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Abstract 
 
Introduction 

 The Horsemeat Scandal of 2013 highlighted vulnerabilities within the European beef supply 

chain and resulted in product recalls across Europe, a downturn in beef sales, and economic 

losses for all participants in the beef supply chain and undermining consumer trust in the 

industry. While the Horsemeat Scandal is arguably the most notable food fraud scandal 

associated with beef, there is an extensive history of beef-related food fraud scandals. 

Although scandals gain notoriety through media attention, concealed acts of fraud 

continuously affect the food supply chain. These underhanded acts are cheating both 

industry and consumers alike and endangering public health. This thesis aimed to provide 

comprehensive guidance for food fraud prevention and mitigation in the beef industry by 

analysing historical incident of food fraud in the beef supply chain, determining types of 

fraud which threatens the beef supply chain, assessing and prioritized the risk associated 

with these types of fraud, and exploring where there are gaps in current detection methods 

and so that scientific research can aim its investigations in the most needed areas. This 

amalgamation of industry need with academic research has been created to give the beef 

industry the tools it needs to protect its product and by extension, its reputation, and its 

consumers from the effects of food fraud using knowledge found through academic 

research and scientific exploration. 

  

Methods 

Mixed methodologies were used to identify different threats and associated risks in the 

beef supply chain. This thesis started with an analysis of the current state of guidance for 

food fraud prevention and mitigation. Followed by the identification of vulnerabilities in the 

beef supply chain via the use of trend analysis of historical data. Next potential threats 
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were determined and described as beef crimes. These crimes have been prioritized through 

the use of a novel Beef Crimes Risk Assessment Tool (BCRAT) created to guide the beef 

industy on perceived risks of crimes. Lastly, this thesis explored the cutting-edge 

technologies available to detect food fraud, namely organic fraud as there is currently a lack 

of analytical analysis in this area.  

 

Results and conclusion 

This thesis found that there is a current lack of guidance available which focuses on 

prevention and mitigation of food fraud for the beef industry and has provided tools and 

insight to guide on his topic. Firstly, while looking at historical reports of food fraud related 

to beef it was found that counterfeiting (i.e., production or slaughter on an unapproved 

premise, a product produced without an inspection, and product with missing or fraudulent 

documentation) was the most common type of fraud reported between 1997-2017, 

Accounting for 42.9% of reports found. During this period fraud relating to beef most often 

happened during primary processing (36.4% of reported found). Furthermore, twenty-four 

types of food fraud in the beef supply chain were determined. Of these ‘illegal veterinary 

drugs and growth promoters’, was found to have the highest perceived commercial risk. 

However, there is a lack of data surrounding the twenty -four beef threats determined in 

part due to the lack of analytical testing methods available for all types of fraud. Therefore 

this theses investigated rapid evaporative ionization mass spectrometry (REIMS) as and 

found it was able to distinguish conventionally produced beef form organically produced 

beef at an 82.76% accuracy rate as well are distinguish the geographic location and animal 

had been slaughtered, the meat cut the sample was taken from and the season the animal 

finished. Lastly, recommendations have been made to the beef industry based on this 

research, which includes horizon scanning, utilizing and updating the BCRAT, creating a 
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varied testing scheme, and utilizing existing guidance documents and vulnerability 

assessments.   
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Chapter 1. Introduction 

The 2013 European Horsemeat Scandal highlighted the beef industry's vulnerability to food 

fraud and the need to protect itself from future food fraud incidents (DEFRA, 2014; 

Manning, Smith, & Soon, 2016). To do this, the beef industry requires specific guidance on 

the prevention and mitigation of food fraud. Prevention intends to reduce food fraud 

before it occurs and assumes that the event's root cause could be eliminated or at least 

significantly reduced in the likelihood of occurrence (Spink et al., 2017; 2019a; Moyer, 

DeVries, & Spink, 2017). While mitigation assumes food fraud events will frequently occur 

and focuses on trying to mitigate or reduce the negative consequence (Spink et al., 2017; 

2019a). Both prevention and mitigation are needed to comprehensively defend again 

potential threats of fraud. Furthermore, detection is also necessary to determine where 

fraud is occurring, determine if prevention and mitigation strategies are reducing the 

impact of food fraud and acts as a valuable deterrent for fraudsters. This thesis used a 

mixed methodological approach to determine guidelines for the prevention and mitigation 

of food fraud in the beef supply chain and explore new detection methods for food fraud. 

Using academic research methods this thesis determines where the industry is vulnerable 

to food fraud, what type of fraud threats the beef industry, and the risk associated with 

these threats. Through these investigations gaps in knowledge have been identified and 

used to guide scientific exploration of new technologies that can serve industry use and 

better protect the beef supply chain from food fraud.  Figure 1 displays how this thesis is 

formed and lead to food fraud prevention and mitigation recommendations given in 

chapter 6 (Discussion and conclusions).   
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Figure 1. Thesis Outline  
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Chapter 2. A comprehensive review of food fraud 

terminologies and food fraud mitigation guides 

 

2.1 Introduction 

Food fraud dates back to ancient Rome and Athens where there were laws regarding the 

adulteration of wines with flavours and colours (Sumar & Ismail, 1995). Even though food 

fraud is an old problem it is still occurring. Although the true extent cannot be known food 

fraud is undoubtedly cheating hundreds of millions of pounds form the food industry as 

well as from the consumers each year in the United Kingdom (UK) alone (Shears, 2010). 

Food fraud is an issue affecting all food supply chains and therefore the entire food 

industry, customers, and consumers. Food supply chains are increasing vulnerable due to 

globalisation and lengthening of supply chains (Lotta & Bogue, 2015; Trivedi et al., 2016). 

Therefore, the need for sophisticated food fraud prevention and mitigation is greater than 

ever. However, the fight against food fraud is hindered by ambiguity concerning the term 

(Wisniewski & Buschulte, 2019). The European Union (EU) has not set a legal definition for 

what food fraud is and this has led to inconsistencies among researchers and regulatory 

bodies, confusing the understanding of food fraud and related terms (Wisniewski & 

Buschulte, 2019; Lotta & Bogue, 2015; Spink et al., 2015).  

 

The food industry is in the unique position of being a victim of food fraud and also largely 

liable for food fraud incidents (Wisniewski & Buschulte, 2019). Therefore, the food industry 

is in need of a clear understanding of food fraud, as well as guidance on food fraud 



CHAPTER 2 

Page | 5  
 

prevention and mitigation. A range of academic literature, government publications, 

stakeholders have defined food fraud and offered guidance on and mitigation strategies. 

However, within these documents definitions of food fraud often differ, as well as on the 

types of food fraud that can occur. Therefore, prevention and mitigations strategies are 

generalized and not specific to a particular supply chain which adds to the ambiguity.  

 

This literature review deconstructed the definitions of food fraud and related terminology 

and examined current guidance for food fraud prevention and mitigation. By determining 

the current state of available guidance and understanding surrounding food fraud, this 

review aimed to point out gaps that need to be filled. This will identify future works needed 

to protect food products from fraud. 

 

2.2 Defining food fraud 

 In this literature review searches were carried out to define food fraud and related terms. 

Databases (Science Direct, Scopus, Web of Science) were searched for definitions of food 

fraud, economically motivated adulteration (EMA), food integrity, food crime and food 

authenticity. The searches found 231 articles, of which 107 duplicates were removed and 

abstracts read to determine relevance. A total of 35 articles of interest where taken 

forward. 

 

The searches revealed twelve definitions for food fraud in peer-reviewed literature. These 

definitions are shown in Table 1.  A majority of definitions agree that food fraud is an 

intentional deception for economic gain using food. Within the definitions for food fraud, 

the motivation or driving factor for economic gain is generally agreed. This is seen in all 
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definitions except for Manning (2016) which instead stated the motivation as 

“encourage[ing] another individual erroneously to part with something of intrinsic value”.  

 

Although gain due to fraudulent behaviour is not explicitly mentioned in Manning (2016)  

 the objective to exploit an unsuspecting party is still indicated.  Cruse (2019) states that 

economic benefit is one motivation for food fraud, however, one can also be motivated by 

an intent to cause harm. This point of view is not supported by other definitions, although 

malicious contamination is considered a type of fraud, which will be discussed in section 

2.9. Many articles state that food fraud may cause unintentional harm, however this is 

generally a ramification of product substitution or cheap, unhygienic processing, leading to 

food safety issues (Manning & Soon, 2016; Spink, Moyer & Speirer- Pero, 2016; Zhang & 

Xue, 2016). All of the definitions described in Table 1 state that food fraud is intentional or 

deliberate and if contamination occurs unintentionally this is not an act of fraud but a food 

safety incident.   
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Table 1. Food fraud definitions form academic literature 

 

Source Food fraud Definition 
Spink and Moyer, 
2011 
 
 

Food fraud is a collective term used to encompasses the deliberate and intentional 
substitution, addition, tampering or misrepresentation of food, food ingredients or food 
packaging: of false or misleading statements made about a product, for economic gain. 

Everstine, Spink & 
Kennedy, 2013 

The intentional adulteration of food for financial advantage. 

Ellis Muhamadali, 
Haughey, Elliott, & 
Goodacre, 2015 

Committed when food is deliberately placed on the market for financial gain, with the 
intent of deception of consumers. Referred to in the USA and occasionally elsewhere as 
economically motivated adulteration (EMA). Two of the main types include: trading of 
food which is unfit for consumption or harmful, or deliberately misdescribing or 
mislabelling food. The latter can include false statements regarding geographical origin, 
ingredients, or substitution with lower value (i.e. myrtle instead of oregano), or 
sometimes even dangerous contents not intended for human consumption (i.e. 
industrial dyes). The terms food fraud and food adulteration can be used to mean the 
same thing, when adulteration is intentional. 

Spink et al., 2015 An international act with motivation for economic gain. 

Charlebois, Schwab, 
Henn, & Huck, 2016 

The deliberate intent to deceive, motivated by the prospect of financial gain. 

Manning, 2016 The intentional misrepresentation of fact by one person solely, or acting on behalf of an 
organization, in order to encourage another individual erroneously to part with 
something of intrinsic value. 

Moyer, DeVries & 
Spink, 2017 

Food fraud (including the subcategory the US Food and Drug Administration (FDA) 
defined as Economically Motivated Adulteration (EMA)) is illegal deception for 
economic gain using food. 

Spink et al., 2017 Illegal intentional deception for economic gain using food- can occur in all stages of the 
supply chain and often cross international borders. 

Bouzembrak, Steen, 
Neslo, Linge, 
Mojtahed, & Marvin., 
2018 

Food fraud covers cases where there is a violation of EU food law, which is committed 
intentionally to pursue an economic or financial gain through consumer deception. 
Food fraud in the food supply chain can arise as a result of misrepresentation 
associated with: product integrity (e.g. counterfeit product, expiration date), process 
integrity (e.g. diversion of products outside of intended markets), people integrity (e.g. 
characterizations such as the cyber criminals and hacktivist) and data integrity (e.g. 
improper, expired, fraudulent or missing common entry documents or health 
certificates) of information accompanying the food item throughout the supply chain. 

Cruse, 2019 An intentional change in a food product that a consumer is unaware of with their 
purpose to deceive consumers- whether to cause harm or to economically benefit. 

Manning and Soon, 
2019 

Intentional modification of food products and/or associated documentation for 
economic gain and may lead to issues of food safety, legality and/or quality depending 
on the activities undertaken or the agent(s) used. 

Spink et al., 2019a Long Definition: Illegal deception for economic gain using food encompasses deliberate 
and intentional substitution, addition, tampering, or misrepresentation of food, food 
ingredients, or food packaging; or false or misleading statements made about a product 
for economic gain. The types of fraud include adulteration, tampering, product overrun, 
theft, diversion, simulation, and counterfeiting. 

Spink, 2019; Spink et 
al., 2019a; Spink, 
Chen, Zhang, & 
Speier-Pero, 2019b 

Short Definition: Illegal deception for economic gain using food 
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Further definitions of food fraud exist in the grey literature which includes publications 

from government bodies, regulatory standards, and stakeholders (Table 2). Similar to the 

definitions found in the academic literature, definitions of food fraud in the grey literature 

largely include intentional deception for economic gain. The motivation of economic or 

financial gain is seen in ten of the thirteen definitions as shown in Table 2. PAS 96: 2017 

does not directly state financial gain as a motive, but instead states that personal gain is 

one motive for food fraud, which may include financial gain. PAS 96: 2017 also states that 

another motivation for food fraud may be to cause another party financial loss. The Food 

Fraud Mitigation Guidance from USP (United States Pharmacopeia) (2016) does not give 

motivation in its definition of food fraud but does say that one type of food fraud-EMA is 

intentional and motivated by financial gain. Additionally, the Counter fraud good practice 

for food and drink businesses (2016) does not state motivation. That maybe because 

Counter fraud good practice for food and drink businesses applies the definition of fraud, as 

seen in the Fraud Act 2006 to food fraud, instead of creating a specific definition for food 

fraud. CWA 17369 (2019) does not limit the motivation of food fraud to economic gain only. 

Therefore, motivations could include intent to harm, the ethical reason of a business, or 

individual or market pressure (van Ruth, Huisman & Luning, 2017). However, CWA 

17369 (2019) does note that "financial gain is the most common motivation for food fraud", 

and argues that intention can be hard to prove. Therefore, the inclusion of motivation in a 

definition of food fraud may be problematic, as it will be difficult to establish. However, 

most definitions found in Tables 1 and 2 agree that food fraud is an intentional and 

deceptive act for economic gain in food.  
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Table 2. Food fraud definitions in standards and publications from government bodies 
and stakeholders  

Source Definition 
Elliott review into the 
integrity and assurance of 
food supply networks 
(Department for 
Environment, Food and Rural 
Affairs (DEFRA), 2014) 

Deliberately placing food on the market, for financial gain, with the intention of 
deceiving the consumer.  Although there are many kinds of food fraud, the two 
main types are: • Sale of food which is unfit and potentially harmful, such as: -
recycling of animal by-products back into the food chain -packing and selling of 
beef and poultry with an unknown origin -knowingly selling goods which are past 
their 'use by' date. • Deliberate misdescription of food such as: -products 
substituted with a cheaper alternative, for example farmed salmon sold as wild, 
and Basmati rice adulterated with cheaper varieties. -making false statements 
about the source of ingredients, i.e. their geographic, plant or animal origin. 
Food fraud may also involve the sale of meat from animals that have been stolen 
and/or illegally slaughtered, as well as wild game animals like deer that may have 
been poached. 
 

Food authenticity five steps 
to help protect your 
business (Food and Drink 
Federation (FDF), 2014) 

Food fraud is committed when food is deliberately placed on the market for 
financial gain, with the intention of deceiving consumers or customers. 

Food fraud and 
“Economically Motivated 
Adulteration” of food and 
food ingredient (Common 
Reporting Standard (CRS), 
2014) 

The act of defrauding buyers of food and food ingredients for economic gain. 

GFSI Position on mitigating 
the 
public health risk of food 
fraud (Global Food Safety 
Initiative (GFSI), 2014) 

Food fraud, including the subcategory of economically motivated adulteration, is of 
growing concern. It is deception of consumers using food products, ingredients and 
packaging for economic gain and includes substitution, unapproved enhancements, 
misbranding, counterfeiting, stolen goods or other. 

Counter fraud good practice 
for food and drink 
businesses 
(Chartered Institute of 
Environmental Health (CIEH), 
2016) 

The criminal law in England & Wales concerning fraud is primarily derived from the 
Fraud Act 20064. There are three ways to commit fraud under the Fraud Act 2006: 
• By false representation. 
• By failing to disclose information. 
• By abusing a position of trust. 

Food fraud Mitigation 
Guidance (USP, 2016) 

Food fraud encompasses a wide range of deliberate fraudulent acts to food. 

Food fraud vulnerability 
assessment and mitigation 
(PricewaterhouseCoopers 
(PwC), 2016) 

Food fraud is simply defined as intentional deception using food for economic gain. 

PAS 96:2017 - Guide to 
protecting and defending 
food and drink from 
deliberate attack (British 
Standards Institution (BSI), 
2017) 

Dishonest act or omission relation to the production or supply of food, which is 
intended for personal gain or to cause loss to another party. 
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Process manual for the GFSI 
benchmarking process v7.2 
(GFSI, 2017) 

Food fraud: A collective term encompassing the deliberate and intentional 
substitution, addition, tampering or misrepresentation of food, food ingredients or 
food packaging, labelling, product information or false or misleading statements 
made about a product for economic gain that could impact consumer health.  

Global standards food safety 
issue 8 
 (British Retail Consortium 
(BRC), 2018) 

Fraudulent and intentional substitution, dilution or addition to a product or raw 
material, or misrepresentation of the product or material, for the purpose of 
financial gain, by increasing the apparent value of the product or reducing the cost 
of its production. 

The EU food fraud network 
and the system for 
administrative assistance - 
food fraud 
(European Commission (EC), 
2018) 

Food fraud is about intentional actions taken by businesses or individuals for the 
purpose of deceiving purchasers and gaining an undue advantage therefrom, in 
violation of the EU agri-food chain legislation. These intentional infringements may 
also constitute a risk to human, animal or plant health, or to animal welfare or to 
the environment as regards Genetically Modified Organisms (GMOs)and plant 
protection products. 
The EU Food Fraud Network refers to four key operative criteria to distinguish 
whether a case should be reported as a suspicion of fraud or as a non-compliance: 
1.  Violation of EU law codified in the EU agri-food chain legislation. 
2.  Intention 
3.  Economic gain 
4.  Deception of Customers 

CWA 17369 (CEN, 2019) Intentionally causing a mismatch between food product claims and food product 
characteristics.  

FSSC 22000 (Food Safety 
System Certification (FSSC), 
2019) 

A collective term encompassing the deliberate and intentional substitution, 
addition, tampering or misrepresentation of food, food ingredients or food 
packaging, labelling, product information or false or misleading statements made 
about a product for economic gain that could impact consumer health (GFSI 
v7.2:2018). 

 

2.3 Defining economically motivated adulteration (EMA)  

In some instances, the term EMA has been used interchangeably with food fraud (Everstine, 

Spink & Kennedy, 2013; CRS, 2013). Alternately, EMA has been classified as a subcategory 

of food fraud (Spink & Harte, 2008; Food and Drug Administration (FDA), 2009; Spink 2009; 

Spink & Moyer, 2011; van Ruth, Huisman & Luniong, 2017; Galvin-King, Haughey & Elliott, 

2018). The FDA defined EMA as "fraudulent, intentional substitution or addition of a 

substance in a product for the purpose of increasing the apparent value of the product or 

reducing the cost of its production, i.e., for economic gain." The FDA noted that "EMA 

includes dilution of products with increased quantities of an already-present substance 

(e.g., increasing inactive ingredients of a drug with a resulting reduction in strength of the 

finished product, or watering down of juice) to the extent that such dilution poses a known 
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or possible health risk to consumers, as well as the addition or substitution of substances in 

order to mask dilution" (FDA, 2009). More recently, EMA has been called a "substance of 

economic gain with potential health risk" (Spink et al., 2019a). Cruse has defined it as "an 

intentional change in a food product that a consumer is unaware of for economic gain" 

(Cruse, 2019). Cruse also noted that there is little distinction between EMA and food fraud. 

Definitions found in this literature review indicate EMA has become near synonymous with 

the term food fraud.  

 

2.4 Defining food authenticity 

Food authenticity is defined as food being authentic (CEN, 2019).  Authentic food is 

described as a “match between the food product characteristics and the corresponding 

food product claims” (CEN, 2019). In short, food is authentic when, “food is what it says it 

is” (DEFRA, 2014; Spink et al., 2019a). The Elliott Review expands on this definition by 

stating that, “food authenticity is about ensuring that food offered for sale or sold is of 

nature, substance, and quality expected by the purchaser (Section 14 Food Safety Act 

1990).” (DEFRA, 2014).  Food authenticity is referred to as a state rather than an act. 

Therefore, no motivation or intention has been described in literature. Hence, food 

authenticity is not an intentional or unintentional act, such as food quality or food fraud, 

but rather is affect by both intentional and unintentional doings.  

 

2.5 Defining food integrity  

Food integrity had been defined by the EU Food Integrity Project (EU FIP) (2017) as, “the 

state of being whole, entire, or undiminished or in perfect condition.” This project regards 
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integrity as going beyond food fraud, including aspects of food such as the safety and 

quality of the product (EU FIP, 2017). Similarly, the Elliott Review states that food integrity 

is defined by food that is, “not only safe and of the nature, substance and quality expected 

by the purchaser but also captures other aspects of food production, such as the way it has 

been sourced, procured and distributed and being honest about those elements to 

consumers.” (DEFRA, 2014).  Manning (2016) expands on the definition given in the Elliott 

Review, and describes four types of food integrity issues: (1) product integrity (authenticity) 

— the inherent quality attribute of totality or completeness; (2) process integrity — the 

activities undertaken to produce the food item encompassing the design, assurance, 

monitoring and verification of processes within the product life-cycle to ensure that they 

remain authentic and intact; (3) people integrity - described as the honesty and morals 

exhibited by an individual and (4) data integrity - information accompanying the food item 

throughout the supply chain that is the consistency and accuracy of data through the food 

product life-cycle. Broadly stated, Manning (2016) would argue that food integrity would 

include all aspects of the food product, if the people producing the product were treated 

ethically, if all data and traceability are accurate, and if processes follow the legal standard 

and adherence to any claims made. While Spink et al. (2019a) have summarized food 

integrity as “the product is of the specification defined such as quality and label claims” (EU 

FIP, 2017).  

 

2.6 Defining food crime 

Van Ruth et al. (2018) states that "all food fraud is a form of criminal behaviour no matter 

the definition of crime," asking the question, whether the terms food fraud and food crime 

are synonymous?  According to Kulling et al. (2019), the term food crime is a form of 
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deceptive criminal behaviour identical to the term food fraud. Likewise, the United 

Kingdom (UK) National Food Crime Unit (NFCU) (2019) states that food crime "is serious 

fraud that impacts the safety or the authenticity of food, drink, or animal feed. It can be 

seriously harmful to consumers, food businesses, and the wider food industry". This 

definition is vague as is does not clarify what constitutes as 'seriously harmful'. NFCU does 

go on to give examples of food crime as the “use of stolen food in the supply chain, 

unlawful slaughter, diversion of unsafe food, adulteration, substitution or 

misrepresentation of food, and document fraud” (NFCU, 2019). However, all examples 

given here, could also be examples of food fraud. Therefore, food crime may be 

described as a subset of food fraud.  Spink et al. (2019b) gave two definitions of food 

crime which are " the violation of a criminal statute using food," and a "serious food fraud 

incident” (Manning & Soon, 2016; Spink et al., 2019a; NFCU, 2017). Again, these definitions 

do not clarify how food crime and food fraud differ. However, a violation of criminal statute 

using food could include the use of food to cause harm, which would not be a subset of 

food fraud as food fraud has been defined as an act motivated be economic gain (section 

4).  A distinction is made by Spink et al. (2019a) referring to an NFCU (2017) definition, 

where food crime is defined as "all types of food fraud which is conducted a large scale." 

More specifically, this publication states that, "Food fraud becomes food crime when the 

scale and potential impact of the activity is considered to be serious. This might mean that 

the criminal activity has cross-regional, national or international reach, that there is a 

significant risk to public safety, or that there is a substantial financial loss to consumers or 

businesses." (Spink et al., 2019a; NFCU, 2017). Elliott Review defines food crime stating, 

“Food fraud becomes food crime when it no longer involves random acts by 'rogues' within 

the food industry but becomes an organized activity by groups which knowingly set out to 

deceive, and or injure, those purchasing food" (DEFRA, 2014).  Definitions found in this 
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review described food crime as both a subset of food fraud that occurs on a large scale and 

the use of food in criminal acts intended to harm.  

 

2.7 Food defense, food safety, food quality and food fraud 

Other terms that may further complicate the understanding of food fraud are: food 

defense, food safety, and food quality. The main differences between these terms is the 

intention, whether the act was intentional or unintentional, and the motivation, whether 

the act is for economic gain or intends to harm to public health, the economy, or create 

terror (Spink & Moyer, 2011). The intention and motivation of food fraud, food defense, 

food safety and food quality are illustrated in Spink and Moyers’ food protection risk matrix 

seen below (Figure 2).  

 

Figure 2. Food protection risk matrix (Spink & Moyer, 2011) 

 

Manning and Soon (2016) defined food defense as the active steps taken, i.e., the 

procedures, processes, and countermeasures used to achieve product safety in response to 
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intentional acts of adulteration meant to cause harm.  Similarly, the Global Food Safety 

Initiative (GFSI) describes food defense as procedures adapted to ensure the safety of 

products' intentional malicious attack, malicious tampering, or terrorism (BRC, 2018; GFSI, 

2014; GFSI, 2017; Manning, 2019). While PAS 96: 2017 defines food defense as procedures 

that protect food and drinks form "maliciously and ideologically motivated attack," which 

leads to contamination of a product or supply disruptions as food defense. The United 

Stated (US) Food and Drug Administration (FDA) describes food defense as "the effort to 

protect food from intentional acts of adulteration where there is an intent to cause wide-

scale public health harm." (FDA, 2018 as seen in Manning, 2019). All definition agrees that 

food defense is countermeasures to protect against act using food which intend harm. 

However, neither Manning and Soon (2016), PAS 96:2017 nor GFSI state that harms must 

be widespread as specified in US FDA regulations.  The principal differences between food 

fraud and food defense are that in food fraud are acts of adulterations that do not intend to 

harm and are motivated by greed, while food defense protects against acts that intend to 

harm (GFSI, 2017), this difference in motivations is expressed in Figure 2. Acts that intend 

harm could be an act of food crime (seen in section 2.6) or food terrorism, a subcategory of 

bioterrorism which is defined by the World Health Organization (WHO) as, "an act or threat 

of deliberate contamination of food for human consumption with chemical, biological or 

radio-nuclear agents for the purpose of causing injury or death to civilian populations 

and/or disrupting social, economic or political stability" (WHO, 2002). Although food 

defense acts against food terrorism, the terms are often used interchangeably. 

 

The GFSI and the Food and Agriculture Organization of the United Nations (FAO) define 

food safety as an, “assurance food will not cause harm to the consumer which is prepared 

and/or eaten according to its intended use” (BRC, 2018; FAO, 2017).  Food safety issues are 
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described as unintentional contamination of food that makes food injurious to health 

(Manning & Soon, 2016). Unlike food fraud and food defense, food safety issues are 

unintentional. Nevertheless, intentional acts, such as food fraud and food defense, may 

create food safety issues (Spink, 2019).  

 

As in the case of food safety, food quality issues are unintentional that can be affected by 

intentional doings. The FAO states that food quality "includes all the attributes that 

influence a product's value to the consumer. This includes negative attributes such as 

spoilage, contamination with filth, discoloration, off-odours and positive attributes such as 

the origin, colour, flavour, texture and processing method of the food" (FAO, 2017; Spink et 

al., 2019a; 2019b; 2019c). This definition has been summarized by Manning and Soon 

(2016) as the "deliverability of attributes that influence a products value to a consumer". 

Both definitions agree that food quality refers to attributes that affect the acceptability of 

products and brand equity. Although food quality issues are not the same as food safety 

issues, food quality may affect food safety (Spink and Moyer, 2011). 

 

2.8 Understating interactions in terminology  

Overlapping terminology associated with food integrity, food authenticity, food fraud, food 

defense, food safety, food quality and food crime creates confusion. Figure 3 adapted from 

Spink and Moyer (2011) and Manning and Soon (2016) illustrates how the terms interact 

with each other. This modification includes food integrity, which was not included in 

previous publications. Food integrity is shown as an overarching term that is related to 

intentional and unintentional acts that includes food fraud and the safety, quality, and 

authenticity of a food product. It also includes the way a product was produced and 
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procured; therefore, if a product was produced in an unethical or illegal way, product 

integrity is lost. Food integrity is compromised if an intentional or unintentional issue 

occurs. Issues that can occur in the form of contaminants are any substance not 

intentionally added to food, which is present in food as a result of production; or 

adulterants which are any substance intentionally added to food, which is not present in 

food as a result of production (Spink, 2019). Modifications also include food authenticity 

centered around whether a product was adulterated or contaminated, in intentional or 

unintentional acts. Intentional acts fall under the definitions of food fraud and food 

defense. However, the motivation behind food fraud and food defense differs. Acts of food 

crime such as food fraud do not intend to cause harm but is committed on a large scale.  

