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Abstract  35 

Introduction 36 

The beef industry faces numerous diverse challenges concerning the integrity of their products due 37 

to increasingly complex global food supply chains. Specified plans which focus on managing the risks 38 

associated with food fraud are lacking but needed to prevent and mitigate threats to the beef 39 

supply. Before these plans can be developed, an understanding of threats to the beef industry and 40 

their associated risks is needed.  41 

Methods  42 

Mixed methodologies were used to identify threats and the associated risks. A review of five 43 

different databases, and reports on the Rapid Alert System for Food and Feed (RASFF) portal, were 44 

used to identify the threats in the beef supply chain. Subsequently survey stakeholders (n=50) 45 

ranked these threats on criteria to assess their probability and their severity and determine risk.  46 

Results and conclusion 47 

This research has identified 24 types of food fraud in beef, referred to as beef crimes. To analyse and 48 

prioritize these crimes a Beef Crime Risk Assessment Tool (BCRAT) was developed to assess the risk 49 

each beef crime poses to the beef industry. Results showed that 'illegal veterinary drugs and growth 50 

promoters' posed the greatest perceived commercial risk to the beef industry while fraud related to 51 

the ‘breed’ and ‘category’ of cattle posed the least perceived commercial risk. This research can be 52 

exploited to build food fraud prevention and mitigation plans for the beef industry.   53 

 54 

 55 

 56 

 57 
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Highlights  62 

• Twenty-four different types of fraud in the beef supply chain were identified.  63 

• A bespoke risk assessment was designed to assess risk of varies types of beef fraud. 64 

• The Beef Crimes Risk Assessment Tool found ‘illegal veterinary drugs and growth promoters’ 65 

to be the greatest perceived threat to the beef industry.  66 

• Stakeholder surveys found ‘illegal product’ (e.g. stolen product, illegal slaughter, 67 

unauthorized import/export) to be the greatest perceived commercial risk to the beef 68 

industry.  69 

 70 
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1. 1. 1. 1. INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION        86 

The beef industry faces numerous and diverse challenges concerning the integrity and the 87 

authenticity of their products due to ever-lengthening and increasingly complex global food supply 88 

chains (Lotta & Bogue, 2015). The traditional food safety and food defense plans that exist are not 89 

sufficient to prevent, mitigate, detect, and deter food fraud (van Ruth, Huisman, & Luning, 2017). 90 

Thus, the food industry requires specific, bespoke plans that focus on food fraud and particularity 91 

related to its mitigation and prevention. 92 

 93 

Traditional food safety systems utilize risk assessments as prevention tools. These assessments 94 

consider the risk of known hazards such as food contaminants, food allergens, and food quality 95 

issues (Manning & Soon, 2016; Soon et al., 2019). Recently there has been a move to utilize risk 96 

assessments to identify vulnerability to food fraud. Soon et al. (2019) have reviewed guidance and 97 

tools which focused on food fraud risk assessments, including British Retail Consortium (BRC), PAS 98 

29;2017 and Campden Vulnerability Analysis Critical Control Point (VACCP) and Threat Analysis 99 

Critical Control Point (TACCP), Food Fraud Intentional Modelling (FFISM) and Safe Supply of 100 

Affordable Food Everywhere (SSAFE) (Soon et al., 2019). However, in a survey of International Food 101 

Safety Authorities Network (INFOSAN) members regarding food fraud prevention, management, 102 

education, it was found that 97% stated that they would like more guidance in and information on 103 

food fraud prevention (Spink et al., 2019).  104 

 105 

The current study presents a risk assessment to determine the perceived commercial risk of food 106 

fraud in the beef supply chain. Robson et al. (2019) analysed historical reports of food fraud in beef 107 
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assessing vulnerable areas of the beef supply chain. In this research, threats to the beef supply chain 108 

were established using mixed methodologies, and the risk associated with these threats was 109 

determined. This research has laid the groundwork needed to help the beef industry understand and 110 

prioritize types of food fraud related to beef; and has resulted in a tool that can help aid food fraud 111 

detection, prevention, and mitigation plans based on impending risks.  112 

2. 2. 2. 2. BACKGROUND BACKGROUND BACKGROUND BACKGROUND     113 

The current study has focused on risk rather than vulnerability. Risk is defined as an uncertainty of 114 

an outcome that is assessed in terms of likelihood of occurrence (as seen in Spink, Ortega, Chen & 115 

Wu, 2017). While vulnerability is a physical feature or operational attribute that renders an entity 116 

open to exploitation or susceptible to a given threat or hazard (Spink, Moyer & Whelan, 2016). PAS 117 

96 (2017) defines a hazard something that can causes loss or harm which arises from a naturally 118 

occurring or accidental event or results from incompetence or ignorance of the people involved 119 

compared to a threat, which arises from people's ill-intent. In this research, a risk is determined 120 

though a risk assessment is the overall process of risk identification, risk analysis and risk evaluation 121 

(Manning & Soon, 2019). This differs form a vulnerability assessment which a measures a system's 122 

susceptibility, or conversely resilience, to a given threat (Manning & Soon, 2019). In this assessment, 123 

the risk is measured by the probability and severity of adverse effects (Aven, 2010).  Probability is 124 

the likelihood of the threat occurring, and severity is the amount of damage or harms a threat could 125 

create (BRC,2018). However, as this assessment works with food fraud which has multiple unknowns 126 

as described by Manning, Birchmore and Morris (2020) some factors used to determine probability 127 

in this assessment are more accurately described not as probability but as a subjective assessment of 128 

likelihood. 129 

 130 

The process used in this research to develop a risk assessment tool followed an Enterprise Risk 131 

Management (ERM) framework. ERM is a plan-based business strategy that has set frameworks to 132 
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identify and assess hazards (Kenton, 2019; Spink, Moyer & Speier-Pero, 2016). ERM has developed 133 

guidelines to assess risks such as those from the Committee of Sponsoring Organizations of the 134 

Treadway Commission (COSO), ISO 31000, RIMS Risk Maturity Model (Spink, Moyer & Speier-Pero, 135 

