potential targets by allocating some funds. A 
higher level of awareness of food problems in emergency response is also needed to 
ensure rapid and effective prevention of the effects of food violence (World Health 
Organization, 2002). Sadiku et al. (2019) discovered that to increase the awareness 
among the government organizations, industry agents, and consumers, FDA has 
disseminated information relating to food terrorism threats. As explained by World 
Health Organization (2004), consumers need to be more aware of the threats and 
play their roles by preventing any possible threats. Through the global safety net, 
about 600 million people are affected every year in food fraud cases, adulterated 
products, and ingredients containing harmful chemicals or pathogens as safety 
regulations are tightened; however, not all of the food and drinks we consume are 
as secure as we think.

Consumers’ Perceived Risk

Risk perception is explained as people’s subjective judgments about the feasibility 
of negative occurrences such as injury, illness, disease, and death. People need 
to have risk perception so they know how to handle the situation based on their 
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judgment and what hazards to focus on to mitigate the risk. Risk perception has 
two primary domains: the cognitive and emotional domains, which relate to how 
much people know about and understand risks, and which relate to how they feel 
about them, respectively (Paek & Hove, 2017). In food terrorism, consumers’ risk 
perception is significant to determine which possible behavior can be amounting 
to food sabotaging and further cause harm to the people. Thus, consumers can take 
precautionary steps to prevent themselves from being injured or killed in consuming 
the contaminated food.

Figure 4. Data collection process chart

 EBSCOhost - printed on 2/8/2023 9:22 PM via . All use subject to https://www.ebsco.com/terms-of-use



202

Evaluating Level of Awareness of Food Terrorism Activities Among Consumers

METHODOLOGY

There are seven steps involved in the data collection process in this study. Figure 
4 lists out each step of the data collection including determine the research design, 
identify the population, specify the sample size, develop a questionnaire, administer 
the survey, gather the data, and analyze the data.

At the beginning of this study, it is important to determine the research design to 
provide answers to the research question. According to Sileyew (2019), a research 
design is aiming to anticipate a suitable framework for research. Quantitative research 
design is considered more suitable for this study as it involves a mass community 
of customers. Moreover, the primary objective of this study is to evaluate their 
level of awareness relating to food terrorism activities, which could be quantified 
scientifically. In the second step, the population was identified to frame and manage 
the respondents’ demographic, particularly their residency area. The purpose of 
this step is to generalize the results. For this study, the respondents must reside in 
Klang Valley (see Figure 5). Klang Valley, covering the Federal Territory of Kuala 
Lumpur and Selangor, had the highest population density compared to other states 
in Malaysia (Department of Statistics Malaysia, 2020). Due to lack of budget and 
time constraints, this study focused on the population in Klang Valley only, not 
the entire Malaysia. Convenient sampling was carried out to reach out to the entire 
Klang Valley population.

The next step was to specify the sample size derived from the population for 
this study. Krejcie and Morgan’s sample size calculation was referred to below to 
calculate the sample size (Krejcie & Morgan, 1970).

Formula:
S = required sample size (n)
X2 = the table value of chi-square for 1 degree of freedom at the desired confidence 

level (3.841)
N = the population size
P = the population proportion (assumed to be 0.50 since this would provide the 

maximum sample size)
d = the degree of accuracy expressed as a proportion (0.05)

After the calculation has been made by using the formula, the sample size needed 
for this study from the selected population was 385 respondents.
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Calculation:
S = X2NP(1-P) ÷ d2(N-1) +X2P(1-P)
Required sample size (n) = (3.841) (6530000) (0.50) (1-0.50)
                                             (0.05)2 (6530000-1) + (3.841) (0.50) (1-0.50)
                                         = 6270432.50_
                                             16325.95775
                                          = 385

In the stage of developing a questionnaire survey, it is crucial to provide inclusion 
statements to filter the respondents. The inclusion statement includes the respondent’s 
age must be above 18, currently residing in the Klang Valley area, and must be a 

Figure 5. Map of Klang Valley, Malaysia
Source: Google map
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Malaysian. The questionnaire is adapted from Stinson et al. (2011); Aldoory et 
al. (2010), which consisted of four sections: demographic, knowledge, concern, 
and perceived risk about food terrorism activities. To achieve a valid and reliable 
questionnaire, a pilot test was conducted before the actual administration of the 
survey. Generally, pilot testing means an attempt to try the survey out first on a few 
individuals to find out if the survey, key informant interview guide, or perception 
frame will work in the “real world” (TCEC, 2011). There were 10 respondents 
recruited as representatives for the pilot test. After running the pilot test, there were 
no changes made to the questionnaire and it was found that each respondent would 
need approximately 7-10 minutes to complete the survey.

The survey was created in Google Form and consisted of four sections: Section 
A is about demographics, Section B is about consumers’ knowledge, Section C 
is about consumers’ concern, and Section D is about consumers’ perceived risk 
relating to food terrorism. The Google form link was administered via an online 
platform, primarily using social media including Facebook and Instagram to gather 
data. The social media platform is convenient, fast, and inexpensive, as an effective 
tool to collect data. The possible limitations of using this media are the respondents 
could be non-Malaysians and living outside the Klang Valley area. The survey was 
launched in September 2019 for a month. All raw data were saved in cloud storage. 
Data cleaning was done after the survey link was closed in early October 2020. A 
total of 385 usable surveys were analyzed.

In the last step, data analysis was completed to generate results by inspecting, 
rearranging, modifying, and transforming data making (Chapman, 2018). For this 
study, descriptive analysis was used to summarize the data: mode, mean, median, 
standard deviation, and variance. Further data analysis employed Statistical Package 
for the Social Sciences (SPSS) software to assess the level of consumers’ awareness 
of food terrorism activities through comparison of the mean of the variables among 
different ages of the consumers. Next, the Pearson Correlation analysis was run 
to know whether consumer knowledge can be a factor that influences the level of 
consumer awareness of food terrorism activities. The one-way analysis of variance 
(ANOVA) was used to determine whether there are any statistically significant 
differences between the means of two or more independent groups.

RESULTS AND DISCUSSIONS

Validity and Reliability Test

The questionnaire constructs must be valid and reliable. The reliability and validity 
tests were conducted by using the data gathered from the pilot test. For the reliability 
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test, Cronbach’s Alpha value was 0.771. It was shown that the value was above 
0.70, then the items in the questionnaire were considered acceptable and reliable. 
Pearson correlation analysis was completed and all items were valid since the r-value 
was 0.386 and the sig-r value was 0.000. It showed that there was a positive and 
significant relationship. Thus, the questionnaire was considered valid.

Section A: Demographic

The descriptive analysis was used to describe and understand the demographic 
of respondents. In general, the consumer comes from a variety of demographic 
backgrounds in terms of their gender, age, marital status, occupation, and level of 
education. Table 3 shows a summary of descriptive analysis for the demographic 
profile of respondents.

There were 275 females and 110 males were involved as respondents to answer 
the questionnaire for this study. The percentage represented female respondents 
was 71.4%, while the percentage of male respondents was 28.6%. In this study, 
the majority of the respondents reported were age between 21 to 30 years old with 
351 respondents (91.2%) followed by those aged between 31 to 40 years old with 
19 respondents (4.9%) and 41 to 50 years old with 11 respondents (2.9%). Only 4 

Table 3. Demographic data of respondents

Variables Category Frequency(N) Percentage (%)

Gender
Female 275 71.4

Male 110 28.6

Age

21-30 351 91.2

31-40 19 4.9

41-50 11 2.9

51-60 4 1.0

Marital status
Single 336 87.3

Married 49 12.7

Occupation

Student 261 67.8

Employed 109 28.3

Unemployed 15 3.9

Education Level
Certificate 36 9.4

Tertiary 349 90.6

N= 385
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respondents (1%) were aged between 51 to 60 years old. Besides, 336 respondents 
were single (87.3%) and the rest, 49 respondents were married (12.7%). Overall, 
67.8% (261 respondents) were students, 28.3% (109 respondents) were employed 
and 3.9% (15 respondents) were unemployed. Of 385 respondents, as many as 36 
respondents which 9.4% have certificate level, while 349 respondents (90.6%) have 
tertiary education.

Section B: Consumers’ Knowledge

In this section, respondents were asked the definition of food terrorism and to 
identify which of the following incidents given was an action of food terrorism that 
happened in food chain supply. This is to measure whether the consumers know 
what is food terrorism.

As shown in Figure 6, about 51.6% of respondents knew food terrorism was a 
sabotage action on the food supply that could affect public health and disrupts the 
environment, culture, and politics. While 26% of respondents have thought that food 
terrorism is food contamination due to unhygienic practices in handling food and 
the rest as much 22.1% respondents did not know what is food terrorism.

Figure 6. Consumers’ opinions on the definition of food terrorism
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Figure 7 shows the percent of respondents who correlated the incidents as food 
terrorism. The majority of respondents (73.8%) were able to correlate a particular 
incident such as, “An individual is injecting poisons into fruits in the supermarket 
and grocery stores” is an action of food terrorism that happened in the food supply 
chain. However, 16.6% of respondents were unable to correlate the incident as food 
terrorism answered “3-year-old kid has been experiencing bloody diarrhea after 
eating at a restaurant” and 9.6% of respondents answered, “Long-term droughts and 
Moscow heatwaves reached temperatures as high as 400oC and wheat production 
almost paralyzed in Russia”.