 

Figure 3. Intentional and unintentional modifications of food (modified from Spink and 
Moyer, 2011; Manning and Soon, 2016) 
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2.9 Defining types of food fraud 

Food fraud has been further categorised into types of fraud (GAO, 2009; Spink & Moyer, 

2011; Manning & Soon, 2016; GFSI, 2017; Bouzembrak et al., 2018; Manning & Soon, 2019; 

CEN, 2019; NFCU, 2019a).  Determining types of food fraud helps to decide how fraud 

might occur in the food supply. The most frequently referred to types of food fraud found 

in this data were defined by Spink and Moyer (2011). Spink and Moyer’s (2011) fraud types 

have been cited 377 times (at time of manuscript submission) and has been cited in 

numerous articles found in literature searches conducted for this review (Cawthorn, 

Stainman & Hoffman 2013; Galvin-King, Haughey & Elliott, 2018; Manning, 2016; Manning 

& Soon, 2014; Sentandreu &Sentandreu 2014; Soon et al., 2019). These and other types of 

food fraud found through literature searches in this review are outlined in Table 3. All of 

the listed types of food fraud describe those which could occur in any food supply chain. 
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Table 3. Types of food fraud 

 GAO, 
2009 

Spink & 
Moyer, 
2011 

Manning 
and Soon, 

2016 

Manning, 
2016 

Spink, 
Moyer 

and 
Whelan, 

2016 

GFSI, 
2017 

RASFF 
(Bouzembrak 
et al., 2018) 

HorizonScan 
(Bouzembrak 
et al., 2018) 

Manning  
and 

Soon, 
2019 

CWA 
17369 
(CEN, 
2019) 

NFCU, 
2019a 

Addition    X X    X X  

Additional of illegal/unapproved or 
undeclared additives 

   X X       

Adulterant-substances    X X       

Adulteration  X X     X X X X 

Breaches of Protected Designation 
of Origin (PDO), Protected 
Geographical Indication (PGI) and 
Traditional Specialties Guaranteed 
(TSG) Requirements  

   X X       

Claim violation         X X  

Concealment     X X X      

Counterfit  X X   X  X X   

Dilution    X X X    X  

Diversion  X X X X X  X X   

Document fraud           X 
Duplication         X   

Expiration date       X     

Extension     X X       
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False declaration of — geographical 
region, species, botanical or 
varietal origin, masking, 
introduction of animal by-products 
to the food chain 

   X X       

False health claims    X X       

False or misleading statements 
made about a product for 
economic gain 

        X   

Grey market production      X      

Illegal and unapproved slaughter    X X       

Illegal importation       X     

Illegal processing            X 
Illegal sale of unauthorized food 
supplement 

   X X       

Improper, expired, fraudulent or 
missing common entry documents 

      X     

Improper, fraudulent, missing or absent health certificates    X     

Intellectual property rights 
counterfeiting 

   X X       

Introduction of food waste to the 
food supply chain 

   X X       

Malicious poisoning, bioterrorism 
or sabotage 

  X X    X    

Misbranding    X X       

Misdescription         X X  

Mislabelling X   X X X X     
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Misleading 
indications(works/pictures) 

  X X    X    

Misleading use on product of 
quality assurance scheme branding 
which the producer is not 
accredited to 

   X X       

Misrepresentation X   X X    X  X 
Mixing of adulterants    X X       

Modification    X X       

Non-disclosure of changes made to 
the nature 

   X X       

Over-run  X X X X   X X   

Over-treating X   X X    X   

Packaging size   X         

Product tampering         X X  

Production from unapproved and 
unsuitable food premises 

   X X       

Records tampering         X X  

Removal    X X    X X  

Replacement    X X       

Selling non-organic food as organic    X X       

Short weighing X   X X    X   

Simulation  X  X X    X   

Smuggling    X X    X   

Species Substitution X           

Substance and quality of a product    X X       

Substitution    X X X   X X X 
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Tampering  X X X X  X X    

Tax avoidance/Gray market 
product 

   X X       

Theft  X X X X X  X X  X 
Transhipment X   X X       

Unapproved enhancements      X      

Unapproved pesticides    X X       

Unapproved processes         X X  

Use of illegal food contact material 
and packaging 

   X X       

Waste diversion           X 
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The specificity of food fraud types given in publications shown in Table 3 varies between 

being very generalized to extremely precise. The GAO (2009) defines five general types of 

food fraud. All other publications have expanded from this. For example, Spink, Moyer, and 

Whelan (2016) described 38 types of food fraud, which they state could be summarized 

into the seven types given by Spink and Moyer (2011). This same range is seen in the most 

recent publications; Manning and Soon (2019) are very specific and described 20 types of 

food fraud, while the NFCU (2019) is more generalized and described seven types of fraud. 

It seems researchers are still determining the level of specificity needed to best 

communicate how fraud can be committed in food supply chains. By being overly specific 

researchers may leave gaps and fraud types may be left out, however if types are too 

general there may be ambiguity concerning how a fraud type is defined and how it appears 

in the food supply chain as indicated in sections 2.2-2.6 and can lead to inconstant terms.   

 

As seen, types of fraud presented by researchers are not consistent; however, it appears 

that researchers have built on previous research. For example, types of fraud used in 

HorizonScan (Bouzembrak et al., 2018) are the same as those defined by Manning and Soon 

(2016), excluding “Packing size.” Manning and Soon (2016) agreed with the seven types of 

fraud described by Spink and Moyer (2011) with the addition of “Malicious poisoning, 

bioterrorism or sabotage,” “Misleading indications (works/pictures),” and “Package size.” 

Then again in 2016, types of fraud described by Manning are almost the same as Spink, 

Moyer, and Whelan (2016) but Spink, Moyer, and Whelan (2016) did not include “Malicious 

poisoning, bioterrorism or sabotage” and “Misleading indications (works/pictures).” In 2017 

the GFSI described nine broad fraud types using language, which seemingly tried to include 

the list of types described by Manning and Soon and Spink, Moyer, and Whelan in 2016—

again showing a struggle between over-generalizing and over-specifying types of fraud. 
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As researchers specify and generalize types of fraud, terminology used may be the same yet 

definitions of these terms may differ. For example, eight of the ten document sources name 

tampering as a type of food fraud. The European Committee for Standardization (CEN) 

(2019) is the only source which described two kinds of tampering by differencing between 

record tampering, that is the "deliberate changing of explicit food products claims so that 

they do no longer match the known characteristics", and product tampering; "the 

deliberate changing of food product characteristics so that they no longer match the 

implicit or explicit claims associated with the product." Spink and Moyer (2011) do not 

distinguish between record and product tampering. They define tampering as "Legitimate 

product and packaging used in a fraudulent way" (Spink & Moyer, 2011). This definition is 

comparable to the CEN definition of record tampering, but not product tampering. Instead 

of product tampering, Spink and Moyer (2011) use the term adulteration to describe when 

"a component of the finished product is fraudulent." The CEN (2019) notes that, in some 

cases, adulteration "means the same things as" how they define tampering. However, the 

CEN (2019) differentiates the two by stating, "adulteration according to most definitions 

includes the addition of a foreign or inferior substance to the food product, whereas 

tampering as defined here can also include subjecting the product to an undeclared 

process, or removing something that should have been present in the product." To further 

complicate types of fraud, the NFCU (2019) doesn't use the term tampering or record 

tampering, but instead used the title 'misrepresentation' to define the act of "marketing or 

labelling a product to wrongly portray its quality, safety, origin or freshness."  

 

Confusion can be caused by multiple types of fraud described and differing terminology 

used.  A number of publications have created images to illustrate a hierarchy of terms and 

how fraud types interact to create more clarity. CEN (2019) describes product tampering 

(defined above) as a type of food fraud. It then describes adulteration, “intentionally adding 
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an unapproved, undeclared, or inactive ingredient to the food product, or substituting a 

declared ingredient with another ingredient,” as a type of product tampering. Following on 

it states that adulteration includes all forms of addition, that is “intentionally adding an 

unapproved or undeclared ingredient to the food product”; dilution, “intentionally 

increasing the quality of an inactive or already-present substance,” and substitution, 

“intentionally replacing a declared ingredient in a food product with another ingredient” 

(CEN, 2019). To help clarify the interactions between fraud types, the CEN (2019) created a 

hierarchy of terms (Figure 4). Similarly, Ballin (2010) shows four main types of fraud in meat 

(meat origin, meat substitution, meat processing treatment, and non-meat ingredient 

additives), then sub-divided these into 20 types of food fraud (Figure 5). These figures 

provide a visual representation of interactions between types of food fraud, which can aid 

in creating a better understanding.  
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Figure 4. Hierarchy of terms and definitions (CEN, 2019) 

 

 

Figure 5. Types of fraud specific to meat (Ballin, 2010) 
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The publications in Table 3 list types of fraud which can occur in all kinds of food supply 

chains, alternatively Ballin (2010) determined types of food fraud specific to meat (Figure 

5). Ballin (2010) shows four main types of fraud in meat, which were then sub-divided into 

20 types. By specifying types of fraud to a particular supply chain the author was able to 

more accurately communicate different types of food fraud which may be seen in this 

sector.  

 

Determining types of food fraud can help create a better understanding of how fraud 

occurs and aid communication. Identifying types of food fraud is an ongoing effort; recent 

research building on previous publications to create clear descriptions of how fraud is 

occurring. Currently, there is a lack of clarity due to multiple descriptions of types of food 

fraud and the use of the same terms with varying meanings.  

 

2.10 Legislation on food fraud in the EU  

Lack of consistent definitions for food fraud in the EU is a barrier to creating legislation that 

influences the creation of a collective approach in addressing food fraud (Kowalska, Soon & 

Manning, 2019). Therefore, food fraud is not addressed in any single EU law but is indirectly 

addressed through the violation of food law (Spink et al., 2019c). This creates an obstacle in 

combatting food fraud. Depending on the type of fraud and the type of product that is 

involved in the fraudulent act, different legislation relates to food fraud, including:  

• Regulation (EC) No 178/2002 on general food law on imports and exports, 

traceability, labeling, and product recalls.  

• Regulation (EC) No 1924/2006 on nutrition and health claims 
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• Regulation (EU) No 1169/2011 on the provision of food information to and the ban 

on misleading advertising and labeling practices. 

• Regulation (EU) 2017/625 the official controls regulation has been a step in the 

right direction considering food fraud legislation. This legislation empowers 

national authorities and the EC by giving them the necessary powers to ensure 

effective enforcement of regulatory requirements concerning food and feed law, 

animal health and welfare, and plant health and plant protection products (EC, 

2019). Also, this legislation holds more focus on the authenticity and integrity of 

the agri-food chain, then previous legislation such as (EC) No 172/2002 (EC, 2017).  

 

Another challenge in the creation of food fraud legislation and regulations is that food fraud 

acts are committed outside of authorized or legitimate supply chains (Primrose, Woolfe & 

Rollinson, 2010). Therefore, to help defend against food fraud, the EU has established the 

EU Food Fraud Network, which empowers member states to exchange information and to 

collaborate voluntarily in matters of food fraud (EC, 2020). Furthermore, member states 

have individually set up regulatory bodies to defend against food fraud. An example of this 

is the NFCU established in the UK in 2015 in response to the 2013 horse meat scandal as a 

law enforcement arm of the Food Standards Agency (FSA) focusing on food crime (NFCU, 

2019b).   

 

2.11 Food fraud mitigation and prevention 

In addition to understanding food fraud, this review aimed to review prevention and 

mitigation countermeasures used to protect the food supply chain from food fraud (Spink 

et al., 2017).  Prevention and mitigation both aim to control food fraud. Mitigation assumes 
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food fraud events will frequently occur and focus on trying to mitigate or reduce the 

negative consequence (Spink et al., 2017; 2019a). Prevention assumes that the root cause 

of the event could be eliminated or at least significantly reduced in the likelihood of 

occurrence (Spink et al., 2017; 2019a). Food fraud prevention aims at reducing food fraud 

before it occurs (Moyer, DeVries, & Spink, 2017). Achieving food fraud prevention and 

mitigation depends on identifying, reducing or eliminating vulnerability. A vulnerability is a 

weakness or flaw that creates opportunities; or susceptibility to the system for food fraud 

(Spink et al., 2017). This differs from risk which is the potential for an unwanted outcome 

resulting from an incident, event, occurrence, as determined by its likelihood and the 

associated consequence (Spink et al., 2019a).  

 

The food industry is liable for the quality and safety of its products and therefore is also 

liable for food fraud even if they were a victim of the fraud themselves (Wisniewski & 

Buschulte, 2019). Therefore, the responsibility of food fraud mitigation and prevention 

primarily falls on the food industry (Wisniewski & Buschulte, 2019). The food industry 

includes primary processers who turn raw materials into a form which is safe for human 

consumption, manufacturers who produce products into raw material or components into 

retail units or supplier products, retailers who sell product to the consumer and any 

business or operator who carries out the processing, manufacturing, packaging, storage, 

transports, import, distribution or sale of food (Nestle, 2016; BRC, 2018; EIT Food and 

Queens University Belfast, 2020). Lack of understanding of where fraud may be occurring 

and what types of fraud are happening has left the food industry vulnerable (Spink et al., 

2019a). Van Ruth, Huisman, and Luning (2017) assess a company’s food fraud vulnerability 

through determining the motivation of fraudsters, opportunity for fraud, and control 

measures to detect fraud. The food industry can use this knowledge to look out for 
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economic drivers and business culture, which may motive fraud, identify areas of 

opportunity, and implement measures to detect incoming fraud. Furthermore, van Ruth 

(2018) describes 50 specific fraud factors which can help a company determine 

vulnerability, such as the complexity of adulteration of raw materials, supply, and pricing 

raw material and tracking and tracing system supplier. These factors can help a company 

assess its vulnerability and the vulnerability of different commodities within their supply 

base. 

  

Table 4 lists twelve guidance documents designed to aid the prevention and mitigation of 

food fraud. Most of these documents are aimed at large business food operators, which are 

organizations that carrying out activities related to processing, manufacture, packaging, 

storage, transportation, import and distribution of food (Nestle, 2016). These types of 

businesses have staff and resources available to follow the advice given in the guidance 

documents found in this review. Food authenticity five steps to help protect your business 

from food fraud did offer a number for small businesses to contact and get advice on fraud 

mitigation (FDF, 2014).  Still, there is a gap in knowledge and available support for small 

producers, manufactures and retailers who may not have the resource available to dedicate 

to practices shared in the guidance documents below, which leaves the food supply 

vulnerable to fraud.  

 

Guidance on Authenticity of Herbs and Spices was the only guidance document found which 

focused on a specific supply chain (FDF, 2016). All others guidance documents provided 

general direction which could be applied to all supply chains.  Tools and concepts given for 

non-specific supply chains is beneficial as they can be adapted for individual supply chain 

needs and used for all differencing supply chains. However, there are advantages to having 
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specified information. Even with general tools given business are left with a large amount 

of work to determine risks and vulnerabilities bespoke to their specific supply chain. Having 

specified guidance available individual supply chains would provide businesses with more 

in-depth information and allow for more holistic food prevention and mitigations plans to 

be developed. For example, Guidance on Authenticity of Herbs and Spices (FDF,2016) 

includes flow charts and harvest information specific to herbs and spices, allowing 

companies to take into account risks posed by seasonal changes in supply.  
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Table 4. Comparison of food fraud mitigation guides 

Title Description Nature of 
business 

Supply chain Mitigation measures 

Food authenticity five 
steps to help protect 
your business from food 
fraud (FDF, 2014) 

This simple guide, which follows on from FDF’s 
Guide on ‘Sustainable Sourcing: Five Steps Towards 
Managing Supply Chain Risk’, sets out a step-by-
step process to help food and drink manufacturing 
businesses of all sizes protect their businesses from 
food fraud by helping them to identify, priorities 
and manage upstream supply chain food 
authenticity risks 

Large Scale 
Operators 

General guidance 
for all supply chains 

 Map Your Supply Chain 
 Identify Impacts, Risks and Opportunities 
 Assess and Priorities Your Findings 
 Create a Plan of Action 
 Implement, Track, Review & Communicate 

GFSI position on 
mitigating the public 
health risk of food fraud 
(GFSI, 2014) 

The GFSI Board decided to follow the 
recommendations of the Food Fraud Think Tank and 
proposes to incorporate the two food fraud 
mitigation steps in the form of two new key 
elements in the GFSI Guidance Document to;   
1. Require a company to perform a food fraud 
vulnerability assessment  
2. Have a control plan in place.   
The vision is that, like the introduction of food 
defense into the Guidance document a few years 
ago, the mitigation of food fraud and the potential 
impact on consumers’ health becomes an integral 
part of a company’s food safety management 
system.  

Large Scale 
Operators 

General guidance 
for all supply chains 

 GFSI position 
 Proposed key elements for food fraud mitigation 

 

Counter Fraud Good 
Practice Guide for Food 
and Drink Businesses 
(Chartered Institute of 
Environmental Health 
(CEIH), 2016) 

The purpose of this guide is to outline how food and 
drink business can apply established counter fraud 
good practice to improve fraud resilience and 
reduce its financial and reputational cost 

Large scale food 
operators 

General guidance 
for all supply chains 

 The impact of fraud 
 Fraud affects food businesses 
 The advantage of focusing on fraud reliance 
 The role of government in detecting and addressing 

fraud 
 The modern strategic approach to counter fraud  
 Summary of counter fraud good practice 
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 Counter fraud good practice for food and drink 
businesses 

 Establish the nature and scale of the problem 
 Develop a strategy 
 Establish an implementation structure 
 Design and implement fraud prevention measures 
 Design and implement fraud detection measures 
 Design and implement investigative processes 
 Monitor outcomes 

Food Fraud Mitigation 
Guidance (USP, 2016) 

USP’s Food Fraud Mitigation Guidance provides a 
practical framework to help your organization 
develop a system for identifying vulnerabilities in 
your ingredient supply chain and developing a 
control plan to mitigates risks.   

Large scale food 
operators 

General guidance 
for all supply chains 

 Terminology  
 Contributing factors assessment 

o Supply chain 
o Audit strategy 
o Supplier relationship 
o History of suppliers 
o Testing frequency 
o Geopolitical considerations 
o Fraud history 
o Economic anomalies 

 Potential impact assessment  
o Public health impact 
o Economic impact 

 Overall vulnerabilities 
 Mitigation strategies development  

 
 

Food Fraud Prevention 
(Nestle, 2016) 

The purpose of this booklet is to guide food 
operators through approaches and processes to 
improve the resilience of supply chains to food 
fraud. It provides guidance on how to assure the 
authenticity of food by minimising vulnerability to 
fraud and mitigating the consequences of food 
fraud.  This booklet Describes a process for food 
fraud prevention and the principles of the 

Large Scale 
Operators 

General guidance 
for all supply chains 

 What is food fraud 
 Raw Material Specifications 
 Analytical surveille  
 Supplier relationship 
 Supplier audit 
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vulnerability assessment; Outlines measures that 
can deter fraudsters, or give early detection of food 
fraud and provides sources of information and 
intelligence that may help to identify emerging 
threats.  

Food fraud vulnerability 
assessment and 
mitigation (PwC ,2016) 

PwC has the expertise in risk assessment, forensic 
services, supplier management and internal controls 
required to help companies assess their 
vulnerability to food fraud, then design and 
implement measures to mitigate food fraud risk. 
Along with the SAFEE tool PwC has published a sort 
mitigation guide offering information on food fraud.  
 

Large Scale 
Operators 

General guidance 
for all supply chains 

 Are you doing enough to prevent food fraud? 
 A few things you may want to know 
 Food fraud and food safety: What is the connection? 
 A science-based framework for understanding food 

fraud risk 
 Opportunities 
 Motivations 
 Control Measures  
 The war on food fraud 
 Ready to get started a few things you should know 
 Food fraud Challenges 
 New GFSI food fraud requirements 
 We can provide greater insight and management of 

fraud risk 
Food Supply Chain 
Vulnerability: A Ti 
whitepaper in 
partnership with RQA 
Group (RQA Group,2016) 

Vulnerability of the food supply chain is one of the 
hottest topics in the international food industry.  
Those vulnerabilities are not limited to breaches of 
physical security, theft and malicious contamination 
by ideologues, extortionists, criminals or terrorists.  
In this whitepaper, Ti’s CEO, Professor John 
Manners-Bell, and Managing Director, RQA Group, 
Vince Shiers Ph.D., offers insight into the 
vulnerability of the food supply chain by highlighting 
the threats and offering analysis of the best practice 
for securing the supply chain. 

Large scale food 
operators 

General guidance 
for all supply chains 

 Threats to the food supply chain 
o Malicious tampering 
o Theft 
o Food Safety and temperature control 

 Securing the supply chain 
 

Guidance on 
Authenticity of Herbs 
and Spices: Industry best 
practice on assessing and 

This guidance was developed by a Joint Industry 
Working Group comprised of representatives of the 
BRC, FDF and Seasoning and Spice Association, in 
liaison with the Food Standards Agency and Food 

Large scale food 
operators 

Herbs and spices  Decision tree to protect herbs and spices against 
supply chain vulnerabilities 

 Product Specifications 
 Supplier Assurance 
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protecting culinary dried 
herbs and spices (FDF, 
2016) 

Standards Scotland to provide Industry Best Practice 
Guidance on vulnerability assessment for culinary 
dried herbs and spices (including blends), in order 
to mitigate against potential adulteration and 
substitution. 

 Product type 
 Knowing your Market Understanding Vulnerabilities 

in Your Supply Chain 
 Verification and detection measures 
 Sampling and inspection programmes 
 Selection a Test Method and Laboratory 
 Supply Chain Verification Measures 
 Receipt of Material 
 Devising Testing Strategy 
 Types and Methods of Adulteration 
 Generic Supply Map for Herbs and Spices with 

Examples of Fraud Vulnerabilities 
 Typical Harvest Charts 

Working Together to 
Tackle the Threat from 
Food Crime (NFCU, 2016) 

The UK National Food Crime Unit (NFCU) has 
produced a guide for working in partnership with 
the food industry to respond to the challenge of 
food crime. The guide explains the role of the NFCU 
in the fight against food crime, how the NFCU can 
support industry, and how in turn industry can 
support the NFCU to enhance the UK’s resilience 
and response to food crime in its many forms. 

Large Scale 
Operators 

General guidance 
for all supply chains 

 What is the National Food Crime Unit? 
 What is the Threat from Food Crime? 
 Tackling Food Crime, a Shared Objective 
 Looking After Your Information 

 

PAS 96:2017, Guide to 
protecting and defending 
food and drink from 
deliberate attack (BSI, 
2017) 

The purpose of PAS 96 is to guide food businesses 
through approaches and procedures to improve 
resilience of the supply chain form fraud and other 
forms of attach. PAS aims to assure food 
authenticity and safety, and minimize chance of 
attack.  

Large Scale 
Operators 

General guidance 
for all supply chains 

 Terms and definitions 
 Types of threats 
 Understanding the attacker 
 Threat Assessment Critical Control Point (TACCP) 
 Assessment  
 Critical Controls 
 Response to an incident  
 Review of food protection arrangements 
 TACCP Case Studies 
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Guidance on Food fraud 
Mitigation (FSSC 22000, 
2018) 

Following the GFSI benchmarking requirements, 
FSSC 22000 has introduced a chapter on Food fraud 
mitigation in the latest version of the Scheme (v4.1). 
This has become mandatory from January 1, 2018 
and includes requirements for a Food fraud 
Vulnerability Assessment and a Food fraud 
Prevention Plan applicable to all products. 

Large Scale 
Operators 

General guidance 
for all supply chains 

 Definition 
 FSSC 22000 scheme Requirements 
 Food fraud Mitigation Team Training 
 Implementation 
 Auditing  

Tackling food fraud 
through food safety 
management systems 
(GFSI, 2018) 

Builds off GFSI, 2014. To offer more insight on types 
of food fraud and food fraud vulnerability.  

Large Scale 
Operators 

General guidance 
for all supply chains 

 What is food fraud and is it a challenge for food 
safety and management systems 

 The GFSI requirements on food fraud 
 The implementation  
 Auditing a vulnerability assessment and a food fraud 

mitigation plan 
 Detail of types of fraud, and examples 
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Although, all documents listed in Table 4 provide beneficial information on food fraud 

prevention and mitigation for food business operators, guidance is still lacking. Many of the 

documents give companies the same advice digested and presented in various ways. The 

core advice given include: (i) the development a system to check and approve suppliers, (ii) 

supplier audits, (iii) creating open and transport relationships with suppliers, (ix) horizon 

scanning, the act of looking for and analysing external threats and opportunities that will 

emerge, including economic anomalies, geographical considerations, political unrest and 

climate change (Food Fraud Advisors, 2020); (x) identification of vulnerabilities, and (xi) risk 

assessment. All of the above advice is agreed as being essential in food fraud prevention 

and mitigation plans. However, each document offers bespoke information. PAS 96:2017 is 

an extensive document which offers thorough guidance; however, it focuses on food 

defense rather than food fraud (BSI, 2017). Still PAS 96:2017 offers detailed plans for 

vulnerability identification and prioritization (BSI, 2017). Nestlé’s Food Fraud Prevention 

document focuses on determining the inherit vulnerabilities of a raw material, supplier 

relationship and supplier audit, but does not provide specific information about how to 

determine raw material vulnerabilities or information on developing prevention, mitigation 

or detection plans (BSI, 2017). Nestlé’s Food Fraud Prevention plan does note the 

importance of self- assessment and the importance of companies working proactively 

toward food fraud mitigation (Nestle, 2016). Food Supply Chain Vulnerability: A Ti 

whitepaper in partnership with RQA Group gives ideas on what threats and vulneraries in 

the supply chain might look like though the use of cases studies, and provides questions 

that businesses should ask to ensure they have proper food fraud mitigation measures in 

place (RQA Group,2016). Food Fraud Mitigation Guidance provided by the USP provides 

factors which contribute to vulnerably as well as matrixes to determine the contribution to 

vulnerability which applies to each factor, an unlike many of the other documents Food 

Fraud Mitigation Guidance takes testing frequency into account when assessing 
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vulnerability (FSSC 22000, 2018). Guidance on Food Fraud Mitigation from FSSC 22000 

(2018) focuses on conducting a food fraud vulnerability assessment and auditing. 

Additionally, this document states the importance of a business establishing a food fraud 

mitigation team, to manage and update mitigation plans. While these guidance documents 

offer generalized insight on food fraud mitigation and prevention, they do not offer specific 

insight on food fraud to individual product supply chains. By providing product chain 

specific information documents could offer more insight on threats and vulnerabilities 

bespoke to a single food supply chain as well an inherit vulnerabilities associated with 

different raw materials, as well as testing methods available that could be used for fraud 

detection. This information would give the food industry specific information needed to 

build holistic prevention and mitigation plans.  

 

In addition to the guidance documents, there are also a variety of tools available to the 

food industry to aid in food fraud mitigations, including tools to determine food fraud 

vulnerability, and identify what is susceptibility to food fraud within a company or supply 

chain (Spink et al., 2017). Identified vulnerabilities are then used as a basis for food fraud 

prevention and mitigation programs. Another tool often issued is horizon 

scanning, which refers to the act of proactively looking for and analysing threats and 

opportunities that may emerge in the medium to long term (Food Fraud Advisers, 2020; 

Ulberth, 2016). Manning and Soon (2019) and Ulberth (2020) have summarized 

vulnerability assessment tools in recent publications, several of these are summarized 

below: 
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• SSAFE Food Fraud Vulnerability Assessment (FFVA) tool- SSAFE is a non-profit 

organization that aims to set up a globally accepted internationally recognized food 

protection systems and standards (SSAFE, 2017). SSAFE, in collaboration with PwC, 

Wageningen University, and UV University Amsterdam, have developed the SSAFE 

FFVA, an online tool that is free of charge and can be used by food operators across 

the food supply chain of any size, geographical location, or type of food business. 

This tool helps companies identify food fraud vulnerability in their business. 

However, it does not provide specific fraud prevention or mitigation techniques or 

fraud detection plans (PwC, 2020). 

 

• EMAlert – This software tool was developed by The Grocery Manufacturers 

Association (GMA), and Battelle enables food manufacturers to analyse and 

understand EMA vulnerabilities (Manning & Soon, 2019; EMAlert, 2019). This tool 

estimates an organization’s vulnerability to EMA, then prioritize mitigation efforts 

associated with EMA threats. Manning and Soon (2019) highlight an advantage this 

system provides to the food industry as it can assess a large number (50) of 

commodities in one analysis.   

 

• The Rapid Alert System for Food and Feed (RASFF) portal – RASFF is a free 

resource database which is open to anyone, maintained by the European 

Commission (EC) under regulation EC/178/2002. Under this legislation, member 

states are legally required to report information concerning direct and indirect risks 

to human health from food or feed (European Food Safety Authority (EFSA), 2010). 

Reports on RASFF include the type and date of notification, the reason for 

notification, the hazard(s), the nature of the product involved, the country of 
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notification, and the country of origin (EFSA, 2010; Djekic, Jankovic & Rajkovic, 

2017). Although this is a database used to record and food safety incidents, it has 

been used as a horizon scanning tool in multiple academic publications (Tähkäpää 

et al., 2015; Marvin et al., 2016; Robson et al., 2020). 

  

• HorizonScan - HorizonScan is a privatized subscription-based system operated by 

the Food and Environment Research Agency (Fera) in the UK. It is a popular tool 

used by the food industry throughout the EU. HorizonScan monitors the safety and 

integrity issues of food commodities globally by collecting data from over 100 

sources daily (Fera, 2020).  HorizonScan risk assesses and analyses trends in reports 

to identify potential food safety issues before they escalate to more significant 

threats within the food supply chain (Fera, 2020). 

  

• Decernis – The Decernis Food Fraud database (formerly The US Pharmacopeial 

(USP) Food Fraud Database) is available through subscription. This database focuses 

solely on food fraud and provides records of potential food fraud incidents from 

government, media, and academic sources.  Decernis provides a list of potential 

adulterants, as well as information on testing techniques for each product in the 

database (Everstine, 2018). 

  

• Food Industry Intelligence Network (Fiin) – Fiin was created in 2015 by industry 

leaders. Its development was the result of recommendations made in the Elliott 

Review (DEFRA, 2014). Fiin started with 21 founding member which has since 

grown to 46 members (as of 2019); these members include retailers, 



CHAPTER 2 

Page | 41  
 

manufacturers, and foodservice companies (DEFRA, 2020; Campden BRI, 2019). 

Campden BRI is responsible for creating a database to collect anonymized industry 

data from Fiin members on food authenticity testing. This data is analyzed to 

produce quarterly reports for the Fiin members and is the only such scheme that 

exists globally. 

 

• The Food Protection and Defense Institute’s World Factbook of Food- The World 

Factbook of Food was created by the Food Protection and Defense Institute (FPDI). 

For each product in the World Factbook of Food, information is provided on the 

production, trade, seasonality, processing steps, supply chain structure, food safety 

concerns, and past food fraud incidents (FPDI, 2017). The database was designed to 

serve as a central reference database for food and is available on a subscription 

basis (DEFRA, 2020). 

 

A combination of the tools listed above could be utilized to create a holistic prevention plan 

for food fraud. All businesses can use SSAFE in order to get a baseline of where they may be 

vulnerable. Then RASFF, HorizonScan, and Decernis can be used individually or in 

combination with each other to horizon scan for current and potential threats in supply 

chains. Fiin is a tool that should be utilized by larger companies that have the capability to 

do so. Unlike RASFF, HorizonScan, and Decernis, Fiin provides data concerning testing which 

is on-going in the food industry—giving greater insight into where the food chain is 

protected and where information is lacking and supply chains may be vulnerable. World 

Factbook can give information on product seasonality and trade, which can contribute to 

when a commodity is most likely to be adulterated, while Decernis gives information on 

testing, which is carried out to determine the adulterants. Together the World Factbook 



CHAPTER 2 

Page | 42  
 

and Decernies could be used to create a food fraud detection program. Other research can 

be used in place of the aforementioned tools to determine vulnerabilities and created food 

fraud prevention plans. However, these tools can be uses to save time and give quick and 

accurate information, which could be particularly useful for companies with numerous 

types of food products and supply chains. 

 

In addition to these tools, there are a wide variety of traceability technologies available to 

ensure the authenticity of a commodity/product. Traceability technologies aim to create 

more transparency in the supply chain, making it impossible for fraudulent products to 

enter (van Ruth et al.,2018; Yiannas, 2018). Technologies such as blockchain and other 

forms of digitized technologies can trace products back to processors and even back to the 

farm rapidly and create a chain of transactions concerning products which have to been to 

date un-hackable (Charlebois 2017; Yiannas, 2018).  Another traceability tool designed for 

food industry supply chain management is Muddy Boots Software which passes data up 

and down supply chains and provides instant viewing, management, and reports on the 

quality, traceability, and compliance of their products and suppliers (Muddy Boots, 2020). 

