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Abstract   26 

Background 27 

Food fraud is the deliberate and intentional act of substituting, altering or misrepresenting foodstuff 28 

for financial gain. Economical motivations for food fraud result in criminals focusing on 29 

opportunities to commit fraud rather than targeting specific products, thus reducing the probability 30 

of food fraud being detected. Although primarily for financial gain, food fraud can impact consumer 31 

wellbeing. Therefore, authenticating food is a key stage in protecting consumers and the supply 32 

chain. Food manufacturers, processors and retailers are increasingly fighting back as occurrences of 33 

food fraud become more prevalent, resulting in a greater focus on detection and prevention.  34 

Scope and Approach 35 

The aim of this review paper is to highlight and assess food fraud and authenticity throughout the 36 

food supply chain. Food fraud is a significant issue across the food industry, with many high-profile 37 

cases coming to public attention. Hence, this paper shall discuss the impact of food fraud on both 38 

consumers and manufacturers, the current and future trends in food fraud and methods of defence 39 

that are currently in use. Furthermore, emerging issues, such as the COVID-19 pandemic and 40 

Brexit, shall be discussed alongside the challenges they yield in terms of food fraud detection and 41 

prevention. 42 

Key Findings and Conclusions 43 

The incidence of food fraud is diverse across the sector, rendering it difficult to quantify and detect. 44 

As such, there are numerous food safety and traceability systems in use to ensure the safety and 45 

authenticity of food. However, as food fraud continues to diversify and evolve, current methods of 46 

detection for guaranteeing authenticity will be drastically challenged. Issues, such as the COVID-19 47 

pandemic and Brexit, have instigated increased demand for food. This combined with reduced 48 
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industry inspections, weakened governance, audits and ever-increasing pressure on the food 49 

industry has exposed greater weaknesses within an already complex system.  50 

 51 

KEYWORDS: Food Fraud, Food Authenticity, Food Supply Chain, COVID-19 Pandemic, Brexit, 52 

Traceability Systems  53 

 54 

1. Introduction  55 

Food fraud has long been an issue in the industry, with a variety of methods of fraud utilised, 56 

including substitution, addition, adulteration and alteration. Incidence of adulteration to food, food 57 

ingredients and commodities has been increasing in recent years, thought to be due in part to the 58 

globalisation of supply chains and the introduction of increasingly complex distribution systems. 59 

Such issues provide opportunity to unreputable operators to create fraudulent goods that are 60 

increasingly difficult to detect. This practise can have a devastating impact and adverse 61 

consequences to consumers with the potential of causing life changing injuries or even death (van 62 

Ruth et al., 2017; POST, 2020).  63 

There are numerous definitions of food fraud proposed by varying organisations, bodies and 64 

researchers. These include the European Committee for Standardisation (CEN) Workshop 65 

Agreement 86’s definition of Food fraud as “intentionally causing a mismatch 66 

between food product claims and food product characteristics” (European Committee for 67 

Standardization, 2017). Similarly, food fraud was defined as “false or misleading statements and 68 

deliberate and intentional substitution, addition, alternation or misrepresentation, of food, food 69 

ingredients or packaging for financial gain” (Spink & Moyer 2011). Alternatively, the food 70 

standards agency (FSA) defines food fraud as “deliberately placing food on the market, for financial 71 

gain, with the intention of deceiving the consumer” (Elliott, 2014).   72 
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 Foodstuffs are heterogeneous materials comprised of various compounds, in varying proportions; 73 

depending on their source and geographical origin amongst other factors, derived from animal or 74 

plant origins.  Preserving the authenticity of food ensures that the foodstuffs available in the market 75 

is of the nature, substance and quality expected by the consumer. Food analysis through 76 

implementation of traceability systems and analytical techniques allows isolation, identification, 77 

and quantification of these compounds, thus providing essential information on foodstuff 78 

composition, physiochemical properties, and structure. This also enables detection of 79 

contamination, adulteration, and verification of foodstuff’s authenticity (Marcone, 2012).  80 