For the next section, the question was whether or not the consumers have heard 
the news about food terrorism and what were the news sources about food terrorism. 
A descriptive analysis was conducted.

Figure 8 above shows the numbers of respondents in percentage whether or not 
they have heard about food terrorism. The majority of respondents in Klang Valley 
(68.8%) answered that they had never heard the news about food terrorism, while 
31.2% of respondents said that they had heard the news of food terrorism. Eggers 
et al. (2011) pointed out in their research that the use of social media mediums 
such as Twitter could be an effective news channel as a food safety initiative to 
raise awareness and direct people to appropriate sources. This result is supported 
as the majority of consumers in Klang Valley have heard about food terrorism from 
social media. In Malaysia, the deliberate contamination incidents were reported as 

Figure 7. Consumers’ correlate incidents as food terrorism
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food sabotage rather than as food terrorism. Therefore, the consumers gained little 
exposure to the issue of food terrorism that happened in another country through 
television and social media.

Figure 8. Responses relating to question if they have heard any news about food 
terrorism

Figure 9. Source of news about food terrorism
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Based on the percentage in above Figure 9, on average, most consumers have 
heard about food terrorism from social media (69.2%), and the rest heard about the 
threat from television (16.7%), other channels (13.3%), and radio (0.08%). It can 
be concluded that most consumers still did not hear about food terrorism from the 
common news channels.

Section C: Consumers’ Concern

Next, respondents were given news clippings related to food terrorism issues and 
they were asked to give their answers by using a six-point Likert scale indicating 1 
as strongly disagree to 6 as strongly agree. The means and standard deviations for 
the items on how consumers concern about food terrorism issues through the news 
given were summarized (refer to Table 4).

Section D: Consumers’ Risk Perception

One-way ANOVA analysis was employed to measure perceived risk items towards 
the news message with the consumers’ age. Table 5 shows the output of the ANOVA 
analysis for consumers’ perceptions about food terrorism practices through the news 
clippings has given between different ages of the consumer in Klang Valley. This 
ANOVA analysis was to measure whether there is a statistically significant difference 
between the group means. The output showed that at α = 0.05, the significance mean 
is 0.63 > 0.05, so the variance is assumed. Since the value of (F (3, 382) = 1.969, p = 
0.118) which is the p-value above 0.05 (p > 0.05); therefore, there was no significant 
difference in the mean on how consumers risk perception on food terrorism issues 
through the news given between different age of consumer in Klang Valley.

Table 4. Consumers concern about food terrorism

Items Mean SD

I would like to know more about the food sabotage addressed in the situation above 5.03 0.928

I am very curious about the issue described above 5.10 0.890

I believe the case in the situation above could involve me or someone close to me 4.86 1.125

I believe the issue described in the situation could affect me personally 4.77 1.103

Do you pay attention to the situation above after reading the first sentence? 4.94 0.943

Do you search for more information about the issue presented in the situation above 
after reading it? 4.61 1.077

Note. SD = standard deviation, shown in three decimal points
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Based on the Tukey post hoc test, it also indicated that the mean score for 21-30 
years old group (4.88 ± 0.748, p = 0.76) did not significantly differ with 31-40 years 
old group (5.06 ± 0.790, p = 0.71), 41-50 years old group (4.75 ± 0.700, p =0.41) 
and 51-60 years old group (4.08 ± 1.142, p = 0.14). This shows that the source of 
information contained in the news message about food terrorism cases was not a 
major factor that could attract their attention towards this threat even though their 
age is different.

The level of consumers’ awareness of food terrorism was presented in Figure 10. 
It is based on their perception regarding the news issue given about food terrorism. 
The level of consumer awareness on food terrorism threat is at an average level (46%). 
About 41% of respondents have a low awareness level on food terrorism issues. Only 
13% of respondents have a high level of awareness of this food terrorism threat. It 
can be concluded, majority of consumers in Klang Valley were unaware and not 
concerned about the food terrorism threat. Therefore, it was likely that consumers 
would be more aware of the threat if they read more on media information about 
food threats being widely disseminated across various channels. In line with this, it 
can help to increase the level of consumers’ awareness of the food terrorism threat.

However, the result showed some respondents were aware that food sabotage 
is also considered food terrorism but they were unable to correlate any incidents 
presented in the survey as a real food terrorism activity. It could be possibly because 
that respondents only answered this survey with little knowledge relating to food 
terrorism. Respondents were also asked about the products that were likely to be 
targeted for food sabotage. The types of food products included were fresh produce, 
dairy, meat, seafood, baked goods, canned goods, boxed goods, bottled water, and 
delivered foods. The assessment was used the 6-point rating scale to reflect the 
respondents’ belief in the product with 1 indicating that the product was not at all 
likely to be attacked by food sabotage action and 6 indicating that the product was 
extremely likely to be targeted for food sabotage. There are differences in respondents’ 
perceived risk of which food was most likely to be the target of a food terrorism threat.

Table 5. ANOVA analysis on consumers perceived risks

Sum of squares df Mean square F Sig.

Between groups 3.348 3 1.116 1.969 0.118

Within groups 215.968 382 0.567

Total 219.316 385

Note. df = degree of freedom associated with the sources of variance, F = the ratio of two means square and 
Sig. = significance value
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Based on respondents’ opinions as shown in Table 6, the dairy product was 
voted as very likely to be targeted for food sabotage with the mean of 5.00 ± 0.941. 
Respondents believed that dairy product was more at risk to terrorist attack. Then, 
canned goods (4.87 ± 1.115), meat (4.85 ± 1.085), fresh produce (4.82 ± 1.165), 
boxed goods (4.65 ± 1.143), and delivered foods (4.55 ± 1.264) were among the 
food that the respondents believed can be likely targeted by the terrorist. While, 
products that were not likely to be sabotaged were seafood (4.46 ± 1.264), bakery 
products (4.31 ± 1.201), and bottled water (4.10 ± 1.374). This result was contrary 
to the study done by Stinson et al. (2011) which found that most respondents from 

Figure 10. Level of consumers’ awareness of food terrorism threat

Table 6. Products that are likely to be targeted for food terrorism

Products Mean SD Variance

Bottled water 4.10 1.374 1.888

Bakery product 4.31 1.201 1.443

Seafood 4.46 1.264 1.598

Delivered foods 4.55 1.264 1.597

Boxed goods 4.65 1.143 1.306

Fresh produce 4.82 1.165 1.357

Meat 4.85 1.085 1.177

Canned foods 4.87 1.115 1.244

Dairy 5.00 0.941 0.885
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the United States, Italy, UK, Germany, Spain, and Japan chose bottled water as the 
most likely target for intentional terrorist contamination.

The question asked was, “Who is responsible for food safety and food defense” 
(See Figure 11). The purpose of this question was to assess consumers’ opinions 
on which sector whether farmers, processors, distributors, retailers, consumers, 
government, or others that are responsible for protecting our food supply chain. 
Respondents can select more than one sector that they thought are responsible 
for food safety and food defense. When respondents were asked to identify who 
is responsible for food safety and food defense, the result shows that processors 
were thought to be most responsible for food safety and food defense since it was 
selected by 84.2% of respondents. The second-highest sector that was selected as 
responsible by 68.1% of respondents was the government. Distributors also have 
a higher percent selected by respondents as much as 62.1%, followed by 53.0% of 
respondents were selected farmers and 47.5% of respondents were selected consumer 
as the sector that responsible for food safety and food defense. Retailers were ranked 
the lowest as only 45.2% of respondents were selected. About 10.4% of respondents 
also thought that there are other sectors instead of farmers, processors, distributors, 
retailers, consumers, and government that are responsible for protecting our food 
supply chain. As mentioned by Stinson et al. (2011), there is no solid basis for 
determining which part of the food sector is considered most responsible for food 
safety and food defense; thus, farmers, processors, distributors, retailers, consumers, 
and government all bear the responsibility to protect food supplies from accidental 
and accidental contamination.

Figure 11. Sectors that are most responsible for determining food safety and defense
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Consumers Knowledge Influences their Level of Awareness

Table 7 shows that the Pearson correlations analysis was conducted to determine 
whether consumers’ knowledge influences their level of awareness of food terrorism. 
The r-value is 0.384 and the significant value of 0.000. There was a weak and 
positive relationship between consumers’ knowledge and the level of consumers’ 
awareness of food terrorism. Since the significant value, 0.000 < 0.05, there was a 
significant relationship between consumers’ knowledge and the level of consumers’ 
awareness of food terrorism at 0.000 level of significance. Therefore, this study 
shows that knowledge can influence the level of awareness of food terrorism. By 
having the relevant knowledge, the consumers will be more prepared and aware of 
the food terrorism threats.

Consumers’ Concern about Food Terrorism

Respondents were asked how concerned are they about protecting the food supply and 
how confident are they that the food supply was safe from deliberate contamination. 
A 6-point rating scale was used to describe consumers’ concerns and confidence 
feeling on our food supply chain. To determine the consumers’ concern in protecting 
the food supply, the result indicated 1 as not concerned at all and 6 as extremely 
concerned. The next question asked was about how confident the consumers were 
if the food supply is safe or not, the result showed 1 as not confident at all and 6 as 
extremely confident.