 

2.12 Food fraud prevention for the beef industry 

A 20-year analysis of reported food fraud in the global beef supply chain (chapter 2), 

explores beef fraud as an ongoing issue. In order to defend against food fraud, the beef 

industry requires guidance. When academic literature was searched for available guidance 

for food fraud prevention and mitigation for the beef industry, no publications were found. 

Although guidance documents and tools discussed in this chapter can be used by the beef 

industy and do offer useful advice, bespoke guidance on describing how fraud can occur in 

beef and how to prevent and mitigate these types of fraud would be beneficial. The current 
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lack of information has left a gap in knowledge, leaving the beef industry without specific 

guidance and, therefore, vulnerable to food fraud, with consumers exposed to the 

ramifications.     

 

2.13 Food fraud detection through analytical testing  

Prevention and mitigation of food fraud is the ultimate goal; however, detection is 

necessary to see if food fraud is occurring and where. Detection of food fraud can be done 

through administrative tools such as supplier approvals, mass balance, analytical 

methodologies as well as administrative tools (Moyer, DeVries, & Spink, 2017). Analytical 

testing generally includes methods focused on chemical, physical, and sensory 

characterization of food products (CEN, 2019).  These methods generally include DNA, 

stable isotope and trace element analyses, liquid chromatography, gas chromatography, 

nuclear magnetic resonance spectroscopy, vibrational spectroscopy, mass spectrometry, 

food chemistry analysis, and sensory analysis (CEN, 2019). Targeted or non-targeted 

analysis can be used to detect food fraud. Targeted food analysis involves identifying 

specific compounds that are indicative of a particular property. These tactics are beneficial 

in detecting a single type of fraud; however, in food fraud, it is often not known what to 

test for because of the many types of fraud that may occur (McGrath, 2018). Non-targeted 

analysis for food fraud, is an analytical technique that takes a detailed profile of authentic 

samples. Here test samples are compared to the authentic sample profiles to determine if 

there is a difference between the test and authentic samples (Ellis et al., 2012).  To ensure a 

holistic food fraud mitigation plan, and validate  mitigation and prevention efforts  are 

working the food industry must have a food fraud detection plan as well. This will allow 
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companies to see if mitigation and prevention methods have been able to act as a 

deterrent to fraud or detect fraud that has still taken place.  

 

2.14 Conclusion  

Food fraud is undefined by the EU, leading to the creation of numerous definitions from 

researchers and regulatory bodies, which has confused the understanding of food fraud 

and related terms. This makes it challenging to fully comprehend and form clear 

communication surrounding food fraud and how to prevent it.  Through this review, 

commonalities between definitions of food fraud have been identified as intentionally 

deceptive acts for economic gain using food. Additionally, types of food fraud have been 

identified by multiple researchers in an ongoing effort to describe how food fraud might 

occur. Research in this area is built from previous publications and is still evolving. Some 

research name particular types of fraud, while others define it more in general terms. 

However, clarity on how food fraud can occur in specific supply chains would provide the 

food industry with the knowledge to help with prevention and mitigate fraud. 

  

Food fraud prevention and mitigation has become a focus of researchers, legislators, and 

the food industry. Several documents are available to help guide the industry in food fraud 

prevention and mitigation methods. However, only one document found in this review is 

bespoke to a specific supply chain (Guidance on Authenticity of Herbs and Spices). 

Therefore, there is a substantial gap in knowledge in this area. This paper argues that to 

help the food industry develop better food fraud prevention and mitigation methodologies 

guidance should be developed for individual supply chains. Supply chain specific guidance 

will help clarify any ambiguity in how fraud may be occurring and where specific prevention 

and mitigation efforts should focus.
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Chapter 3. A 20-year analysis of reported food 

fraud in the global beef supply chain 

 

3.1 Abstract 

Background:  

The Horsemeat Scandal of 2013 highlighted vulnerabilities within the European beef supply 

chain. The report resulted in mass product recalls across Europe, a downturn in beef sales, 

and subsequent economic losses for genuine actors in the supply chain. The aim of this 

review was to improve understanding of beef supply chain vulnerability via the use of trend 

analysis, to enable the formulation of strategies that may help in the prevention and 

detection of fraud in beef products, and facilitate greater protection for consumers and 

industry in the future. 

Scope and Approach:  

Relevant food notifications published in the Rapid Alert System for Food and Feed (RASFF) 

and HorizonScan in 1997-2017 were extracted and analysed to determine their overall 

pattern. Frauds/adulterations were categorised by the type of fraud, their location in the 

food production chain, the notifying country and the origin of the food.   

Conclusions:  

Counterfeiting was the most common type of fraud in the beef industry; it accounted for 

42.9% of all reports documented. When reports were classified by area in the supply chain 

in the report occurred, 36.4% of all cases were attributed to primary processing, of which 
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95.5% were counterfeiting cases. Counterfeiting included products manufactured/packed 

on unapproved premises, or without appropriate inspection or documentation, as well as 

products issued with fraudulent health certificates. Thus we conclude counterfeit product 

was found to be the biggest threat to the beef supply chain in relation to fraud type. 

 

3.2 Introduction 

In 2013, the European Horsemeat Scandal highlighted vulnerabilities within the beef supply 

chain (DEFRA, 2014; Manning, Smith, & Soon, 2016). This scandal resulted in product 

recalls, with a serious impact on the sale of ground beef, and huge economic losses for 

defrauded companies (Regan et al., 2015; van Ruth, Huisman, & Luning, 2017). Widespread 

media coverage of the event contributed further damage to consumer trust and brought 

into question the integrity of the beef supply chain (Manning, 2016). Such scandals have 

increased awareness of food fraud, and as a result, has brought attention to vulnerabilities 

for the food industry (Huck, Pezzei, & Huck-Pezzei, 2016; Spink, Moyer, & Speier-Pero, 

2016).  

 

At present, there is no harmonized definition for food fraud in the European Union (EU). 

However, it is commonly accepted that the term ‘food fraud’ covers any violation of food 

law that is an intentional and deceptive misrepresentation of food for financial gain (van 

Ruth et al., 2017; European Commission, 2018). Spink and Moyer (2011) have elaborated 

on this definition and describe seven types of food fraud: adulteration, tampering, over-

run, theft, diversion, simulation, and counterfeit. However, existing databases that monitor 

food fraud Such as the Rapid Alert System for Food and Feed (RASFF) and HorizonScan have 

their own categorizations (Bouzembrak et al., 2018). RASFF has six categorizes for fraud 
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(Improper, fraudulent, missing or absent health certificates; illegal importation; tampering; 

improper, expired, fraudulent or missing common entry documents or import declarations; 

expiration date; mislabeling) as does HorizonScan (adulteration/substitution, fraudulent 

health certificate/documentation, produced without inspection, unapproved premises, 

expiry date changes, unauthorized/ unsuitable transport). Discrepancies in these 

categorizations can create ambiguity and confusion among researchers.  

 

While the Horsemeat Scandal could be considered the most notable food fraud scandal 

associated with beef, there is an extensive history of beef-related food fraud (Tähkäpää et 

al.,2015). Including the 2005 Chinese case where an unauthorized colorant, Sudan red was 

used in meat products (Jia & Jukes, 2013). The ‘rotten meat scandal’ broke in 2006, where 

approximately 150 tons of rotten meat was distributed to restaurants across Germany 

(Bosley, 2007). The Horsemeat Scandal in 2013 mentioned above. ‘Operation weak flesh’ in 

2017 that uncovered bribery among high-level Brazilian government officials, including 

inspectors, politicians, and even the President. This corruption enabled the distribution of 

rotten meat into the food chain and the overlooking of unsanitary hygiene practices 

(Haynes & Spagnuol, 2017). In 2018, a Belgian meat scandal occurred. The Belgian case saw 

the fabrication of expiration dates the alleged mislabeling of conventional meat as 

‘organic’, as well as meat intended for animal feed being directed into the human food 

chain (Green, 2018; Grobe, 2018).  

 

While a number of fraud incidents have been documented, they may only represent a small 

fraction of the true number of incidents. Undetected acts of fraud are affecting the food 

supply chain continuously. The Grocery Manufacturers’ Association estimates that global 

food fraud costs between $10 billion and $15 billion per year; equating to an estimated 

10% of all food products sold commercially (Johnson, 2014; Manning, 2016). Others such as 
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PricewaterhouseCoopers (PWC) estimate much higher, $30 to $40 billion annually 

(PricewaterhouseCoopers, 2017). The demand of meat products is high and as a result, 

meat is one of the most highly-priced food commodities; therefore, a prime target for food 

fraud (Cawthorn, Steinman, & Hoffman, 2013). The food industry is vulnerable to the actors 

in the supply chain (suppliers, farmers and other manufacturers), who may be driven to 

commit fraud by a variety of factors, such as the need to compete with other businesses, or 

those motivated by economic gain (Manning, 2016). To protect itself and consumers, the 

beef industry needs a better understanding of the vulnerabilities within the beef supply 

chain. 

Both highly publicized scandals and continual underhanded acts of fraud can endanger 

public health. However, food fraud is unconventional, therefore health effects of food fraud 

are difficult to detect (Tähkäpää et al., 2015). There are cases of food fraud which have 

resulted in acute health effects and fatalities. Arguably the most widely-known report 

would be the melamine scandal in 2008. In this casereport adulterated baby formula 

poisoned hundreds of thousands of babies and is confirmed killing at least six babies (Xiu & 

Klein, 2010). Long-term, chronic exposure to food fraud via consumption of low dose toxic 

or carcinogenic contaminants in food, or the exclusion of important vitamins or 

preservatives could put consumers at risk of chronic health impacts (Spink & Moyer, 2011). 

The potential health effects of food fraud in the beef supply chain are unknown and can 

only be determined when contaminates are found.  This is a reactive system as by the time 

contaminants are discovered, it is often too late to mitigate risk against human exposure.   

 

Food fraud protection systems must start with prevention in order to gain an 

understanding of potential risks and vulnerabilities before executing prevention steps 

(Spink & Moore, 2011; Moore et al., 2012). Traditional food protection systems that are 

used by the food industry to mitigate known food safety risk such as microbiological 
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contamination, work in a cyclical system of prevention, intervention and response (Acheson 

2007; Food and Drug Administration, 2007; United States Government Accountability 

Office, 2008, as cited in Moore, Spink & Lipp, 2012).  As the risks of food safety are known, 

prevention is the first step in this system. However, when it comes to food fraud the 

adulterant is often unknown, as a result current food protection systems are not designed 

and do not work to detect an infinite number of unknown adulterants (Moore et al., 2012).  

 

As many experts have acknowledged, a thorough understanding of food fraud should 

begins with a review of previous reports (Moore et al., 2012; Tähkäpää et al., 2015; Zhang 

and Xue, 2016; Bouzembrak et al., 2018). Reviewing historical food fraud reports within 

supply chains allows one to understand where and how fraud is occurring.  

 

RASFF, HorizonScan, European Media Monitor (EMM) and Decernis are databases which 

collect then store information on global food fraud and food safety reports (Bouzembrak et 

al., 2018). This review will use information from two databases: RASFF and HorizonScan. 

RASFF was selected for use in this review as it has been used in multiple studies that have 

focused on trending and analyzing food fraud, previously (Tähkäpää et al., 2015; Marvin et 

al., 2016). HorizonScan is widely used in the largely used by industry throughout the EU.  

 

RASFF was launched as part of a gentlemen’s agreement in 1979 with the intention of 

generating swift information exchange on food and feed related health risks between EU 

member states (European Commission (EC), 2009). The database is now maintained by the 

(EC) under regulation EC/178/2002, and information on RASFF is exchanged among 

member states, who are legally obliged to report information concerning direct and indirect 
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risks to human health from food or feed (European Food Safety Authority (EFSA), 2010). 

RASFF database provides information on each report recorded, including the type and date 

of notification, the reason for notification, the hazard(s), the nature of the product 

involved, the country of notification, and the country of origin (EFSA, 2010; Djekic, Jankovic 

& Rajkovic, 2017).  

 

HorizonScan is largely used by industry throughout the EU and is operated by the Food and 

Environment Research Agency (Fera) in the UK, as a privatized subscription based system, 

and monitors safety and integrity issues of food commodities globally via daily collection of 

data from over ninety sources (Fera, 2018). HorizonScan accommodates demands for 

transparency and accountability within companies with consumer and regulatory 

requirements across the ingredient supply chain (Fera, 2018). Furthermore, HorizonScan 

risk assesses and analyses trends in reports to identify potential food safety 

threats before they escalate to larger problems/risks with the food supply chain (Fera, 

2018). 

 

Fraud related reports in the beef supply chain documented in HorizonScan and RASFF over 

the past 20 years were extracted, analysed and trended to determine vulnerabilities. Trend 

analysis was used to identify the most common types of fraud and areas of vulnerability 

within the beef chain, with the view that future research could determine tangible 

prevention and detection strategies for implementation in beef industry. This would enable 

the industry to better protect their business and consumers from food fraud. 
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3.3 Approach 

3.3.1 Extraction and sorting 

Data spanning 1st January 1997 to 31st December 2017 was exported from the RASFF and 

HorizonScan online portals into an Excel file. RASFF search criteria included:  

1) Product category: animal by-products, feed additives, feed and food producing 

animals, meat and meat products (other than poultry) 

2) Hazard category: adulteration/ fraud, poor and insufficient controls, residues of 

veterinary medical products  

3) keywords: cattle, beef, and bovine.  

HorizonScan searches were completed via category searches of meat which included:  

1) bovine (beef, veal, cow),  

2) meat, minced, ground - bovine (beef, veal, cow),  

3) offal - bovine (beef, veal, cow),  

4) fat -bovine (beef, veal, cow),  

and advanced keyword searches of beef, cattle and veal.  

 

After all reports had been retrieved, reports were extracted and recorded if they met two 

selection criteria. For inclusion, the report had to: 

1) Relate to beef and beef products and 

2) Be considered a food fraud report on either RASFF or HorizonScan 

Reports from both systems were reviewed and sorted by predefined categories/criteria 

provided by RASFF and HorizonScan and included: 

• Date 
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• Country of Origin 

• Subject/ Reason for Notifying  

• Country of Notification 

• Hazard 

In order to facilitate analysis, additional columns were added to the excel spreadsheet:  

• Source:  RASFF or HorizonScan, including the reference number if report was 

derived from RASFF. 

• Fraud Type as defined by Spink and Moyer (2011) in Table 5. As there are no legal 

definitions for types of food fraud, therefore reports derived from RASFF and 

HorizonScan were grouped based on ‘fraud type’ against the definitions as detailed 

by Spink and Moyer (2011). However, it should be noted that reports sometimes 

overlapped multiple fraud types. For example, if a report included adulteration 

such as species substitution, it was assumed that the product was produced 

without inspection, thereby considering it as counterfeit also. In these cases, the 

report was recorded once for each type of fraud stated; each type of fraud had to 

be explicitly stated in RASFF or HorizonScan for it to be recorded. 
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Table 5. Food fraud types as categorized by Spink and Moyer (2011)  

Adapted from Spink & Moyer 2011 

 

Using the beef supply chain map published by Brooks et al., (2017), area(s) in the 

beef supply chain where the fraud report occurred were identified. Although 32 

areas were identified in the original map, as seen in Figure 6, reports were re-

categorized into 26 possible areas. These areas are too detailed to be identified in 

RASFF and HorizonScan but have been based on the information given in the RASFF 

and HorizonScan reports, the type of fraud identified, and knowledge of the supply 

chain. Repeated areas such as, auction, direct (private) sell, and storage were 

condensed and put in the same category. Importing and exporting was also 

condensed and categorized into the same area. Lastly, rearing and 

fattening/finishing were categorized as farming. Rearing generally refers to the 

breading and raising of livestock, this is followed by a short but intensive feeding 

period before slaughter, known as fattening/ finishing (Dictionary, 2002). For this 

review, rearing and fattening/ finishing were merged into a common area of 

Adulteration 
A component of the finished product is fraudulent. This category includes substitution, dilution 

and unapproved enhancements.  
Counterfeiting 

All aspects of the fraudulent product and packaging are fully replicated. Which could include 
property infringement, copies of popular food produced without the same food safety 

assurances. This category refers to illegal production. 
Diversion 

The sale or distribution of legitimate products outside of intended markets. Such as grey and 
black market. 

Tampering 
Legitimate product and packaging are used in fraudulent ways, such as intentional mislabeling 

and changes in expiry information. 
Theft 

Legitimate product is stolen and passed off as legitimately produced. 
Over-run 

Legitimate product is made in excess of production agreements. i.e. underreporting production 

Simulation 
Illegitimate product is designed to look like but not exactly copy the legitimate products. These 

constitute of fraudulent products of a lesser quality.  
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‘farming’ as databases do not lend information to determine whether a fraudulent 

report occurred in the rearing or the fattening/finishing stages. Fraud that occurred 

before an animal was slaughtered occurred in the farming stage, this includes the 

use of unapproved veterinary drugs and growth promoters. 

 

The non- discriminatory nature of the RASFF and HorizonScan databases meant 

that further assumptions had to be made based on information from RASFF 

notification or HorizonScan reports, along with the application of the author’s 

industry knowledge.  The assumptions are summarised below:  

o Primary processing includes the slaughter of the animal and the removal of 

the fifth quarter (Brooks et al., 2017). Fifth quarter is a term used by the 

beef industry to refer to non-carcass meat. It includes all products 

harvested from the carcass in the abattoir including: offal such as liver, 

kidneys, heart, tongue, heads, cheek meat, skirt, and tail; edible co-

products such as fat, hooves, stomachs/tripe, intestinal runners/sausage 

casings; and animal by-products which can include intestinal contents and 

the hide (Walsh, 2014). Any fraud which occurred in meat that had not 

been further processed was considered to have occurred in the primary 

processing stage.  

o Secondary processing includes the boning, cutting, mining, dicing, 

packaging, labelling and further processing of the meat before it is 

distributed to retail market or for further processing. Primary and 

secondary processing may be on different sites (in another off-site facility) 

but also may occur on the same site. This is dependent on the capability of 

the processor. As secondary processing is where fraud on processed meats 

occurs unless otherwise stated in the review. 
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o Animal by-products category 1 and category 2 refer to high risk materials 

that cannot be used in the human or animal food chain and therefore must 

be destroyed. Category 1 includes, carcasses and all body parts of animals 

that are suspected of being infected with transmissible spongiform 

encephalopathy (TSE), carcasses of animals used in experiments or 

contaminated parts of animals including contamination via illegal 

treatments, medicine use etc., and specified risk material (SRM) (Gov.uk, 

2018). SRM is considered high risk as there is potential for prion 

contamination which cause TSEs and presents itself as Creutzfeldt-Jakob 

Disease (CJD) in humans (National Health Service (NHS), 2015; World 

Health Organization (WHO), 2019). Category 2 animal by-products also 

include animals rejected by abattoirs due infectious diseases, carcasses 

containing residues from authorised treatments, carcasses of dead and 

diseased, carcasses of livestock discovered dead; and digestive tract 

content (Gov.uk, 2018). 

o Animal by-products category 3 is low risk product and includes products of 

animal origin originally intended for human consumption but withdrawn 

for commercial reasons, rather than because it is unfit for humans (Gov.uk, 

2018).  

o Pet food category 3 refers to material that is no longer intended for human 

consumptions but is from animals that have passed an ante-mortem test 

and includes by-products such as hides, horns, collagen, gelatine or blood, 

and therefore, is generally fit for human consumption. However, it is more 

commercially viable to sell these products to other industries such as the 

pet food sector (Gov.uk, 2018).  

o Retailer describes a business selling products to the public (BRC, 2018).  
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o Food service outlets refer to any facility responsible for any meal 

preparation outside the home such as restaurants, take-away, delis, and 

cafeterias.    
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Figure 6. Fraud reports form RASFF and HorizonScan mapped in the beef supply chain 
(adapted from Brooks et al. 2017)  
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3.3.2 Selection criteria 

Following extraction and sorting of reports, the data was subjected to the following 

protocol to warrant inclusion:   

• Reports that stated “suspected” or “attempted” fraud were excluded as it could not 

be deduced whether the fraudulent activity actually took place or not. 

• Recorded reports must only have involved beef and beef products. Reports which 

stated, ‘various meat products’, ‘red meat products’ (or any variation of these), or 

those reports that did not clearly state that the product involved was meat 

originating from a bull, heifer, steer, cow or calf, were excluded. All categories of 

beef were included, i.e. fresh, frozen, dehydrated, canned beef etc. Products listed 

as ‘containing beef’ were only recorded if the fraudulent issue was directly 

attributable to the beef within the product. For example, if noodles with 

dehydrated beef was listed as a report and beef was named as the confirmed 

implicating product, the report was included.   

• Animal feed related fraud was recorded when the feed was destined for cattle, as 

this could have entered the human food chain once consumed by the cattle. For 

inclusion, an incidence of contaminated feed had to be confirmed but did not have 

to be consumed by cattle, i.e. pre-ingested and ingested contaminated feed were 

both considered.  

• In cases where a report was documented on both RASFF and HorizonScan it was 

recorded once.  

• Residues were only recorded if illegal veterinary medical products or growth 

promoters were found. Legal residues found over the maximum residue limit were 

not included as this may not be intentional and therefore it may not be fraudulent.  
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3.3.3 Analysis 

Following the application of selection criteria to the data, an analysis was conducted on the 

included reports to determine threats to the beef supply chain and identify the vulnerable 

areas within the supply chain. Results are presented by: 

• Fraud by type and area in the beef supply chain.  

• Patterns in incidences over a 20-year period between 1997 and 2017, and included, 1) 

number of reports by fraud type, 2) report trends by area, 3) originating country of 

fraud and 4) fraud reports reported at a country level. 

 

3.4 Results 

3.4.1 Overview 

A total of 413 food fraud reports were identified in the beef supply chain using RASFF and 

HorizonScan. If the same report was found on RASFF and HorizonScan, one of the reports 

was deleted. Thirty-seven of the 413 reports overlapped due to multiple fraud types. 

Within these 413 reports, only four of the seven fraud types defined in Table 5 were 

identified, they were: counterfeiting, adulteration, diversion, and tampering. No reports 

related to theft, simulation, or over-run were identified in this data. Of the recorded 

reports, 42.9% (n=177) were categorized as counterfeit, 41.9% (n=173) as adulteration, 

9.4% (n=39) as diversion and 5.8% (n=24) as tampering. 

 

Most of the identified fraudulent reports in the beef supply chain can be attributed to 

counterfeiting.  Counterfeiting is generally regarded to be to a trademark or patent 

violation (Trademark, 2020). The replication of a product or the packaging of a product are 
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applicable examples of trademark violation. Spink and Moyer (2011) explained 

counterfeiting as “Copies of popular foods not produced with the same food safety 

assurances.” Within this review, counterfeit product refers to beef products that have been 

illegally produced with the intention of mimicking or copying its legitimate counterpart. 

This includes products originating from unapproved premises, produced without 

inspection, or found to have fraudulent or missing documentation, such as entry 

certificates or health certificates (falsified or otherwise fraudulent documents), suggesting 

illegal production. Of the counterfeiting reports identified, 48.0% (n=85) were a result of 

production without inspection, 43.5% (n=77) as a result of fraudulent documentation and 

8.5% (n=15) of reports were recorded as production on an illegal premise.  

 

41.9% (n=173) of reports were categorized as adulteration. Adulteration includes the 

addition of unknown substances to a product and/or the dilution of a product and can 

include a wide range of contaminants. Of the reports categorized as adulteration, 48.6% 

(n=84) were as a result of substitution or dilution. This can be further broken down into 

substitution/dilution by, species (89.2%/ 75 reports), SRM (4.8%/ 4 reports), water (3.6%/ 3 

reports), with animal by-products (1.2%/ 1 reports), or fat (1.2%/ 1 report). 47.4% (n=82) of 

adulteration reports were due to illegal veterinary medicine and growth promoters. 

Undeclared or illegal additives and preservatives were also defined as adulteration reports 

and accounted for 4.0% (n=7) of reports. 

 

9.4% of identified fraud was categorized as diversion. Diverted products are those which 

were illegally imported or exported (92.1%/35 reports), as well as the illegal sale of 

products (10.5%/ 4 reports), which refers to placement of an illegal product on a legitimate 

market, or when a legitimate product is illegally sold through an unofficial market.  
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Tampering accounted for 5.8% (n=24) of identified fraud. Reports in this category 

comprised of fraudulent labels (58.3%/ 14 reports), expiry date changes (33.3%/8 reports) 

and product up-labelling (8.3%/ 2 reports). Product up-labeling is the use of an illegitimate 

value claim or marketing claim. Recorded reports of up-labelled product were due to 

claiming a false country of origin.  

 

3.4.2 Food fraud by area of the beef supply chain  

Of the 26 identified areas in the beef supply chain, twelve were found to have been 

implicated in food fraud reports, as illustrated in Figure 6. The number of reports found by 

area of the supply chain and the types of reports in each area are summarized in Table 6. 

The majority of fraud reports (84.5%, n=349) were found in three main areas of the chain; 

primary processing, secondary processing and farming. These areas are critical in the supply 

chain, as all other areas in the supply chain emerge from these. This is significant as any 

fraud originating at any of the three core areas could easily be transmitted to all other 

stages of the beef supply chain. The remaining 15.5% (n=64) of reports were found in the 

remaining nine areas. import/export, feed, pet food, retailer, animal by products category 1 

and category 2, animal by products category 3, further processing of bone, hooves and 

tallow, and storage.   
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Table 6. RASFF and HorizonScan data of fraud reports in the beef supply chain by type 

and area 

Area in the beef supply chain Fraud Type 
Number of 

reports 

Primary processing 

Adulteration 2 

Counterfeiting 144 

Tampering 2 

Secondary processing 

Adulteration 75 

Counterfeiting 28 

Tampering 21 

Farming Adulteration 77 

Import/ Export 

Adulteration 1 

Counterfeiting 1 

Diversion 35 

Tampering 1 

Feed Adulteration 12 

Pet food 
Adulteration 4 

Counterfeiting 1 

Retailer Diversion 4 

Animal by-products cat. 1 & 
cat. 2 

Adulteration 1 

Animal by-products Cat. 3 Adulteration 1 

Further processing: Bone and 
hooves  

Counterfeiting 1 

Storage Counterfeiting 1 

Tallow Counterfeiting 1 

Total Reports 413 
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3.4.3 Primary Processing Reports 

Primary processing was found to be the most vulnerable area within in the beef supply 

chain, with approximately 35.9% (n=148) of reports occurring in this area. The main type of 

fraud which occurred was counterfeiting (34.9%/ 144 reports), with 81.4% of all 

counterfeiting reports across the supply chain occurring at the primary processing stage. 

The remaining reports in this area were categorized as adulteration and tampering, each 

contributing 0.5% (n=2) of fraud reports to primary processing. All adulteration at primary 

processing were attributable to water substitution (1.3% / 2 reports). Water is added to 

increase weight of the product and therefore increasing profit for the perpetrator (Ballin, 

2010). Although species substitution is the most common types of substitution as discussed 

above, it was completely absent in this area. Species substitution would be difficult to 

conceal at point of slaughter; therefore, the absence of species substitution would be as 

expected at primary processing.  

 

3.4.4 Secondary Processing Reports 

30.0% (n=124) of identified reports occurred at secondary processing stage. The largest 

variety of fraud occurred in this area, with adulteration identified as the biggest threat in 

this area, accounting for 60.5% (n=75) of identified reports. The majority of adulteration at 

secondary processing was due to species substitution (88.0%/n=66). The different species 

of meat concealed as beef included, horse (in a variety of meatballs, burgers, lasagnes, 

tortellini and sausage pork) and a combination of chicken and pork. Water and fat 

substitution each accounted for 1 report (1.3%). The remaining 9.3% (n=7) of adulteration 

reports in secondary processing was due to the use of illegal or undeclared additives and 

preservatives and included colorants (to conceal substitution) and bleach (to remove stains 

on meat).  
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22.6% (n=75) of reports in secondary processing were due to counterfeiting. These reports 

were comprised of 53.6% (n=15) of products produced without inspection, 39.3% (n=11) 

due to fraudulent documents and 7.1% (n=2) produced on an unapproved premise. Lastly, 

tampering in this area accounts for 16.9% (n=21).  47.6% (n=10) of tampering in this area 

was due to fraudulent labels, 38.1% (n=8) from changes in expiry information and 14.3% 

(n=3) product-up labelling.  

 

3.4.5 Farming Reports 

100% of reports related to fraud at the farming stage were due to use of illegal veterinary 

medicine or growth promoters in cattle, administered through feed or intravenously.  Of 

total reports involving illegal veterinary medicine or growth promoters throughout the 

supply chain, the farming stage accounted for 93.9% (n=77) of these reports. The remaining 

6.1% (n=5) of reports were found in animal feed.   

 

3.4.6 Chronological analysis by fraud type  

Food fraud reports in the beef supply chain between 1997 and 2017 are illustrated in Figure 

7. The top line on the graph indicates the total number of fraud reports in the beef supply 

chain between 1997 and 2017. However, the first report of fraud was not recorded until 

2001.  
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Figure 7.  Chronology of fraud reports found on RASFF and HorizonScan by fraud type 
 

 

 The largest proportion of reports, (23.7% of total reports), was reported in 2013. 51.6% 

(n=213) of fraud in the 20-year period (from 1997 to 2017) occurred between 1997 and 

2012. Between 2014 and 2017, 24.7% (n=102) of total fraud occurred; ranging from 5.8%-

7.0% (2014- 29 reports; 2015-25 reports; 2016-24 reports; 2017-24 reports). As shown in 

Figure 7, total fraud reports vary by year. However, post 2013, fraud is consistently higher 

than before the peak of reports reported in 2013.  

 

The highest amount of adulteration reports occurred in 2013. 78.1% (n=75) of these reports 

were due to adulteration and 43.4% of all adulteration reports across the 20-year period 

occurred in 2013. The majority of fraud in 2013 was due to species substitution (80.0%). the 

remaining 20% (n=15) were a result of illegal veterinary drugs and growth promoters use 

(n=13), water substitution (n=2) and fat substitution (n=1). The second highest reports of 

adulteration reports occurred in 2011, accounting for 18.5% (n=32) of all adulteration 
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reports between 1997 and 2017, and were all a results of illegal use of veterinary drugs and 

growth promoters.  