2016). In the present study, COSO was selected as the ERM framework because it has been used in 136 

similar work undertaken by Spink, Moyer, and Speier-Pero (2016) when developing a food fraud 137 

initial screening model (FFIS). The risk assessment steps (COSO, 2012; Spink, Moyer & Speier-Pero, 138 

2016) used in this research are as follows:  139 

 140 

1. Identify threats which may impact the beef supply chain 141 

2. Develop assessment criteria determine how to determine the probability and severity of each 142 

threat.  143 

3. Assess risk combined probability and severity of each threat to determine risk  144 

4. Prioritize risk based on which threat poses as the biggest threat to the beef industry. 145 

5. Respond to risk determine steps to prevent and mitigate risk.  146 

 147 

3. 3. 3. 3. METHODS METHODS METHODS METHODS     148 

3.1 3.1 3.1 3.1 ThreatThreatThreatThreat    iiiidentificationdentificationdentificationdentification    149 

 150 

The first step in creating a risk assessment tool is threat identification. These five online databases 151 

were searched (FoodNavigator.com, Europol, Globalmeatnews.com, Google News, and Science 152 

Direct), which were selected as they are often used by industry and academics. Other databases 153 

were not used as redundancy in threats was seen after the above databases were searched, and 154 

reports and articles became repetitive indicating saturation. Seven key phrases were searched in 155 
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each database these phases included: "Types of food fraud in beef"; "Types of food fraud in red 156 

meat"; "Types of food fraud in meat"; "Suspected food fraud in beef"; "Suspected food fraud in red 157 

meat"; "Economically motivated adulteration in beef"; "Economically motivated adulteration in red 158 

meat". Further information was gathered from food fraud reports in the beef supply chain found on 159 

the Rapid Alert System for Food and Feed (RASFF) portal. The RASFF portal is a publicly available 160 

service maintained by the European Commission (EC) under regulation EC/178/2002. Information on 161 

RASFF is exchanged among member states, legally required to report information concerning direct 162 

and indirect risks to human health from food or feed (European Food Safety Authority (EFSA), 2010). 163 

As these searches where used to find types of fraud no criteria was set to exclude data all types of 164 

fraud found were recorded.  165 

 166 

3.23.23.23.2    DDDDevelopmentevelopmentevelopmentevelopment    of risk assessment criteriaof risk assessment criteriaof risk assessment criteriaof risk assessment criteria    167 

The development of risk criteria focused on the development of factors to determine probability and 168 

severity. Factors were determined by academic expertise within The Institute for Global Food 169 

Security at Queens University, Belfast, and experts in the beef industry from ABP Food Group. They 170 

include: 171 

 Severity 172 

• Public health impact 173 

• Consumer perception 174 

• Business impact 175 

Probability  176 

• RASFF reports 177 

• RASFF trends 178 

• Awareness 179 
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• Likelihood of detection 180 

• Complexity of detection  181 

Scales were then made for each factor so that threats could be scored, and risk determined. The 182 

scales are used to develop a “meaningful differentiation” for ranking and prioritizing threats (Spink, 183 

Moyer & Speier-Pero, 2016). Scales used in this research to determine severity and probability are 184 

presented within this section. 185 

 186 

3.2.1 3.2.1 3.2.1 3.2.1 Public health Public health Public health Public health impactimpactimpactimpact    187 

Public health impact refers to the potential harm a threat poses to human health. Although food 188 

fraudsters do not intentionally set out to harm, there still may be a potential public health risks 189 

associated, as with the melamine milk scandal in China during 2008 (Moyer, DeVries & Spink, 2017; 190 

Pei et al., 2011). Public health can be impacted through direct or indirect risk. Consequently, a direct 191 

risk is when a threat has an inherent risk to human health and an indirect risk is the risk that is 192 

associated but not directly caused by a threat. For example, it is much less likely that fraudulent food 193 

will be produced to adequate food safety standards; therefore, risk not inherent to the type of fraud, 194 

such as microbiological hazards are likely. As all food fraud has indirect risk, only direct risk was 195 

considered in the beef crime risk assessment. Each threat was scored on its public health impact 196 

using the scales shown in Table 1. 197 

 198 

3.2.2 Consumer p3.2.2 Consumer p3.2.2 Consumer p3.2.2 Consumer perception erception erception erception     199 

Consumer perception describes how consumers will react to different beef crimes. Factors such as 200 

the potential public health impact, familiarity with the threat, personal beliefs, and how an incident 201 

is communicated, can all affect how a consumer perceives a risk (Kasperson, 1988). To get a general 202 
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understanding of how each threat is perceived, a scale for consumer perception was developed and 203 

is shown in Table 2. 204 

 205 

3.2.33.2.33.2.33.2.3    Business impact Business impact Business impact Business impact     206 

Business impact relates to the monetary losses, trade losses, loss of product and loss of business due 207 

the beef crime. The scale used to rate each beef crime by business impact is shown in Table 3.  208 

 209 

3.3.3.3.2222.4 RASFF reports and trends .4 RASFF reports and trends .4 RASFF reports and trends .4 RASFF reports and trends     210 

In this risk assessment, RASFF has been used to document historical incidents and  this database was 211 

selected as it is a free resource used in multiple studies in academic literature (Robson et al., 2020; 212 

Bouzembrak et al., 2018; Moore et al., 2012; Tähkäpää et al., 2015; Zhang and Xue, 2016). For the 213 

current study, RASFF hazard category searched included ‘adulteration/ fraud,’ ‘residues of veterinary 214 

medicines,’ and ‘labelling absent/ incomplete/ incorrect.’ Product categories include: ‘meat and 215 

meat products,’ ‘feed additives,’ ‘feed materials’, and ‘feed premixture.’ All reports included in this 216 

assessment declared that the product was bovine (cattle, beef, bovine, veal) and were reported in 217 

the last ten years (January 1st, 2010 to January 1st, 2020). All reports found through these searches 218 

for the corresponding beef crime area were recorded as part of this risk assessment regardless of 219 

whether they were related to the same event.  220 

 221 

Due to the nature of food fraud and the fact that RASFF is a network focused on food safety rather 222 

than food fraud, it is unlikely that all reports of food fraud were captured. As the perceived 223 

commercial risk of a given threat is determined by the product of severity and probability factors the 224 

introduction of multiple zeros where information is likely missing would skew data.  To account for 225 
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this the number for RASFF reports identified has been turned in a percentage out of total incidents 226 

relating to the beef supply chain. Table 4 correlates the percentage found for a given score. 227 