Table 8 shows the level of concern and confidence of respondents towards food 
supply which most respondents (72.2%) were extremely concerned about protecting 
the food supply. It is about 26.2% of respondents were just slightly concerned and 
only 1.5% of respondents were not at all concerned about protecting the food supply. 
Also, the result showed 61.5% of respondents have slight confidence in how safe the 
food supply was protected from deliberate contamination. Only 32.7% of respondents 

Table 7. Correlation between consumers’ knowledge and awareness

Mean Awareness Mean Knowledge

Mean Awareness
Pearson Correlation Sig. 
(2-tailed) 
N

1 
385

0.384” 
0.000 
385

Mean Knowledge
Pearson Correlation Sig. 
(2-tailed) 
N

0.384” 
0.000 
385

1 
385

Note. ** Correlation is significant at the 0.01 level (2-tailed)
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were extremely confident that the food supply was protected from food sabotage, 
and the rest of respondents (5.7%) were not confident at all about the food supply 
protected from food sabotage. Based on the average, consumers have a moderate 
concern and confidence level towards the safety of food supplies.

Respondents were also asked how safe was the food that they eat in their daily life. 
As shown in Figure 12, the majority of respondents (37.7%) indicated that the food 
they eat is safe, but they had a minor concern about food safety in terms of protecting 
the food supply from deliberate contamination. About 30.4% of respondents felt that 
overall, the food they ate was very safe, but they only had a minor concern about 
the food they ate. Some of the respondents who are about 19.7% feel that the food 
they eat is safe, and they had a moderate concern for food safety. Other than that, 
7.8% of respondents feel their food is very safe, yet they did not have any concern 
about the food that they were eating. While 2.9% of respondents felt that the food 
they eat is not safe and they were much concerned about how safe the food that they 
consumed in their daily life. However, there were only 1.6% of respondents did not 
care whether the food they eat was safe or not.

Further, respondents were asked to determine how much should the food protection 
budget be allocated to food safety or food defense system implementation.

These results were generated from the data within different respondents’ ages 
ranging from 21-30 years old, 31-40 years old, 41-50 years old, and 51-60 years 
old to choose the choices provided (see Table 8 above). On average, 20.15% of 
respondents thought that the food protection budget must be allocated to food safety 
activities. Only 2.73% of respondents thought the budget provided must be allocated 
to the food defense system implementation. While 2.15% of respondents did not 

Table 8. Consumers level of concern and confidence towards food terrorism

Concern rating (N=385)

1 2 3 4 5 6

How concerned are you about protecting the 
food supply? 0.5% 1.0% 3.9% 22.3% 39.2% 33.0%

Mean level of concern= 4.98 ± 0.942 2 4 15 86 151 127

Confidence rating (N=385)

1 2 3 4 5 6

How confident are you that the food supply is 
protected from contaminants? 1.3% 4.4% 19.7% 41.8% 24.9% 7.8%

Mean level of concern= 4.08 ± 1.024 5 17 76 161 96 30
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know whether the food protection budget to secure the food supply chain should be 
allocated to our food safety activities or food defense system implementation. This 
result showed that most respondents did not know that the food safety activities and 
food defense implementation were crucial to protect our food supply from being 
contaminated intentionally.

LIMITATIONS AND RECOMMENDATIONS

Some limitations have been identified in this study and some recommendations are 
proposed to improve the future study. The current study used a quantitative approach 
using a survey questionnaire to provide answers to the research objectives. The data 
collected was quantified by measuring scale and this has its drawback. Future studies 
could be using a qualitative approach to obtain in-depth data from the interview. 

Figure 12. Concern rate for food safety

Table 8. Allocation budget for food safety and defense protection 

21-30 31-40 41-50 51-60 Average

All responses (N=385)

Food safety 73.0 4.2 2.9 0.5 20.15

Food defense 9.9 0.5 0.0 0.5 2.73

I don’t know 8.3 0.3 0.0 0.0 2.15
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A thematic analysis could be used to generate meaningful themes which are more 
robust in highlighting the real issues. Next, the current study was completed in 
Malaysia only. Realizing that food terrorism activities and related issues are gaining 
attention lately, information on food terrorism must be handy and well-presented.

FUTURE RESEARCH DIRECTIONS

Some future research directions could be considered for future study. The lack of 
literature on food terrorism-related issues offers opportunities to explore food defense 
and terrorism domains in Malaysia. Based on the results generated from the study, 
the following recommendations are made: First, this current study was completed 
on population in the Klang Valley area only. Future research should focus on wider 
demographics including different population areas and occupations, to assess the level 
of consumers’ awareness of food terrorism. For instance, all major cities in Malaysia 
such as Penang, Johor Bahru, Kuching, and Kota Kinabalu. The different populations 
could provide meaningful data to the study. Next, future research could focus on food 
industry players and how the food defense management system is being implemented 
in their facilities. A future study may look at challenges and opportunities faced by 
the industries in adapting the system into their manufacturing lines. Another future 
research direction is to obtain in-depth outputs from food safety experts regarding 
the importance and implication of adapting the food defense management system 
by the food industry. The experts’ opinions could be used as a baseline reference to 
a better understanding of the food terrorism threats in the food industry.

CONCLUSION

In conclusion, this study was accomplished to evaluate the consumers’ awareness 
regarding the food terrorism activities which could occur in the community. Based 
on the results, it is apparent that the consumers, particularly in Klang Valley, have 
an average level of awareness about food terrorism in general. Consumers should 
be exposed to food terrorism news or information through all media available in 
Malaysia. The government should develop an advocacy action plan to educate the 
community and the industry players about food terrorism.
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INTRODUCTION

Food is one of the basic needs of every living being. Humans make food available in 
a processed or semi-processed form and consume it to support various physiological 
processes. Food commodities have always been vulnerable to fraudulent admixture or 
adulteration with cheaper inferior materials. Food fraud or adulteration is common, 
and such food adulteration degrades food quality, makes it dangerous to consume, 
and causes health problems in humans. Food fraud is defined as the intentional 
substitution, addition, tampering, or misrepresentation of food, food ingredients, 
or food packaging, as well as the making of false or misleading assertions about a 
product for financial advantage (Banti, 2020).

According to the Prevention of Food Adulteration Act, 1954, a food article is 
considered adulterated:

1.  if the article sold by a vendor is not of the nature, substance, or quality demanded 
by the purchaser and is to his prejudice, or is not of the nature, substance, or 
quality which it purports or represented to be;

2.  if the article contains any other substance which affects, or if the article is so 
processed as to affect, injuriously the nature, substance or quality thereof;

3.  if any inferior or cheaper substance has been substituted wholly or in part for 
the article to affect injuriously the nature, substance or quality thereof;

ABSTRACT

Food adulteration is a prevalent issue in the food industry. It affects safety and 
quality of food and causes harm to the health of the consumer. To reduce incidence 
of adulteration in food, it is necessary to study adulterants being added to food. 
Food safety concerns arise when adulteration occurs for a variety of reasons. The 
act includes use of expired ingredients, deceptive adulterated food labels, addition 
of harmful compounds to food, and more. Tests and techniques for suspected food 
items that are commonly adulterated with certain food or non-food products are 
studied and described here. The detection of adulteration in food sectors can be 
done qualitatively and quantitatively. Various methods like chemical analysis, 
spectroscopic, and chromatographic techniques used to detect adulteration are 
reviewed. Various laws and regulations are in effect around the world in order to 
prevent adulteration and ensure food safety to protect the consumers. Regulatory 
agencies play an important role in putting a check to food adulteration by monitoring 
the quality of food and penalizing defaulters.
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4.  if any constituent of the article has been wholly or in part abstracted to affect 
injuriously the nature, substance or quality thereof;

5.  if the article had been prepared, packed, or kept under insanitary conditions 
whereby it has become contaminated or injurious to health;

6.  if the article consists wholly or in part of any filthy, putrid, rotten, decomposed, 
or diseased animal or vegetable substance or is insect-infested or is otherwise 
unfit for human consumption;

7.  if the article is obtained from a diseased animal;
8.  if the article contains any poisonous or other ingredients which renders it 

injurious to health;
9.  if the container of the article is composed, whether wholly or in part, of any 

poisonous or deleterious substance which renders its contents injurious to 
health;

10.  if any coloring matter other than that prescribed in respect thereof is present in 
the article, or if the amounts of the prescribed coloring matter which is present 
in the article are not within the prescribed limits of variability;

11.  if the article contains any prohibited preservative or permitted preservative 
above the prescribed limits;

12.  if the quality or purity of the article falls below the prescribed standard or 
its constituents are present in quantities not within the prescribed limits of 
variability, which render it injurious to health;

13.  if the quality or purity of the article falls below the prescribed standard or 
its constituents are present in quantities not within the prescribed limits of 
variability but which does not render it injurious to health;

With regard to food, the term “quality” means the products meet the requirements 
of an entire complex of criteria, properties, and peculiarities, which characterize the 
product’s degree of suitability based on its assessment and consumption. “Food safety” 
is a condition that ensures food will not cause harm to the consumer when prepared 
and/or eaten according to its intended use. It entails the handling, preparation, and 
storage of food in ways that prevent foodborne illnesses. Quality and safety remain 
major challenges in the production of high-quality foods.