 

Trends associated with adulteration reports are volatile, Figure 7 illustrates dramatic peaks 

and troughs. Counterfeiting is more consistent and has more reports recorded over the 20-

year period than adulteration. The first reports of counterfeiting were reported in RASFF in 

2011 and between 2011 and 2017 counterfeiting reports were reported every year, peeking 

in 2013, where 27.3% (n=21) of counterfeiting reports occurred. 90.5% (n=19) of 

counterfeiting reports were due to fraudulent documentation and the remaining 9.5% was 

shared between production on an illegal premises (n=1) and production without inspection 

(n=1).  

 

33.3% of all diversion occurred in 2006, all of which were a result of illegal import or export. 

20.8% (n=4) of tampering occurred in 2016 and these reports were a result of expiry 

changes (50%/ 2 reports) and product up-labelling (50%/ 2 reports). This was the only year 

in which product up-labelling was identified.  

 

3.4.7 Chronological analysis of fraud by supply chain area  

As primary processing, secondary processing, and farming had the highest amount of 

identified fraud reports (84.5%, n=349), these areas have been trended by date (Figure 8).  

The largest increase of reports was observed in secondary processing in 2013. In 2013 

15.1% (n=62) of all reports occurred in secondary processing. These reports make-up 50.0% 

of all reports which occurred in secondary processing in the 20-year period reviewed. Fraud 

found in secondary processing was consistently higher after 2013. Between 2014 and 2017, 
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31.5% (n=39) of fraud occurred at secondary processing, before 2013, between 1997-2012, 

only 19.4% (n=24) of reports were in secondary processing.  

 

Reports at primary processing were consistently higher than in secondary processing 

throughout the 20-year period. The most reports at primary processing occurring also in 

2013 (14.9%, n=22). There was also a sharp increase in reports at primary processing in 

2009, accounting for 12.8% (n=19) of all reports in this area.  

 

The first report in farming occurred in 2001. The most significant increase occurred in 2011, 

where 41.6% (n=32) of all farming reports occurred. This correlates with an increase in 

adulteration reports in 2011 (Figure 8), as these reports were due to adulteration via illegal 

veterinary medicine and growth promoters.  

Figure 8.  Chronology of fraud reports found on RASFF and HorizonScan by area 
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3.4.8 Country of origin and country of notification  

Country of Origin Trends 

The food fraud reports identified are believed to have originated from forty-five countries. 

For eight of the reports, the country of origin was unknown or not stated. Figure 9 trends 

the top five counties where most reports originated: Brazil, the United States, Germany, 

Poland and the United Kingdom. 65.2% (n=232) of reports originated from these five 

countries. The most amount of reports originated from Brazil (20.1%, n=83), of which 69.9% 

(n=58) were a result of adulteration, where 96.6% of the adulterants were the presence of 

illegal veterinary drugs and growth promoters, and the 3.4% (n=2) of reports were result of 

illegal or undeclared additives or preservatives.  

Figure 9. Chronology of fraud reports found on RASFF and HorizonScan by county of origin 
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15.2% (n=64) of reports originated in the United States (US), of which 85.9% (n=55) were 

due to counterfeiting. Twenty-seven (49.1%) of those counterfeiting reports were due to 

production without an inspection; 26 (47.3%) were a result of issuing fraudulent health 

certificates, documentation, or markings, and 2 (3.6%) were a consequence of production 

on unapproved premises. 6.3% (n=4) of US related reports were a result of adulteration and 

50% (n=2) of that adulteration was due to the addition of approved additives. 

Furthermore,1 (25%) adulteration report was due to species substitution, and another 

(25%/n=1) was due to the use of illegal veterinary medicine or growth promoters. 

Tampering events in the US accounted for 4.7% (n=3) of incidents, of which 2 (67%) were a 

result of changing of expiry information, and 33% (n=1) was a consequence of incorrect or 

fraudulent label use. The smallest level of US originating fraud (3.1%/n=2) was due to 

diversion, specifically illegal import or export of beef and/or beef products. 

 

Germany accounted for 8.2% (n=34) of reports, of which 70.6% (n=24) were a result of 

counterfeiting. Of the counterfeiting reports an overwhelming amount (95.8%/ 23 of the 

24) n=23) were due to production without an inspection, and remaining 1 (4.2%) was a 

result of fraudulent health certificates.  

17.6% (n=6) of the reports related to Germany were due to adulteration, all of which were 

a consequence of species substitution. The remaining 11.8% of German reports were 

diversion (n=2), (specifically illegal sales) and tampering (n=2). Of the 2 tampering reports, 

one was a consequence of changed expiration information and the other related to the use 

of fraudulent labels. 

 

Reports originating from Poland accounted for 6.5% (n=27) of reports. The majority of 

these reports (85.1%/n=23) were due to adulteration, of which 87% (n=20) were a 
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consequence of species adulteration, 8.7% (n=2) were a result of addition (specifically 

unapproved additives), and 4.3% (n=1) was due to the use of illegal veterinary medicine or 

growth promoters. Of the Polish reports, 7.4% (n=2) were due to c counterfeiting, 

specifically fraudulent health certificates, and 3.7% (n=1) was due to diversion via illegal 

sales, and the remaining 3.7% was a result of tampering (creating fraudulent labels). 

 

UK originating reports accounted for 5.8% (n=24) of total reports. 75.0% (n=18) of these 

reports were due to counterfeiting, of which 88.9% (n=16) was due to production without 

inspection, 5.6% (n=1) were a result of fraudulent health certificates and 5.6% (n=1) from 

production of beef/ beef products on an unapproved premises. Three (12.5%) reports were 

due to diversion via illegal import and export, two (8.3%) from adulteration via species 

substitution and one report (4.2%) of tampering with expiration information.  

 

Country of Notification Trends 

Notification reporting of fraud reports came from 38 counties plus 1 notification from the 

EU. Figure 10 illustrates trends from the top 5 fraud notifying countries in the beef supply 

chain between 1997 and 2017. These were Germany, UK, US, Japan and Italy, which 

reported 53.3% (n=220) of all identified fraud.  

 

Germany reported the most fraud reports 13.3% (n=55) of all recorded reports. 50.9% 

(n=28) of these reports were due to counterfeiting, 43.6% (n=24) were a result of 

adulteration and 5.5% (n=3) were a consequence of diversion. The majority fraud reported 

by Germany (52.7%, n=29) also originated from Germany.  Germany reported the most 

fraud reports in 2013 (9 reports), and all of these reports were due to adulteration, 
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specifically species adulteration. Significant increases in fraud notifications from Germany 

also occurred in 2002, 2004, 2008 and 2010, where 8 notifications where recorded in each 

year.  

 

The most fraud in the UK was reported in 2011, which accounted for 32.7% (16 reports) of 

all notifications from the UK in the 20-year time period from 1997 to 2017. 87.5%(n=14) of 

these notifications in 2011 referred to reports origination from Brazil, all for which were a 

consequence of adulteration via the use of illegal veterinary medicine and growth 

promoters. The remaining 12.5% (n=2) of reports were a result of in-country reports, i.e. 

they originated from (and notified by) the UK. Overall, 44.9% (n=22) of all fraud notified by 

UK also originated from the UK.  

 

The US first notified a fraud report in 2008, when 1 notification of counterfeit product 

originated from the US. The most number of notifications in the US were made in 2015, 

where 28.9% (n=13) of all US notifications reported were a result of counterfeiting, closely 

followed by in 2014 when 26.7% (n=12) of notifications were made all pertaining to 

counterfeit products. In 2014, the US was both the notifying and originating country. 71.1% 

(n=32) of notifications made by the US also originated from the US. 

 

The first notifications made by Japan occurred in 2009. Of the thirty-nine notifications 

made by Japan, 97.4% (n=38) were categorized as counterfeiting, (specifically fraudulent or 

missing documentation), with the remaining 2.6% (n=1) of reports due to adulteration by 

means of water substitution. An increase in notifications made by Japan was detected in 

2013, accounted for 41.0% (n=16) of Japanese notifications. All notifications made by Japan 
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in 2013 were reports of counterfeiting, most originating from the US (68.8%/11 reports), 

with the remainder originating from France (18.8%/ 3 reports) and the Netherlands 

(12.5%/2 reports).  Another increase in notifications (23.1%) from Japan was seen in 2017, 

where nine reports related to counterfeit products. Unlike Germany, the US and the UK, 

Japan did not self-notify any fraud. Of the reports reported by Japan, most originated from 

the US (59.0%, 23 reports).  

 

The highest number of notifications from Italy was in 2010 (28.1%, n=9). Seven (77.8%) of 

the 9 reports in 2010 were due to adulteration, with the remaining two (22.2%) attributable 

to diversion. 77.8% of these nine reports cases originated from Brazil; six reports were a 

result of adulteration via the use of illegal veterinary medicine and growth promoters, one 

report of diversion, and two reports (22.2%) of species substitution (from Pakistan, in the 

form of sheep casing declared as bovine, then illegally exported to Brazil). Italy reported a 

high level of reports in 2006 (25.0%/8 reports). All of these reports were due to diversion 

via illegal imports.  Of these 2006 reports, 71.4% (n=5) originated from the Philippines and 

the 28.6% (n=2) from China. All reports notified by Italy occurred between 2003 and 2015, 

with an average one to two reports reported per year, excluding aforementioned reports in 

2006 and in 2009 when there were no Italian notifications. Of the reports notified 9.4% 

(n=3) originate from Italy itself. 
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Figure 10. Chronology of fraud reports found on RASFF and HorizonScan by county of 
notification 

 

 

3.5 Discussion  

3.5.1 General 

To date, no other published literature has focused on trending and analyzing historical food 

fraud in the beef supply chain over a 20-year period; this article has addressed this gap. 

Related research includes, Tähkäpää and associates (2015) assessment of food fraud cases 

in the EU and Finland using RASFF and notifications from the Finnish Food Safety Authority 

(Evira). This analysis focused on reports between 2008 - 2012 and was not limited to a 

specific commodity. Tähkäpää et al., (2015) identified 44 reports pertaining to meat and 

meat products (other than poultry), from 14 fraud types related to meat and meat 

products, and 29.5% of these fraudulent reports were due to illegal or unauthorized trade/ 

import/ transit. In this review, the reports identified by Tähkäpää at al., (2015) would have 

been categorized as ‘diversion’ which only accounted for 9.2% of reports based on the 
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analysis. The discrepancy in reports from RASFF and HorizonScan may be a result of 

differences in the time spans investigated, how fraud type was defined, or because 

Tähkäpää et al., (2015) investigated a more extensive range of commodities. Tähkäpää et 

al. (2015) found 9.1% of food fraud in meat was due to "adulteration/ tampering," these 

reports would have been classified as "adulteration” in this review which was found 

responsible for 41.9% of fraud in meat and meat products. This may be a consequence of 

the Horsemeat Scandal of 2013 which was not included in Tähkäpää et al. (2015) analysis.  

 

Types of fraud in the beef supply chain 

Counterfeiting, as defined in this review, consists of processing/production on an 

unapproved premises production, without inspection, or with fraudulent or missing 

documentation, including fraudulent or lack of traceability documents, entry records or 

health certificates.  Counterfeiting was found to be the biggest threat to the beef supply 

chain, as most of the reports were recorded in this category. Production on unapproved 

premises also suggests that there are parallel supply chains working illegally, outside of the 

realm of the legitimate beef industry. Counterfeit products are a threat to the food industry 

and public health as it is unlikely these products undergo the required standard of hygiene 

or quality checks, therefore significantly increasing risk of a food safety outbreak (Moore, 

Spink and Lipp, 2012). Consequently, the beef industry would likely experience economic 

downturn due to immediate costs of product recall, but also longer term impact of 

consumer distrust in the industry, potentially impacting sales across the supply chain as a 

whole, affecting legitimate and illegitimate actors alike. 
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No identified reports were categorized as theft, over-run, or simulation. As such reports 

have been defined by prominent researchers and inferred as occurring within other food 

supply chains, it is likely that current detection methods are not sufficient within this supply 

chain for the necessary detection (Spink & Moyer, 2011; 2013).  Furthermore, due to the 

lack of definition for food fraud and the ambiguity around types of fraud, it is possible that 

these theft, over-run and simulations are not being captured by RASFF and HorizonScan.  

 

Vulnerable areas in the beef supply chain 

Primary processing was found to be the most vulnerable area in the beef supply chain, with 

reports largely due to counterfeiting. This suggests that these counterfeiting reports are not 

happening within the legitimate beef industry, which is well regulated through legislative 

requirements, third-party accreditations and customer requirements. Illegitimate 

processors can damage the reputation of an entire supply chain, and are a threat to public 

health, the consumer and the beef industry. However, these risks still apply to the 

legitimate industry, as reports at farming level will ultimately enter the beef industry at this 

stage. Issues relating to farming are discussed below.  

 

Based on findings, secondary processing is the most vulnerable area for the beef industry. A 

large number of reports (30.0%/ 124 reports) were identified in this area, as well as a large 

variety of reports. Secondary processing is an area where incoming products from other 

companies and countries enter the beef industry supply chain, making it an area of 

vulnerability for the industry. 
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All reports found in farming were due to illegal veterinary medicine and growth promoter 

use. Residues from the veterinary medicine and growth promotors will persist through the 

concurrent stages of the beef supply chain, thereby posing a threat to public health. Health 

effects caused by veterinary drugs and growth promoters may differ depending on the 

substance. The major concern associated with use of antimicrobials in animals is the 

development of antimicrobial resistance in humans, making it difficult to treat infections 

(Baynes et al., 2016).  Other effects include blood dyscrasias and cancer (Baynes et al., 

2016).  As there are a large variety of substances which could be administered and 

subsequently mixed in various ways, it makes detection problematic. Consequently, 

ongoing use of illegal veterinary medicine and growth promoters is a significant risk to the 

beef supply chain.  

 

Trends in food fraud in the beef supply chain 

Trending of reports in the beef supply chain suggests that fraud is continually happening. As 

a consequence of more regular and improved testing, detection and awareness, more fraud 

is uncovered. This is evidenced around 2013, where the highest levels of reported fraud 

occurred which coincided with the Horsemeat Scandal. After 2013, fraud reports were 

consistently higher than they were before 2013, in the 20-year period from 1997-2017. It 

could be argued that the threat posed by food fraud was realized after the Horsemeat 

Scandal, and as a result testing increased. The first report of fraud was reported in 2001, 

however food fraud can be traced back to the Roman times, therefore it is likely that fraud 

was occurring in the beef industry well before 2001 (Shear,2010). In 2001, the EU 

implemented a cattle testing program in response to the Bovine Spongiform 

Encephalopathy (BSE) crisis (Pickrell, 2006), and the resulting increase in testing could 

explain the increase in fraud detection.  
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An increase in adulteration attributed to illegal veterinary drugs and growth promoters is 

seen in 2011.  This coincides with the 2011 WHO selected antimicrobial resistance as the 

theme for World Health Day (Leung, Weil, Raviglione, & Nakatani, 2011), which increased 

public awareness, triggering an overhaul of regulations and the use of antibiotics in food 

producing animals (Gilbert, 2012). It could be argued that this increase in awareness 

resulted in an upsurge in testing, and therefore, greater detection of the use of illegal 

veterinary drugs.  

 

 Differences in the levels of notifications by country and fraud originating from countries 

may be occurring due to differences in legislation between countries, as well as a result of 

differences in type and frequency of authenticity testing. Further, these differences could 

be attributable to the amount of beef produced among countries and also the differences 

in the quantity of beef imported/ exported to/from countries.  The majority of reported 

food fraud incidences across RASFF and HorizonScan originated from Brazil. However, Brazil 

did not notify any reports of fraud. This could be a result of different controls and 

legislation related to the reporting of food fraud incidences in different countries.  

 

3.5.2 Limitations to identified food fraud reports  

Due to the concealed nature of food fraud, the actual frequency of occurrence is unknown 

(Manning and Soon, 2016; Moore, Spink and Lipp, 2012; Spink and Moyer, 2011). Reputable 

sources such as RASFF and HorizonScan are essential in providing a better understanding of 

food fraud trends and occurrences. However, it is unlikely that all cases of food fraud in the 

global beef supply chain are captured in RASFF and HorizonScan. It is crucial to consider 
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that there will be reports of food fraud that will remain undetected or unrecorded. It can be 

assumed that more fraud incidents are occurring than declared and that all types of fraud 

are occurring. The scale and type of fraud continually change, therefore fraudsters can 

continue to operate under the radar and remain undetected, further contributing to 

detection difficulties. An inability to detect these diffuse and oblique acts of fraud skews 

the data. Further bias may be introduced into data as RASFF is not genuinely global as this is 

only required by EU member states.  

 

The lack of a formal food fraud definition and lack of formally defined types of food fraud 

leaves room for assumptions to be made. RASFF and HorizonScan do not offer a guide for 

addressing how reports are described, and it could be assumed that personnel entering the 

data must use personal judgment to determine if a report is food fraud and this prone to 

subjectivity. This same assumption can be made for authors on this review when 

categorizing reports into fraud types. Fraud types are not well defined for the beef supply 

chain, leaving ambiguity where authors must use their best judgment. This has pointed out 

the need for an official protocol and definitions to be set for fraud types so that it can be 

more accurately documented and trended. 

 

 With available resources, this review has created a better understanding of the trends in 

food fraud in the beef supply chain and highlights the need for a global repository to 

capture record and recall global food fraud cases. Future work should help facilitate a more 

accurate means of trending and presenting this type of data, as well as focus on developing 

strategic detection and prevention procedures and methods for the beef industry, based on 

the findings of this review.  
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3.6 Conclusion  

This review aimed to increase understanding of the different types of fraud that occur in 

the beef supply chain. In addition, it highlighted the areas in the supply chain that are the 

most susceptible to fraud.  This information helps to foster a better understanding on how 

to defend the supply chain and protect legitimate actors as well as consumers from fraud. 

Counterfeiting and adulteration were found to be the biggest threat to the beef supply 

chain in relation to fraud type. The most vulnerable area was found to be primary 

processing, followed by secondary processing and farming. As these are considered core 

areas of the supply chain, as a result, all subsequent areas of the beef supply chain are at 

risk of being impacted by fraud.  However in-depth analysis of detection and prevention 

measures within the beef supply chain is needed to create a more holistic understanding of 

vulnerabilities. Furthermore, an analysis of suspected fraud discussed in the media and 

scholarly sources is important, as it is unlikely that all fraud reports can be detected via 

traditional means. These endeavours combined with this review will aid understanding and 

allow for the development of targeted detection and prevention methods in the beef 

supply chain.
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Chapter 4. The identification of beef crimes and 
the creation of a bespoke beef crimes risk 

assessment tool  
 

4.1 Abstract  

Introduction 

The beef industry faces numerous diverse challenges concerning the integrity of their 

products due to increasingly complex global food supply chains. Specified plans which focus 

on managing the risks associated with food fraud are lacking but needed to prevent and 

mitigate threats to the beef supply. Before these plans can be developed, an understanding 

of threats to the beef industry and their associated risks is needed.  

Methods  

Mixed methodologies were used to identify threats and the associated risks. A review of 

five different databases, and reports on the Rapid Alert System for Food and Feed (RASFF) 

portal, were used to identify the threats in the beef supply chain. Subsequently survey 

stakeholders (n=50) ranked these threats on criteria to assess their probability and their 

severity and determine risk.  

Results and conclusion 

This research has identified twenty-four types of food fraud in beef, referred to as beef 

crimes. To analyse and prioritize these crimes a Beef Crimes Risk Assessment Tool (BCRAT) 

was developed to assess the risk each beef crime poses to the beef industry. Results 

showed that 'illegal veterinary drugs and growth promoters' posed the greatest perceived 

commercial risk to the beef industry while fraud related to the ‘breed’ and ‘category’ of 
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cattle posed the least perceived commercial risk. This research can be exploited to build 

food fraud prevention and mitigation plans for the beef industry.   

 

4.2 Introduction  

The beef industry faces numerous and diverse challenges concerning the integrity and the 

authenticity of their products due to ever-lengthening and increasingly complex global food 

supply chains (Lotta & Bogue, 2015). The traditional food safety and food defense plans 

that exist are not sufficient to prevent, mitigate, detect, and deter food fraud (van Ruth, 

Huisman, & Luning, 2017). Thus, the food industry requires specific, bespoke plans that 

focus on food fraud and particularity related to its mitigation and prevention. 

 

Traditional food safety systems utilize risk assessments as prevention tools. These 

assessments consider the risk of known hazards such as food contaminants, food allergens, 

and food quality issues (Manning & Soon, 2016; Soon et al., 2019). Recently there has been 

a move to utilize risk assessments to identify vulnerability to food fraud. Soon et al. (2019) 

have reviewed guidance and tools which focused on food fraud risk assessments, including 

British Retail Consortium (BRC), PAS 29;2017 and Campden Vulnerability Analysis Critical 

Control Point (VACCP) and Threat Analysis Critical Control Point (TACCP), Food Fraud 

Intentional Modelling (FFISM) and Safe Supply of Affordable Food Everywhere (SSAFE) 

(Soon et al., 2019). However, in a survey of International Food Safety Authorities Network 

(INFOSAN) members regarding food fraud prevention, management, education, it was 

found that 97% stated that they would like more guidance in and information on food fraud 

prevention (Spink et al., 2019).  
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The current study presents a risk assessment to determine perceived commercial risk of 

food fraud in the beef supply chain, as beef has been determined to be vulnerable to food 

fraud by Robson et al. (2019). In this research, threats to the beef supply chain were 

established using mixed methodologies, and the risk associated with these threats was 

determined. This research has laid the groundwork needed to help the beef industry 

understand and prioritize types of food fraud related to beef; and has resulted in a tool that 

can help aid food fraud detection, prevention, and mitigation plans based on impending 

risks.  

  

4.3 Background  

The current study has focused on risk rather than vulnerability. Risk is defined as an 

uncertainty of an outcome that is assessed in terms of likelihood of occurrence (as seen in 

Spink, Ortega, Chen & Wu, 2017). While vulnerability is a physical feature or operational 

attribute that renders an entity open to exploitation or susceptible to a given hazard (Spink, 

Moyer & Whelan, 2016). A hazard is an event that has not occurred but could cause harm 

and therefore has damaging potential (Spink, Ortega, Chen & Wu, 2017). PAS 96 (2017) 

specifies that a hazard arises from a naturally occurring or accidental event or results from 

incompetence or ignorance of the people involved compared to a threat, which arises from 

people's ill-intent. In this research, risk has been determined through a risk assessment, 

which is the overall process of risk identification, risk analysis, and risk evaluation (Manning 

& Soon, 2019). This differs from a vulnerability assessment which measures a system's 

susceptibility, or conversely resilience, to a given threat (Manning & Soon, 2019). In this 

assessment, the risk is measured by the probability and severity of adverse effects (Aven, 

2010).  Probability is defined as the likelihood of the threat occurring, and severity is the 
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amount of damage or harms a threat could create (BRC,2018). Likelihood is the chance of 

something happening (International Organization for Standardization (ISO), 2018). 

 

The process used in this research to develop a risk assessment tool followed an Enterprise 

Risk Management (ERM) framework. ERM is a plan-based business strategy that has set 

frameworks to identify and assess hazards (Kenton, 2019; Spink, Moyer & Speier-Pero, 

2016). ERM has developed guidelines to assess risks such as Committee of the Sponsoring 

Companies of the Treadway Commission (COSO), ISO 31000, RIMS Risk Maturity Model 

(Spink, Moyer & Speier-Pero, 2016). In the present study, COSO was selected as the ERM 

framework because it has been used in similar work undertaken by Spink, Moyer, and 

Speier-Pero (2016), when developing a food fraud initial screening model (FFIS). The risk 

assessment steps (COSO, 2012; Spink, Moyer & Speier-Pero, 2016) used in this research is 

as follows:  

 

1. Identify threats which may impact the beef supply chain. 

2. Develop assessment criteria determine how to determine the probability and severity 

of each threat.  

3. Assess risk combined probability and severity of each hazard to determine risk.  

4. Prioritize risk based on which hazard poses as the biggest threat to the beef industry. 

5. Respond to risk determine steps to prevent and mitigate risk.  
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4.4 Methods  

4.4.1 Threat identification 

The first step in creating a risk assessment tool is threat identification. These five online 

databases were searched (FoodNavigator.com, Europol, Globalmeatnews.com, Google 

News, and Science Direct), which were selected as they are often used by industry and 

academics. Other databases were not used as redundancy in threats was seen after the 

above databases were searched, and reports and articles became repetitive indicating 

saturation. Seven key phrases were searched in each database these phases included: 

"Types of food fraud in beef"; "Types of food fraud in red meat"; "Types of food fraud in 

meat"; "Suspected food fraud in beef"; "Suspected food fraud in red meat"; "Economically 

motivated adulteration in beef"; "Economically motivated adulteration in red meat". 

Further information was gathered from food fraud reports in the beef supply chain found 

on the Rapid Alert System for Food and Feed (RASFF) portal. The RASFF portal is a publicly 

available service maintained by the European Commission (EC) under regulation 

EC/178/2002. Information on RASFF is exchanged among member states, legally required 

to report information concerning direct and indirect risks to human health from food or 

feed (European Food Safety Authority (EFSA), 2010). As these searches were used to find 

types of fraud no criteria was set to exclude data all types of fraud found were recorded.  

 

4.4.2 Development of risk assessment criteria 

The development of risk criteria focused on the development of factors where probability 

and severity were assessed. Factors were determined by academic expertise within the 

Institute for Global Food Security at Queens University (IGFS), Belfast as well as experts in 

the beef industry from ABP Food Group. They include:  
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Severity 

• Public health impact 

• Consumer perception 

• Business impact 

Probability  

• RASFF Reports 

• RASFF trends 

• Awareness 

• Probability of detection 

• Complexity of detection  

 

Scales were then made for each factor so that threats could be scored, and the level of risk 

determined. Scales are used to develop a “meaningful differentiation” for ranking and 

prioritization of threats (Spink, Moyer & Speier-Pero, 2016). Scales used in this research to 

determine severity and probability are presented within this section.  

 

Public health impact 

Public health impact refers to the potential harm a threat poses to human health. Although 

food fraudsters do not intentionally set out to harm, there still may be a potential public 

health risks associated, as with the melamine milk scandal in China during 2008 (Moyer, 

DeVries & Spink, 2017; Pei et al., 2011). Public health can be impacted through direct or 

indirect risk. Consequently, a direct risk is when a threat has an inherent risk to human 
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health and an indirect risk is the risk that is associated but not directly caused by a threat. 

For example, it is much less likely that fraudulent food will be produced to adequate food 

safety standards; therefore, risk not inherent to the type of fraud, such as microbiological 

hazards are likely. As all food fraud has indirect risk, only direct risk was considered in the 

beef crime risk assessment. Each threat was scored on its public health impact using the 

scales shown in Table 7. 

 

Table 7. Public health impact scale 

 

 
Consumer perception  

Consumer perception describes how consumers will react to different beef crimes. Factors 

such as the potential public health impact, familiarity with the with threat, personal beliefs, 

and how an incident is communicated, can all affect how a consumer perceives a risk 

(Kasperson, 1988). To get a general understanding of how each threat is perceived, a scale 

for consumer perception was developed and is shown in Table 8. 

 

 

 

 Public health risk      
 Potential effect on public health.        

1 2 3 4 5 
Negligible  Mild Moderate Severe Critical 

No health risk; no 
known chronic or 

acute human 
health effect 

 Potential for 
illness, no known 

chronic effects 

Potential for illness, 
known or 

suspected chronic 
effects 

Potential for 
serious acute 

health effects/ 
Illness in which 

hospitalization in 
necessary 

 Potential to 
result in death 
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Table 8. Consumer perception scale  

 Consumer perception        
 Reputational damage and effect consumer trust.  

1 2 3 4 5 

 Reputational 
damage would be 
little to none. No 
media attention. 

 Reputational 
damage would be 
reversible. Slight 
media attention. 

 Reputational damage 
and significate loss of 

consumer trust in 
product from effected 

company. Media 
attention. 

 Reputational 
damage and 

significate loss of 
consumer trust in the 
company as a whole 
and/or product as a 

whole. Media 
attention. 

Reputational 
damage, 'Viral media 

articles', loss of 
consumer trust in 
product, company 

and industry.  

 

Business impact  

Business impact relates to the monetary losses, trade losses, loss of product and loss of 

business due food fraud as explored by Victor Bindt et al. (2016). The scale used to rate 

each beef crime by business impact is shown in Table 9.  

Table 9. Business impact scale 

Business impact 
Monitory loss, loss of trade and loss of business.  

1 2 3 4 5 
Minimal effect to 

sales, minimal 
products loss or 

costs for recovery.  

Minimal effect to 
sales, notable 

products loss or 
costs for recovery 

 Noticeable loss in 
sales, product loss, 
large expense for 

recovery 

Monetary loss, loss 
in sales, loss in 

customers or loss in 
trade agreements  

Loss or closing of 
the business 

 

RASFF reports and trends  

In this risk assessment, RASFF has been used to document historical incidents and  this 

database was selected as it is a free resource used in multiple studies in academic literature 

(Robson et al., 2020; Bouzembrak et al., 2018; Moore et al., 2012; Tähkäpää et al., 2015; 

Zhang and Xue, 2016). For the current study, RASFF hazard category searched included 

‘adulteration/ fraud,’ ‘residues of veterinary medicines,’ and ‘labelling absent/ incomplete/ 

incorrect.’ Product categories include: ‘meat and meat products,’ ‘feed additives,’ ‘feed 

materials’, and ‘feed premixture.’ All reports included in this assessment declared that the 
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product was bovine (cattle, beef, bovine, veal) and were reported in the last ten years 

(January 1st, 2010 to January 1st, 2020). All reports found through these searches for the 

corresponding beef crime area were recorded as part of this risk assessment regardless of 

whether they were related to the same event.  

 

Due to the nature of food fraud and the fact that RASFF is a network focused on food safety 

rather than food fraud, it is unlikely that all reports of food fraud were captured. As the 

perceived commercial risk of a given threat is determined by the product of severity and 

probability factors the introduction of multiple zeros where information is likely missing 

would skew data.  To account for this the number for RASFF reports identified has been 

turned in a percentage out of total incidents relating to the beef supply chain. 

Table 10 correlates the percentage found for a given score. 

 

Table 10. Reports scale 

Reports               
Based on percentage of incidents found on RASFF.   