 228 

The RASFF reports of each beef crime were examined in chronological order and trends observed to 229 

determine if a beef crime was a rising issue. Trending was performed on reports of each beef crime 230 

in the past 10 years and was only carried out if there were at least two reports for a given beef 231 

crime, as a minimum two points are needed for trending. Consequently, if there were less than two 232 

reports the crime was given a trend score of ‘2’ for ‘no change’ as this was not enough information 233 

to trend. Table 5 outlines the three-point system used.  234 

 235 

3.3.3.3.2222....5 Awareness5 Awareness5 Awareness5 Awareness        236 

Awareness assesses if the beef industry recognized the threat of a beef crime and acts against it. 237 

Awareness is greater if the beef crime is recognized by the government, regulatory bodies, farmers, 238 

producers, processors, and retailers. Awareness was determined by information collected from the 239 

Food Industry Intelligence Network (fiin), as well as legislation surrounding the monitoring of specific 240 

beef crimes. Fiin was established in 2015 as a recommendation of the 2014 Elliott Review to help 241 

ensure the integrity of food supply chains and protect the interests of the consumer (fiin, n.d; 242 

DERFA, 2014). This network collects testing information from subscribing industry partners, then a 243 

legal firm is used to anonymize information given by partners then the data is collated, analysed and 244 

disseminated to members and a number of regulatory bodies that have MOUs in place with fiin. 245 

Although this network only collects information from industry partners and therefore does not 246 

capture all testing done within the beef industry, this network provides information on the type of 247 

testing occurring within the industry therefore they were used as an indicator of awareness 248 

(fiin,n.d). The awareness scale is outlined in Table 6. A two point scale is used where ‘1’ is allocated if 249 

there is awareness as determine through fiin testing or legislation and regulations surrounding the 250 
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testing or monitoring of a given beef crime, ‘2’ is allocated if there is uncertainty, level of  awareness 251 

is unknown , and  no awareness of the beef crime is seen in the given sources.  252 

    253 

3.23.23.23.2.6 Likelihood of detection .6 Likelihood of detection .6 Likelihood of detection .6 Likelihood of detection     254 

The likelihood of detection is based on the availability of analytical testing to recognize a specific 255 

beef crime. Included are factors such as if tests are available commercially and if tests are validated. 256 

If a test is widely available, it is more likely that the beef industry will be able to implement testing. 257 

The scale used in the beef crime risk assessment is shown in Table 7.  258 

 259 

3.23.23.23.2.7 Complexity of detection.7 Complexity of detection.7 Complexity of detection.7 Complexity of detection    260 

The complexity of detection expresses how many tests need to be performed to detect this type of 261 

crime. For example, there are many tests related to the detection of illegal veterinary drugs which 262 

include antibiotics, hormones, and veterinary drugs. However, even when testing is completed, due 263 

to the number of potential substances, it is unknown if the correct test was utilised. This can be 264 

compared to a species test which can readily determine if a product is in fact beef. Therefore, there 265 

is added complexity to crimes such as ‘illegal veterinary drugs and growth promoters’ as multiple 266 

methods of testing would need to be performed to ensure no illegal veterinary drugs were used. 267 

Scoring for the complexity of testing is shown in Table 8.  268 

 269 

3.3.3.3.3333    RRRRisk assessmentisk assessmentisk assessmentisk assessment    survey survey survey survey     270 

Research was conducted using the online survey system, SurveyMonkey, and anonymised responses 271 

gathered. The survey questions were created to determine how different stakeholders, such as 272 

industry, academia, and government professionals, would score the identified threats to prioritize 273 
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them by risk to the beef industry. This was not an exclusive survey and was circulated by Queen’s 274 

University, Belfast through  email distribution and social media (Twitter), though ABP Food Group via 275 

e-mail and a poster concerning the project and link to the survey was presented at an international 276 

conference, Recent Advances in Food Analysis (RAFA) (EIT-Food Project: Beef Crimes Risk 277 

Assessment ,2019). Stakeholders where anonymised, but several demographic questions were asked 278 

and used for background analysis. Only 22 of the 24 beef crimes were shown on this survey as 279 

‘process claims’ and ‘short-weighing’ were added to the risk assessment later. Beef crimes were 280 

ranked by their potential commercial risk with 1 being the highest risk and 22 being the lowest and 281 

‘NA’ if the beef crimes were not considered a threat to the beef industry. Additionally, stakeholders 282 

where asked to rank each beef crime based on potential public health impact, commercial risk, and 283 

business impact.  284 

 285 

4. RESULTS4. RESULTS4. RESULTS4. RESULTS    286 

4.1 Defining4.1 Defining4.1 Defining4.1 Defining    beef cbeef cbeef cbeef crimesrimesrimesrimes    287 

Searches for threats led to the identification of 24 types of fraud which can occur in the beef supply 288 

chain. These will be referred to as beef crimes from this point forward. These beef crimes are shown 289 

in Table 9.     290 

 291 

4.2 4.2 4.2 4.2 Rating of beef crimes Rating of beef crimes Rating of beef crimes Rating of beef crimes     292 

Following the identification and defining of all beef crimes (section 4.1), each crime was scored using 293 

the probability and severity criteria referred to in section 3.2.  Ratings and were determined using 294 

literature results, and feedback from the survey (section 3.3). Public health impact scores were 295 

determined through a mixture of literature, and survey feedback. RASFF reports and trends, 296 
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Awareness, Likelihood and Complexity of detection where determined through data explained in 297 

section 3.2. Consumer perception and business impact were determined the aforementioned survey 298 

deepened on the ranking the majority of stakeholders gave.  299 

 300 

4.24.24.24.2.1 Public health impact.1 Public health impact.1 Public health impact.1 Public health impact    301 

The descriptions below describe potential public health risks of beef crimes (refer to section 3.2.1). 302 