Examples of food fraud include the addition of melamine into Chinese milk products to illicitly 81 

increase apparent nitrogen content, thus implying increased protein content (Gossner et al., 2009), 82 

dilution of extra virgin olive oils with cheaper, lower quality oils to increase yields and reduce 83 

manufacturing costs (Jabeur et al., 2014) and the heavily publicised ‘Horse meat scandal’; or 84 

‘horsegate’ amongst other colloquial monikers, first discovered in 2013 in several British and Irish 85 

markets (Walker, Burns, & Burns, 2013). Impact from these cases has led to increased consumer 86 

awareness and subsequent legislative and global standard improvements being introduced, however 87 

there are still improvements required. This authenticity is important to all consumers, although it 88 

can be particularly problematic for those with specific dietary requirements or religious restrictions 89 

(Elliott, 2014). According to the Institute of Food Science & Technology (2019), food adulteration 90 

and mislabelling have been prevalent for centuries. Since food has been produced and sold, food 91 

fraud has existed concurrently.  92 

In recent years focus on safeguarding the authenticity and integrity of food has increased due to the 93 

high profile of food fraud incidents. In 2019, there were 114 reported food fraud 94 

incidents internationally (European Union, 2019). Forty of these involved adulterations 95 

encompassing substitution and dilution, 64 involved mislabelling and counterfeiting and 10 related 96 

to distributing unfit goods. As can be seen from Figure 1, in 2020, a total of 97 

147 incidents were identified internationally: of which 67 involved adulteration, substitution and 98 
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dilution, 62 from mislabelling/counterfeiting, and 18 involving the distribution of unfit 99 

goods (European Commission, 2019a-h). This shows a 22% increase year on year, and the reasons 100 

for this increase will be detailed in section 10. In their summary article, Dourado, Martins, Palma 101 

and Bettencourt-Camara (2019) concluded that out of fraud notifications carried out in 2014 and 102 

2018 in the EU, described in the monthly summary articles, the predominant fraud types are 103 

mislabelling and origin masking (53% and 18% of the EU cases). This suggests that adulteration is 104 

no longer the predominate incidence of food fraud, with mislabelling emerging as a preponderant 105 

issue. This may be influenced by increased consumer awareness caused by the horsemeat scandal, 106 

but also greater legislative control (Spink et al., 2016; Barnard & O’Connor, 2017). However, it is 107 

worth considering that these figures pertain only to those fraudulent goods identified. The actual 108 

figure may be substantially higher, though the reality is that this is categorically unfathomable. In 109 

any case, it is proposed that around 10% of foods contain fraudulent components internationally; 110 

this enabled through an absence of a globally validated standardised fraud-prevention process 111 

(Barrere et al., 2020).  112 

There are many international bodies and communities set up to investigate, challenge and stop 113 

food fraud. Such bodies include the UK National bodies (Crime Unit and Food Industry Intelligence 114 

Network (FIIN)), bodies from the European Union (EU Food Fraud Network, Food Authenticity 115 

Network and the EU Rapid Alert System for Food and Feed (RASFF)) alongside policing and 116 

enforcement agencies. It could be proposed that these efforts are disjointed and not particularly 117 

effective as shown in the above statistics. However, a recent INTERPOL-Europol operation seized 118 

2500-tonnes of counterfeit-food over a 2-month period (Bogadi et al., 2016). Similar operations 119 

seized over 10,000-tonnes and 1-million litres of counterfeit or substandard food and drink 120 

respectively (Primrose, 2020); demonstrating counterfeiting’s prevalence but also the efficacy of 121 

current efforts when successful. In any case, a more uniformed approach is required to combine any 122 

relevant stakeholders throughout the supply chain. These methods need to be certified and qualified, 123 
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with any failing to reach the standards excluded, the produce always needs to be tracked completely 124 