1 2 3 4 5 6 7 8 9 10 

≥1% 2%-10% 11%-
20% 

21% -
30% 

31%-
40% 

41%-
50% 

51%-
60% 

61%-
70% 

71%-
80% ≥81% 

 

The RASFF reports of each beef crime were examined in chronological order and trends 

observed to determine if a beef crime was a rising issue. Trending was performed on 

reports of each beef crime in the past 10 years and was only carried out if there were at 

least two reports for a given beef crime, as a minimum to wo point are needed for trending. 

Consequently, if there were less than two reports the crime was given a trend score of ‘2’ 

for ‘no change’ as this was not enough information to trend. Table 11 outlines the three-

point system. 
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Table 11. RASFF trends  

Trends      
Trend scores based on RASFF reports.    

1 2 3 
↓ Decrease or no data ↔ No change ↑ Increase 

 

Awareness  

Awareness assesses if the beef industry recognized the threat of a beef crime and acts 

against it. Awareness is greater if the beef crime is recognized by the government, 

regulatory bodies, farmers, producers, processors, and retailers. Awareness was 

determined by information collected from the Food Industry Intelligence Network (fiin), as 

well as legislation surrounding the monitoring of specific beef crimes. Fiin was established 

in 2015 as a recommendation of the 2014 Elliott Review to help ensure the integrity of food 

supply chains and protect the interests of the consumer (fiin, n.d; DERFA, 2014). This 

network collects testing information from subscribing industry partners, then a legal firm is 

used to anonymize information given by partners then the data is collated, analysed and 

disseminated to members and a number of regulatory bodies that have MOUs in place with 

fiin. Although this network only collects information from industry partners and therefore 

does not capture all testing done within the beef industry, this network provides 

information on the type of testing occurring within the industry therefore they were used 

as an indicator of awareness (fiin,n.d). The awareness scale is outlined in Table 12. A two 

point scale is used where ‘1’ is allocated if there is awareness as determine through fiin 

testing or legislation and regulations surrounding the testing or monitoring of a given beef 

crime, ‘2’ is allocated if there is uncertainty, level of awareness is unknown, and  no 

awareness of the beef crime is seen in the given sources.  
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Table 12.  Awareness scale  

 Awareness 
 Is there awareness of the beef crime? 

1 2 
Yes No 

 
Likelihood of detection  

The likelihood of detection is based on the availability of analytical testing to recognize a 

specific beef crime. Included are factors such as if tests are available commercially and if 

tests are fully validated. If a test is widely available, it is more likely that the beef industy 

will be able to implement testing. The scale used in the beef crime risk assessment is shown 

in Table 13.  

Table 13. Likelihood of detection 

Likelihood of detection       
This number is based on the availability of analytical testing methods to determine a 
type of fraud 

1 2 3 

Validated testing is readily 
available at commercial 

labs or in onsite test kits.  

Testing is only seen in 
academic literature but not 

offered commercially. 
Testing is not validated. 

No testing methods 
found. 

 

Complexity of detection 

The complexity of detection expresses how many tests need to be performed to detect this 

type of crime. For example, there are many tests related to the detection of illegal 

veterinary drugs which include antibiotics, hormones, and veterinary drugs. However, even 

when testing is completed, due to the number of potential substances, it is unknown if the 

correct test was utilised. This can be compared to a species test which can readily 

determine if a product is in fact beef. Therefore, there is added complexity to crimes such 

as ‘illegal veterinary drugs and growth promoters’ as multiple methods of testing would 
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need to be performed to ensure no illegal veterinary drugs were used. Scoring for the 

complexity of testing is shown in Table 14.  

Table 14. Complexity of detection  

Complexity of detection   
Complexity of test needed to detect beef crime. 

1 2 3 4 5 
One analytical 

test is needed to 
mitigate risk; 

test can be done 
internally by 

non-specialised 
personnel.  

One analytical 
test is needed to 

mitigate risk, 
test must be 

done at 
commercial labs. 

Multiple (2-4) 
tests or testing 

methods are 
needed to 

mitigate risk  

Multiple (5 or 
more) tests or 

testing methods   
are needed to 
mitigate risk  

Testing 
unknown or not 

validated 

 

 

4.4.3 Risk assessment survey  

Research was conducted using the online survey system, SurveyMonkey, and anonymised 

responses gathered. The survey questions were created to determine how different 

stakeholders, such as industry, academia, and government professionals, would score the 

identified threats to prioritize them by risk to the beef industry. This was not an exclusive 

survey and was circulated by Queen’s University, Belfast through email distribution and 

social media (Twitter), though ABP Food Group via e-mail and a poster concerning the 

project and link to the survey was presented at an international conference, Recent 

Advances in Food Analysis (RAFA) (EIT-Food Project: Beef Crimes Risk Assessment ,2019). 

Stakeholders where anonymised, but several demographic questions were asked and used 

for background analysis. Only 22 of the 24 beef crimes were shown on this survey as 

‘process claims’ and ‘short-weighing’ were added to the risk assessment later. Beef crimes 

were ranked by their potential commercial risk with 1 being the highest risk and 22 being 

the lowest and ‘NA’ if the beef crimes were not considered a threat to the beef industry. 
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Additionally, stakeholders where asked to rank each beef crime based on potential public 

health impact, commercial risk, and business impact.  

 

4.5 Results 

4.5.1 Defining beef crimes 

Searches for threats led to the identification of twenty-four types of fraud that may occur in 

the beef supply chain. These will be referred to as beef crimes from this point forward. 

According to the NFCU (2019), food crime is, “serious fraud that impacts the safety or the 

authenticity of food”. The threats to the beef supply chain which have been identified will 

be called beef crimes as they all have the potential to have a serious effect on the beef 

industry. Beef crimes are shown in Table 9.  

4.5.2 Rating of beef crimes  

Following the identification and defining of all beef crimes, each crime was scored using the 

probability and severity criteria referred to in section 4.4.2.  Ratings and were determined 

using literature results, and feedback from the survey discussed in 4.4.3. The public health 

impact scores were determined through a mixture of academic literature, and survey 

feedback. RASFF reports and trends, awareness, probability, and complexity of detection 

were determined through data explained in section 4.4.2. Consumer perception and 

business impact were determined in the aforementioned survey depending on the average 

risk rating given. 
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4.5.3 Public health impact 

The descriptions below describe the potential public health risks of beef crimes (refer to 

section 4.2.2). These descriptions focus on direct public health risk caused by a given beef 

crime. There are several beef crimes that do not directly affect human health. These types 

of fraud may affect traceability or may have indirect health effects as fraudulent products 

are not produced with food safety in mind, however direct human health impact is the only 

risk that has been considered in this assessment. Beef crimes with no direct risk include 

category, country of origin, meat cuts, organic fraud, product extension through fat, MSM, 

offal, and water, falsified religious claims, slaughter age, species substitution, short-

weighing, and thawed meat claimed to be fresh. 

Additives 

Several unapproved food additives, in particular colorants, have known issues or are 

suspected to be harmful to public health (Oplatowska-Stachowiak & Elliott, 2017). Dyes 

used for industrial applications have been fraudulently added to a range of foods. Azo-dyes 

and triphenylmethanes have been found to be the most likely to be illegally added to food 

(EFSA, 2005). In one case study, azo dye E110 (Sunset Yellow) was used to conceal pork 

labelled beef (RASFF 2012.1421). Dyes may also be used to conceal other beef crimes such 

as expired products and increase the attractiveness of a product (Oplatowska-Stachowiak & 

Elliott, 2017). Many prohibited dyes have been banned as they are unsafe as they may be 

genotoxic and carcinogenic. 

 

Animal Feed 

Ingredients used in animal feed are crucial to the health of the food-producing animal and 

the potential human health impacts (Sapkota et al., 2007).  The illegal addition of products 
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in feed as a bulking agent can lead to harmful effect, this was seen ruminant meat and bone 

meal in bovine feed transmitted Bovine spongiform encephalopathy (BSE) to food 

producing cattle which could transmit Creutzfeldt-Jakob disease (CJD) to humans if infected 

meat were consumed (Gizzi et al., 2003).  Products in animal feed can affect the quality and 

safety of animal-based food products and pose potential risks to human health (Sapkota et 

al., 2007).  

 

Expired product 

The consumption of meat products past their expiry date dramatically increases the chance 

of food poisoning. Expired meat products are likely to have higher levels of Brochothrix 

thermosphacta, Carnobacterium spp., Enterobacteriaceae, Lactobacillus spp., Leuconostoc 

spp., Pseudomonas spp., Samonella, and Shewanella putrefaciens (Borch, Kant-Muermans, 

& Blixt, 1996). After eating meat contaminated with bacteria, one may become ill based on 

the food depends on the organism, the amount of exposure (Mayo Clinic, 2017). 

 

Illegal veterinary drugs and growth promoters 

Illegal veterinary medicines and growth promoters, particularly in the form of antibiotics, 

have two notable human health impacts. One concern is antibiotic residues in food-

producing animals linked to allergic reactions. Antibiotics, such as penicillins, can evoke 

allergic reactions even though small amounts of them are ingested (Lee, Lee & Ryu, 2001). 

The second is the development of antibiotic resistance, which is one of the biggest threats 

to global health today (WHO, 2018).  
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Preservatives 

Reports of forbidden preservatives such as formaldehyde, sodium formaldehyde 

sulfoxylate, alum, sulfur dioxide, and fluorescent bleacher have been found in food (Zhan & 

Xue, 2016). These preservatives are forbidden as they have adverse health effects. For 

example, formaldehyde is considered a carcinogen and sodium formaldehyde sulphoxylates 

is a suspected carcinogen (Tang et al., 2009).  

 

Product extension: Animal by-products 

Animal by-products are animal carcasses and parts of animals, not meant for human 

consumption. Animal by-products are divided into 3 categories based on risk (Department 

of Environment, Food & Rural Affairs, DEFRA,2018). These products range from carcasses of 

diseased animals, animals used in experiments, and animals treated with an illegal 

substance to hooves, and hides are carcasses. Health risk will vary primarily depended on 

the type of animal by-product used for product extension.   

 

Product extension: Non-meat substitutions 

The main risk of non-meat substitutions is allergic reactions. Soya, whey and gluten, all seen 

as bulking agents, and are also in listed allergens (Cawthorn, Steinman, & Hoffman, 2013; 

FSA, 2018). In severe cases allergic relation can result in anaphylaxis or anaphylactic shock, 

which can be life threatening shock which can cause swelling of the throat and mouth, 

difficulty breathing, loss of consciousness and potentially death (National Health Service, 

NHS, 2018).  
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Product extension: Specific risk material (SRM) 

SRMs consist of the materials such as the brain and spinal cord, which are most likely to 

pose a risk of spreading TSE if from an effected animal (FSA, 2017). SRMs are a high-risk 

animal by-product that has been separated out from product extension for another animal 

by-product due to the high risk.  If products effected with TSE are consumed by an 

individual, this person may contract Creutzfeldt-Jakob disease (CJD), a degenerative brain 

disorder which is always fatal (Mayo Foundation for Medical Education & Research 

(MFMER), 2018). 

 

RASFF reports and trends  

RASFF searched for beef fraud between January 1st, 2010 to January 1st, 2020 found a total 

of 159 reports. These reports where categorized into the beef crimes defined in Table 15 

and results are shown in Table 16. One incident report where pork was dyed with illegal 

unapproved colorants to mimic beef was counted twice, once for illegal dye and once for 

species substitution as the crime involved additives and species substitution. Table 15 also 

shows results for RASFF trends of beef crimes. Six beef crimes had enough observable data 

to trend, of these three showed an increasing trend (‘expired product’, ‘illegal product’, and 

‘illegal veterinary drugs and growth promotor’), one showed a decreasing trend (additives), 

and the remaining two were neither increasing nor decreasing (animal feed and species 

substitution).  
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Table 15. Beef crimes  

Beef crimes Definition 

Additives Addition of illegal or undeclared colorants, aromas or flavourings. 

Animal feed Illegal or undeclared additives, bulking agents, or intentional dilution of product.  

Breed Misrepresentation of the breed of animal. 

Country of origin Misrepresentation of the geographic origin of the animal. 

Expired product Changing of expiry dates, sale of spoiled product. 

Category Falsely claiming the gender or category an animal (bull, steer, cow or heifer) 

Illegal products 
Illegal products include stolen product, stolen cattle, production on an 

unapproved premise, illegal slaughter, illegal sale of a product and unauthorized 
import/export.  

Illegal veterinary drugs and 
growth promoter Use of illegal veterinary medicines and growth promoters. 

Meat cut Mislabelling a cheaper cut of meat as more expensive cut of meat. 

Organic fraud Falsely claiming the organic status of product or animal. 

Preservatives Undeclared or unauthorized chemical additives and bleaching used to prolong 
life of a product. 

Process claims Declaring a process which did not take place (i.e. ultra-tender, dry aged, grass 
fed). 

Product extension: Animal 
by-product Product extension using animal by-product, not meant for human consumption. 

Product extension: Fat Product extension through undeclared fat. 

Product extension: 
Mechanically Separated 

Meat (MSM) 
Product extension using of undeclared MSM. 

Product extension: Non-
meat substitutions 

Product extension using undeclared bulking agents, such as whey proteins, 
soya, maize, bread etc. 

Product extension: Offal Product extension using offal such as heart, spleen, kidney, lung, liver. 

Product extension: Specified 
Risk Material (SRM) Product extension using SRM for bulking. 

Product extension: Water Addition of undeclared water. 

Religious claims Falsely claiming slaughter under religious principles. 

Short-weighing Weight of product is less than that stated on the label 

Slaughter age Falsely claiming the age of an animal at slaughter. 

Species substitution Addition or substitution of beef with an undeclared. species 

Thawed meat claimed to be 
fresh Claiming a thawed product as fresh. 
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Table 16. Reports and tends of beef crimes found on RASFF 2010-2020 

 

Beef crime RASFF 
reports 

Percentage 
of total 
reports 

Beef crime 
risk 

assessment 
report score 

RASFF trend 
Beef crime risk 

assessment trend 
score 

Additives 2 1% 1 Decreasing trend 1 

Animal feed 7 4% 2 Trend is not increasing or 
decreasing 2 

Breed 0 0% 1 Not enough data 2 
Category 0 0% 1 Not enough data 2 

Country of origin 0 0% 1 Not enough data 2 
Expired product 3 2% 2 Increasing trend 3 
Illegal products 15 9% 2 Increasing trend 3 

Illegal veterinary drugs 
and growth promoter 74 47% 6 Increasing trend 3 

Meat cut 0 0% 1 Not enough data 2 
Organic fraud 0 0% 1 Not enough data 2 
Preservatives 0 0% 1 Not enough data 2 
Process claims 0 0% 1 Not enough data 2 

Product extension: 
Animal by-product 1 0% 1 Not enough data 2 

Product extension: Fat 0 0% 1 Not enough data 2 
Product extension: 

MSM 0 0% 1 Not enough data 2 

Product extension: 
Non-meat substitutions 0 0% 1 Not enough data 2 

Product extension: 
Offal 0 0% 1 Not enough data 2 

Product extension: SRM 1 1% 1 Not enough data 2 
Product extension: 

Water 0 0% 1 Not enough data 2 

Religious claims 0 0% 1 Not enough data 2 
Short-weighing 0 0% 1 Not enough data 2 
Slaughter age 0 0% 1 Not enough data 2 

Species substitution 57 36% 5 Trend is not increasing or 
decreasing 2 

Thawed meat claimed 
fresh 0 0% 1 Not enough data 2 

Total 159*     

 

*One report involved additives and species substitution.  

 

Awareness scores 

Scores given to each beef crime based on ‘awareness’ are shown in Table 17. These scores 

reflect if testing related to given beef crime is discussed in fiin quarterly reports (from the 
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last three years) or if there is legislation which leads to testing of or evidence of the beef 

crime.  

Table 17. Awareness and monitoring of beef crimes  

Beef crime Fiin 
testing Legislation Beef crime risk assessment 

awareness score 
Additives No  2 

Animal feed No  2 
Breed Yes  1 

Category Yes  1 
Country of origin Yes  1 
Expired product No  2 
Illegal products Yes  1 

Illegal veterinary drugs 
and growth promoter No Directive 96/23/EC 1 

Meat cut No  2 
Organic fraud Yes  1 
Preservatives No  2 
Process claims Yes  1 

Product extension: 
Animal by-product No  2 

Product extension: Fat Yes  1 
Product extension: MSM No  2 
Product extension: Non-

meat substitutions No  2 

Product extension: Offal No  2 

Product extension: SRM No 

Directive 2000/418/EC 
Regulation EC no 

999/2001 
Regulation (EC) 

1069/2009 

1 

Product extension: Water No  2 
Religious claims No  2 
Short-weighing Yes  1 
Slaughter age Yes  1 

Species substitution Yes  1 
Thawed meat claimed 

fresh No  1 

 

 

Probability and complexity of detection 

Table 18 shows currently available analytical tests related to beef crimes. The following 

tests were found with the help of several laboratories and analytics testing company’s 
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including ALS Laboratories, Fera science limited and Bio-check. The tests listed are offered 

commercially and can either be done in laboratory settings or on site through test kits.   

Table 18. Available analytical tests for beef crimes 

Beef Crime Testing Available 

Additives 
Fullcolours-Subcon 

Fat Soluble Colour Screen 
Illegal dyes (LC-MS/MS) 

Animal feed 
Dioxins, Polychlorinated biphenyls (PCBs) 

and PBDEs 
Heavy metals 

Breed DNA 
Country of origin SIRA 

Expired product Microbiological tests: 
TVC, Entro & Ecoli. 

Gender determination Genotyping 
Illegal products No analytical testing available 

Meat cut No analytical testing available 

Illegal veterinary drugs and growth 
promoter 

Beta-agonists 
Tetracyclines 

Corrotines 
Muti-screen (anthelmintics and 

coccidiostats)(LC-MS/MS) 
Organic fraud No analytical testing available 

Preservatives Benzoic Acid plus Sorbic Acid 
Nitrate plus Nitrite 

Process claims Depended on claim 
Product extension: Animal by-

product 
No analytical testing available 

Product extension: Fat 
FOSS: NIR transmission, NIR reflection, 

NIR lateral transmission, X-ray 
transmission 

Product extension: MSM MDI method  
M.D.I  

Product extension: Non-meat 
substitutions 

Histology 
Allergen tests 

Product extension: Offal REIMS 
Histology 

Product extension: SRM Histology 

Product extension: Water 

FOSS: NIR transmission, NIR reflection, 
NIR lateral transmission, X-ray 

transmission 
 

Religious claims No analytical testing available 
Short-weighing Weigh product 
Slaughter age No analytical testing available 

Species substitution PCR 
ELISA test kit 

Thawed meat claimed to be fresh MDI method and a compositional 
histological analysis 
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4.5.4 Survey results 

Affiliation  

50 stakeholders participated in the survey. Although not all stakeholders completed the 

entire survey all responses were included in analysis. Majority of stakeholders declared 

affiliation with manufacturing and processing (60%, n=30) (Table 19). Those who responded 

‘other’ (10%, n=5) clarified positions including supply chain management, education and 

retired. When specific job titles were asked for, responses included a variety of Quality 

Control (QC) mangers, general managers, researchers, professors, food safety quality 

mangers, chemists and technologists. stakeholders were from eight countries (Table 20) 

with the majority of stakeholders from the United Kingdom (46%, n=22).  

Table 19. Affiliation by field of work 

Field of work Percent Stakeholders 
Academia 18% 9 
Manufacturing/ 
Processing 60% 30 

Retail 2% 1 
Government 10% 5 
Certification Body 0% 0 
Other 10% 5 

 

Table 20. Affiliation by country of residence  

County  Percent Stakeholders 
Australia 4% 2 
Belgium 2% 1 
Ireland  29% 14 
Norway 2% 1 
Poland  10% 5 
Saudi Arabia 2% 1 
United Kingdom  46% 22 
United States 4% 2 
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Ranking beef crimes 

Stakeholders ranked each beef crime from 1 to 22, where 1 was considered the greatest 

perceived commercial risk, to the beef industry and 22 was thought to be the least risky. 

The greatest perceived commercial risk refers to the threat which researchers and 

stakeholders found to have the potential to cause the greatest harm to a company, this 

includes reputational and monetary damage.  Table 21 shows the mode, average and 

median score for each beef crime. Stakeholders (26%, n=5) found ‘illegal product’ to be the 

biggest perceived commercial risk to the beef industry. The majority ranking for ‘expired 

product’ (14%, n=3) and ‘thawed meat claimed fresh’ (14%, n=3) were also ranked at ‘1’.  

However, ‘religious claims’, which had an equal number of stakeholders (11%, n=2), ranked 

it 9th, 14th, 20th, and 22nd.   To gain more insight average and median ranking was also 

determined. The average (4.7) and median (3) scores for ‘illegal product’ coincided with the 

majority ranking as the greatest perceived commercial risk.  
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Table 21. Beef crime ranking through survey responses by mode and average 

Beef crime Mode Score Average Score 

Frequency of 
response 

(number of 
sstakeholders)  

Additives 8, 11 8.4 17 

Animal feed 5 7.5 18 

Breed 18 14.9 20 

Category 20 16.3 23 

Country of origin 18 11.8 17 

Expired product 1 7.2 22 

Illegal products 1 4.7 19 
Illegal veterinary drugs and 

growth promoter 6 8.4 
23 

Meat cut 16 14 21 

Organic fraud 4, 17 12.6 19 

Preservatives 3 7.3 20 
Product extension: Animal by-

product 6 6.6 20 

Product extension: Fat 10 13.4 22 

Product extension: MSM 7, 11 10.8 
19 

Product extension: Non-meat 
substitutions 12 10.7 

21 

Product extension: Offal 11, 13 10.8 20 

Product extension: SRM 2 8 20 

Product extension: Water 16 13.8 23 

Religious claims 9, 14, 20, 22 14.4 19 

Slaughter age 19,20 17.1 19 

Species substitution 9,10 8.4 22 

Thawed meat claimed fresh 1 9.3 22 

 

 

Public health impact 

As public health is an objective manner research was done as in section 4.5.3 to gain a 

better understanding of the public health impacts of beef crimes. Still perceived risk of 

crimes was determined through surveying stakeholders. Stakeholders were asked to score 

each beef crime from 1-5 in terms of threat to public health, where 1 is no threat to human 

health, and five is potentially fatal; responses are shown in Figure 11. A majority of 

stakeholders (52%, n= 12) reported that product extension using SRM was a 5, 39% (n=9) of 
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response declared preservatives, and non-meat substitutions were potentially fatal. Over 

80% of stakeholders rated breed category and religious claims as having no public health 

effects, which agrees with literature found.  

 

Figure 11. Beef crime scores for public health impact 

 

 

Consumer perception 

The stakeholders were asked to score the consumer perception of each beef crime using 

the scale 1 – 5, where 1 has no effect on consumer trust, and 5 is irreversible reputational 

damage and complete loss in consumer trust. Responses are shown in Figure 12. A majority 
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Illegal veterinary drugs and growth promoters

Expired Product
Product extension: Non-meat substitutions

Illegal product
Thawed meat claimed as fresh

Product extension: Offal
Product extension: Fat

Product extension: MSM
Species substitution

Product extension: Water
Meat cut

Organic fraud
Slaughter Age

Country of Origin
Religious claims

Breed
Category

1: No health risk; no known or suspected chronic or acute public health risks

2: Potential for illness; no known chronic health effects

3: Potential for illness; known chronic health effects

4: Potential of serious acute health effects; illness in which hospitalization is necessary

5: Potential to result in death
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(76%, n=13) of stakeholders ranked that ‘illegal product’ with average score of 5 as well, 

which indicates a perceived risk of extreme reputational damage. and industry. An equal 

number of stakeholders scored additives at 3 and 4 (33%, n=6), with an average score of 3. 

Also, most stakeholders (47%, n=8) scored 4 for ‘species substitution’, even though the 

horsemeat scandal in 2013 went viral through media and social media.  

Figure 12. Beef crimes score for consumer perceptions  

 

 

Business impact  

Using the scale 1 – 5 where 1 is no monetary loss or loss in sales and 5 is bankruptcy or 

closing of business. Scores are shown in Figure 13. Most stakeholders (59%, n=10) stated 

that ‘illegal products’ would cause bankruptcy or closing of business. Much like consumer 
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1: Little to no reputational damage or loss in trust. No media attention

2: Reversible reputation damage. Slight media attention

3: Reputational damage; loss of consumer trust in product from given company. Media attention.

4: Reputational damage;  loss of consumer trust in company or product as a whole. Media attention.

5: Reputational damage; loss of trust in company, product and industry. Viral media attention .
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perception stakeholders didn’t give any beef crime a score of 1. An equal number of 

stakeholders scored animal feed as 3 and 4 (33%, n=6) with the average score being 4. For 

‘religious claims’ 29% (n=5) of stakeholders scored 3 while another 29% (n=4) with the 

average score being 3. ‘Organic fraud’ had an equal number of stakeholders scored the beef 

crime a 2, 3 and 4 (29%, n=4), with the average score of the crime being 3. Also, most 

stakeholders (41%, n=7) scored species substitution a 4, which was unsurprising as the 2013 

Horsemeat crimes had detrimental effect on beef sales and companies that had been 

defrauded.   

Figure 13. Beef crimes score for business impact 
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4: Severe loss in sales, loss in trade agrements and large expences for recovery
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4.5.5 Beef crimes risk assessment tool 

To assess the risk of beef crimes, the Beef Crimes Risk Assessment Tool (BCRAT) was 

developed (shown in Table 22). This assessment uses the criteria discussed in section 

4.4.2, survey responses from section 4.5.4, as well as research presented in section 4.5.2. 

The BCRAT determined the perceived commercial risk of each beef crime, followed by 

prioritization of beef crimes by ranking them by the highest perceived commercial risk. The 

commercial risk refers to the risk each beef crime poses to the beef industry. The beef 

crime with the greatest risk has ranked number 1, and the lowest was ranked as number 

24.  

 

The commercial risk was measured by the aforementioned criteria set to determine the 

probability and severity of a given beef crime. Survey responses were used in combination 

with findings from the literature to score the public health impact of each crime. Scores for 

consumer perception and business impact of each crime were determined using the 

average score given by stakeholders. All scores given for probability criteria were found in 

the research discussed in section 4.5.2.   
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Table 22. Beef crimes risk assessment tool 
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4.6 Discussion  

Twenty-four beef crimes were identified, which is more than any other study had found. In 

previous studies, reports of beef fraud were categorized using broadly defined fraud types 

generic to all supply chains (Robson et al., 2020). A limitation of using broadly defined fraud 

types causes ambiguity in how each fraud type applies to a specific supply chain, which can 

leave investigations open to individual interpretation, underrating, and unclear 

communication surrounding food fraud. By identifying more specific beef crime types, this 

research offers the beef industry knowledge to identify potential threats to products. The 

survey identified two additional beef crimes demonstrating its evolving nature. It is likely 

that, as technology changes, there will be further changes to the types of crime identified. 

Therefore, future work in this area should add to the beef crimes listed here to further 

clarify potential threats.   

 

Stakeholders' ranking of beef crimes and the ranking found through the BCRAT did not 

always align. Stakeholders were asked to rank beef crimes from most to least risky, with 

'illegal product' ranked as the riskiest beef crime. However, 'illegal veterinary drugs and 

growth promoters' was found have a higher risk in the BCRAT due to the greater risk to 

human health and more RASFF reports for the crime (74 reports as seen in Table 15). 

Therefore 'illegal veterinary drugs and growth promoters' was determined to be the 

number 1 perceived commercial risk which threatens the beef industry, where 1 is the 

highest risk and 24 is the lowest risk. Even though most stakeholders ranked it as the 6th 

riskiest beef crime. Five stakeholders found the illegal product to be the number '1' risk to 

the beef industry, while only one stakeholder stated 'illegal veterinary drugs and growth 

promoters' as the number 1 risk to the beef industry. However, three stakeholders ranked 

‘illegal products’ as the 2nd greatest risk, and another three stakeholders put 'illegal 
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veterinary drugs and growth promoters' as the 2nd greatest risk to the beef industry. Four 

stakeholders stated that the 2nd greatest risk was 'product extension: SRM.' The reasoning 

behind these rankings was not given, but further investigation through a survey of focus 

groups would help learn more about why stakeholders ranked beef crimes in this way.  

 

‘Expired product’ and ‘animal feed’ are prioritized as the 3rd and 4th largest risk to the beef 

industy. As they both have the same commercial risk score (504) the order in which they 

are ranked is interchangeable. These crimes were given the same scores in ‘consumer 

perception’, ‘business impact’, ‘awareness’, ‘RASFF reports’ and ‘probability of detection’. 

‘Expired product’ was given a higher score then ‘animal feed’ in public health risk and had 

an increase in RASFF trends. While ‘animal feed’ was given a higher score for ‘complexity of 

detection’.   

 

Inconsistent data was also noted between published research and survey responses 

relating to the public health impact of beef crimes associated with 'thawed meat claimed to 

be fresh.' For this beef crime, most stakeholders gave a '4' indicating severe health risk, 

whereas published research in this area did not find ‘thawed meat claimed as fresh’ to be 

an immediate human health risk. More information on stakeholders' reasoning behind their 

responses is necessary to understand these inconsistencies as well as more respondents 

and there are limited numbers of stakeholders which may skew data.   

 

Surprisingly the BCRAT ranked species substitution as the 6th greatest threat to the beef 

industry. After the effects seen from the horsemeat scandal in 2013, investigators in this 

study suspected that stakeholders would rank this crime higher. However, stakeholders 

ranked species substitution as 9th or 10th  in the beef crime risk ranking, the suggestion that 

species substitution is too often highlighted even when other types of fraud are more likely 
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to occur more often or have more severe repercussions. This ranking was also due to a high 

probability of detection and lack of complexity testing for species. 

4.6.1 Limitations 

This BCRAT was meant to have global capabilities and create continuity among the 

identification of beef crimes. However, only 50 stakeholders responded to surveys, these 

stakeholders were from eight different countries with an unequal distribution between the 

limited number of countries represented as seen in Table 13. Furthermore, the reasoning 

behind the response given by stakeholders was not gathered, leaving a gap in 

understanding. Stakeholders also gave variable levels of completion which skews data and 

inconsistent data as seen in Table 14. Future research from a larger number of respondents 

and global data would be beneficial for getting a global perspective on the risk associated 

with beef crimes. 