In order to ensure the quality of food, it is necessary to understand the foods 
that are regularly adulterated, the adulterants that are commonly employed in them, 
and the detrimental effects that these adulterants impose. This chapter examines 
many facets of adulteration, the health risks imposed by these adulterants, detection 
techniques, and legal responses around the world.
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HAZARDS IN FOOD

The National Advisory Committee on Microbiological Criteria for Foods (NACMCF) 
defines a hazard as any biological, chemical, or physical attribute that poses an 
unacceptable health risk to consumers (see Figure 1).

Chemical Hazards

Any substance that is employed in or obtained through a chemical process or processes 
is referred to as a chemical. Chemicals are included in all food products, and any 
chemical can be harmful at a certain dosage level. However, some chemicals are 
not permitted in food, while others have set permissible levels. Pesticide residues, 
drug residues, unlawful additives, contamination, and heavy metals are just a few of 
the chemical risks that can be found in food. Good agricultural and manufacturing 
practices are essential to avoid these chemical substances from entering the food 
supply. Nutrients, sweetening agents, and flavor imparting agents are examples 
of food additives that can be introduced intentionally or unintentionally. These 
additives can react with foods and cause chemical changes in them. Heavy metals 
can be found in a variety of foods, including tea, seafood, and fruits such as apples, 
watermelon, and pineapples, as well as beverages.

Figure 1. Classification of chemical hazards
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Biological Hazards

Bacteria, yeast, molds, parasites, and viruses are examples of biological risks. 
Bacterial dangers can lead to foodborne illnesses or poisoning. Ingesting a sufficient 
amount of pathogenic microorganisms may lead to illness, their multiplication, and 
the production of toxins, which causes foodborne infection. Ingestion of preformed 
toxins generated and secreted by some bacteria when they grow in foods causes 
foodborne poisoning.

Physical Hazards

Physical risks are foreign materials that may be present in food as a result of improper 
handling of food throughout the production process, from farm to fork. Physical 
hazards are dangerous because of their hardness, sharpness, and size, as well as 
the fact that they can inflict wounds or choke on humans. It could be avoidable or 
unavoidable. Foreign elements such as dirt in tuber crops and stalks in fruits are 
prevalent. Various safety strategies can be used to prevent physical risks such as 
glass, wood, stones, plastic, metal, insulation, bone, and plastic.

Allergens

Food allergens are food safety hazards that damage health by producing allergic 
reactions to certain food components, and they are vital to managing the food safety 
management system (Cianferoni & Spergel, 2009). Allergens can be transferred to 
food that is not supposed to contain allergens, during production, storage, shipment, 
or later processing. Product manufacturers make sure that consumers are aware of 
such allergic ingredients in their food. The list of food items that trigger allergic 
responses is as follows:

1.  Cereals containing gluten;
2.  Crustaceans and products of these;
3.  Eggs and egg products;
4.  Fish and fish products;
5.  Peanuts, soybeans, and products of these;
6.  Milk and milk products; cow’s milk contains whey proteins and casein 

which shows allergic reactions; fermentation of milk by Lactobacillus causes 
proteolysis of β-lactoglobulin causes allergic reactions (Ehn et al., 2005)

7.  Tree nuts and nut products
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TYPES OF ADULTERATION

Intentional Adulteration

Economically motivated adulteration (EMA) is defined by the Food and Drug 
Administration (FDA) of the United States as “the fraudulent, intentional substitution 
or addition of a substance in a product for the purpose of increasing the apparent 
value of the product or lowering the cost of its production.” When a food item is 
intentionally altered, it is referred to as intentional adulteration. It involves the 
addition of substandard substances with attributes that are comparable to those 
of the foods to which they are added. The adulterant could be either physical or 
chemical. Some examples of intentional adulteration include the addition of water 
to liquid milk, extraneous matter to ground spices, or the removal or substitution 
of milk solids from the natural product, etc.

The motivation for intentional contamination can range from economics to 
bioterrorism, the latter being an increasing concern. Food bioterrorism is “an act or 
threat of deliberate contamination of food for human consumption with chemical, 
biological or radio nuclear agents to cause injury or death to civilian populations 
and/or disrupting social, economic or political stability”. The melamine scandal in 
China in 2008 is an example of EMA how its intentional addition to dairy products 
had huge repercussions for both consumers and producers (Changbai et al., 2010).

Incidental/ Accidental Adulteration

Incidental adulteration is caused by a lack of suitable hygienic conditions for food 
and beverages from the production plant to the consumption table. Pesticide residues, 
rodent droppings, and larvae in meals are examples of unintentional adulterants. 
Arsenic, lead, and mercury contamination of metals can also happen by mistake. Pests 
such as rats and insects, which trespass on food to a high degree and cause impurity 
in the form of excreta, body fluids, and deterioration through microorganisms, are 
also considered incidental adulterants.
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DETECTION OF ADULTERANTS

Simple Screening Tests

Table 1. Simple screening test for adulterants in some food

Food item Adulterants Method for detection

Paneer, condensed 
milk, koya Starch

Take a small portion of the product in a test tube, add water, and boil. Cool 
to room temperature. Add 1-2 drops of Iodine solution. Blue color indicates 
the presence of starch.

Milk

Water
Put a drop of milk on a polished vertical surface. The drop of pure milk 
either stops or flows slowly leaving a white trail behind it, whereas, milk 
adulterated with water will flow immediately without leaving a mark

Hydrogen peroxide
Addition of 5 drops of 2% solution of paraphenylenediamine into 5 ml of 
milk sample which is suspected and appearance of blue color indicates the 
hydrogen peroxide added in milk.

Formalin
Addition of 5 ml of conc. Sulfuric acid with ferric chloride in 10 ml of milk 
sample. Appearance of violet or blue color at the junction of two liquid 
layers indicates the presence of formalin.

Pure Ghee 
or Butter Vanaspati

Take one teaspoonful of melted ghee or butter with an equal quantity of 
Conc. hydrochloric acid in a test tube. Add to it a pinch of cane sugar. 
Shake well for one minute and let it stand for five minutes. Crimson red 
color in the lower layer shows the presence of vanaspati.

Ice cream Washing Powder Put some lemon juice, bubbles are observed if washing powder is present.

Honey

Water
A cotton wick dipped in pure honey burns when ignited with a matchstick. 
Presence of water will not allow the honey to burn, and if it does, it will 
produce a cracking sound.

Sugar
Take a transparent glass of water. Add a drop of honey to the glass. Pure 
honey will not disperse in water. The presence of additional sugar is 
indicated if a drop of honey disperses in water.

Sugar powder, 
salt Chalk Dissolve sugar/salt in a glass of water, chalk will settle down.

Sugar Washing Soda

Add water and dip red litmus paper. Add concentrated Hcl to the test tube. 
If red litmus paper turns in blue color indicates the presence of washing 
soda. 
Take 5 g of Bura in the test tube. Add concentrated HCL in the test tube. 
The presence of washing soda in Bura produces an effervescent effect.

Silver foil Aluminum foil
On ignition, silver foil burns away completely leaving glistening white 
spherical ball of the same mass while aluminum foil reduces to black grey 
color ash.

Coffee Chicory

Gently sprinkle the coffee powder on surface of water in a glass. The coffee 
floats over the water but chicory begins to sink within few seconds. Also, 
the falling chicory powder particles leave behind them a trail of color, due 
to a large amount of caramel contained.
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Chromatographic Methods

Chromatography is a technique used for both quantitative and qualitative analyses for 
the separation, identification, purification of small components such as carbohydrates, 
amino acids, fatty acids in a mixture. For example, HPLC is used in the separation 
of amino acids, carbohydrates, and steroids. Wang et al., (2015) studied the HPLC 
valid adulteration detection method of honey for the added starch syrup of both C3 
and C4 types. Gas chromatography is used in the separation of ester, alcohol, and 
lipids. Jabeur et al., (2014) differentiated olive oil adulterated with vegetable oils 
by determining the composition of fatty acid methyl esters.

Spectroscopy Methods

Extra virgin olive oil adulterated with various fats and oils such as soybean oil, peanut 
oil, canola oil screened by Fourier transform near-infrared spectroscopy observed 
by Azizian et al., (2015). In the study by Oroian et al., (2017). Raman spectroscopy 
with PLS-LDA was successful for the detection of honey adulterated with malt wort 
rather than glucose and fructose. The study by Khan et al., (2013) investigated the 
limit of urea in milk less than the recommended cut-off limit and quantification for 
urea could be a promising technique for finding out adulteration in milk.

Physical Methods

Physical approaches include microscopic or macroscopic detection, as well as 
analyzing food’s physical qualities. In the case of fungal microbiological analysis, 
micro or macroscopic ways of visually analyzing are useful (Mangal et al., 2014). 
Cane syrup in honey can be detected using optical microscopy by identifying sclerous 
rings of cane sugar (Louveaux et al., 1978).

Table 2. Common adulterants in milk and milk products

Milk and milk products Adulterants

Milk Water, soya milk, starch, groundnut milk, and wheat flour

Butter Vegetable oil, anatta, banana, oleomargarine

Ice cream Starch, rice powder, or wheat flour

Ghee Vanaspati, anatta, and oleomargarine
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ADULTERATION IN DIFFERENT FOOD

Milk and Milk Products

From farm to table, milk and its products are subjected to adulteration at various 
phases of production (see Table 2). When milk is extracted from the udder, it is 
pure. But it is contaminated by bacteria, yeast, fungi, different chemicals, dust 
particles, and adulterants owing to unsanitary activities (Singuluri & Sukumaran, 
2014). Common adulterants in milk are soy, pea proteins, vegetable protein, rennet 
whey, acid whey, cheese whey, non-dairy fats, vegetable fats, sodium bicarbonate, 
sodium carbonate, urea, tetracycline, and formalin.