These descriptions focus on direct risk discussed in section 3.2.1. There are several beef crimes that 303 

do not directly affect the human health risk. These types of fraud may affect traceability or may have 304 

indirect health effects as fraudulent products are not produced with food safety in mind, however 305 

direct human health risk is the only risk which has been considered in this risk assessment. Beef 306 

crimes with no direct risk include category, country of origin, meat cuts, organic fraud, product 307 

extension through fat, MSM, offal and water, falsified religious claims, slaughter age, species 308 

substitution, short-weighing, and thawed meat claimed to be fresh.  309 

 310 

Additives 311 

 Several unapproved food additives, in particular colorants, have known issues or are suspected to 312 

be harmful to public health (Oplatowska-Stachowiak & Elliott, 2017). Dyes used for industrial 313 

applications have been fraudulently added to a range of foods. Azo-dyes and triphenylmethanes 314 

have been found to be the most likely to be illegally added to food (EFSA, 2005). In one case study, 315 

azo dye E110 (Sunset Yellow) was used to conceal pork labelled beef (RASFF 2012.1421). Dyes may 316 

also be used to conceal other beef crimes such as expired products and increase the attractiveness 317 

of a product (Oplatowska-Stachowiak & Elliott, 2017). Many prohibited dyes have been banned as 318 

they are unsafe as they may be genotoxic and carcinogenic. 319 

 320 
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Animal Feed 321 

Ingredients used in animal feed are crucial to the health of the food-producing animal and the 322 

potential human health impacts (Sapkota et al., 2007).  The illegal addition of products in feed as a 323 

bulking agent can lead to harmful effect, such as when ruminant meat and bone meal in bovine feed 324 

transmitted bovine spongiform encephalopathy (BSE) to food producing cattle which could transmit 325 

Creutzfeldt-Jakob disease (CJD) to humans if infected meat was consumed (Gizzi et al., 2003).  326 

Products in animal feed can affect the quality and safety of animal-based food products and pose 327 

potential risks to human health (Sapkota et al., 2007).  328 

 329 

Expired product 330 

The consumption of meat products past their expiry date dramatically increases the chance of food 331 

poisoning. Expired meat products are likely to have higher levels of Brochothrix thermosphacta, 332 

Carnobacterium spp., Enterobacteriaceae, Lactobacillus spp., Leuconostoc spp., Pseudomonas spp., 333 

Samonella, and Shewanella putrefaciens (Borch, Kant-Muermans, & Blixt, 1996). After eating meat 334 

contaminated with bacteria, one may become ill based on the food depending on the microorganism 335 

and the amount of exposure (Mayo Clinic, 2017). 336 

 337 

Illegal veterinary drugs and growth promoters 338 

Illegal veterinary medicines and growth promoters, particularly in the form of antibiotics, have two 339 

notable human health impacts. One concern is antibiotic residues in food-producing animals linked 340 

to allergic reactions. Antibiotics, such as penicillins, can evoke allergic reactions even though small 341 

amounts of them are ingested (Lee, Lee & Ryu, 2001). The second is the development of antibiotic 342 

resistance, which is one of the biggest threats to global health today (WHO, 2018).  343 

 344 
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Preservatives 345 

Reports of forbidden preservatives such as formaldehyde, sodium formaldehyde sulfoxylate, alum, 346 

sulfur dioxide, and fluorescent bleacher have been found in food (Zhan & Xue, 2016). These 347 

preservatives are forbidden as they have adverse health effects. For example, formaldehyde is 348 

considered a carcinogen and sodium formaldehyde sulphoxylates is a suspected carcinogen (Tang et 349 

al., 2009).  350 

 351 

Product extension: Animal by-products 352 

Animal by-products are animal carcasses and parts of animals, not meant for human consumption. 353 

Animal by-products are divided into 3 categories based on risk (Department of Environment, Food & 354 

Rural Affairs (DEFRA), 2018). These products range from carcasses of diseased animals, animals used 355 

in experiments, and animals treated with an illegal substance to hooves, and hides or carcasses. 356 

Health risk will vary primarily depended on the type of animal by-product used for product 357 

extension.   358 

 359 

Product extension: Non-meat substitutions 360 

The main risk of non-meat substitutions is allergic reactions. Soya, whey and gluten, all seen as 361 

bulking agents, and are also listed allergens (Cawthorn, Steinman, & Hoffman, 2013; FSA, 2018). In 362 

severe cases, allergic reaction can result in anaphylaxis or anaphylactic shock, which can be life 363 

threatening causing swelling of the throat and mouth, difficulty breathing, loss of consciousness and 364 

potentially death (National Health Service, NHS, 2018).  365 

 366 

Product extension: Specific risk material (SRM) 367 
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SRMs consist of the materials such as the brain and spinal cord, which are most likely to pose a risk 368 

of spreading transmissible spongiform encephalopathy (TSE) if from an affected animal (FSA, 2017). 369 

SRMs are a high-risk animal by-product that has been separated out from other animal by-products 370 

due to the high risk.  If products affected with TSE are consumed by an individual, this person may 371 

contract CJD, a degenerative brain disorder which is always fatal (MFMER, 2018). 372 

 373 

4.24.24.24.2.2.2.2.2    RASFF reports and trends RASFF reports and trends RASFF reports and trends RASFF reports and trends     374 

The RASFF portal was searched for beef fraud between January 1
st

, 2010 and January 1
st

 , 2020 and a 375 

total of 159 reports were found. These reports where categorized into the beef crimes defined in 376 

Table 9 and results are shown in Table 10. One incident report, where pork was dyed with illegal 377 

unapproved colorants to mimic beef, was counted twice, once for illegal dye and once for species 378 

substitution as the crime involved additives and species substitution. Table 10 also shows results for 379 