 

RASFF data was used in the BCRAT to show reports and trends of beef crimes. This data was 

used due to its accessibility and accuracy; however, RASFF focuses on food safety rather 

than food fraud. Therefore, utilizing this data in food fraud research has limitations. An 

estimated 94.74million tonnes of beef and buffalo were produced in Europe between 2010 

and 2018 (Ritchie, 2019). However, only 148 fraudulent reports concerning beef are found 

in this time-period. Meaning one report of fraud occurs for every half a million tons of beef 

produced. Even less if it is considered that reports on RASFF include beef production 

elsewhere and imported to Europe, this seems like a gross underestimation of fraud 

incidents that are maybe occurring. Therefore, in utilizing RASFF data to determine 

probability factors such as RASFF reports (Table 4) and RASFF trends (Table 5) it is data is 

likely skewed, due to undetected fraud, unknown fraud, and an uneven distribution of 

testing for different types of fraud.  
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Furthermore, RASFF offers no baseline of how much testing is occurring. Therefore, it is 

impossible to know if reports of beef crimes are higher due to amounts of testing or are 

genuinely higher in occurrence. Networks such as fiin offer baseline information for testing. 

As this network grows, it may be a more powerful recourse than RASFF for food fraud 

research. 

 

4.6.2 Future research   

As awareness of beef crimes increases and technologies or manufacturing processes in the 

beef industry change, it is likely that new beef crimes will be identified, and the risks 

associated with beef crimes will change. Therefore, this assessment should be used by the 

beef industry as a starting point and updated as more information becomes available. It is 

suggested that any food operator using the BCRAT updates it annually.  This tool fills an 

important gap in knowledge that can be used to create risk-based mitigation, prevention 

and detection plans for the beef industry. 

 

The BCRAT is focused on the beef supply chain and threat to the beef industy. However, the 

methods used in this exercise could be used on other supply chains to gain knowledge of 

specific threats and their associated risks. Using the methods outlined in this chapter and 

shown in figure 14 similar assessments could be made for other products. First, identify 

threats to the given supply chain. This can be done via historical reports, academic 

literature, and media mining. Then criteria to determine risk can be considered, the 

probability and severity factors used for the BCRAT can be used, alternatively specific data, 

such as testing data from company may be used, it is dependent on what information is 

wanted, whether it be risks posed to a specific company or a market wide assessment. The 

next step is to gather data to determine how threats and criteria interact, this can be done 
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through literature reviews, survey, or expert knowledge. Based off this knowledge scales 

can be made for each factor. Lastly risk should be calculated, and threats prioritized.   

Figure 14. Steps taken to build BCRAT 
 

 

4.7 Conclusion  

This research has identified threats to the beef industry, the perceived commercial risks 

associated with these threats, and the prioritization of threats. The risk and prioritization of 

threats have been obtained through the creation of the BCRAT. This tool showed a large 

variety of threats to the beef supply chain. It highlighted the need for a wide variety of 

testing, mitigation, and prevention strategies, to protect beef products' integrity. 

Prioritization of threats is likely skewed by lack of data and it is hoped that with more data 

the perceived commercial risk of threat will become clearer.  This research increased the 
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knowledge of fraud in the beef supply chain and will aid the beef industry and the 

stakeholders in the beef supply chain understanding of potential threats. 
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Chapter 5. Metabolic profiling to detect organic 
beef fraud using rapid evaporative ionization 

mass spectrometry 
 

5.1 Abstract 

Introduction 

Organic foods are among the most vulnerable to fraud. With increased demand for organic 

beef, ease of committing organic fraud, and the difficulty of detection it makes this product 

likely to be targeted by fraudsters. This study has taken samples from organic and 

conventional beef and applied rapid evaporative ionization mass spectrometry (REIMS) to 

determine its capabilities of detecting organic fraud related to beef.   

 

Methods 

Samples of conventional and organic Angus steers (AA and AAX) were collected from two 

abattoirs on the Island of Ireland. Samples consisted of the neck (Supraspinatus), rump 

(Psoas major), and shin (Flexor carpi radialis) regions of the carcass. These samples were 

subjected to REIMS analysis using a monopolar probe. Each sample was cut approximately 

ten times, with each cut taking 3–5s, and chemometric models were generated based on 

the mass range m/z 600–950 of each sample. Data were then analysed using supervised 

principal component analysis linear discriminant analysis (PCA-LDA) models.  

 

Results 

PCA-LDA models were able to distinguish organic beef from conventional breed at a correct 

classification rate of 82.76%. REIMS also showed promise in classifying the location an 

animal had been reared and slaughtered (93.87%), area of the carcass the samples were 

taken, (95.05%), and if the animal finished on a summer or winter feed regime (97.32%).  
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Conclusion 

This study successfully demonstrated REIMS to be a promising technique to detect organic 

fraud concerning beef. Future work building a data reference library of samples is needed 

to determine the true capability of REIMS in an industry setting.  

 

5.2 Introduction  

The organic meat market has increased steadily over the past 20 years (Willer, Lernoud, & 

Kilcher, 2011). Growth in the market is primarily due to concerns surrounding the use of 

antibiotics, hormones, and chemical additives (Future Market Insights (FMI), 2020). Along 

with the consumer perception that organic meat has higher nutritional quality, is more 

environmentally friendly, and adheres to higher animal welfares standards (Dervilly-

Pinel,2017; Średnicka-Tober, 2016; Younie, 2001). In the United Kingdom (UK) alone, the 

organic meat industry has increased by nearly 50% in the last decade, and the COVID-19 

pandemic has further increased consumer interest in buying organic (Askew, 2020). The 

increased demand for organic products may make an already vulnerable market a prime 

target for fraudsters.  

 

Organic foods are among the most vulnerable to fraud, mainly due to how easily this type 

of fraud can be committed and how difficult it is to detect (Johnson, 2014; Shear, 2010; 

Manning, 2016; Song, Wang, Maguire, & Nibouche, 2016; van Ruth & de Pagter-de Witte, 

2020). Organic fraud occurs when a product is sold as organic, even though it was not 

produced by organic standards (van Elzakker et al., 2005). Organic beef must be produced 

following Council Regulation (EC) No 834/2007. This regulation sets out standards for 

producing and labeling organic products throughout the European Union (EU). It specifies 

that in order to produce organic cattle, a farm must be registered with an organic control 
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body (such as Soil Association Certification Ltd, Organic Farmers & Growers CIC and Irish 

Organic Association), and the production system adopted must meet the organic standards 

specified by that body (DEFRA, 2018; DEFRA, 2019). Each control body has its own set of 

standards that differ slightly. Key aspects which are constant around the EU include: 

• Feedstuffs must be produced and certified to organic standards 

• At least sixty percent of the diet must come from organic forage 

• Genetically Modified (GM) animal feed is banned under organic standards 

• Veterinary medicines and antibiotics cannot be used as a preventative measure but 

should treat illness or injury. 

• Withdrawal period of any veterinary medicines and antibiotics must be twice the 

stated withdrawal period for conventionally produced cattle.  

 

 Despite regulations for organic labelling and livestock production, it is difficult to ensure 

that products on the market are truly organic (FMI, 2020). Therefore, robust analytical 

methods are required to support the verification processes. Various techniques have been 

trialled; however, a conclusive method has not yet been found. 

 

Stable isotope ratio analysis (SIRA) has shown promise to distinguish organic from 

conventional beef (Schmidt et al., 2005; Bahar et al., 2008). Schmidt et al. found significate 

differences between conventional and organic Irish beef combining carbon, nitrogen, and 

sulphur isotopic composition (MANOVA, F3,28 = 10.3, P <0.001) (Schmidt et al., 2005). 

Conventional Irish beef had a less negative and more variable 13C value (−24.5‰ ± 0.7‰) 

than organic beef (−26.0‰± 0.2‰). However, it was later found that 13C increases in 

conventional beef between December and June, which dilutes the results of Schmidt et al. 

(Schmidt et al., 2005; Bahar et al., 2008; Capuano et al., 2012). SIRA's success using carbon 

composition is mainly reliant on a higher proportion of fresh or preserved grass in organic 
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cattle compared with maize and concentrate in conventional cattle (Capuano et al., 

2012). Therefore, the difference observed in carbon may suggest the animal was reared 

following organic standards but cannot prove it.  

 

Levels of 15N/14N also indicated organic status as 15N pathways in conventional beef had 

been found higher than in organic due to the mineral content in fertilizers (Bahar et al., 

2008; Ballin, 2010; Schmitdt et al.,2005). However, 15N pathways can also be found in 

organic fertilizers, although in lower amounts and dietary differences such as higher legume 

content in an animal's diet can affect 15N pathways (Schmitdt et al., 2005). Organic beef had 

also been found to have slightly more 34S (7.9‰ ± 0.6‰) compared to conventional (7.2‰ 

± 0.4‰) beef. This may be due to organic or mineral fertilizer or feed supplements, but it is 

not known with any degree of certainty (Schmitdt et al., 2005; Knights, Zhao, Spiro, & 

McGrath, 2000).  

  

Other than SIRA, fatty acid profiles might prove useful for the authentication of organic 

meat as feed regime have an effect on the fat composition of meat. Multiple studies on 

fatty acids in relation to organic fraud have been reviewed by Capuano et al. (2012). 

However, no method has yet to be proven as a robust detection method for organic fraud 

related to beef. 

  

As is not permitted to used preventative veterinary medicines and antibiotics on organic 

cattle detecting these residues in beef may help determine if a product is organic (Kelly et 

al., 2016). However, as it is permitted to use conventional medicines on sick animals 

residues could still be found in organic cattle. Although residue tests could not prove the 

organic status of animals it could be a tool to prove that organic standards were not 

adhered to when rearing an animal in question.  
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Rapid evaporative ionization mass spectrometry (REIMS) is a type of ambient mass 

spectrometry (AMS) that has shown promise in food fraud detection. It operates using an 

electrosurgical knife, probe, or laser that produces an aerosol when cutting into a tissue 

sample. The aerosol is taken from the sample through a transfer line into the ionization 

source of the mass spectrometer. A heated collision surface is situated, and the ionization 

process occurs (Black et al., 2019). REIMS has been employed in several food adulteration 

studies, Balog et al. (2016) demonstrated uses for speciation of meat, Black et al. (2017) 

showed is the capability in fraud related to fish, and Kosek et al. (2019) found its uses to 

detect additives in minced meat. Furthermore, REIMS-analysis requires no samples 

preparation, generally takes only a few seconds and can be used by non-specialized 

personal, making it an attractive tool for industrial use.  

 

Fraud in the organic beef supply chain has the potential to compromise the integrity of the 

organic beef industry and undermine consumer trust in the product (Müller & Gaus, 2015). 

Determining ways to distinguish between organic and conventional products is essential to 

protect the organic beef supply chain, the organic beef industry, and preserve consumer 

trust. This current study involved the collection of samples of cattle from conventional and 

organic cattle from two locations on the Island of Ireland (Republic of Ireland and Northern 

Ireland) and applied REIMS to determine its capabilities of detecting organic fraud related 

to beef.   
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5.3 Materials and methods 

5.3.1 Sample collection 

All samples were taken from Aberdeen Angus (AA) and Aberdeen Angus Cross (AAX) steers. 

Carcass samples from the neck (supraspinatus), rump (psoas major), and shin (flexor carpi 

radialis) regions were collected over an eight-month period (March 2019 to October 2019). 

All samples were taken from two abattoirs, one located in county Tipperary, Republic of 

Ireland (ABP Cahir), and the other located in Newry, Northern Ireland (ABP Newry). All 

animals were chosen for sampling were taken from trusted framers to ensure authenticity.  

After slaughter and primary processing of selected animals, carcasses moved to chills where 

they were stored at 2°C. All sampled were taken three days after the animal had been 

slaughtered. Each sample was approximately 100-120g, samples were cut into three equal 

pieces, labeled and vacuum packed.  All samples taken were then stored at -80°C before 

REIMS testing was undertaken samples where thawed.  

 

In total 261 samples were collected. Of these 127 were organic and 134 were conventional 

Table 23 show depicts sample variations.  

Table 23. Sample variations  

 Shin Rump Neck  Cahir Newry  Summer Winter 

Organic 59 44 21  69 58  47 80 

Convectional 62 51 24  74 60  48 86 

Total 121 95 45  143 118  95 166 
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5.3.2 REIMS experimental setup 

This study's experimental setup was similar to that reported in Black et al. (2017), with the 

exception that the REIMS source was connected to a monopolar probe.  As in research 

performed by Black et al. (2017) a lockmass solution of Leucine Enkephalin (LeuEnk) (m/z 

554.2615) (2 ng/µL) in isopropanol (IPA) was infused using a Waters Acquity UPLC I-class 

system (Waters Corporation., Milford, MA, USA) at a continuous flow rate of 0.2 mL/min for 

accurate mass correction. Mass spectra data were acquired over the range m/z 600-950 with 

a scan time of 2 minutes. Before analysis, the mass spectrometer was calibrated using a five 

mM sodium formate solution (90% IPA) at a flow rate of 20 µL/min. Each sample was cut 

approximately 10, with each cut lasting approximately 3–5s. This enabled multiple locations 

on each tissue sample to be analyzed. The delay between sampling and appearance of a 

signal was ≈ 2 s, with no carry-over effects visible between each burn or sample. 

5.3.3 Data analysis  

Data processing followed the methodology developed by Black et al. (2017). Data 

generated by the mass spectrometer were pre-processed using a prototype software AMX 

(Waters Research Centre, Budapest, Hungary) that used standard Masslynx pre-processing 

algorithms (Waters). The recorded scans for each sample were combined to give an 

average spectrum, and thus, one spectrum for each sample was used to build the 

chemometric models. The resulting data were lockmass corrected using LeuEnk (m/z 

554.2615), background was subtracted and normalized (Total Ion Count—TIC) in order to 

generate a data matrix that can be exported to carry out a multivariate analysis. All 

chemometric models were calculated using the mass region of m/z 600–950, a spectral 

intensity threshold of 2e5 counts and a bin width of 0.5 Da. When using an m/z range for 

models that included LeuEnk, variations in the lockmass intensity and interferences with 

the lockmass compound resulted in a degree of irreproducibility/error. Principal 
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component analysis (PCA) was used to reduce the dimensionality of the data prior to Linear 

discriminant analysis (LDA) analysis using the first 50 PCA components. The prototype 

software enabled a leave-20%-out cross-validation of the PCA-LDA score plots in which one 

average spectrum per sample was analyzed. A model was calculated using 80% of the 

samples, and data files left out were classified using the training model. This was repeated 

five times, allowing each sample to be left out once from the model building process. Using 

a standard deviation of 5σ, each sample was classified into the closest class. If a sample was 

outside the standard deviation range of 5σ for all classes, then it was marked as an outlier.    

 

5.4 Results 

Using a supervised PCA-LDA model a segregate model was made to determine organic status 

(organic/ conventional) of samples. Models were able to distinguish the difference between 

conventional and organic samples at a correct classification rate of 82.76% (as seen in Figure 

15), discriminant models between finishing feed (summer/winter), slaughter location (ABP 

Newry, /ABP Cahir), and sample area (neck, shin, or rump) were also developed and 

investigated.  

 

5.4.1 Organic and conventional beef   

Figure 15 shows an PCA-LDA model separating organic and conventional beef samples. Using 

this model, a correct classification rate of 82.76% was obtained. During cross-validation 45 

failures occurred comprised of 23 conventional samples identified as organic and 22 organic 

samples were identified as conventional as detailed in Table 24.  
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Figure 15. PCA-LDA of samples by organic vs conventional beef 

 

 

 

Table 24.  Classification of organic and conventional samples  

Group Number of 
spectra 

Number 
of 

passes 

Number 
of 

failures 

Number 
of 

outliers 

Correct 
Classification Rate 

(Excluding 
outliers) 

Correct 
Classification 

Rate (Including 
outliers) 

Total 261 216 45 0 82.76% 82.76% 
 Conventional Organic Total    

Conventional 111 23 134    

Organic 22 105 127    

Total 133 128 261    

 

5.4.2 Sample area 

As stated in section 5.3.1, samples were taken from different areas of the carcass (shin, 

rump and neck) and PC-LDA model was able to classify correctly samples with a rate of 

97.3% (Figure 16) with only seven failures of correct classification as seen in Table 25. This 

area has the highest rate of correct classification with regards to all the categories 

discussed above.  
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 Figure 16. PCA-LDA of samples by area of carcass 

 

 

 

Table 25. Classification of samples by area of carcass 
 

Group 

 
Number 

of 
spectra 

Number 
of 

passes 

Number 
of 

failures 

Number 
of 

outliers 

Correct 
Classification 

Rate 
(Excluding 
outliers) 

Correct 
Classification 

Rate 
(Including 
outliers) 

Total  261 254 7 0 97.32% 97.32% 
  Neck Rump Shin Total   

Neck  41 4 0 45   

Rump  0 93 2 95   

Shin  0 1 120 121   

Total  41 98 122 261   

 

5.4.3 Slaughter location 

As shown in Figure 17 the current study used an PCA-LDA model and was able to achieve a 

93.87% correct classification rate of samples from carcass slaughtered in Newry (NI) and 
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those slaughtered in Cahir (ROI).  As seen in Table 26 sixteen failures in correct classification 

occurred.  

 

Figure 17. PCA-LDA of samples by site of slaughter 

 

 

 

Table 26. Classification of by site of slaughter 

Group 
Number 

of 
spectra 

Number 
of 

passes 

Number 
of 

failures 

Number 
of 

outliers 

Correct 
Classification 

Rate 
(Excluding 
outliers) 

Correct 
Classification 

Rate 
(Including 
outliers) 

Total 261 245 16 0 93.87% 93.87% 
 Cahir Newry Total    

Cahir 137 6 143    

Newry 10 108 118    

Total 147 114 261    
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5.4.4 Summer and winter finishing  

As samples were collected throughout eight months and feed regimes change 

between the summer and winter, all cattle did not finish on the same feed type. In 

Ireland, cattle that finished on summer feed are those slaughtered between March 

and October, depended on weather this may vary (O’Donovan & McEvoy, n.d.). In 

these months’ cattle are out on pasture feeding on grass. In the winter finishing 

months, cattle will not be on the pasture. Instead, their diet will consist of silage, 

that is fermented grass, or other green fodder compacted and stored in airtight 

conditions and persevered by acidification; cattle also receive concentrates in 

winter (Dictionary.com, 2020). In winter, the diet of cattle will require 

supplementation with concentrates (generally grains salt and minerals/vitamins) to 

get the correct  nutrition, depended on grass quality cattle in summer may also be 

fed concentrated (Kavanagh & McGee, n.d).    

 

 A PCA-LD model was able to distinguish samples from animals, which finished in 

the summer form those which finished in the winter at a 95.02% correct 

classification rate, separation is seen in Figure 18. Table 27 depicts ten winters 

finished cattle were classified as summer, and three summer cattle were miss 

classified as winter finishing.   
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Figure 18. PCA-LDA of samples by season finished 
 

 

 

Table 27. Classification of samples by season 
 

Group Number 
of spectra 

Number 
of passes 

Number 
of failures 

Number 
of outliers 

Correct 
Classification 

Rate 
(Excluding 
outliers) 

Correct 
Classification 

Rate 
(Including 
outliers) 

Total 261 248 13 0 95.02% 95.02% 
 Summer Winter Total    

Summer 92 3 95    

Winter 10 156 166    

Total 102 159 261    

 

5.5 Discussion 

On the Island of Ireland, cattle are feeding on the pasture roughly half the year feeding, 

whether organic or conventional. These similarities in feed make it difficult to distinguish 

organic from conventional cattle. The current research project found that REIMS is a highly 

promising tool to detect organic fraud related to beef and found it capable of detecting other 

important characteristics of beef.  
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Using a PCA-LD model REIMS was able to determine where on a carcass a sample was taken 

(shin, neck, or rump). The misrepresentation of meat cuts is described as a potential beef 

fraud, as described by Ballin's (2010) publications discussed in chapter 4. Depended on a cut 

of meat, the prices can vary drastically. Primary cuts or primal cuts are larger sections of a 

carcass such as a chuck, rib or loin, and are easy to identify. However, secondary cuts, such 

as steaks, can be difficult to identify visually. There are no analytical authentication methods 

to distinguish cut of beef (Ballin, 2010). Different cuts of pork have been determined thought 

multiple reaction monitoring mass spectrometry (MRM-MS), however this method was not 

found effective in distinguishing different beef cuts (Nalazek-Rudnicka et al., 2019). Further 

investigation on this may provide a tool that ensures consumers are being sold the meat cut 

they are paying for. 

 

The location an animal was slaughtered was also determined showing REIMS has the 

capability of being a tool to ensure traceability. The slaughter location is valuable as it can be 

used as an analytic traceability method to confirm a product's authenticity. Still, it is unknown 

if REIMS is detecting where an animal was reared, slaughtered, or both. Also, the geographic 

precision REIMS can distinguish are unknown and require further investigation.  

 

Further analysis also found that REIMS could identify the feed type (summer/ winter) of 

finished cattle and determine cattle's organic status no matter the season of finishing.  As 

discussed in section 5.2, SIRA, had difficulty classifying the organic status depending on the 

season (Schmitt et al., 2018). Therefore, investigators in this study found it pertinent to 

include different seasons. 
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Lastly, sample preparation requirements for SIRA are making it a time consuming and 

expensive technique. Samples must be cut into thin pieces, freeze-dried, and pulverized 

using a vibrating ball mill before lipids are extracted, and defatted muscle residue is 

analysed (Schmidt et al., 2005).  REIMS has no sample preparation; therefore testing can be 

done quickly and makes it possible for testing to be performed by non-specialized 

personnel, making REIMS more attractive for industry use.  

 

5.5.1 Limitations 

No individual biomarker were identified in distinguishing organic and conventional beef. 

Although it is suspected to be a group of phospholipids, metabolic difference causing 

separations on models in section 5.4.1 is largely unknown.  As further testing occurs, it is 

anticipated that this will become clearer.  

 

Although organic and conventional meat was separated at a high accuracy level in models, 

this success rate has not been transferable to blind samples. Blind samples refer to external 

samples that are not present in the original chemometric training model. This is suspected 

to be due to the need for a greater variety of samples and a more extensive sample set. 

Further development of a reference sample library is anticipated to increase the correct 

classification rate of blind samples.  

 

As seen in Table 23, there is not a equal number of shin, rump and neck samples. This is 

due to availability of samples. However, there are far fewer neck samples (n=21) then rump 
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and shin because they were not originally part of the experiment but added to give a 

greater variety of samples.  

 

5.5.2 Future Research 

Ongoing research focuses on the addition of samples into the models shown in section 5.4, 

and the creation of further models that may be used to indicate other types of fraud. It is 

hoped that adding a greater variety and number of samples will strengthen models so that 

blind samples will match the correct classification rate of those seen in the chemometric 

models above. Further samples from cattle of different breeds and sex will be added to test 

new characteristics and how they affect chemometric models. Furthermore, interactions 

between models will be explored to see how if correct classification rates for organic fraud 

increase based on factors such as the cut of meat or breed of animal. 

5.6 Conclusion  

This research has determined REIMS as a promising technique to determine fraud in relation 

to beef. Furthermore, the application of the REIMS technique shows promise in validating 

location of slaughter, finishing feed, and cut of meat. Additionally, REIMS does not require 

any sample preparation and cutting can be done by nonspecialized personal, therefore ideal 

for industry use.  
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Chapter 6. Discussion and conclusions  
 

6.1 Introduction 

Based on the results presented in this thesis, this chapter summarises the main findings and 

recommendations, to create a blueprint for a food fraud prevention and mitigation 

framework for the beef industry. The mixed methodologies used in the research which 

include trending and historical mapping incidents to identify the areas within the beef 

industry that are vulnerable to food fraud, identification of beef crimes, the creation of a 

risk-based tool to aid in food fraud prevention, and mitigation for the beef industry and the 

exploration of new technologies for authenticity testing will be discussed. Furthermore, this 

chapter will consider the limitations of this research and highlight directions for future 

research endeavours. Finally, the conclusions and overall recommendations for this Ph.D. 

thesis will be presented. 

 

6.2 Overview and Findings 

6.2.1 -Chapter 2. A comprehensive review of food fraud terminologies and food fraud 

mitigation guides 

Chapter 2 was an in-depth review of the current food fraud prevention and mitigation 

guidance for the beef industry. This chapter highlighted the lack of legal definitions for food 

fraud and related terms, which hinders communication surrounding food fraud and its 

prevention. As there is no legal definition for food fraud in the EU, various definitions found 

in academic and stakeholder publications were assessed, and commonalities within these 

definitions were identified. This research defined food fraud as “an intentional and 

deceptive act for economic gain in food”.  
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This chapter went on to explore types of food fraud to describe better how food fraud 

might occur. Thirteen publications defining types of food fraud were found; these 

publications described 59 unique types of food fraud. Within publications, research varied 

in the terminology used to describe food fraud. Of these thirteen articles, only one was 

specific to types of fraud, which could occur in meat (Ballin, 2010). The remaining twelve 

did not specify a supply chain.   

 

Of the twelve guidance documents for food fraud prevention and mitigation, no specific 

guidance for the beef industry was found. Eleven of these documents gave guidance that 

can be utilized in all supply chains, while one focused on herbs and spices. All documents 

provided knowledge could be used by the beef industry, such as the creation of supply 

chain transparency, emphasizing strong supplier relationships, supplier auditing, and 

horizon scanning. Yet none of the guidance documents in thesis research specifically 

targeted the beef industry. Furthermore, all documents were aimed at large business 

operators. This is a shortcoming that has the potential to affect the entire beef industry: 

fraud occurring in any operator even at the small scale can affect the reputation of beef and 

damage the sector as a whole.  

 

This research argues that determining legal definitions for food fraud and related terms will 

improve communication surrounding food fraud. Furthermore, identifying types of fraud in 

specific supply chains and creating specific guidance documents for food fraud prevention 

and mitigation in individual supply chains will increase the understanding of specific 

measures the beef industry can take to protect the food supply.   
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6.2.2- Chapter 3. A 20-year analysis of reported food fraud in the global beef supply chain 

This chapter focused on identifying which threats to the beef supply and the most 

vulnerable areas within the beef supply chain. Historical reports of food fraud related to 

beef were analysed to determine if patterns were present; this was undertaken in efforts to 

understand better where prevention and detection methods would best be applied. This 

research found counterfeiting to be the type of fraud most often reported and primary 

processing to be the supply chain area where most of the food fraud has occurred. 

Counterfeiting describes products produced illegally on an unapproved premise, without 

inspection or proper health certifications, which was the most common type of fraud in the 

beef industry. Thus, it was concluded that counterfeit products was the biggest threat to 

the beef supply chain with respects to food fraud. Most of the counterfeiting occurred 

during primary processing, and primary processing was the area where the most fraud was 

reported. Therefore, companies should focus on prevention and mitigation in primary 

processing as well as on a product that has been processed at other sites or companies and 

is being brought in.  

 

6.2.3 – Chapter 4. The identification of beef crimes and the creation of a bespoke beef 

crimes risk assessment tool 

This chapter identified and prioritized twenty-four different forms of beef crimes. This was 

done to give a better understating of how food fraud looks specifically in relation to beef. In 

A 20-year analysis of reported food fraud in the global beef supply chain, seven types of 

fraud were defined, and reports were categorized into these types of fraud. However, 

within each of the seven types given there were multiple way fraud can take place. 

Therefore, in this chapter identified specific ways fraud occurs to communicate threat to 

industy more clearly.  The identification of beef crimes described how fraud could occur 
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along the beef supply chain while the BCRAT prioritized these crimes based on risk. This risk 

assessment is a highly novel approach to rating and ranking each identified beef crime that 

provides insights to allow the beef industry to prioritize resources to mitigate food fraud 

based on risk. 

 

The criteria used to determine risk in the BCRAT included severity and probability factors. 

Severity factors included: public health risks, consumer perception, business impact, and 

probability factors, which consist of historical incidents, as seen in RASFF, the probability of 

detection, and the complexity of detection. Public health risk refers to whether a beef 

crime poses a risk to human health if a public health risk is determined; this would increase 

the overall risk of the crime. The consumer risk factor in the BCRAT addresses how 

consumers will react to different beef crimes. Although individuals will have differing 

perceptions, stakeholders were asked to predict these perceptions to get a general 

understanding of how each threat was perceived. Consumer risk is vital as consumers may 

take some crimes much more seriously than others, causing reactions, sales decline, and 

reputational damage higher than was anticipated. In the horsemeat scandal, no public 

health risk was determined, yet media and consumer perception made this into one of the 

most notorious food fraud scandals on record (BBC, 2013). Business impact was considered 

separately from consumer risk as this does not consider media and attention brought to the 

public by a beef crime occurring and referred explicitly to money and trade losses. This may 

occur for example, if a company has a bad reputation with customers for providing beef of 

the wrong breed. Perhaps consumers do not see this as major issue, and no media 

attention results, and no scandal occurs. Still, monetary losses and trade losses may occur 

as this company is providing a misleading product. Severity factors are not entirely 

independent of one another; if a beef crime has a high public health impact, consumers will 

likely perceive this as unacceptable that may cause an amplification of the risk via the 
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media, which in turn will most likely affect trade, reputation and monetary losses for the 

company involved. Probability criteria were more quantitative, making them more easily 

measured. 

 

Similar to chapter 2, A 20-year analysis of reported food fraud in the global beef supply 

chain, lack of data surrounding food fraud was a challenge when trying to determine the 

commercial risk of different types of fraud. In this chapter as well as chapter 2, RASFF was 

used as a source to determine incidents of food fraud. However, RASFF is focused on food 

safety therefore, fraud incidents may not all be recorded. Furthermore, as the nature of 

food fraud is largely unknown it is unlikely all incidents that are occurring are detected. 

These factors may skew data and highlight the need for databases that focuses on food 

fraud incidents.  

 

The beef industry can use the identification of beef crimes and the BCRAT, and stakeholders 

in the beef supply chain, to assess the current risk of beef crimes—thus determining if 

current mitigation, prevention, and detection methods are sufficient. 

 

6.2.4- Chapter 5. Metabolic profiling to detect organic beef fraud using rapid evaporative 

mass spectrometry 

The detection of food fraud in the beef industry is critical when creating prevention and 

mitigation plans. It determines where fraud is occurring and verifies if mitigation and 

prevention methods are working. Currently, there is difficulty detecting many types of food 

fraud due to factors such as lack of knowledge on where to test, not knowing what to test 

for, the expense of testing, and a lack of available testing methods. Some tests, such as 

species tests, are more commonplace than others. This is primarily because they can be 

performed by non-specialized personal on factory sites and are relatively inexpensive. 
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Testing for thawed meat claimed to be fresh, must be performed in specialized labs by 

trained personal and is more expensive, and so this type of testing is likely not undertaken 

as often.  Other beef crimes such as organic fraud and halal fraud don’t have adequately 

robust detection methods. Therefore, these types of fraud are likely to be occurring 

undetected.   