From the point of production, milk is transported to the consumers through 
intermediaries during which it is adulterated in many ways. Suppliers of milk 
commonly use these methods to increase the value of milk by dilution, extraction 
of valuable components like milk fat, or a combination of the above methods along 
with the addition of cheap bulking additives to bring the total solids to an acceptable 
level. These are commonly seen in developing countries. (Faraz et al., 2013)

Water was found to be the most common adulterant in milk followed by the 
detergent in a survey conducted by FSSAI in 2011 (Nirwal et al., 2013). Milk 
production during summer is greatly reduced due to factors like heat stress and 
scarcity of fodder etc. (Faraz et al., 2013). Water is added to increase the volume 
of milk (Poonia et al., 2016).

Detergents when added emulsify and dissolve the oil in water and give a frothy 
solution, the characteristic white color of milk or it can be used to mask the fat 
value of milk. Detergents may also enter the milk due to the low maintenance of 
milk tanks during processing (Singuluri et al., 2014). Starch is added to milk to 
increase solid-not-fat content. Hydrogen peroxide is added along the supply chain 
to increase its freshness.

Nitrogen-rich compounds like melamine and urea are nitrogen-rich and are added 
to milk to increase their protein content. The addition of urea to milk improves 
consistency, provides whiteness, and helps to standardize SNF to the desired level 
and to give false positive measurements of protein content in milk. (Poonia et al., 
2016, Singuluri et al., 2014). Milk can be tainted with urea in two ways: by adding 
urea to it intentionally, or by adding nonspecific synthetic milk to natural milk.

To extend the shelf life of milk, preservatives such as formalin and antibiotics 
are added. Boric acid, Formalin, Sodium carbonate (Na2CO3), Sodium bicarbonate 
(NaHCO3), Salicylic acid, Benzoic acid, Sodium azides can preserve the milk for 
long time (Reddy et al., 2017). Hydrogen peroxide is also added to prolong its 
freshness (Singuluri et al., 2014).
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Adulteration of milk can be detected by qualitative and quantitative techniques. 
Mostly edible adulterants such as soy, pea proteins, starch, glucose, buffalo milk 
are detected by color-based chemical reactions. Quantitative methods such as near-
infrared Raman spectroscopy. Figure 2 shows test results of adulteration in milk.

Spices and Condiments

Food fraud is becoming more common as the market for ground spices and herbs 
grows. Spices stand among the top five adulterated food types. The long complex 
supply chains and increase in ground herbs and spices are drivers of EMA. Other 
factors that influence adulteration in spices are crop seasonality and availability, 

Figure 2. Test results showing (a) starch, (b) urea, adulteration in milk
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weather, cultural and geopolitical events, food safety laws, the prevalence of 
corruption, and advances in technology to mask fraud (Galvin-King et al., 2018).

Adulteration in spices can be done with non-functional parts of the plant (e.g. 
intentional addition of sticks and stems in ground black pepper) during grinding. 
Extraneous matter from parts of a different plant that is similar to the herb are added 
at the cutting/grinding/ blending stage (e.g. intentional addition of foreign plant 
material in oregano). Exhausted material which is also referred as spent, defatted and 
depleted material is added without being declared. (e.g. by-product of essential oil, 
oleoresin and extrusion extraction at grinding/ blending stage). Color enhancement 
is done by addition of non-permitted or undeclared color at grinding/ blending 
stage to improve acceptability (e.g. Sudan dyes in ground turmeric). Sudan-I is a 
carcinogenic substance found in red chili powder. Sudan-I is not allowed to be used 
in food. Artificial colors and flavorings are increasingly being added to spices and 
herbs that are not required to be labeled as ingredients by law (see Table 3). Some 
adulterants added to spices, such as papaya seeds and gum added to black pepper and 
asafoetida, are unlikely to be harmful. Figure 3 depicts various adulteration of spices.

Food Grains

Adding sand or broken stones to increase the weight, as well as mixing plastic 
beads that appear like grains of the same size and color, are typical ways food grain 
adulteration (see Table 4). When pigeon pea is contaminated with kesari dal, it has 
negative consequences in people such as lathyrism. To attract customers, coloring 
chemicals are added to green gram and pigeon pea, causing allergic responses. 
Pesticides used to protect crops from insects and pests in the field and during storage 
can also be classified as pollutants that can harm humans.

Table 3. Common adulterants in spices 

Spices Adulterants

Black pepper Papaya seeds

Turmeric powder Metanil yellow (dye)

Oregano Sumac, myrtle leaves, olive leaves

Cinnamon, nutmeg Coffee husk

Cumin Fennel seeds, peanut shell

Paprika, chili powder White pepper, curcuma, barium sulphate, brick powder

Saffron Marigold to red stigma, beetroot
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Figure 3. Test results showing adulteration in (a) turmeric powder, (b, c) coriander 
powder, (d) black pepper

Table 4. Common adulterants in grains and their products

Food products Adulterants

Pigeon pea or chick pea Grass pea

Wheat/millet Buckwheat

Durum wheat Common wheat

Wheat based products Melamine

Wheat flour Peanut flour

Wheat flour, corn flour, rice flour Melamine

Basmati rice Non-Basmati
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Sugar and Confectionary

When high fructose corn syrup was introduced in the food industry, honey adulteration 
became a global problem. Honey has a higher market price than other sweeteners 
because of its nutritional value. Honey is commonly tainted with other sweeteners 
such sugar syrups, cane, beet, and maple syrup, and synthetic honey has become 
more popular in recent years.

Figure 4. Test results showing sugar adulteration in honey
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Adulteration of honey began in the 1970’s after high fructose corn syrup was 
introduced. Since the major component of honey is sugar with monosaccharides 
like fructose and glucose being a major part it is susceptible to adulteration easily 
with cheaper sweeteners for economic gain (see Figure 4). Some of these cheaper 
alternatives that have been detected in honey are sugar syrups, molasses subjected 
to inversion, HFCS, beet sugar and syrups of natural origin like maple syrup 
(Choudhary et al., 2020). Adulteration in sugar occurs using washing powder and 
other substances (see Figure 5).

Figure 5. Test results showing adulteration in sugar using (a) washing powder, (b) 
chalk powder
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Oils and Fats

Adulteration of oils and fats is simple and easy but detection is difficult. Ghee is 
frequently adulterated by mixing with hydrogenated oils and animal fats (see Figure 
6). Synthetic colors and flavors are added to other fats to adjust and make them 
similar in appearance to ghee (Choudhary, 2020). Adulteration of edible oils can 
have negative health consequences for consumers. Groundnut, mustard oil with 
palmolein, palm, and argemone are the most common adulterants (see Table 5). 
Mustard oil is mixed with the essence of allyl isocyanate to give it pungency and a 
yellow color to make it look like mustard oil, which is hazardous.

Coffee and Tea

Chicory, cereals, caramel, additional parchment, starch, malt, and figs are all added 
to instant coffee. The common laboratories used methods for the ground coffee 
adulteration includes electron microscopy and optical microscopy (see Figure 7). 
Separation methods such as liquid and gas chromatography, capillary electrophoresis 
was used for the detection of various coffee adulteration like maltodextrin, maize, 
starch, barley. Tea is one of the most popular beverages, although it is sometimes 
tainted with sawdust, sand, iron fillings, and dyes, and is sold in loose form.

HARMFUL EFFECTS OF FOOD ADULTERATION

One’s health is one of the most important parts of life. Adulteration can cause severe 
foodborne diseases. Recognizing foodborne diseases as an outbreak is frequently 
overlooked. There are some dangerous food adulterants that are purposely added 
to food to extend its shelf life, disguise food rotting, and boost the value of the 
product’s commercial features or traits (Mathur, 2005). As a result, the quality, and 
nutritive value of the food is hampered, which is harmful to one’s health and can 
lead to food poisoning if consumed.

Table 5. Common adulterants in oils

Ingredients Adulterants

Edible oils BHA or BHT

Mustard oil Papaya seed

Vanaspati Argemone

Groundnut oil Palmolein, palm oil
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Many large-scale food poisoning incidents have been reported, such as Ergot 
Bajra, which causes nausea, vomiting, and giddiness, or faba beans and kesari dal 
(Lathyrus sativus), which cause favism (RBC breakdown) and lathyrism (paralytic 
illness), respectively (Mathur, 2005). People who are aware of naturally occurring 
food poisonings avoid them, but if any other unwanted substances are intentionally 

Figure 6. Test results showing adulteration in ghee using (a) vanaspati, (b) starch
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added or subtracted from the food product, it becomes difficult to separate the 
adulterant from the food product, resulting in a slew of negative consequences, 
including critical health hazards. Food adulterants can be classified based on their 
impact on the consumer:

Critical: Adulterants that can cause death or seriously endanger the health of 
consumers.

Major: Adulterants affecting a significant percentage of the individual product 
units due to the level of adulterant present. Long-term consumption can have an 
impact on the health of the consumer.