(Esteki et al., 2019).   125 

Several reviews have been published in the last decade on food fraud and authenticity. Although 126 

these reviews are highly comprehensive, they only focus on specific areas in food fraud and 127 

authenticity. Examples of such reviews include but are not limited to; consumer perceptions of food 128 

fraud and authenticity (Kendall et al., 2019); emerging issues and future trends (Pustjens, 129 

Weesepoel, & van Ruth, 2016); terminologies and food fraud mitigation guides (Robson, Dean, 130 

Haughey, & Elliott, 2020); economics of food fraud incidents (Moyer, DeVries, & Spink, 2017); 131 

public health threat of food fraud (Spink, & Moyer, 2011); Food Fraud Prevention, policy, strategy, 132 

and decision‐ making (Spink, Chen, Zhang, & Speier-Pero, 2019; Spink et al., 2016); global 133 

perspectives on food fraud (Spink, Embarek, Savelli, & Bradshaw, 2019); food fraud media 134 

monitoring system (Bouzembrak et al., 2018); safety issues with food fraud (Manning, & Soon, 135 

2016); food fraud vulnerability and its key factors (van Ruth, Huisam, & Luning, 2017) and   herb 136 

and spice fraud; the drivers, challenges and detection (Galvin-King et al., 2018).  137 

This paper provides a general overview of food fraud. It shall seek to discuss the categories of food 138 

fraud, how legislation and governance endeavours to mitigate opportunities, prevalent issues 139 

observed within the industry and vulnerable products. In addition, the impact of food fraud across 140 

the supply chain on consumers and manufacturers, recent and emerging issues, such as the COVID-141 

19 pandemic and actualisation of Brexit, and their influence on the industry, instance of food crime 142 

and traceability systems intended to reduce the opportunity of food fraud occurring, including but 143 

not limited to supply chain digitalisation (Blockchain), and the incidence of fraud. The paper will 144 

also summarise widely accepted common practices seen in global standards such as the Codex 145 

Alimentarius, legislative and enforcement bodies, such as the European Commission (EC), Food 146 

Standards Agency (FSA), and Department for Environment, Food, and Rural Affairs (DEFRA).   147 
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At the time of writing, there are no literature reviews available encompassing all perspectives of 148 

food fraud, nor has there been an in-depth examination of the more recent issues such as the 149 

COVID-19 pandemic and Brexit and the impact they have had on food fraud and authenticity.   150 

 151 

2. Categories of Food Fraud  152 

Food fraud can be divided into many different categories all of which have been covered by 153 

numerous authors. However, there are 7 fundamental categories used by accreditation bodies BRC 154 

(BRC, 2020), Food Safety System Certification (FSSC) (FSSC, 2018) and Global Food Safety 155 

Initiative (GSFI) (GSFI, 2018), as seen in Figure 2. 156 

In Table 1, in contrast to Figure 2, this shows the main groups into which food fraud can be 157 

categorised. In their study, Georgiou & Danezis (2017) have split their classifications into food 158 

unfit for human consumption and food that is fit for consumption but is not as it is described on the 159 

label. Figure 3 according to Spink, Chen, Zhang, & Speier-Pero (2019) shows a different way of the 160 

classification of food fraud risk focusing on food fraud as a direct risk to the consumer.  161 

 162 

3.  Legislations and Global Initiatives to Control Food Fraud  163 

Food fraud in the UK is covered by Regulation (EC) No 178/2002 of the European Parliament and 164 

of the Council. The regulation is a comprehensive directive which sets out the general standards and 165 

requirements of food law and food safety procedures. In February 2013, the European Commission 166 

recommended a coordinated control plan to establish prevalence of fraudulent practices in the 167 

marketing of certain foods. The purpose of the plan was to detect undeclared horse meat in foods 168 

and to establish the presence of phenylbutazone residues in the meat, derived from use of veterinary 169 

medicines not permitted in animals reared for food (European Commission, 2019k). While the plan 170 

is helping to reduce food fraud, as Appels & Kooijmans (2019) wrote, “In spite of the great 171 
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attention that food fraud prevention is receiving from public organizations, academic institutions 172 