 

This chapter explored techniques in organic fraud testing in the beef supply chain. As 

examined in chapter 5, the premium price of organic beef and the increased demand and 

along with limited supply has made these products a prime target for fraud (Capuano et al., 

2013). There are multiple qualifications needed for cattle to be certified organic. One of 

which is that organic cattle diet must consist of at least sixty percent from organic forage. 

This creates difficultly when doing testing in many countries including Ireland, as both 

organic and conventional cattle graze on pasture as long as weather permits, generally 

from mid-March to October. This means that all cattle will be eating the same general diet 

for about half the year, which can further increase the difficulty of distinguishing organic 

and conventional cattle. This was seen in research by Schmidt et al. (2005) and discussed in 

this chapter. REIMS has proven to be a promising technology that may provide a solution to 

the detection of organic fraud, and unlike other techniques, RIEMS was able to distinguish 

organic from conventionally produced meat during all seasons.  

 

REIMS has demonstrated its capabilities in other areas, such as identifying the location of 

slaughter and cut of meat, which may be used to help indicate other types of fraud. Other 

research on REIMS by Balog et al. (2016) and Black et al. (2019) used the technology 

platform to determine characteristics such as breed and the presence of offal in beef 

mince. Although the present research did not explore these aspects of REIMS technology, it 

is promising that REIMS can aid the beef industry by validating multiple authenticity tests 
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using one instrument. The implementation of this technology would in instrumental as it 

would fill in knowledge gaps surrounding food fraud occurrences. As seen in the BCRAT in 

chapter 4 and chapter 2 here it are types of fraud with no historical incident reports found, 

and it is likely they are simply not being detected. REIMS had promising outcomes 

identifying multiple authenticity characteristics and requires no sample preparation. Testing 

is quick and can be performed by non-specialized personnel. These qualities make REIMS an 

attractive technique to be utilized by industry which would increase testing in various types 

of fraud and increase knowledge about the frequency they are occurring.  

 

6.2.5 Thesis methodology and findings 

Each chapter in this thesis is built from each other so that a comprehensive understanding 

of threats and vulnerabilities of the beef industry could be understood. A unique start to 

this thesis is the need to define food fraud and related terms this was done in chapter 2. 

After gaining an understanding of food fraud research explored current prevention and 

mitigation methods for food fraud. Still, a greater understanding of fraud relating to the 

beef supply and the beef industry was missing.  

 

In chapter 3 historical reports of food fraud related to beef were analyzed. This chapter 

explored the prevalence of fraud, where it has occurred, and what types of food fraud are 

common in the beef supply chain. The exercise found that adulteration is not the only type 

of fraud seen in the beef industry; it wasn't even the most prevalent type of fraud seen, this 

is surprising as the most notorious case study of food fraud in beef is the adulteration of 

beef meat with horse meat. Therefore greater awareness needs to be brought to other 

types of frauds as well as mitigation and prevention strategies to manage multiple threats 

rather than simply adulteration. As this study only focused on beef so no comparative 

between other products can occur, still, this would be an interesting research to determine 
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which products and supply chains are most vulnerable to fraud. Lastly in this chapter, it 

became clear that there is a lack of sufficient data on historical incidents of food fraud.  This 

lack of this data may skew all findings of trending fraud.  

 

 To determine types of fraud that may be occurring undetected or unreported the media 

and academic literature are valuable sources. However, when media data cannot be 

trended in the same way as done in chapter 3. This is due to the abundance of information 

in the media which is ever-growing. Therefore, academic literature and media data were 

used to determine specific types of food fraud that can occur in the beef supply chain and 

determine their commercial risk.  

 

Still is beneficial to understand how often different types of fraud occur to determine their 

probability. Therefore, a new technology was explored REIMS was selected as it has been 

used to detect fraud in previous studies. This technology showed promise indicating 

multiple types of fraud and could fill the demands of the beef industry. 

 

The thesis ended with recommendations for the beef industry. However, this thesis also 

found that there is a need for better food fraud data including more available information 

regarding types and amounts of testing occurring in the food supply chains by government 

and industry and where anomalies have occurred. even so, this thesis has used academic 

methodologies to determine the needs of industry and solutions for those needs. 
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6.3 Strengths, limitations and future research  

6.3.1 Strengths 

This research mapped where fraud has historically occurred in the beef supply chain, 

providing valuable information to the beef industry on where they can be most vulnerable 

and, therefore, where to focus fraud prevention and mitigation efforts. Moreover, this 

research looked for trends in types of fraud occurring and found that industry needs to 

defend itself against potentially high levels of counterfeiting. Furthermore, these trending 

and mapping exercises provided a framework that can be used by other supply chains in 

the future to determine areas of vulnerability.  

 

Through the identification of beef crimes and the development of a novel BCRAT, the beef 

industry can see which beef crimes pose the most substantial risks. A given company can 

compare this risk to the current procedures in place to determine if current prevention and 

mitigation practices are sufficient or if more resources should be reallocated based on 

risk. Table 28 gives an example of how a company might do this by comparing the current 

practice to the risk determined in the BCRAT. In this example, companies can indicate if 

detection or deterrence methods are in place, summarize current practices used to prevent 

and mitigate beef crimes, then state whether methods in place for a given beef crime 

should be increased, decreased, or maintained. Lastly, this example leaves space for a 

comment on the reasoning based on this decision and any required actions. Decreasing 

testing may seem counter-intuitive; however, some testing may be occurring in an 

unnecessary level; for example, species are commonly tested in high amounts throughout 

the beef industry, and due to historical incidents, this is expected and is perceived to be 

good practice. However, this testing it may be occurring at a higher rate than is necessary. 

Therefore, resources can be relocated and to make a more holistic defense plan. Updating 
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the BCRAT and comparing this to a company’s current food fraud prevention and mitigation 

practices, on a quarterly basis, will keep a company up to date with the threats that are 

posing a risk at that time. As shown in figure 19 as new detection and deterrence methods 

are implemented, depended on anomalies in testing found and changes made to the 

BCRAT. Threats do not need to be re-identified when   updating the BCRAT or the 

comparison table however if new threats are uncovered in findings or literature they 

should be added.  



CHAPTER 6 

Page | 141  
 

 
 

 
Table 28. Comparison table for beef crime risk and current prevention and mitigation plan   
 

Beef crime Commercial Risk Detection  Deterrence  Current procedures  Prevention and mitigation Comments Actions 

Illegal veterinary drugs and growth promoter 1       Maintain     

Illegal products 2     Maintain     
Expired product 3     Increase     

Animal feed  4     Increase     
Product extension: Animal by-product 5     Maintain     

Species substitution 6     Decrease     
Product extension: Non-meat substitutions 7     Maintain     

Preservatives 8     Maintain     
Product extension: Offal  9     Maintain     

Religious claims 10     Maintain     

Product extension: SRM 11     Maintain     
Meat cut 12     Increase     

Organic fraud 13     Increase     
Thawed meat claimed fresh 14     Increase     

Slaughter age 15     Increase     
Additives 16     Maintain     

Product extension: MSM 17     Maintain     
Country of origin 18     Maintain     

Product extension: Water 19     Maintain     
Process claims 20     Maintain     

Product extension: Fat 21     Maintain     
Short-weighing  22     Maintain     

Breed 23     Maintain     
Category 24       Maintain     
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Figure 19. Cycle of risk and vulnerability 
 

 

 

Lastly, this research has determined that REIMS is a promising technology to determine the 

organic status of beef. Additionally, this novel research has determined that REIMS is a 

promising technique for identifying other characteristics of beef, such as the area of the 

carcass, season the animal was finished, and geographic location of where an animal was 

slaughtered. Therefore, this technology shows promise in the detection of multiple types of 

fraud in beef. 
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6.3.2 Limitations and future research 

The lack of an agreed definition of food fraud affects how it is reported and 

recorded. In A 20-year analysis of reported food fraud in the global beef supply 

chain (chapter 3), RASFF and HorizonScan were used to collect data on food fraud 

reports. All data used in the review were categorized as food fraud on either RASFF 

or HorizonScan. As discussed in this chapter RASFF and HorizonScan may not define 

food fraud in the same way. Therefore, personnel may use individual bias to 

determine what should be recorded as food fraud on these sources. Gaps may be 

left as to what is reported within as food fraud by the databases, thereby affecting 

research using these resources. The future development of a single definition of 

food fraud utilized by all would clarify communication and the identification of food 

fraud events, and in turn, provide more information about food fraud and how it is 

occurring. 

 

Similarly, the lack of definitions for types of food fraud specific to individual supply 

chains can lead to a range of inconstant interpretations. The broad types of food 

fraud analyzed in this research are a useful tool to categorize fraud reports. As seen 

in A 20-year analysis of reported food fraud in the global beef supply chain (chapter 

3), reports of food fraud related to beef were categorized into types defined by 

Spink and Moyer (2011). However, this research interpretation reports into fraud 

types may be different than how other researchers would have. This research 

argues that having specific types of fraud for each food product is be the best way 

to clearly describe types of food fraud and reduce ambiguity or researcher bias, 

which may occur unintentionally.  
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Lack of data that surrounds food fraud incidents hinders research in the field. 

Within this thesis, RASFF and HorizonScan were widely utilized; however, there are 

other sources available that primarily focus on food fraud, which are beneficial for 

horizon scanning. These sources are outlined in A comprehensive review of food 

fraud terminologies and food fraud mitigation guides (Chapter 2). All these tools 

discussed provide valuable information; however, they have limitations. Primarily 

that not one single source and provide all relevant information such as industry 

sharing, historical incidents, academic literature, and media articles. Ideally, a 

combination of multiple sources would be used for horizon scanning to determine 

incoming risks. However, doing this would cost a company more as the above 

sources are only available on a subscription base. Furthermore, more human 

resource is needed to merge information found on multiple sources manually. The 

continued development of high-quality sources is essential.  

 

As discussed in The identification of beef crimes and the creation of a bespoke Beef 

Crimes Risk Assessment Tool (chapter 4), a survey was created and distributed to 

assess how stakeholders would rank each crime and also how they would assess 

each crime based on set criteria. The current survey didn't answer all questions 

investigators have concerning the risk assessment tool. Feedback from stakeholders 

on probability and severity factors, the terminology used to describe beef crimes, 

and a more in-depth look at the way stakeholders ranked and rated beef crimes 

would provide investigators with greater insight—additionally, this risk assessment 

aimed to assess the risk based on a global view. However, many respondents lived 

in the UK, and worked in food manufacturing and production, leading to biases in 
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survey information. To get a truly global view of how beef crimes are perceived, a 

broader stakeholder base must be surveyed.  

 

Lastly, the biomarkers that differentiate organic and conventional meat have not 

been identified in REIMS research, and blind samples cannot be accurately 

identified. To improve upon this proof on concept, more sampling and testing are 

needed. Future research should focus on taking a large sample set to build a 

reference library of samples, which include a larger variety of beef and geographic 

location then what was assessed in the proof of concept in this thesis. 

 

6.4 Conclusions and recommendations 

This thesis has made a blueprint for a food fraud prevention and mitigation framework in 

the beef industry by providing tools which identify where fraud is likely to occur, describing 

beef crimes and prioritizing these crimes.  Further research is needed to create high-quality 

data sources for food fraud horizon scanning; the beef industry needs to implement a 

variety of authenticity testing, share identified fraud reports, and generate analytical 

testing to detect all types of beef fraud. As more information is gathered on fraud incidents 

in the beef supply chain, prevention and mitigation plans will become more robust.   

 

Recommendations to the beef industry based off research found in this thesis include:  
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• Horizon scanning and trending of historical issues to determine potential upcoming 

threats.   

Using one or more of the resources discussed in A comprehensive review of 

food fraud terminologies and food fraud mitigation guides (chapter 2) 

companies can search for incoming issues and patterns in fraud reports. 

Increased knowledge surrounding potential threats and increased sharing 

of this information throughout the sector will improve understanding of 

where fraud prevention and mitigation methods should be applied.   

• Utilizing and updating the Beef Crimes Risk Assessment Tool to determine where 

risk is.  

The BCRAT can describe how fraud is occurring and prioritize each 

identified type of fraud. Companies can compare current methods used to 

mitigate and prevent fraud with the BCRAT to determine where resources 

should be focused on. The Comparison table for beef crime risk and current 

prevention and mitigation plan (Table 28) gives an example of how 

companies can compare current risks with their current prevention and 

mitigation strategies in use and re-assess when risk and resources don’t 

align. 

• Create varied test scheme.  

Use varied testing methods allows companies to ensure that current 

prevention methods are working. If a beef crime is found to be low risk that 

doesn’t allow for a complete stop to testing and other prevention and 

mitigation methods.  

• Use existing guidance documents and vulnerability assessments 

Although existing tools such as guidance documents and vulnerability 

assessments explored in A comprehensive review of food fraud 
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terminologies and food fraud mitigation guides (chapter 2) are not specific 

to the beef industry, they can still provide valuable insight. Multiple 

documents analyzed in this research explore concepts in areas such as the 

development of systems to check and approve suppliers, supplier audits, 

creating open and transparent relationships with suppliers, and horizon 

scanning. All of which should be applied in the beef industry.  

 

  



CHAPTER 7 

Page | 148  
 

Chapter 7. References  
 

Aven, T. (2010). On how to define, understand and describe risk. Reliability Engineering & System 

Safety, 95(6), 623-631. https://doi.org/10.1016/j.ress.2010.01.011 

Bahar, B., Schmidt, O., Moloney, A. P., Scrimgeour, C. M., Begley, I. S., & Monahan, F. J. (2008). 

Seasonal variation in the C, N and S stable isotope composition of retail organic and 

conventional Irish beef. Food chemistry, 106(3), 1299-1305. 

Ballin, N. Z. (2010). Authentication of meat and meat products. Meat science, 86(3), 577-587. 

https://doi.org/10.1016/j.meatsci.2010.06.001 

Balog, J., Perenyi, D., Guallar-Hoyas, C., Egri, A., Pringle, S. D., Stead, S., ... & Takats, Z. (2016). 

Identification of the species of origin for meat products by rapid evaporative ionization 

mass spectrometry. Journal of agricultural and food chemistry, 64(23), 4793-4800. 

Baynes, R. E., Dedonder, K., Kissell, L., Mzyk, D., Marmulak, T., Smith, G., & Riviere, J. E. (2016). 

Health concerns and management of select veterinary drug residues. Food and Chemical 

Toxicology, 88, 112-122. doi.org/10.1016/j.fct.2015.12.020. 

BBC, British Broadcasting Corporation. (2013). Horsemeat scandal: Beef products 'pose no health 

risk'. BBC News. Retrieved June 2, 2020, from https://www.bbc.com/news/uk-21406653  

Bindt, V. (2016). Costs and benefits of the food fraud vulnerability assessment in the Dutch food 

supply chain. 

Black, C., Chevallier, O. P., Cooper, K. M., Haughey, S. A., Balog, J., Takats, Z., ... & Cavin, C. (2019). 

Rapid detection and specific identification of offals within minced beef samples utilising 

ambient mass spectrometry. Scientific reports, 9(1), 1-9. 

Black, C., Haughey, S. A., Chevallier, O. P., Galvin-King, P., & Elliott, C. T. (2016). A comprehensive 

strategy to detect the fraudulent adulteration of herbs: The oregano approach. Food 

chemistry, 210, 551-557. 



CHAPTER 7 

Page | 149  
 

Borch, E., Kant-Muermans, M. L., & Blixt, Y. (1996). Bacterial spoilage of meat and cured meat 

products. International journal of food microbiology, 33(1), 103–120. 

https://doi.org/10.1016/0168-1605(96)01135-x 

Bosley, C. (2007). German kebab sales slump after rotten meat scandal. Reuters. Retrieved February 

4 2020 from: http://www.reuters.com/article/idUSLA76533220070903 

Bouzembrak, Y., & Marvin, H. J. P. (2016). Prediction of food fraud type using data from rapid alert 

system for food and feed (RASFF) and bayesian network modelling. Food Control, 61, 180 

187.10.1016/j.foodcont.2015.09.026. 

Bouzembrak, Y., Steen, B., Neslo, R., Linge, J., Mojtahed, V., & Marvin, H. J. P. (2018). Development 

of food fraud media monitoring system based on text mining. Food control, 93, 283-296. 

doi.org/10.1016/j.foodcont.2018.06.003. 

BRC, British Retail Consortium. (2015). Understanding Vulnerability assessment. British Retail 

Consortium. 

BRC, British Retail Consortium. (2018). Global Food Safety Standard (Issue 8). BRC Global Standards 

London.  

Brooks, S., Elliott, C. T., Spence, M., Walsh, C., & Dean, M. (2017). Four years post-horsegate: An 

update of measures and actions put in place following the horsemeat report of 2013. Npj 

Science of Food, 1(1), 5. 10.1038/s41538-017-0007-z. 

BSI, British Standards institution. (2020). PAS 96- Food and Drink Defence. BSIgroup. Retrieved 

January 23, 2020, from https://www.bsigroup.com/en-GB/PAS-96/  

Campden BRI. (2019). Food industry intelligence network (fiin) final report quarter 3 2019. 

Campden BRI. 

Capuano, E., Boerrigter-Eenling, R., van der Veer, G., & van Ruth, S. M. (2013). Analytical 

authentication of organic products: an overview of markers. Journal of the Science of Food 

and Agriculture, 93(1), 12-28.  



CHAPTER 7 

Page | 150  
 

Cawthorn, D., Steinman, H. A., & Hoffman, L. C. (2013). A high incidence of species substitution and 

mislabelling detected in meat products sold in South Africa. Food Control, 32(2), 440-449. 

10.1016/j.foodcont.2013.01.008  

CEIH, Chartered Institute of Environmental Health (2016). Counter fraud good practice for food and 

drinks businesses. Chartered Institute of Environmental Health. Retrieved February 18, 

2020, from, https://www.cieh.org/media/1240/counter-fraud-good-practice-for-food-and-

drink-businesses.pdf 

CEN, European Committee for Standardization. (2018). CEN/CW 86 - Project Plan for the CEN 

Workshop - Authenticity in the feed and food chain – General principles and basic 

requirements – Workshop (approved during the kick-off meeting on 2017-05-11), Retrieved 

February 2, 2020 from 

ftp://ftp.cencenelec.eu/CEN/WhatWeDo/Fields/Food/WS/86/ProjectPlan.pdf  

CEN, European Committee for Standardization. (2019). CWA 17369: Authentic and fraud in the feed 

and food chain- Concepts, terms and definitions. CEN-CENELEC Management Centre.  

Charlebois, S. (2017). How blockchain technology could transform the food industry. Retrieved 

February 18, 2020, https://theconversation.com/how-blockchain-technology-could-

transform-the-food-industry-89348  

Charlebois, S., Schwab, A., Henn, R., & Huck, C. W. (2016). Food fraud: An exploratory study for 

measuring consumer perception towards mislabeled food products and influence on self-

authentication intentions. Trends in Food Science & Technology, 50, 211-218. 

https://doi.org/10.1016/j.tifs.2016.02.003 

CRS, Congressional Research Service. (2014). Food fraud and “Economically Motivated 

Adulteration” of Food and Food Ingredients. CRS. Retrieved February 18, 2020, from, 

https://fas.org/sgp/crs/misc/R43358.pdf  

Cruse, C. (2019). Food Fraud and the Food, Drug, and Cosmetic Act: Bridging a Disconnect. Food & 

Drug LJ, 74, 322. 



CHAPTER 7 

Page | 151  
 

Davies, C. (2019). ‘Sick cow’ meat scandal in Poland: fears raised over other slaughterhouses. 

Retrieved March 4, 2020, from 

https://www.theguardian.com/environment/2019/feb/01/sick-cow-meat-scandal-poland-

fears-over-other-slaughterhouses  

DEFRA, United Kingdom Department for Environment, Food & Rural Affairs.(2018). Guidance: 

Approved UK organic control bodies. Network. Retrieved September 7, 2020, from 

https://www.gov.uk/government/publications/organic-certification-list-of-uk-approved-

organic-control-bodies/approved-uk-organic-control-bodies 

DEFRA, United Kingdom Department for Environment, Food & Rural Affairs. (2020). Food fraud 

Mitigation. Food Authenticity Network. Retrieved February 18, 2020, from 

http://www.foodauthenticity.uk/food-fraud-mitigation-guides#g1 

DEFRA, United Kingdom Department for Environment, Food & Rural Affairs (2014). Elliott review 

into the integrity and assurance of food supply networks. HM Government. Retrieved 

February 2, 2020 from 

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/350726/

elliot-review-final-report-july2014.pdf  

Dervilly-Pinel, G., Guérin, T., Minvielle, B., Travel, A., Normand, J., Bourin, M., ... & Nicolas, M. 

(2017). Micropollutants and chemical residues in organic and conventional meat. Food 

chemistry, 232, 218-228. 

Dictionary.com. (2020). Retrieved August 31, 2020, from https://www.dictionary.com/ 

Djekic, I., Jankovic, D., & Rajkovic, A. (2017). Analysis of foreign bodies present in European food 

using data from rapid alert system for food and feed (RASFF). Food Control, 79, 143-149. 

10.1016/j.foodcont.2017.03.047. 

EC, European Commission. (2009). 30 years of keeping consumers safe: The rapid alert system for 

food and feed of the European Union. Luxembourg: Office for Official Publications of the 

http://www.foodauthenticity.uk/food-fraud-mitigation-guides#g1


CHAPTER 7 

Page | 152  
 

European Communities. Retrieved 13 March, 2019, from https://ec.europa.eu/food/sites 

food/files/safety/docs/rasff_30_booklet_en.pdf. 

EC, European Commission. (2017). Questions & Answers on Commission Regulation (EC) No 

2017/625 (Official Controls Regulation). Retrieved February 18, 2020, from 

https://ec.europa.eu/food/sites/food/files/safety/docs/oc_qa_ocregulation_20170407_en.

pdf  

EC, European Commission. (2018). The EU food fraud network and the system for administrative 

assistance –food fraud. Retrieved February 18, 2020, from 

https://ec.europa.eu/food/sites/food/files/safety/docs/foodfraud_network_activity_report

_2018.pdf  

EC, European Commission. (2019). Legislation on official controls. Retrieved February 18, 2020 from 

https://ec.europa.eu/food/safety/official_controls/legislation_en  

EC, European Commission. (2020). The EU Food Fraud Network. Retrieved January 30, 2020, from 

https://ec.europa.eu/food/safety/food-fraud/food%20fraudn_en  

EFSA, European Food Safety Authority. (2005). Opinion of the Scientific Panel on food additives, 

flavourings, processing aids and materials in contact with food (AFC) to review the toxicology 

of a number of dyes illegally present in food in the EU. EFSA Journal, 3(9), 263. 

EFSA, European Food Safety Authority. (2010). Establishment and maintenance of routine analysis 

of data from the Rapid Alert System on Food and Feed. EFSA Journal, 8(1), 

1449.10.2903/j.efsa.2010.1449 

EIT Food and Queens University Belfast. (2020). Mapping the Agri-Food Chain. Panic-buying during 

a crisis: how do food supply chains cope?. Retrieved April 23, 2020, from 

https://www.futurelearn.com/courses/resilience-food-supply-chain/1/steps/754194  

EIT-Food Project: Beef Crimes Risk Assessment. Robson Kelsey; Dean, Moira; Haughey, Simon, 

Elliott, Christopher. 2019. RAFA 2019- Recent Advances in Food Analysis, Prague, Czech 

Republic. 

https://ec.europa.eu/food/safety/food-fraud/food%20fraudn_en


CHAPTER 7 

Page | 153  
 

Elliott, C. (2018). Watch out for organic fraud!. The Grocer. Retrieved February 12, 2020, from 

https://www.thegrocer.co.uk/supply-chain/watch-out-for-organic-fraud/564741.article 

Ellis, D. I., Brewster, V. L., Dunn, W. B., Allwood, J. W., Golovanov, A. P., & Goodacre, R. (2012). 

Fingerprinting food: current technologies for the detection of food adulteration and 

contamination. Chemical Society Reviews, 41(17), 5706-5727. 

https://doi.org/10.1039/C2CS35138B 

Ellis, D. I., Muhamadali, H., Haughey, S. A., Elliott, C. T., & Goodacre, R. (2015). Point-and-shoot: 

rapid quantitative detection methods for on-site food fraud analysis–moving out of the 

laboratory and into the food supply chain. Analytical Methods, 7(22), 9401-9414. 

10.1039/C5AY02048D 

Ercolini, D., Russo, F., Torrieri, E., Masi, P., & Villani, F. (2006). Changes in the spoilage-related 

microbiota of beef during refrigerated storage under different packaging conditions. Appl. 

Environ. Microbiol., 72(7), 4663-4671. 10.1128/AEM.00468-06 

EU FIP, European Union Food Integrity Project (2017). FoodIntegrity. Retrieved January 31, 2010 

from https://secure.fera.defra.gov.uk/foodintegrity/index.cfm  

EU, European Union. (2017). RASFF — The Rapid Alert System for Food and Feed — 2016 annual 

report. Luxembourg: Publications Office of the European. Retrieved 13 March, 2019, 

https://ec.europa.eu/food/sites/food/files/safety/docs/rasff_annual_report_2016.pdf 

Everstine, K., Spink, J., & Kennedy, S. (2013). Economically motivated adulteration (EMA) of food: 

common characteristics of EMA incidents. Journal of food protection, 76(4), 723-735. 

https://doi.org/10.4315/0362-028X.JFP-12-399 

FDA, Food and Drug Administration. (2009). Economically Motivated Adulteration; Public Meeting; 

Request for Comment [Docket No. FDA-2009-N-0166]. Federal Register, 74, 15497. 

Retrieved February 2, 2020 from http://edocket.access.gpo.gov/2009/pdf/E9--7843.pdf  



CHAPTER 7 

Page | 154  
 

FDF, Food and Drink Federation. (2014). Food authenticity five steps to help protect your business 

from food fraud. Retrieved February 18, 2020, 

https://www.fdf.org.uk/corporate_pubs/Food-Authenticity-guide-2014.pdf  

FDF, Food and Drink Federation. (2016). Guidance on Authenticity of Herbs and Spice. Retrieved 

February 2, 2020 from https://www.fdf.org.uk/corporate_pubs/guidance-

herbsandspices.pdf  

Fera, Food and Environment Research Agency. (2018). HorizonScan Global Food Integrity and Risks 

System. Retrieved 14 March, 2019, from https://www.fera.co.uk/media 

/wysiwyg/HorizonScan_Leaflet.pdf 

Fera, Food and Environment Research Agency. (2020). A technology-led solution for managing 

complex supply chains. Retrieved June 1 2020, from https://www.fera.co.uk/food-

safety/support-tools/horizon-scan  

Fiin, Food Industry Intelligence Network. (n.d.). Abo ut  f i in .  Retrieved May 15 2020 from 

https://www.fiin.co.uk/about-fiin  

FMI, Future Market Insights. (2020). Organic Meat Market: Global Industry Analysis and 

Opportunity Assessment 2016-2026. Retrieved August 28,2020 from 

https://www.futuremarketinsights.com/reports/organic-meat-market 

Food Fraud Advisors. (2020). Horizon scanning for food fraud. Food fraud Advisors. Retrieved 

February 2, 2020, from https://www.foodfraudadvisors.com/horizon-scanning-for-food-

fraud/   

FPDI, Food Protection and Defense Institute. (2017). https://facts.foodprotection.io/about  

FSA, Food Safety Authority. (2018).  Allergen guidance for food businesses. Retrieved March 3, 

2020, from https://www.food.gov.uk/business-guidance/allergen-guidance-for-food-

businesses  



CHAPTER 7 

Page | 155  
 

FSA, Food Standards Agency. (2017). Chapter 19 – Specified Risk Material. Meat Industry Guide. 

Retrieved 13 March, 2019, from https://www.food.gov.uk/sites/default 

/files/media/document/chapter19srm.pdf.  

FSSC 22000, Foundation Food Safety System Certification 22000. (2019). FSSC 22000 scheme 

version 5. Retrieved February 18, 2020, from https://www.fssc22000.com/wp-

content/uploads/19.0528-FSSC-22000-Scheme-Version-5.pdf  

FSSC 22000, Foundation Food Safety System Certification 22000. (2018). Guidance on Food Fraud 

Mitigation. FSSC 22000. Retrieved February 18, 2020, from 

https://www.fssc22000.com/wp-content/uploads/fssc-22000-guidance-on-food-fraud-

final-100418.pdf  

Galvin-King, P., Haughey, S. A., & Elliott, C. T. (2018). Herb and spice fraud; the drivers, challenges 

and detection. Food Control, 88, 85-97. https://doi.org/10.1016/j.foodcont.2017.12.031 

GFSI, Global Food Safety Initiative. (2014). GFSI position on mitigating the public health risk of food 

fraud. Retrieved April 27, 2020, from https://mygfsi.com/wp-

content/uploads/2019/09/Food-Fraud-GFSI-Position-Paper.pdf  

GFSI, Global Food Safety Initiative. (2017). Process manual for the GFSI benchmarking process v7.2, 

GFSI. Retrieved February 2, 2020 from https://mygfsi.com/wp-

content/uploads/2019/09/Benchmarking_Requirements_v7_2_Manual.pdf  

GFSI, Global Food Safety Initiative. (2018). Tackling food fraud through food safety management 

systems. GFSI. Retrieved February 20, 2020, from https://mygfsi.com/wp-

content/uploads/2019/09/Food-Fraud-GFSI-Technical-Document.pdf  

Gilbert, N. (2012). Rules tighten on use of antibiotics on farms: clampdown aims to stop spread of 

drug resistant microbes. Nature, 481(7380), 125-126. 

Gizzi, G., van Raamsdonk, L. W. D., Baeten, V., Murray, I., Berben, G., Brambilla, G., & Von Holst, C. 

(2003). An overview of tests for animal tissues in animal feeds used in the public health 

response against BSE. Scientific and Technical Review, 22(1). 



CHAPTER 7 

Page | 156  
 

Gov.uk. (2018) Guidance: Animal by-product categories, site approval and disposal. Retrieved 13 

March,2019, https://www.gov.uk/guidance/animal-by-product-categories-site-approval-

hygiene-and-disposal.  

Green, M. (2018). Fake organics and decade-old meat: Belgian scandal details revealed. IEG Vu 

Agribusiness intelligence. Retrieved 13 March, 2019, from 

https://iegvu.agribusinessintelligence.informa.com/CO217269/Fake-organics-and-

decadeold-meat-Belgian-scandal-details-revealed 

Grobe, S. (2018). Scandal over rotten meat in Belgium. Euronews.com. Retrieved 13 March, 2019, 

from https://www.euronews.com/2018/03/12/scandal-over-rotten-meat-in-belgium.  