RASFF trends in beef crimes. Six beef crimes had enough observable data to trend, of these three 380 

showed an increasing trend (‘expired product’, ‘illegal product’, and ‘illegal veterinary drugs and 381 

growth promotor’), one showed a decreasing trend (additives), and the remaining two were neither 382 

increasing nor decreasing (animal feed and species substitution).  383 

 384 

4.24.24.24.2.3.3.3.3    AwarenessAwarenessAwarenessAwareness    scoresscoresscoresscores    385 

Scores given to each beef crime based on ‘Awareness’ are shown in Table 11. These scores reflect if 386 

testing related to given beef crime is discussed in fiin quarterly reports (from the last three years) or 387 

if there is legislation which requires to testing of or evidence of the beef crime.  388 

 389 
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4.3 Survey Results4.3 Survey Results4.3 Survey Results4.3 Survey Results    390 

4.3.1 4.3.1 4.3.1 4.3.1 Affiliation Affiliation Affiliation Affiliation     391 

50 stakeholders participated in the survey. Although not all stakeholders completed the entire 392 

survey, all responses were included in analysis. Majority of stakeholders declared affiliation with 393 

manufacturing and processing (60%, n=30) (Table 12). Those who responded ‘other’ (10%, n=5) 394 

clarified positions including supply chain management, education and retired. When specific job 395 

titles were asked for, responses included a variety of QC managers, general managers, researchers, 396 

professors, food safety quality managers, chemists, and technologists. Stakeholders were from eight 397 

countries (Table 13) with the majority from the United Kingdom (46%, n=22).  398 

 399 

4.3.24.3.24.3.24.3.2    Ranking beef crimesRanking beef crimesRanking beef crimesRanking beef crimes    400 

Stakeholders ranked each beef crime from 1 to 22, where 1 was considered the greatest risk to the 401 

beef industry and 22 was thought to be the least risky. Table 14 shows the majority, average and 402 

median score for each beef crime. Stakeholders (26%, n=5) found ‘illegal product’ to be the biggest 403 

perceived commercial risk to the beef industry. The majority ranking for ‘expired product’ (14%, n=3) 404 

and ‘thawed meat claimed fresh’ (14%, n=3) were also ranked at ‘1’.  However, ‘religious claims’, 405 

which had an equal number of stakeholders (11%, n=2), ranked it 9
th

, 14
th

, 20
th

, and 22
nd

.    To gain 406 

more insight average and median ranking was also determined. The average (4.7) and median (3) 407 

scores for ‘illegal product’ coincided with the majority ranking as the greatest perceived commercial 408 

risk.  409 

 410 

4444.3.3.3.3.3.3.3.3    Public healthPublic healthPublic healthPublic health    impactimpactimpactimpact    411 

Following the ranking, the stakeholders were asked to score each beef crime from 1-5 in terms of 412 

threat to public health, where 1 is no threat to human health, and five is potentially fatal; responses 413 
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are shown in Figure 1. A majority of stakeholders (52%, n= 12) reported that product extension using 414 

SRM was 5, 39% (n=9) of response declared preservatives, and non-meat substitutions were 415 

potentially fatal. Over 80% of stakeholders rated breed category and religious claims as having no 416 

public health effects.  417 

Figure 1. Beef crime scores for public health impact 418 

 419 

 420 

4.3.44.3.44.3.44.3.4    Consumer perceptionConsumer perceptionConsumer perceptionConsumer perception    421 

The stakeholders were asked to score the consumer perception of each beef crime using the scale 1 422 

– 5, where 1 has no effect on consumer trust, and 5 is irreversible reputational damage and 423 

complete loss in consumer trust. Responses are shown in Figure 2. A majority (76%, n=13) of 424 

stakeholders ranked that ‘illegal product’ with average score of 5 as well, which indicates a 425 
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perceived risk of extreme reputational damage. and industry. An equal number of stakeholders 426 

scored additives at 3 and 4 (33%, n=6), with an average score of 3. Also, most stakeholders (47%, 427 

n=8) scored 4 for ‘species substitution’, even though the horsemeat scandal in 2013 went viral 428 

through media and social media.  429 

Figure 2. Beef crimes score for consumer perceptions  430 

 431 

4.3.5 Business impact 4.3.5 Business impact 4.3.5 Business impact 4.3.5 Business impact     432 

Using the scale 1 – 5 where 1 is no monetary loss or loss in sales and 5 is bankruptcy or closing of 433 

business. Scores are shown in Figure 3. Most stakeholders (59%, n=10) stated that ‘illegal products’ 434 

would cause bankruptcy or closing of business. Much like consumer perception stakeholders didn’t 435 

give any beef crime a score of 1. An equal number of stakeholders scored animal feed as 3 and 4 436 
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(33%, n=6) with the average score being 4. For ‘religious claims’ 29% (n=5) of stakeholders scored 3 437 

while another 29% (n=4) with the average score being 3. ‘Organic fraud’ had an equal number of 438 

stakeholders scored the beef crime a 2, 3 and 4 (29%, n=4), with the average score of the crime 439 

being 3. Also, most stakeholders (41%, n=7) scored species substitution a 4, which was unsurprising 440 

as the 2013 Horsemeat crimes had detrimental effect on beef sales and companies that had been 441 

defrauded.   442 

Figure 3. Beef crimes score for business impact 443 

 444 

4.4 4.4 4.4 4.4 Beef crimes risk assessment Beef crimes risk assessment Beef crimes risk assessment Beef crimes risk assessment     445 

To assess the risk of beef crimes, the Beef Crimes Risk Assessment Tool (BCRAT) was developed 446 

(shown in Table 16). This assessment uses the criteria discussed in section 3.2, survey responses 447 

from section 4.3, as well as research presented in section 4.2. The BCRAT determined the perceived 448 
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commercial risk of each beef crime, followed by prioritization of beef crimes by ranking them by the 449 

highest perceived commercial risk. The commercial risk refers to the risk each beef crime poses to 450 

the beef industry. The beef crime with the greatest risk has ranked number 1, and the lowest was 451 

ranked as number 24.  452 

The commercial risk was measured by the aforementioned criteria set to determine the probability 453 

and severity of a given beef crime. Survey responses were used in combination with findings from 454 

the literature to score the public health impact of each crime. Scores for consumer perception and 455 

business impact of each crime were determined using the average score given by stakeholders. All 456 

scores given for probability criteria were found in the research discussed in section 4.2.   457 