Intermediate: Adulterants that impact the product’s quality without affecting 
the health of the consumer.

Minor: Adulterants that typically have only an economic impact e.g., varietal 
or geographic misrepresentation.

Figure 7. Test result showing iron filling adulteration in tea leaves
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Adulteration in food is done for various reasons which include financial gain, to 
increase the quantity or shelf life of food, and to improve its appearance. Carelessness 
and lack of proper hygienic conditions of processing, storing, transportation and 
selling leads to unintentional adulteration. Whether purposefully or unintentionally, 
but as a result, toxic or hazardous compounds end up in the food. Food adulteration 
is a significant problem in the food supply chain, lowering the quality and safety of 
food that reaches consumers (Ayelew et al., 2013). Milk and milk products, edible 
oil, spices, food grains, cereals, sweetening agents, and other foods are frequently 
falsified. The following are some of the dietary adulterants and their hazardous effects:

Milk and Milk Products

Because milk is largely water by nature, it is perishable and susceptible to microbial 
deterioration if not kept chilled. During summer, milk must be kept refrigerated to 
avoid curdling. If not, lactic acid forms, altering the nature and qualities of milk, 
resulting in curd formation. Many times, milk vendors need to deliver milk to 
remote locations, thus they add adulterants or chemicals to neutralize the acidity in 
the milk and prevent bacteria from multiplying and causing adverse health effects. 
The melamine scandal where melamine was added into substandard milk or milk 
diluted with water to increase the nitrogen levels and thereby the protein content in 
nutritional testing. The contaminated milk powder left around 300,000 poisoned 
and killed at least 6 children. Melamine (a nitrogen-rich resin) is added to milk since 
it is relatively inexpensive. When this resin is mixed with diluted milk, the protein 
level appears to be higher, causing indigestion, kidney stones, and renal failure 
in youngsters. Urea in adulterated milk causes gastrointestinal irritation, lack of 
appetite, nausea, and vomiting (Mathur, 2005).

Oil

Oil, commonly known as liquid gold, is a costly commodity that is essential for 
human survival. A deadly pandemic that erupted in Spain in 1982, paralyzed people 
who ate rapeseed oil laced with aniline and eventually losing their hands and feet 
and finally necrosis and death. Oil, like milk, is contaminated to a higher level, as 
listed below:

1.  The addition of argemone oil to cooking oil causes epidemic dropsy, which 
is characterized by oedema around the ankles, gastrointestinal abnormalities, 
blood vessel modifications, changes in the eye, and cardiac insufficiencies.

2.  Toxic oil syndrome is caused by the addition of pentachlorophenol and aniline.
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3.  Mineral oil, commonly known as liquid paraffin, causes anal seepage and 
irritation, as well as interfering with the absorption of fat-soluble vitamins 
(A,D,E,K).

4.  When castor oil is combined with cooking oil, it causes symptoms such as 
nausea, vomiting, and colic pain, as well as having a strong laxative effect if 
swallowed.

5.  Paralysis of the hands and feet is caused by tricresyl phosphate (Mathur,2005)
6.  Certain forbidden colors, neem oil, and even karanja oil are added to edible 

oil or vegetable oil, causing liver damage such as hepatitis oedema, eyesight 
loss, and heart dilation.

7.  In vanaspati, the main adulterant can be any cheaper oil, such as groundnut, 
cottonseed, or linseed, resulting in an economic loss as well as visual and 
cardiac illnesses, which are automatically allowed to wreck one’s health at 
the worst (Pardeshi, 2019).

Spices and Condiments

Spices are commonly utilized in Indian cuisines. Indians have a variety of spices 
to suit the varying climates throughout the year. And spices are utilized on a daily 
basis to make the cuisine delectable, mouthwatering, and healthful. To achieve the 
color of the ingredients, adulterants in spices such as sawdust or brick powders are 
used. The following are the spices that are most likely to be adulterated:

1.  Chili powder- contains sawdust, brick powder, non-permitted colors such 
as Sudan dye, salt, and talc powder, which causes toxic stomach disorders, 
carcinogenic (particularly blood and lung cancer) (Srivastava, 2015), vision 
loss, and respiratory ailments.

2.  Turmeric powder- contains lead chromate, foreign starch, common salt, husks, 
earthy matter, metanil yellow, and other aniline dyes (non-permitted colors), 
which can cause carcinogenic consequences, brain damage, anemia, and 
miscarriages in pregnant women.

3.  Whole spices - dirt, dust, straw, insect, damaged seeds, other seeds, rodent hair 
and excreta which is a source of microbial contamination and an economic 
loss.

4.  Black pepper - Papaya seeds, light black pepper, coating with mineral oil. The 
addition of pinheads to black pepper has an adverse effect on the liver and 
stomach.

5.  Coriander powder - starch, cow dung, horse dung, talcum powder or sometimes 
sawdust is added too which leads to severe microbiological intoxication 
(Pardeshi,2019).
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Beverages

1.  Coffee - Roasted powder of wheat, gram, date seed, chicory and tamarind husk, 
scorched persimmon stone powder are all the adulterants which are added to 
the coffee powder resulting in Diarrhea, stomach disorders, giddiness and 
severe joint pains, economic loss.

2.  Tea – Addition of artificial color, tea wastes, gram husk, coffee husk, cashew 
nut endosperm, by product of leather industry, tamarind seed powder, sawdust, 
exhausted tea, chicory powder to tea are commonly seen. Iron filling, in particular, 
which is frequently found in large amounts in tea powder, can cause cancer, 
tetanus, appendicitis, and small intestinal problems, as well as the likelihood 
of tetanus infection (Food Adulteration: The Demonic Onslaught on Health 
and Wellness, 2015).

3.  Soft drink alcoholic and other beverages, fruit products - Non permitted colors, 
artificial sweeteners such as saccharin, dulcin are the major adulterants found 
in the soft drinks and alcohol-based drink, as well as other beverages in the 
market, can be extremely poisonous, cause cancer, and cause severe health 
problems. Methanol is a chemical that, when mixed with alcohol, causes 
blurred vision, blindness, and death. As it interacts, it becomes poisonous, 
resulting in death. Brominated vegetable oils are added to soft drinks, anemia 
and heart hypertrophy. Diethylene glycol is a substance added to wine that 
causes toxicity in the body.

Cereals

1.  Maida/suji (rawa) - Adulterants like cheaper flour, boric acid, sand, soil, 
insects, iron fillings, rodent hair and excreta, excess bran, chalk powder are 
added which can cause severe gastrointestinal pain.

2.  Grains (millet, wheat, oats, rye, rice etc.) - Toxins from Fusarium sporotrichioides, 
in the grains, cause Alimentary toxic aleukia (ATA). Alimentary toxic aleukia, 
is a mycotoxin-induced condition characterized by nausea, vomiting, diarrhea, 
leukopenia (aleukia), hemorrhaging, skin inflammation, and sometimes death.

Pulses

1.  Dal whole and split pulses - Dust, pebble, stone, straw, weed seeds, damaged 
grain, weevilled grain, hidden insects, rodent hair & excreta, kernel bunt, ergot 
(bajra), khesari dal, clay, gravels, webs, non -permitted colors are most common 
adulterants found in pulses, causing toxic, irreversible paralysis, tumor and 
cancer, anemia, epilepsy, and neurotoxicity.
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Fruits and Vegetables

1.  Apple - Lead arsenate is sprayed on fruits such as apples. Dizziness, chills, 
cramps, paralysis, and death are all symptoms of arsenic poisoning.

2.  Raw vegetables and fruits - Entamoeba histolytica l, a biological contamination, 
is added to raw vegetables and fruits, causing amoebic dysentery.

Food Colors

The following are some of the food colors that are added to the primary food 
ingredients, as well as the negative consequences they have:

1.  Auramine - Inhibits growth, dysfunction of the liver and kidney.
2.  Rhodamine B - Growth retardation, hemolysis of RBCs, degenerative changes 

in the liver and kidney, adversely affects the immune system.
3.  Sudan dye - sudan dye is toxic to the liver and produce kidney lesions.
4.  Malachite green - decreased food intake, growth rate and fertility rate, damage 

to organs like liver, kidney, heart and spleen as well as lesions of skin, eyes, 
lungs and bones.

5.  Orange ll - growth retardation, increased mortality and haematological changes.
6.  Metanil yellow - degenerative changes in the stomach, ileum, rectum, liver, 

kidney, ovary, and testes, giddiness, weakness, vomiting, and cyanosis.
7.  Lead chromate - stomach ache, nausea, constipation, and anemia.
8.  Tartrazine - Allergic reactions and worsening of asthma attack in case of 

asthamatic people.

LEGAL INTERVENTIONS, PREVENTION, PROHIBITION, AND 
RESTRICTIONS ON FOOD FRAUD AND FOOD ADULTERATION

Indian Laws

Prior to 2006, different food laws existed in India that pertained to different 
commodities. The following laws were in effect at the time:

Prevention of Food Adulteration Act, 1954

The Prevention of Food Adulteration Act was passed in 1954 with the goal of 
preventing food adulteration. Adulterated and misbranded foods, as well as any 
food that did not match the law’s standards, were prohibited from being sold (The 
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Prevention of Food Adulteration Act & Rules, 2004). The law was enacted to ensure 
that customers have access to pure and wholesome food, as well as to avoid deception 
and fraud, resulting in fair trading practices.