Hayneys, B. & Spagnuol, S. (2017). Brazil police raid BRF and JBS meat plants in bribery probe. 

Retrieved 13 March, 2019, from https://www.reuters.com/article/us-brazil-corruption-

food/brazil-police-raid-brf-and-jbs-meat-plants-in-bribery-probe-idUSKBN16O1LH.  

Hirsch, J. (2020). Iowa grain seller headed to prison for massive case of organic fraud. Retrieved 

February 12, 2020, from https://thecounter.org/organic-food-fraud-usda-doj-randy-

constant/ 

Huck, C. W., Pezzei, C. K., & Huck-Pezzei, V. A. (2016). An industry perspective of food fraud. Current 

Opinion in Food Science, 10, 32-37. doi.org/10.1016/j.cofs.2016.07.004 

ISO, International Organization for Standardization. (2018). ISO 3100:2018 Risk 

Management-Guidelines. Retrieved January 20, 2021 from ISO 31000:2018(en), Risk 

management — Guidelines 

Jia, C., & Jukes, D. (2013). The national food safety control system of China–a systematic 

review. Food Control, 32(1), 236-245. doi.org/10.1016/j.foodcont.2012.11.042. 

Johnson, R. (2014). Food fraud and economically motivated adulteration of food and food 

ingredients. Congressional Research Service.  

Kasperson, R. E., Renn, O., Slovic, P., Brown, H. S., Emel, J., Goble, R., ... & Ratick, S. (1988). The 

social amplification of risk: A conceptual framework. Risk analysis, 8(2), 177-187. 



CHAPTER 7 

Page | 157  
 

Kavanagh, S., & McGee, M. (n.d) Feed options for finishing cattle. Teagasc. Retrieved June 9, 2020 

from https://www.teagasc.ie/media/website/animals/beef/feed-options.pdf 

Kelly, M., Tarbin, J. A., Ashwin, H., & Sharman, M. (2006). Verification of compliance with organic 

meat production standards by detection of permitted and nonpermitted uses of veterinary 

medicines (tetracycline antibiotics). Journal of agricultural and food chemistry, 54(4), 1523-

1529. 

Kenton, W. (2019). Enterprise risk management (ERM). Investopedia. Retrieved April 15, 2020, from 

https://www.investopedia.com/terms/e/enterprise-risk-management.asp 

Knights, J. S., Zhao, F. J., Spiro, B., & McGrath, S. P. (2000). Long-term effects of land use and 

fertilizer treatments on sulfur cycling. Journal of Environmental Quality, 29(6), 1867-1874. 

https://doi.org/10.2134/jeq2000.00472425002900060020x 

Kowalska, A., Soon, J. M., & Manning, L. (2018). A study on adulteration in cereals and bakery 

products from Poland including a review of definitions. Food Control, 92, 348-356. 

https://doi.org/10.1016/j.foodcont.2018.05.007 

Kulling, S., Bunzel, D., Frommherz, L., Molkentin, J., Lehmann, I., Engert, S., & Steinberg, P. (2019). 

The Setup of the National Reference Centre for Authentic Food (NRZ-Authent) in Germany. 

European Journal of Lipid Science and Technology, 121(12), 1900023. 

https://doi.org/10.1002/ejlt.201900023 

Lee, M. H., Lee, H. J., & Ryu, P. D. (2001). Public health risks: Chemical and antibiotic residues-

review. Asian-Australasian Journal of Animal Sciences, 14(3), 402-413. 

https://doi.org/10.5713/ajas.2001.402   

Leung, E., Weil, D., Raviglione, M., & Nakatani, H. (2011). WHO | the WHO policy package to 

combat antimicrobial resistance World Health Organization. Retrieved 13 March, 2019, 

from http://www.who.int/bulletin/volumes/89/5/11-088435/en/ 

https://www.teagasc.ie/media/website/animals/beef/feed-options.pdf
http://www.who.int/bulletin/volumes/89/5/11-088435/en/


CHAPTER 7 

Page | 158  
 

Leuschner, R. G. K., Hristova, A., Robinson, T., & Hugas, M. (2013). The rapid alert system for food 

and feed (RASFF) database in support of risk analysis of biogenic amines in food. Journal of 

Food Composition and Analysis, 29(1), 37-42. 10.1016/j.jfca.2012.09.004.  

Lotta, F., & Bogue, J. (2015). Defining food fraud in the modern supply chain. Eur. Food & Feed L. 

Rev., 10, 114. https://doi.org/10.1111/j.1750-3841.2011.02417.x 

Manning, L. (2016). Food fraud: Policy and food chain. Current Opinion in Food Science, 10, 16-21. 

https://doi.org/10.1016/j.cofs.2016.07.001 

Manning, L. (2019). Food defence: Refining the taxonomy of food defence threats. Trends in Food 

Science & Technology, 85, 107-115. https://doi.org/10.1016/j.tifs.2019.01.008 

Manning, L., & Soon, J. M. (2014). Developing systems to control food adulteration. Food 

Policy, 49(Part 1), 23-32. 10.1016/j.foodpol.2014.06.005 

Manning, L., & Soon, J. M. (2016). Food safety, food fraud, and food defense: a fast evolving 

literature. Journal of food science, 81(4), R823-R834. doi.org/10.1111/1750-3841.13256 

Manning, L., & Soon, J. M. (2019). Food Fraud Vulnerability assessment: reliable data sources and 

effective assessment approaches. Trends in Food Science & Technology. 

https://doi.org/10.1016/j.tifs.2019.07.007 

Manning, L., Smith, R., & Soon, J. M. (2016). Developing an organizational typology of criminals in 

the meat supply chain. Food Policy, 59, 44-54. 10.1016/j.foodpol.2015.12.003 

Marvin, H. J., Bouzembrak, Y., Janssen, E. M., van der Fels-Klerx, H. J., van Asselt, E. D., & Kleter, G. 

A. (2016). A holistic approach to food safety risks: Food fraud as an example. Food research 

international, 89, 463-470. doi.org/10.1016/j.foodres.2016.08.028 

Mayo Clinic. (2017). Food Poisoning. Retrieved May 29, 2020, from 

https://www.mayoclinic.org/diseases-conditions/food-poisoning/symptoms-causes/syc-

20356230  

McGrath, T. F., Haughey, S. A., Patterson, J., Fauhl-Hassek, C., Donarski, J., Alewijn, M., ... & Elliott, 

C. T. (2018). What are the scientific challenges in moving from targeted to non-targeted 

https://doi.org/10.1016/j.cofs.2016.07.001


CHAPTER 7 

Page | 159  
 

methods for food fraud testing and how can they be addressed?–Spectroscopy case study. 

Trends in food science & technology, 76, 38-55. https://doi.org/10.1016/j.tifs.2018.04.001 

MFMER, Mayo Foundation for Medical Education and Research. (2018). Creutzfeldt-Jakob disease 

.Retrieved April 16, 2020, from https://www.mayoclinic.org/diseases-

conditions/creutzfeldt-jakob-disease/symptoms-causes/syc-20371226  

Moore, J. C., Spink, J., & Lipp, M. (2012). Development and application of a database of food 

ingredient fraud and economically motivated adulteration from 1980 to 2010. Journal of 

Food Science, 77(4), R118-R126. doi.org/10.1111/j.1750-3841.2012.02657.x 

Mousavi, S. M., Khaniki, G. J., Eskandari, S., Rabiei, M., Samiee, S. M., & Mehdizadeh, M. (2015). 

Applicability of species-specific polymerase chain reaction for fraud identification in raw 

ground meat commercially sold in Iran. Journal of Food Composition and Analysis, 40, 47-

51. https://doi.org/10.1016/j.jfca.2014.12.009 

Moyer, D. C., DeVries, J. W., & Spink, J. (2017). The economics of a food fraud incident–Case studies 

and examples including Melamine in Wheat Gluten. Food Control, 71, 358-364. 

https://doi.org/10.1016/j.foodcont.2016.07.015 

Muddy Boots. (2020). Home. Retrieved April 13, 2020, from https://en.muddyboots.com/ 

Müller, C. E., & Gaus, H. (2015). Consumer response to negative media information about certified 

organic food products. Journal of Consumer Policy, 38(4), 387-409. 

https://doi.org/10.1007/s10603-015-9299-z 

Nalazek-Rudnicka, K., Kłosowska-Chomiczewska, I., Wasik, A., & Macierzanka, A. (2019). MRM–MS 

of marker peptides and their abundance as a tool for authentication of meat species and 

meat cuts in single-cut meat products. Food chemistry, 283, 367-374. 

https://doi.org/10.1016/j.foodchem.2019.01.007 

Nestle. (2016). Food fraud Prevention. Nestec Ltd. Retrieved February 18, 2020, from 

https://www.nestle.com/sites/default/files/asset-

library/documents/library/documents/suppliers/food-fraud-prevention.pdf  



CHAPTER 7 

Page | 160  
 

NFCU, National Food Crime Unit (2016). Working Together to Tackle the Threat from Food Crime. 

NFCU. Retrieved February 18, 2020, from 

https://www.food.gov.uk/sites/default/files/media/document/tacklingfoodcrime-nfcu.pdf  

NFCU, UK National Food Crime Unit. (2017) What is food crime and how does it differ from food 

fruad?. Retrieved January 13, 2021 form http;//www.food.gov.uk/enforcement/the-

national-food-crime-unit/what-is-food-crime-and-food-fraud. 

NFCU, UK National Food Crime Unit. (2019a). Food Crime. Retrieved January 31, 2010 from 

https://www.food.gov.uk/safety-hygiene/food-crime  

NFCU, UK National Food Crime Unit. (2019b). National Food Crime Unit. Retrieved May 1, 2010 

from https://www.food.gov.uk/about-us/national-food-crime-unit.  

NHS, National Health Service. (2015). Symptom: Creutzfeldt-jakob disease. NHS.uk. Retrieved 12 

March, 2019, from https://www.nhs.uk/conditions/creutzfeldt-jakob-disease-cjd/ 

O’Donovan, M., &McEvoy, M. (n.d.) Teagasc. Retrieved June 9, 2020 from 

https://www.teagasc.ie/media/website/animals/dairy/ManagingGrass.pdf 

Oplatowska-Stachowiak, M., & Elliott, C. T. (2017). Food colors: Existing and emerging food safety 

concerns. Critical reviews in food science and nutrition, 57(3), 524-548. 

https://doi.org/10.1080/10408398.2014.889652  

Pei, X., Tandon, A., Alldrick, A., Giorgi, L., Huang, W., & Yang, R. (2011). The China melamine milk 

scandal and its implications for food safety regulation. Food policy, 36(3), 412-420. 

https://doi.org/10.1016/j.foodpol.2011.03.008 

Pickrell, J. (2006). Timeline: BSE and vCJD. Retrieved 13 March, 2019, 

from https://www.newscientist.com/article/dn9926-timeline-bse-and-vcjd/.  

Pla, M., Hernández, P., Ariño, B., Ramírez, J. A., & Díaz, I. (2007). Prediction of fatty acid content in 

rabbit meat and discrimination between conventional and organic production systems by 

NIRS methodology. Food Chemistry, 100(1), 165-170. 

https://doi.org/10.1016/j.foodchem.2005.09.029 

https://www.nhs.uk/conditions/creutzfeldt-jakob-disease-cjd/


CHAPTER 7 

Page | 161  
 

Primrose, S., Woolfe, M., & Rollinson, S. (2010). Food forensics: methods for determining the 

authenticity of foodstuffs. Trends in Food Science & Technology, 21(12), 582-590. 

https://doi.org/10.1016/j.tifs.2010.09.006 

PwC, PricewaterhouseCoopers . (2017). Food fraud vulnerability assessment. Retrieved February 4, 

2020, from https://www.pwc.com/gx/en/services/food-supply- integrity-services / food-

fraud-vulnerability-assessment.html 

PwC, PricewaterhouseCoopers. (2016). Food fraud Vulnerability Assessment and Mitigation. PwC 

Retrieved February 18, 2020, from https://www.pwc.com/gx/en/services/food-supply-

integrity-services/assets/pwc-food-fraud-vulnerability-assessment-and-mitigation-

november.pdf  

PwC, PricewaterhouseCoopers. (2020). Food fraud vulnerability assessment. 

https://www.pwc.com/gx/en/services/food-supply-integrity-services/food-fraud-

vulnerability-assessment.html  

Rahmati, S., Julkapli, N. M., Yehye, W. A., & Basirun, W. J. (2016). Identification of meat origin in d 

fooproducts–A review. Food Control, 68, 379-390. 

https://doi.org/10.1016/j.foodcont.2016.04.013 

Regan, Á, Marcu, A., Shan, L. C., Wall, P., Barnett, J., & McConnon, Á. (2015). Conceptualising 

responsibility in the aftermath of the horsemeat adulteration report: An online study with 

Irish and UK consumers. Health, Risk & Society, 17(2), 149-167. 

10.1080/13698575.2015.1030367 

Robson, K., Dean, M., Brooks, S., Haughey, S., & Elliott, C. (2020). A 20-year analysis of reported 

food fraud in the global beef supply chain. Food Control, 107310. 

https://doi.org/10.1016/j.foodcont.2020.107310 

Romero, S. (2017). Brazil’s Largest Food Companies Raided in Tainted Meat Scandal. The New York 

Times. Retrieved March 6, 2020, from 



CHAPTER 7 

Page | 162  
 

https://www.nytimes.com/2017/03/17/world/americas/brazil-food-companies-bribe-

scandal-salmonella.html 

RQA Group. (2016). Food Supply Chain Vulnerability: A Ti whitepaper in partnership with RQA 

Group. Retrieved February 18, 2020, http://www.rqa-group.com/wp-

content/uploads/2016/12/RQA_Ti-Food-Supply-Chain-Vulnerability-Whitepaper.pdf  

Sapkota, A. R., Lefferts, L. Y., McKenzie, S., & Walker, P. (2007). What do we feed to food-

production animals? A review of animal feed ingredients and their potential impacts on 

human health. Environmental health perspectives, 115(5), 663-670. 

doi.org/10.1289/ehp.9760 

Schmidt, O., Quilter, J. M., Bahar, B., Moloney, A. P., Scrimgeour, C. M., Begley, I. S., & Monahan, F. 

J. (2005). Inferring the origin and dietary history of beef from C, N and S stable isotope ratio 

analysis. Food Chemistry, 91(3), 545-549. https://doi.org/10.1016/j.foodchem.2004.08.036 

Sentandreu, M. Á., & Sentandreu, E. (2014). Authenticity of meat products: Tools against fraud. 

Food Research International, 60, 19-29. https://doi.org/10.1016/j.foodres.2014.03.030 

Shears, P. (2010). Food fraud–a current issue but an old problem. British Food Journal, 112(2), 198-

213. doi.org/10.1108/00070701011018879 

Song, W., Wang, H., Maguire, P., & Nibouche, O. (2016). Differentiation of organic and non-organic 

apples using near infrared reflectance spectroscopy—a pattern recognition approach. In 

2016 IEEE SENSORS (pp. 1-3). IEEE. 

Soon, J. M., Krzyzaniak, S. C., Shuttlewood, Z., Smith, M., & Jack, L. (2019). Food fraud vulnerability 

assessment tools used in food industry. Food control, 101, 225-232. 

https://doi.org/10.1016/j.foodcont.2019.03.002 

Spink, J. & Harte, B. (2008). Academic food stuff, a strategy to combat economic food fraud. 

Packaging World Magazine, 29. Retrieved February 2, 2020, from 

https://www.packworld.com/article-25733   



CHAPTER 7 

Page | 163  
 

Spink, J. (2014). GFSI Direction on Food Fraud and Vulnerability Assessment (VACCP). Michigan 

State University. Retrieved 13 March, 2019, from 

http://foodfraud.msu.edu/2014/05/08/gfsi-direction-on-food-fraud-and-vulnerability-

assessment-vaccp/   

Spink, J. (2019). The current state of food fraud prevention: overview and requirements to address 

“How to Start?” and “How Much is Enough?”. Current Opinion in Food Science. 

https://doi.org/10.1016/j.cofs.2019.06.001 

Spink, J., & Moyer, D. C. (2011). Defining the public health threat of food fraud. Journal of food 

science, 76(9), R157-R163. https://doi.org/10.1111/j.1750-3841.2011.02417.x 

Spink, J., Bedard, B., Keogh, J., Moyer, D. C., Scimeca, J., & Vasan, A. (2019a). International Survey of 

Food fraud and Related Terminology: Preliminary Results and Discussion. Journal of food 

science, 84(10), 2705-2718. https://doi.org/10.1111/1750-3841.14705 

Spink, J., Chen, W., Zhang, G., & Speier-Pero, C. (2019b). Introducing the food fraud prevention 

cycle (FOOD FRAUDPC): A dynamic information management and strategic roadmap. Food 

Control, 105, 233-241. 

Spink, J., Hegarty, P. V., Fortin, N. D., Elliott, C. T., & Moyer, D. C. (2019c). The application of public 

policy theory to the emerging food fraud risk: Next steps. Trends in food science & 

technology, 85, 116-128. https://doi.org/10.1016/j.tifs.2019.01.002 

Spink, J., Moyer, D. C., & Speier-Pero, C. (2016). Introducing the food fraud initial screening model 

(FFIS). Food Control, 69, 306-314. 10.1016/j.foodcont.2016.03.016. 

https://doi.org/10.1016/j.foodcont.2016.03.016 

Spink, J., Moyer, D. C., & Whelan, P. (2016). The role of the public private partnership food fraud 

prevention—includes implementing the strategy. Current Opinion in Food Science, 10, 68-

75. https://doi.org/10.1016/j.cofs.2016.10.002 



CHAPTER 7 

Page | 164  
 

Spink, J., Moyer, D. C., Park, H., Wu, Y., Fersht, V., Shao, B., ... & Edelev, D. (2015). Introducing Food 

Fraud including translation and interpretation to Russian, Korean, and Chinese languages. 

Food chemistry, 189, 102-107. https://doi.org/10.1016/j.foodchem.2014.09.106 

Spink, J., Ortega, D. L., Chen, C., & Wu, F. (2017). Food fraud prevention shifts the food risk focus to 

vulnerability. Trends in Food Science & Technology, 62, 215-220. 

https://doi.org/10.1016/j.tifs.2017.02.012 

Średnicka-Tober, D., Barański, M., Seal, C., Sanderson, R., Benbrook, C., Steinshamn, H., ... & Cozzi, 

G. (2016). Composition differences between organic and conventional meat: a systematic 

literature review and meta-analysis. British Journal of Nutrition, 115(6), 994-1011. 

https://doi.org/10.1017/S0007114515005073 

SSAFE. (2017). About SSAFE. Retrieved February 2, 2020, from http://www.ssafe-food.org/about-

ssafe/ 

Sumar, S., & Ismail, H. (1995). Adulteration of foods–past and present. Nutrition & Food Science. 

Tähkäpää, S., Maijala, R., Korkeala, H., & Nevas, M. (2015). Patterns of food frauds and 

adulterations reported in the EU rapid alert system for food and feed and in Finland. Food 

Control, 47, 175-184. 10.1016/j.foodcont.2014.07.007. 

TechSciReseach (2017). Global Organic Food Market by Product Type (Organic Meat, Poultry and 

Dairy; Organic Fruits and Vegetables; Organic Processed Food; etc.), By Region (Europe, 

North America, Asia-Pacific, etc.), Competition Forecast and Opportunities, 2012 – 2022. 

Retrieved February 12, 2020 from https://www.techsciresearch.com/report/global-organic-

food-market-by-product-type-organic-meat-poultry-and-dairy-organic-fruits-and-

vegetables-organic-processed-food-etc-by-region-europe-north-america-asia-pacific-etc-

competition-forecast-and-opportunities/833.html  

Trivedi, D. K., Hollywood, K. A., Rattray, N. J., Ward, H., Trivedi, D. K., Greenwood, J., ... & Goodacre, 

R. (2016). Meat, the metabolites: an integrated metabolite profiling and lipidomics 



CHAPTER 7 

Page | 165  
 

approach for the detection of the adulteration of beef with pork. Analyst, 141(7), 2155-

2164. 10.1039/C6AN00108D 

Ulberth, F. (2016). Early warning systems for food safety and integrity need to be anticipative to be 

useful for preventing food crisis situations. https://doi.org/10.1007/s00003-016-1041-5 

Ulberth, F. (2020). Tools to combat food fraud–a gap analysis. Food Chemistry, 127044. 

https://doi.org/10.1016/j.foodchem.2020.127044 

USP, U.S Pharmacopeial Convention. (2016). Food fraud mitigation guidance. The United States 

Pharmacopeial Convention. Retrieved February 18, 2020, from 

https://www.usp.org/sites/default/files/usp/document/our-work/Foods/food-fraud-

mitigation-guidance.pdf  

van Elzakker, B. V., Neuendorff, J., Torjusen, H., Jensen, K. O. D., & Brandt, K. (2005). Authenticity and 

Fraud Information to Retailers regarding Control of Quality and Safety in Organic Production 

Chains. 

van Ruth, S. M., & de Pagter-de Witte, L. (2020). Integrity of organic foods and their suppliers: Fraud 

vulnerability across chains. Foods, 9(2), 188. 

van Ruth, S. M., Huisman, W., & Luning, P. A. (2017). Food fraud vulnerability and its key 

factors. Trends in Food Science & Technology, 67, 70-75. 10.1016/j.tifs.2017.06.017. 

van Ruth, S. M., Luning, P. A., Silvis, I. C. J., Yang, Y., & Huisman, W. (2018). Differences in fraud 

vulnerability in various food supply chains and their tiers. Food Control, 84, 375-381. 

https://doi.org/10.1016/j.foodcont.2017.08.020 

van Wagenberg, C. P. A., Benninga, J., & van Ruth, S. M. (2015). Quick scan voedselfraude in 

Nederland; Wie verzamelt welke data? Welk onderzoek is er? Wat zijn de cijfers? Wat zijn 

mogelijke kennislacunes? (No. VR14-126). LEI Wageningen UR. 

Walsh, C. (2104). The use of Animal by products: The improving opportunities to add value to the 

beef and sheep slaughtering sectors. EBLEX. Retrieved 10 March, 2019 from 



CHAPTER 7 

Page | 166  
 

https://beefandlamb.ahdb.org.uk/wp-content/uploads/2016/07/74318-5th-Quarter-Use-

and-Flow-Final-Report-130514.pdf.   

WHO, World Health Organization. (2002). Food Safety Issues: Terrorist Threats to Food. Retrieved 

March 3, 2020, from 

https://apps.who.int/iris/bitstream/handle/10665/42619/9241545844.pdf;jsessionid=5627

23F72C6DAADD26F09EACBC2EDC53?sequence=1 

WHO, World Health Organization. (2018). Antibiotic resistance. Retrieved March 3, 2020, from 

https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance 

Willer, H., Lernoud, J., & Kilcher, L. (2011). The world of organic agriculture. Statistics and emerging 

trends, 11, 26-32. 

Wisniewski, A., & Buschulte, A. (2019). How to tackle food fraud in official food control authorities 

in Germany. Journal of Consumer Protection and Food Safety, 14(4), 319-328. 

https://doi.org/10.1007/s00003-019-01228-2 

Yiannas, F. (2018). A new era of food transparency powered by blockchain. Innovations: 

Technology, Governance, Globalization, 12(1-2), 46-56. 

https://doi.org/10.1162/inov_a_00266 

Younie, D. (2001). Organic and conventional beef production–a European perspective. In 22nd 

Western Nutrition Conference, University of Saskatchewan, Canada. 

Zhang, W., & Xue, J. (2016). Economically motivated food fraud and adulteration in China: An 

analysis based on 1553 media reports. Food Control, 67, 192-198. 

doi.org/10.1016/j.foodcont.2016.03.004.  

https://www.who.int/news-room/fact-sheets/detail/antibiotic-resistance

	Abstract
	Acknowledgments
	Publications and presentations related to this thesis
	Publications
	Poster presentations
	Contents

	List of Tables
	List of Figures
	List of Abbreviations
	Chapter 1. Introduction
	Figure 1. Thesis Outline

	Chapter 2. A comprehensive review of food fraud terminologies and food fraud mitigation guides
	2.1 Introduction
	2.2 Defining food fraud
	Table 1. Food fraud definitions form academic literature
	Table 2. Food fraud definitions in standards and publications from government bodies and stakeholders

	2.3 Defining economically motivated adulteration (EMA)
	2.4 Defining food authenticity
	2.5 Defining food integrity
	2.6 Defining food crime
	2.7 Food defense, food safety, food quality and food fraud
	Figure 2. Food protection risk matrix (Spink & Moyer, 2011)

	2.8 Understating interactions in terminology
	Figure 3. Intentional and unintentional modifications of food (modified from Spink and Moyer, 2011; Manning and Soon, 2016)

	2.9 Defining types of food fraud
	Table 3. Types of food fraud

	2.10 Legislation on food fraud in the EU
	2.11 Food fraud mitigation and prevention
	Table 4. Comparison of food fraud mitigation guides

	2.12 Food fraud prevention for the beef industry
	2.13 Food fraud detection through analytical testing
	2.14 Conclusion

	Chapter 3. A 20-year analysis of reported food fraud in the global beef supply chain
	3.1 Abstract
	3.2 Introduction
	3.3 Approach
	3.3.1 Extraction and sorting
	Table 5. Food fraud types as categorized by Spink and Moyer (2011)
	Figure 6. Fraud reports form RASFF and HorizonScan mapped in the beef supply chain (adapted from Brooks et al. 2017)

	3.3.2 Selection criteria
	3.3.3 Analysis

	3.4 Results
	3.4.1 Overview
	3.4.2 Food fraud by area of the beef supply chain
	3.4.3 Primary Processing Reports
	3.4.4 Secondary Processing Reports
	3.4.5 Farming Reports
	3.4.6 Chronological analysis by fraud type
	Figure 7.  Chronology of fraud reports found on RASFF and HorizonScan by fraud type

	3.4.7 Chronological analysis of fraud by supply chain area
	Figure 8.  Chronology of fraud reports found on RASFF and HorizonScan by area

	3.4.8 Country of origin and country of notification
	Country of Origin Trends
	Figure 9. Chronology of fraud reports found on RASFF and HorizonScan by county of origin
	Country of Notification Trends

	Figure 10. Chronology of fraud reports found on RASFF and HorizonScan by county of notification


	3.5 Discussion
	3.5.1 General
	Types of fraud in the beef supply chain
	Vulnerable areas in the beef supply chain
	Trends in food fraud in the beef supply chain

	3.5.2 Limitations to identified food fraud reports

	3.6 Conclusion

	Chapter 4. The identification of beef crimes and the creation of a bespoke beef crimes risk assessment tool
	4.1 Abstract
	4.2 Introduction
	4.3 Background
	4.4 Methods
	4.4.1 Threat identification
	4.4.2 Development of risk assessment criteria
	Public health impact
	Table 7. Public health impact scale
	Consumer perception

	Table 8. Consumer perception scale
	Business impact

	Table 9. Business impact scale
	RASFF reports and trends

	Table 10. Reports scale
	Table 11. RASFF trends
	Awareness

	Table 12.  Awareness scale
	Likelihood of detection

	Table 13. Likelihood of detection
	Complexity of detection

	Table 14. Complexity of detection

	4.4.3 Risk assessment survey

	4.5 Results
	4.5.1 Defining beef crimes
	4.5.2 Rating of beef crimes
	4.5.3 Public health impact
	Additives
	Animal Feed
	Expired product
	Illegal veterinary drugs and growth promoters
	Preservatives
	Product extension: Animal by-products
	Product extension: Non-meat substitutions
	Product extension: Specific risk material (SRM)
	RASFF reports and trends
	Table 15. Beef crimes
	Table 16. Reports and tends of beef crimes found on RASFF 2010-2020
	Awareness scores

	Table 17. Awareness and monitoring of beef crimes
	Probability and complexity of detection

	Table 18. Available analytical tests for beef crimes

	4.5.4 Survey results
	Affiliation
	Table 19. Affiliation by field of work
	Table 20. Affiliation by country of residence
	Ranking beef crimes

	Table 21. Beef crime ranking through survey responses by mode and average
	Public health impact

	Figure 11. Beef crime scores for public health impact
	Consumer perception

	Figure 12. Beef crimes score for consumer perceptions
	Business impact


	4.5.5 Beef crimes risk assessment tool
	Table 22. Beef crimes risk assessment tool


	4.6 Discussion
	4.6.1 Limitations
	4.6.2 Future research
	Figure 14. Steps taken to build BCRAT


	4.7 Conclusion

	Chapter 5. Metabolic profiling to detect organic beef fraud using rapid evaporative ionization mass spectrometry
	5.1 Abstract
	5.2 Introduction
	5.3 Materials and methods
	5.3.1 Sample collection
	Table 23. Sample variations

	5.3.2 REIMS experimental setup
	5.3.3 Data analysis

	5.4 Results
	5.4.1 Organic and conventional beef
	Figure 15. PCA-LDA of samples by organic vs conventional beef
	Table 24.  Classification of organic and conventional samples

	5.4.2 Sample area
	Figure 16. PCA-LDA of samples by area of carcass
	Table 25. Classification of samples by area of carcass

	5.4.3 Slaughter location
	Figure 17. PCA-LDA of samples by site of slaughter
	Table 26. Classification of by site of slaughter

	5.4.4 Summer and winter finishing
	Figure 18. PCA-LDA of samples by season finished
	Table 27. Classification of samples by season


	5.5 Discussion
	5.5.1 Limitations
	5.5.2 Future Research

	5.6 Conclusion

	Chapter 6. Discussion and conclusions
	6.1 Introduction
	6.2 Overview and Findings
	6.2.1 -Chapter 2. A comprehensive review of food fraud terminologies and food fraud mitigation guides
	6.2.2- Chapter 3. A 20-year analysis of reported food fraud in the global beef supply chain
	6.2.3 – Chapter 4. The identification of beef crimes and the creation of a bespoke beef crimes risk assessment tool
	6.2.4- Chapter 5. Metabolic profiling to detect organic beef fraud using rapid evaporative mass spectrometry
	6.2.5 Thesis methodology and findings

	6.3 Strengths, limitations and future research
	6.3.1 Strengths
	Table 28. Comparison table for beef crime risk and current prevention and mitigation plan
	Figure 19. Cycle of risk and vulnerability

	6.3.2 Limitations and future research

	6.4 Conclusions and recommendations

	Chapter 7. References