 458 

5. 5. 5. 5. DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION        459 

Twenty-four beef crimes were identified, which is more than any other study had found. In previous 460 

studies, reports of beef fraud were categorized using broadly defined fraud types generic to all 461 

supply chains (Robson et al., 2020). A limitation of using broadly defined fraud types causes 462 

ambiguity in how each fraud type applies to a specific supply chain, which can leave investigations 463 

open to individual interpretation, underrating, and unclear communication surrounding food fraud. 464 

By identifying more specific beef crime types, this research offers the beef industry knowledge to 465 

identify potential threats to products. The survey identified two additional beef crimes 466 

demonstrating its evolving nature. It is likely that, as technology changes, there will be further 467 

changes to the types of crime identified. Therefore, future work in this area should add to the beef 468 

crimes listed here to further clarify potential threats.   469 

 470 

Stakeholders' ranking of beef crimes and the ranking found through the BCRAT did not always align. 471 

Stakeholders were asked to rank beef crimes from most to least risky, with 'illegal product' ranked as 472 
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the riskiest beef crime. However, 'illegal veterinary drugs and growth promoters' was found the be 473 

the higher risk in the BCRAT due to the greater risk to human health and more RASFF reports for the 474 

crime (74 reports as seen in Table 15). Therefore 'illegal veterinary drugs and growth promoters' was 475 

determined to be the number 1 perceived commercial risk which threatens the beef industry, where 476 

1 is the highest risk and 24 is the lowest risk. Even though most stakeholders ranked it as the 6th 477 

riskiest beef crime. Five stakeholders found the illegal product to be the number '1' risk to the beef 478 

industry, while only one stakeholder stated 'illegal veterinary drugs and growth promoters' as the 479 

number 1 risk to the beef industry. However, three stakeholders ranked ‘illegal products’ as the 2
nd

 480 

greatest risk, and another three stakeholders put 'illegal veterinary drugs and growth promoters' as 481 

the 2
nd

 greatest risk to the beef industry. Four stakeholders stated that the 2
nd

 greatest risk was 482 

'product extension: SRM.' The reasoning behind these rankings was not given, but further 483 

investigation through a survey of focus groups would help learn more about why stakeholders 484 

ranked beef crimes in this way.  485 

 486 

‘Expired product’ and ‘animal feed’ are prioritized as the 3
rd

 and 4
th

 largest risk to the beef industy. 487 

As they both have the same commercial risk score (504) the order in which they are ranked is 488 

interchangeable. These crimes were given the same scores in ‘consumer perception’, ‘business 489 

impact’, ‘awareness’, ‘RASFF reports’ and ‘likelihood of detection’. ‘Expired product’ was given a 490 

higher score then ‘animal feed’ in public health risk and had an increase in RASFF trends. While 491 

‘animal feed’ was given a higher score for ‘complexity of detection’.   492 

 493 

Inconsistent data was also noted between published research and survey responses relating to the 494 

public health impact of beef crimes associated with 'thawed meat claimed to be fresh.' For this beef 495 

crime, most stakeholders gave a '4' indicating severe health risk, whereas published research in this 496 

area did not find ‘thawed meat claimed as fresh’ to be an immediate human health risk. More 497 

information on stakeholders' reasoning behind their responses is necessary to understand these 498 
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inconsistencies as well as more respondents and there are limited numbers of stakeholders which 499 

may skew data.   500 

 501 

Surprisingly the BCRAT ranked species substitution as the 6th greatest threat to the beef industry. 502 

After the effects seen from the horsemeat scandal in 2013, investigators in this study suspected that 503 

stakeholders would rank this crime higher. However, stakeholders ranked species substitution as 9
th

 504 

or 10
th

  in the beef crime risk ranking, the suggestion that species substitution is too often 505 

highlighted even when other types of fraud are more likely to occur more often or have more severe 506 

repercussions. This ranking was also due to a high likelihood of detection and lack of complexity 507 

testing for species. 508 

 509 

5.1 Practical Use5.1 Practical Use5.1 Practical Use5.1 Practical Use    510 

In its current form, the BCRAT can be readily used as is by the beef industry. To do so, a company 511 

should determine what measures are currently in place to mitigate each determined beef crime. By 512 

identifying beef crimes and the development of a novel BCRAT, the beef industry can see which beef 513 

crimes pose the most substantial risks. A given company can compare this risk to the current 514 

procedures to determine if current prevention and mitigation practices are sufficient or if more 515 

resources should be reallocated based on risk. Companies can indicate if detection or deterrence 516 

methods are in place, summarize current practices used to prevent and mitigate beef crimes, then 517 

state whether methods in place for a given beef crime should be increased, decreased, or 518 

maintained. 519 

 520 

5.2 Lim5.2 Lim5.2 Lim5.2 Limitationsitationsitationsitations    521 

This BCRAT was meant to have global capabilities and create continuity among the identification of 522 

beef crimes. However, only 50 stakeholders responded to surveys, these stakeholders were from 523 
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eight different countries with an unequal distribution between the limited number of countries 524 

represented as seen in Table 13. Furthermore, the reasoning behind the response given by 525 

stakeholders was not gathered, leaving a gap in understanding. Stakeholders also gave variable 526 

levels of completion which skews data and inconsistent data as seen in Table 14. Future research 527 

from a larger number of respondents and global data would be beneficial for getting a global 528 

perspective on the risk associated with beef crimes. 529 

 530 

RASFF data was used in the BCRAT to show reports and trends of beef crimes. This data was used 531 

due to its accessibility and accuracy; however, RASFF focuses on food safety rather than food fraud. 532 

Therefore, utilizing this data in food fraud research has limitations. An estimated 94.74million 533 

tonnes of beef and buffalo were produced in Europe between 2010 and 2018 (Ritchie, 2019). 534 