Fruit Product Order (FPO), 1955

The FPO was established in 1955 under Section 3 of the Essential Commodities 
Act. The FPO’s goal was to ensure that fruit and vegetable products were produced 
in sanitary and hygienic conditions on the grounds. It required all manufacturers of 
fruit and vegetable products, as well as some non-fruit items like syrup, non-fruit 
vinegar, and sweetened aerated water, to receive certification (Jha, 2016).

Milk & Milk Products Order, 1992

The Ministry of Agriculture’s Department of Animal Husbandry executed the Milk 
and Milk Products Order, 1992, under Section 3 of the Essential Commodities Act, 
1955 (Jha, 2016). The purpose of this directive was to regulate the production, supply, 
and distribution of milk in order to assure the supply of high-quality milk and milk 
products to consumers, as well as to ensure that sanitary conditions in processing 
machinery and facilities were maintained (Ram, 2011).

Meat Food Products Order, 1973

The Ministry of Food Processing Industries issued the Meat Food Products Order 
in 1973 under the terms of the Essential Commodities Act of 1955 (Ram, 2011). 
It establishes guidelines for the manufacturing of safe meat foods. All meat, fish, 
and poultry products are subjected to stringent quality control at all phases of 
manufacturing.

Edible Oils Packaging Order, 1998

The Central Government issued the Edible Oils Packaging (Regulation) Order, 1998 
on September 17, 1998, in response to the Delhi dropsy tragedy, which claimed 
several lives owing to the ingestion of contaminated mustard oil (Ram, 2011). The 
order was passed to ensure that customers have access to safe and high-quality edible 
oils in pre-packaged form at pre-determined pricing (Jha, 2016).
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Vegetable Oil Products Order, 1998

The “Vegetable Oil Products (Regulation) Order, 1998” was enacted to regulate the 
manufacturing, distribution, and sale of all vegetable oil products. This directive 
governed the vegetable oil products business through the Ministry of Consumer 
Affairs and Food and Public Distribution (Jha, 2016).

Solvent-Extracted Oil, De-Oiled Meal and 
Edible Flour (Control) Order, 1967

This order was also promulgated under Section 3 of the Essential Commodities Act, 
1955. This order was issued to regulate and govern the manufacture and distribution 
of vegetable oils, de-oiled meal, and edible flour, as well as to ensure the quality of 
these products acquired through the solvent extraction process (Ram, 2011).

FSS Act – Food Safety and Standards Act, 2006

The above-mentioned food laws caused a great deal of misunderstanding in their 
application. As a result, under the Food Safety and Standards Act of 2006, these rules 
were merged under a single umbrella, eliminating multi-level and multi-departmental 
control and combining them into a single chain of command. As a result, the FSS 
act provides a single point of reference (see Figure 8).

The FSS Act is ‘an act to consolidate the laws relating to food and to establish 
the Food Safety and Standards Authority of India for laying down science-based 
standards for articles of food and to regulate their manufacture, storage, distribution, 
sale and import, to ensure availability of safe and wholesome food for human 
consumption and for matters connected therewith or incidental thereto’ (Food Safety 
and Standards Act, 2006).

FSSAI

Under Section 4, FSS Act, 2006, the Food Safety and Standard Authority of India 
(FSSAI) was established in the year 2011. The Ministry of Health & Family Welfare, 
Government of India, is the administrative ministry responsible for the FSSAI. The 
FSSAI is the authority that regulates food safety and standards.
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Laws Regarding Adulteration in Food

A food must not include any pollutant, naturally occurring hazardous chemicals, 
poisons, hormones, or heavy metals above the limits set forth in Chapter IV of the 
FSS Act of 2006. Insecticides or pesticide residues, veterinary medication residues, 
antibiotic residues, solvent residues, pharmacologically active compounds, and 
microbiological counts should not exceed the tolerance limit specified by the act 
(Food Safety and Standards Act, 2006).

Standards and Permissible Limits: Physical 
Adulterants and Chemical Residues

Residues are the remnants of various inputs used during the production process 
like plant protection products and veterinary drugs. It is possible to regulate the 
conditions of usage and the levels of these substances in food. Contaminants are 
pollutants collected from the environment, food, and packaging. Contaminants 
are undesired and frequently unavoidable and are not caused by the inputs utilized 
during manufacturing (Benford, 2013).

Metal contaminants have become more diverse as a result of the industrial 
revolution and globalization. Many of these contaminants come from the soil. 
Chemical factories, mining, textile industries, e-waste processing and run-off, 

Figure 8. An overview of the culmination of various food laws (prior to 2006) to 
FSS Act, 2006
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erosion, and irrigation with dirty water are all possible causes (Rai et al., 2019). 
The FSS Act establishes specified thresholds at which a residue or adulterant causes 
consumer harm. Copper, arsenic, tin, zinc, cadmium, mercury, methyl mercury, 
chromium, nickel etc. are some of the metal pollutants detected in food (Food 
Safety and Standards (Contaminants, Toxins and Residues) Regulations, 2011). 
The Appendices include the limitations in parts per million by weight that metal 
contamination levels shall not exceed.

Insecticides may not be directly applied to food, and fumigants may only be used 
in compliance with the Insecticide Act of 1968 regulations, according to the FSS Act. 
Endosulfan, fenitrothion, aldrin, dieldrin, carbaryl, chlordane, and other pesticides 
have been detected in foods. (Food Safety and Standards (Contaminants, Toxins, 
and Residues) Regulations, 2011). The Appendices include the safe limits for these.

Natural poisons such as mycotoxins, ochratoxin, and patulin exist. Mycotoxins are 
poisonous chemicals produced by moulds in their natural state (fungi). Mycotoxins 
are often produced by Aspergillus flavus and Aspergillus parasiticus. Patulin is a 
mycotoxin produced by Aspergillus, Penicillium, and Byssochlamys. All these, 
when consumed, have adverse effects on health (World Health Organization, 2018). 
The limits beyond which crop contaminants, naturally occurring toxic substances, 
antibiotics and pharmacologically active substances should not be present in food 
are mentioned in Table 6, 7 and 8, respectively.

Table 6. Limits for crop contaminants in food

No. Contaminant Article of Food Limit µg/kg

1. Aflatoxin All articles of food 30

2. Aflatoxin M1 Milk 0.5

3. Patulin Apple juice & Apple juice ingredients in other 
beverages 50

4. Ochratoxin A Wheat, barley & rye 20

Source: Food Safety and Standards (Contaminants, Toxins and Residues) Regulations, 2011.

Table 7. Limits for naturally occurring toxic substances in food

No. Name of the Substance Maximum limit

1. Agaric Acid 100 ppm

2. Hydrocyanic Acid 5 ppm

3. Hypericine 1 ppm

4. Saffrole 10 ppm

Source: Food Safety and Standards (Contaminants, Toxins and Residues) Regulations, 2011.
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Bureau of Indian Standards (BIS)

The Bureau of Indian Standards (BIS) is empowered by the Bureau of Indian Standards 
Act, 2016. It establishes standards for product specifications, testing techniques, 
and licensing for businesses in virtually every industry, from agriculture to textiles 
to electronics. BIS is overseen by the Ministry of Consumer Affairs, Food, and 
Public Distribution. The ISI mark is a quality label issued by BIS that has pushed 
manufacturers in India and adjacent markets to make high-quality products for over 
55 years (Food Regulatory Portal-One Nation, One Food Law).

Standards have been laid for spices and condiments, fruit and vegetable products, 
animal products and processed foods. Despite the fact that this standard is voluntary, 
the Indian government has imposed mandatory certification on a variety of products 
through various rules in public interest (Food Regulatory Portal-One Nation, One 
Food Law).

AGMARK

Agmark operates under the Directorate of Marketing and Inspection under the 
Ministry of Agriculture. Under the Agricultural Produce Grading and Marking Act 
and Rules, 1937, it is a voluntary method for certification of raw and processed 
agricultural goods. The Act specifies requirements for a variety of agricultural 
products, including some processed foods. Each commodity is assigned one of two 
to three grades based on its quality. Grade criteria for 222 agricultural commodities 
have been announced so far (Agmark Certification Scheme).

It has grading & marking rules for pulses, cereals, fruits & vegetables and 
vegetable oils, William pears, vermicelli, macaroni, spaghetti, wheat atta, wheat 
porridge, cereals, pulses, oilseeds, ghee, spices, honey, creamery butter, etc. 
(Directorate of Marketing & Inspection, 2020). The AGMARK Standards define 
the maximum amount of foreign pollutants and other extraneous matter that can be 
present in certain products. Refer to the appendices for AGMARK standards for 

Table 8. Limits for antibiotics and other pharmacologically active substances in food

No. Antibiotics Tolerance Limit mg/ kg (ppm)

1 Tetracycline 0.1

2 Oxytetracycline 0.1

3 Trimethoprim 0.05

4 Oxolinic acid 0.3

Source: Food Safety and Standards (Contaminants, Toxins and Residues) Regulations, 2011.
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grade-wise permissible foreign physical pollutants in wheat (percentage by weight) 
and AGMARK Standards for pulses (whole grain)- maximum limits of tolerance, 
percent by weight.