However, only 148 fraudulent reports concerning beef are found in this time-period. Meaning one 535 

report of fraud occurs for every half a million tons of beef produced. Even less if it is considered that 536 

reports on RASFF include beef production elsewhere and imported to Europe, this seems like a gross 537 

underestimation of fraud incidents that are maybe occurring. Therefore, in utilizing RASFF data to 538 

determine probability factors such as RASFF reports (Table 4) and RASFF trends (Table 5) it is data is 539 

likely skewed, due to undetected fraud, unknown fraud, and an uneven distribution of testing for 540 

different types of fraud.  541 

 542 

Furthermore, RASFF offers no baseline of how much testing is occurring. Therefore, it is impossible 543 

to know if reports of beef crimes are higher due to amounts of testing or are genuinely higher in 544 

occurrence. Networks such as fiin offer baseline information for testing. As this network grows, it 545 

may be a more powerful recourse than RASFF for food fraud research. 546 

 547 

Lastly, as stated in section 2 probability in this assessment is more accurately described not as a 548 

probability but as a subjective assessment of likelihood. Risk assessments for food fraud hold 549 
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uncertainties, and poor or lack of knowledge and data, which can lead to oversimplification, lack of 550 

understanding, and a failure to develop validly (Manning, Birchmore, & Morris, 2020; Aven, 2013). 551 

Therefore, it must be highlighted that the BCRAT is a starting point to draw awareness to various 552 

types of fraud that may threaten the beef industry and to develop a ranking system to inform and 553 

prioritize threats. this risk assessment, as suggested in section 5.1, needs to work in conjunction with 554 

a vulnerability assessment of a company on their current fraud prevention and mitigation measures 555 

to determine what mitigation strategies need to be implemented.   556 

 557 

5.5.5.5.3333    Future Research  Future Research  Future Research  Future Research      558 

As awareness of beef crimes increases and technologies or manufacturing processes in the beef 559 

industry change, new beef crimes will likely be identified, and the risks associated with beef crimes 560 

will change. Therefore, this assessment should be used by the beef industry as a starting point and 561 

updated as more information becomes available. It is suggested that any food operator using the 562 

beef crime risk assessment tool updates it annually.  This tool fills a significant knowledge gap that 563 

can be used to create risk-based mitigation, prevention, and detection plans for the beef industry. 564 

 565 

6. 6. 6. 6. CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION    566 

This research has identified threats to the beef industry, the perceived commercial risks associated 567 

with these threats, and the prioritization of threats. The risk and prioritization of threats have been 568 

obtained through the creation of the BCRAT. This tool showed a large variety of threats to the beef 569 

supply chain. It highlighted the need for a wide variety of testing, mitigation, and prevention 570 

strategies, to protect beef products' integrity. Prioritization of threats is likely skewed by lack of data 571 

and it is hoped that with more data the perceived commercial risk of threat will become clearer.  572 
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This research increased the knowledge of fraud in the beef supply chain and will aid the beef 573 

industry and the stakeholders in the beef supply chain understanding of potential threats. 574 

 575 

 576 
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Table 1. Public health impact scale 714 

 715 

 716 

 717 

 718 

 719 

 720 

 721 

 722 

 723 

 724 

 725 

 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 Jo
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 737 

 738 

Table 2. Consumer perception scale  739 

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.  
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Table 3. Business impact scale 763 

Business impact 

Monetary 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 
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 788 
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Table 4. Reports scale 790 

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% 
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Table 5. RASFF trends  818 

Trends      

Trend scores based on RASFF reports.    

1 2 3 

↓ Decrease or no data ↔ No change ↑ Increase 
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Table 6.  Awareness scale  847 

 Awareness 

 Is there awareness of the beef crime? 

1 2 

Yes No 
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Table 7. Likelihood of detection 875 

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. 

 876 

 877 

 878 

 879 

 880 

 881 

 882 

 883 

 884 

 885 

 886 

 887 

 888 

 889 

 890 

 891 

 892 

 893 

Jo
urn

al 
Pre-

pro
of



 

 

 894 

 895 

 896 

 897 

 898 

 899 

Table 8. Complexity of detection  900 

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 
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Table 9. Beef crimes  926 

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. 
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Species substitution Addition or substitution of beef with an undeclared. species 

Thawed meat claimed to be 

fresh 
Claiming a thawed product as fresh. 

 927 

 928 

Table 10. Reports and tends of beef crimes found on RASFF 2010-2020 929 

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.  930 
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Table 11. Awareness and monitoring of beef crimes  938 

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 
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Table 12. Affiliation by field of work 948 

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 
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 950 
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 958 

 959 
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 965 
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 967 
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 971 

 972 

 973 

 974 

Table 13. Affiliation by country 975 

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 

 976 
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Table 14. Beef crime ranking through survey responses by mode and average  1000 

Beef crime Mode Score Average Score 

Frequency of 

response 

(number of 

stakeholders)  

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 
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Table 1. Public health impact scale 1 

 2 

 3 

 4 

 5 

 6 

 7 

 8 

 9 

 10 

 11 

 12 

 13 

 14 

 15 

 16 

 17 

 18 

 19 

 20 

 21 

 22 

 23 

 24 

 25 

 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 2. Consumer perception scale  26 

 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.  
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Table 3. Business impact scale 51 

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 
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Table 4. Reports scale 77 

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% 
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Table 5. RASFF trends  105 

Trends      

Trend scores based on RASFF reports.    

1 2 3 

↓ Decrease or no data ↔ No change ↑ Increase 
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Table 6.  Awareness scale  134 

 Awareness 

 Is there awareness of the beef crime? 

1 2 

Yes No 
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Table 7. Likelihood of detection 162 

Likelihood of detection       

This number is based on the availability of analytical testing methods to determine a type of fraud  

1 2 3 4 

Validated testing is 

readily available at 

commercial labs or in 

onsite test kits.  

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. 

 163 
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 175 
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Table 8. Complexity of detection  188 

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 
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Table 9. Beef crimes  208 

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, and illegal sale of a product. 

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. 