Codex Alimentarius

The Latin term for “food code” is Codex Alimentarius (Van der Meulen, 2010). The 
CODEX Alimentarius Commission was created in 1963 as an intergovernmental 
authority. The main goal was to establish norms and standards to assure consumer 
protection and safety, as well as fair trade practices in the global food trade (Stankovic, 
2016). CODEX Alimentarius strives to ensure that everyone—everywhere—has 
access to safe, nutritious food. International food standards, guidelines, and codes 
of practice developed by CODEX Alimentarius help to ensure food safety and 
quality in international trade (Indian Food Safety and Standards Authority, 2018). 
The Codex Alimentarius includes provisions with respect to methods of analysis 
and sampling, food hygiene, contaminants, food additives, residues of pesticides 
and veterinary drugs, labeling and presentation, and import and export inspection 
and certification. The CODEX standards mention the level of physical adulterants, 
extraneous matter, damaged food material and organic and inorganic extraneous 
matter (Stankovic, 2016). For Codex Alimentarius Commission Standard for wheat 
and durum wheat refer to Appendices.

International Food Regulatory Organizations

World Trade Organization (WTO)

The WTO was established on January 1, 1995 as the result of the Uruguay round of 
trade negotiations and signed in Marrakesh on 15 April 1994 (WTO Agreement). 
The WTO is the institutional continuation of the General Agreement on Tariffs and 
Trade 1947 (GATT) (Van der Meulen, 2014).

The objective of the WTO is to remove barriers to international trade. The basic 
treaty addressing trade in goods is the General Agreement on Tariffs and Trade 
(GATT). To address concerns about food safety, human health, animal and plant 
health two WTO treaties were concluded: the Agreement on Technical Barriers 
to Trade (the TBT Agreement) and the Agreement on the Application of Sanitary 
and Phytosanitary Measures (the SPS Agreement). The Sanitary and Phytosanitary 
Measures Agreement gives procedures for the assessment of risk and the determination 
of appropriate levels of sanitary or phytosanitary protection (Van der Meulen, 2010).
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ISO

ISO is an independent, multinational, non-governmental organization whose 
mission is to promote the development of standards around the world in order to 
enable international trade and collaboration. It is made up of 165 national standards 
organizations. It aids in the harmonization of food standards around the world, as 
well as the protection of customers and users, as well as the revision of quality, safety, 
and dependability standards (ISO). The ISO brings together professionals through its 
members to share information and establish voluntary, market-relevant, consensus-
based International Standards that aid in the provision of global solutions (ISO).

USA: FDA

The Food and Drug Administration is the oldest consumer protection agency in 
the US federal government. The Food and Drug Administration is responsible for 
safeguarding the safety and security of human and veterinary pharmaceuticals, 
biological products, and medical devices in the United States. It also protects the 
nation’s food supply (US Food and Drug Administration, 2018).

The following acts and the causing thereof are prohibited:
Introducing any adulterated or misbranded food into interstate commerce, as well 

as any act of adulteration and misbranding, is illegal under the Federal Food, Drug, 
and Cosmetic Act, 21 USC 331. The refusal to allow admission or inspection, as 
well as the change, mutilation, destruction, obliteration, or removal of all or part of 
the labeling, or any other conduct involving food, are all prohibited under the act 
(Federal Food Drug and Cosmetic Act, 21 U.S.C. § 331).

UK: FSA

Food Safety Act, 1990establishes rules for food safety and consumer protection in 
the United Kingdom. The act’s major goal is to ensure that food fits the demands 
of customers and is of the nature, quality, and substance that is expected. It assures 
that no material is added to or withdrawn from food, and that food is not processed 
in a way that harms customers’ health. (Food Standards Agency, 2009).

The Food Standards Act of 1999 created the Food Standards Agency and established 
criteria for its operation. The legislation allows for provisions to be made for the 
notification of foodborne disease tests and other related matters (Food Standards 
Act, 1999). The Food Standards Agency (FSA) is responsible for food safety and 
food hygiene in England, Wales and Northern Ireland. Food safety regulations are 
enforced by the FSA in collaboration with local authorities (GOV UK). It’s also in 
charge of labeling policy in Wales and Northern Ireland, as well as nutrition policy 
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in the latter (GOV UK). Consumers can trust the food they buy and eat because 
the agency utilizes its expertise and clout to ensure that it is safe (Food Standards 
Agency).

Food Standards Scotland is a non-ministerial government department of the 
Scottish Government, established by the Food Act of 2015 of Scotland. It is responsible 
for food safety and standards, nutrition, food labeling and meat inspection in Scotland. 
The responsibilities of the UK-wide organization, the Food Standards Agency, has 
been taken over by this department in Scotland. It assures accurate labeling and that 
safe food is available throughout the food supply chain (Food Standards Scotland).

European Union: European Food Safety Authority (EFSA)

EFSA is a European agency set up in 2002 after a multitude of food crises in the 
1990s. It is funded by the European Union. It operates independently of the European 
legislative and executive institutions and EU Member States (European Food Safety 
Authority). It strives to provide scientific guidance using the knowledge of its experts 
and workers to protect European consumers and manage public health issues. Its 
mission is to provide scientific advice and highlight food-related concerns. The 
European Food Safety Authority (EFSA) is continually developing and adapting data 
to ensure that the food safety system is at the forefront of scientific and administrative 
thinking and practice (European Union).

CONCLUSION

Activities to anticipate the risk of adulteration have an inherent flaw because risk 
quantification is usually based on past data that may or may not be available, or may 
or may not reflect the actual danger now or in the future. Food fraud or adulteration 
is common, and such food adulteration degrades food quality, makes it dangerous 
to consume, and causes health problems in humans. The goal of this chapter was 
to discuss the acts of adulteration in various food sectors, health implications of 
the same and look into the current strategies for monitoring and detecting potential 
adulterants. It may be concluded from the preceding examination and debate that 
adulteration added to food items can have a significant impact on health without 
our understanding. Though visual examination cannot guarantee the absence of 
adulterants because harmful pollutants are present at extremely low levels, it can 
ensure the absence of insects, fungus, and other foreign elements prior to purchase.

Food safety concerns arise when adulteration occurs for a variety of reasons, 
including the use of expired ingredients, deceptive adulterated food labels, or the 
addition of harmful compounds to food (Nasreen & Ahmed, 2014). Authenticity of 
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food items is one of the most important factors to be maintained in the food industry, 
at all stages from manufacturing to the end of the supply chain, all over the world 
(Dong et al., 2016). Furthermore, food fraud and adulteration force consumers 
to change their product preferences and seek out more authentic and safe foods, 
resulting in financial losses for manufacturers. The most effective way to avoid food 
adulteration and fraud is to implement a robust risk management system (Spink et 
al., 2016). Food safety programs and practices such as Six Sigma, HACCP, Good 
Manufacturing Practices, and Good Hygienic Practices throughout the food supply 
chain can be used in the food industry to ensure the creation of quality products. 
Implementation of regulating mechanisms, sampling and monitoring food items, 
raising awareness among food makers across the supply chain, and establishing 
various detection tools will pave the path for combating food fraud and adulteration 
(Tibola et al., 2018).
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KEY TERMS AND DEFINITIONS

Direct Food Safety Risks: Consumer is put at immediate risk, i.e., addition of 
melamine to milk powder results in acutely toxic exposure; hiding of substances 
resulting in undeclared allergens.

Economically Motivated Adulteration (EMA): The deliberate adulteration of 
food, motivated by greed or a political agenda. In case of economically motivated 
adulteration (EMA), aims is not to harm people but to inflate profits by fraudulent 
means.

Food Crimes: Food crime as serious fraud and related criminality in food supply 
chains. This definition also includes activity impacting on drink and animal feed. It 
can be seriously harmful to consumers, food businesses and the wider food industry.
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Food Defense: An effort to prevent acts of adulteration that are intended to cause 
harm to a food business or to consumers, such as acts of terrorism or attempted 
extortion.

Food Security: Defined by when all people at all times have access to sufficient, 
safe, nutritious food to maintain a healthy and active life.

Horizon Scanning: A term that has been co-opted to the language of food fraud. 
Horizon scanning is the act of looking for and analyzing threats and opportunities 
that will emerge in the medium to long term. Within the food industry, horizon 
scanning refers to the act of collecting information about current trends in food 
production and predicted incidences that could increase the likelihood of food fraud 
for a particular food material.

Indirect Food Safety Risks: Consumer is put at risk through long-term exposure 
i.e. high levels of heavy metals in food supplements causing harm or lack of benefit- 
over longer period of time.

Intentional Adulteration: Although food fraud activities often involve the 
intentional adulteration of food with unauthorized substances, within the food safety 
industry, has recently been given a more specific meaning. And it is not related to 
food fraud at all. It is related to food defense, and more specifically to activities 
intended to cause wide scale harm to consumers.

TACCP: Threat Assessment Critical Control Point (TACCP) helpful for prevention 
of malicious threats to food.

Technical Food Fraud Risk: There is no direct or indirect food safety risk, this 
indicates that material traceability may have been compromised and companies are 
no longer able to guarantee the safety of their food products.

Vulnerability: It is a term of art and a basis for assessment methods in several 
contexts, including climate impact analysis, disaster management, and food security 
analysis. ‘Vulnerability’ is used because food fraud ‘risks’ do not exactly fit with 
the accepted definition of risk as something that has occurred frequently, will occur 
again and for which there is enough data to make quantitative assessments.
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