 209 
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Table 10. Reports and tends of beef crimes found on RASFF 2010-2020 211 

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 No enough data 2 

Animal feed 7 4% 2 
Trend is not increasing or 

decreasing 
2 

Breed 0 0% 1 No enough data 2 

Category 0 0% 1 No enough data 2 

Country of origin 0 0% 1 No enough data 2 

Expired product 3 2% 2 Increase in reports 3 

Illegal products 15 9% 2 Increase in reports 3 

Illegal veterinary drugs 

and growth promoter 
74 47% 6 Increasing trend 3 

Meat cut 0 0% 1 No enough data 2 

Organic fraud 0 0% 1 No enough data 2 

Preservatives 0 0% 1 No enough data 2 

Process claims 0 0% 1 No enough data 2 

Product extension: 

Animal by-product 
1 0% 1 No enough data 2 

Product extension: Fat 0 0% 1 No enough data 2 

Product extension: 

MSM 
0 0% 1 No enough data 2 

Product extension: 

Non-meat substitutions 
0 0% 1 No enough data 2 

Product extension: 

Offal 
0 0% 1 No enough data 2 

Product extension: SRM 1 1% 1 No enough data 2 

Product extension: 

Water 
0 0% 1 No enough data 2 

Religious claims 0 0% 1 No enough data 2 

Short-weighing 0 0% 1 No enough data 2 

Slaughter age 0 0% 1 No enough data 2 

Species substitution 57 36% 5 
Trend is not increasing or 

decreasing 
2 

Thawed meat claimed 

fresh 
0 0% 1 No enough data 2 

Total 159* 
    

*One report involved additives and species substitution.  212 
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Table 11. Awareness and monitoring of beef crimes  220 

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 
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Table 12. Available analytical tests for beef crimes 230 

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 (ALS) 

M.D.I (Histalim) 

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 

 231 
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Table 13. Affiliation by field of work 233 

Field of work Percent 

Academia 18% 

Manufacturing/ 

Processing 
60% 

Retail 2% 

Government 10% 

Certification Body 0% 

Other 10% 
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Table 14. Affiliation by field of work 259 

County  Percent  

Australia 4% 

Belgium 2% 

Ireland  29% 

Norway 2% 

Poland  10% 

Saudi Arabia 2% 

United Kingdom  46% 

United States 4% 

 260 
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Table 15. Beef crime ranking through survey responses by majority and median  284 

Beef crime Majority Score Average Score Median Score 

Additives 8, 11 8.4 8 

Animal feed 5 7.5 5 

Breed 18 14.9 15 

Category 20 16.3 20 

Country of origin 18 11.8 14.5 

Meat cut 16 14 15.5 

Expired product 1 7.2 6 

Illegal products 1 4.7 3 

Illegal veterinary drugs and growth 

promoter 
6 8.4 6 

Organic fraud 4, 17 12.6 13.5 

Preservatives 3 7.3 6 

Product extension: Animal by-product 6 6.6 5 

Product extension: Fat 10 13.4 14 

Product extension: MSM 7, 11 10.8 11 

Product extension: Non-meat 

substitutions 
12 10.7 12 

Product extension: Offal 11, 13 10.8 11 

Product extension: SRM 2 8 5.5 

Product extension: Water 16 13.8 15 

Religious claims 9, 14, 20, 22 14.4 15 

Slaughter age 19,20 17.1 19 

Species substitution 9,10 8.4 9 

Thawed meat claimed fresh 1 9.3 9 
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Table 16. Beef crimes risk assessment 291 

  Severity Probability Commercial risk 

Beef crime 

Public 

health 

risk               

Consumer 

perception 

Business 

impact 

Number 

of  

reports 

on RASFF 

% of total 

RASFF  reports 
Reports                

RASFF 

Trend          
Awareness 

Likelihood 

of detection 

Complexity 

of detection 

Commercial 

risk  
Risk  ranking  

Illegal veterinary drugs and 

growth promoter 
5 5 4 74 47% 6 3 1 1 4 2592 1 

Illegal products 3 5 5 15 9% 2 3 1 5 5 1254 2 

Expired product 4 5 4 3 2% 2 3 2 1 1 504 3 

Animal feed  3 5 4 7 4% 2 2 2 1 4 504 4 

Product extension: Animal 

by-product 
4 5 5 1 1% 1 2 2 3 5 440 5 

Species substitution 1 4 4 57 36% 5 2 1 1 1 330 6 

Product extension: Non-

meat substitutions 
5 4 3 0 0% 1 2 2 1 4 308 7 

Preservatives 5 5 4 0 0% 1 2 2 1 3 288 8 

Product extension: Offal  2 4 3 0 0% 1 2 2 3 5 260 9 

Religious claims 1 5 3 0 0% 1 2 2 4 5 242 10 

Additives 4 4 3 2 1% 1 2 2 1 3 228 11 

Product extension: SRM 5 5 5 1 1% 1 2 1 1 2 200 12 

Meat cut 1 2 3 0 0% 1 2 2 4 5 176 13 

Organic fraud 1 3 3 0 0% 1 2 1 3 5 162 14 

Slaughter age 1 2 3 0 0% 1 2 1 4 5 160 15 

Thawed meat claimed fresh 2 4 3 0 1% 1 2 1 2 3 156 16 

Product extension: MSM 1 4 4 0 0% 1 2 2 2 2 132 17 

Product extension: Water 1 4 3 0 0% 1 2 2 1 1 80 18 

Country of origin 1 2 2 0 0% 1 2 1 2 2 70 19 

Product extension: Fat 1 3 3 0 0% 1 2 1 1 1 54 20 

Short-weighing  1 3 3 0 0% 1 2 1 1 1 54 21 

Process claims 1 3 3 0 0% 1 2 1 1 1 54 22 

Breed 1 3 2 0 0% 1 2 1 1 1 48 23 

Category 1 2 3 0 0% 1 2 1 1 1 48 24 
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Highlights  

• 24 different types of fraud in the beef supply chain were identified.  

• A bespoke risk assessment was designed to assess risk of varies types of beef fraud. 

• The Beef Crimes Risk Assessment tool found ‘Illegal veterinary drugs and growth promoters’ 

to be the greatest threat to the beef industry.  

• Stakeholder surveys found ‘Illegal product’ to be the greatest risk to the beef industry.  
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