and the food industry, there is still a lot to be done to have enough reliable information freely 173 

available. Although major countries and organisations including the World Health Organisation 174 

possess public databases pertinent to food fraud where comprehensive and updated information is 175 

freely shared, in the case of food fraud most of it cannot be accessed without payment”. This 176 

inhibits the effectiveness of the data. 177 

Together with legislation there has also been several European initiatives set up to fight food fraud, 178 

in 1979 the Rapid Alert System for Food and Feed (RASFF) was implemented providing local 179 

authorities with an effective tool for sharing information regarding detection of food fraud cases. 180 

The EU Food Fraud Network was established in 2013 and is a collaboration between the European 181 

Commission, member states, Europol (European Union Agency for Law Enforcement Cooperation 182 

and Eurojust (European Union Judicial Cooperation Unit). This network facilitates the sharing of 183 

relevant information on food fraud, an extension of this is the Administrative Assistance and 184 

Cooperation System which is a dedicated IT tool for the network to exchange information on non-185 

compliance and potential contraventions created in 2015. During 2019, they collectively reported 186 

that 46.6% of notifications raised were due to mislabelling and 19.7% were attributed to 187 

replacement, dilution, addition or removal within a product (Gowda et al., 2017).  188 

 189 

4. Prevalent Issues within Food Supply Chain  190 

Increasingly complex international supply chains, alongside weak governance, increase the 191 

probability of fraud being undetected; hence fraud may be able to proliferate at perhaps heightened, 192 

though furtive levels (Manning & Monaghan, 2019). Certified supply chains reduce the risk or 193 

likelihood of integrity issues. However, the international and highly complex nature of many 194 

products on the market renders effective monitoring and mitigation of such integrity issues near 195 

impossible. Furthermore, audits are often primarily concerned with food hygiene and safety 196 
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practices, hence supply chain integrity is seldom overlooked (Suomela, 2017). It can be proposed 197 

that current auditing procedures are ineffective in mitigation of supply chain issues. Nonetheless, 198 

when issues become known to consumers, their trust in the retailers and producers of products is 199 

severely undermined (Wehner, 2018; Suomela, 2017).  200 

The length and complexity of supply chains provide ample opportunity for fraudsters to exploit 201 

supply chain weaknesses and introduce illegitimate product into legitimate supply chains, as seen in 202 

the 2013 horsemeat scandal (Stadler et al., 2016). Furthermore, the clandestine nature of fraudsters, 203 

their operation in parallel to legitimate activities and supply chains, alongside their successful 204 

embedment within authorised, licensed and permitted organisations and practises further increases 205 

the difficulty of detection of fraud (Moyer et al., 2017; Soon et al., 2019). These issues may be 206 

partially mitigated through meticulous supplier selection, collaboration, monitoring and use of 207 

certification. However, this is fraught with issues, which may pertain to inaccuracy of information 208 

provided by suppliers; be it intentional or unintentional (Suomela, 2017). For example, verification 209 

procedures of certified supply chains are often shrouded in complexity, with supply chains spanning 210 

several countries and continents, which are often subjected to differing certification bodies and laws 211 

that may not adequately communicate their findings across other bodies. Consequently, food fraud 212 

issues and inconsistencies arising in product flows are less likely to be identified, thus creating 213 

opportunities for crimes and errors to be committed (Wehner, 2018). Furthermore, the existence of 214 

certification provides opportunity for fraudulent certification, giving fraudulent products apparent 215 

legitimacy (Marucheck et al., 2011). In any case, private certification bodies and their standards 216 

may partially mitigate such shortcomings through harmonising and compensating legislative 217 

shortcomings (Mancini, 2019). Furthermore, private standards apply to suppliers outside legislative 218 

controls. However, they fall to similar shortcomings of leniency and low frequencies in terms of 219 

monitoring (Swainson, 2019; Assan, 2019).   220 

 221 
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5. Vulnerable Products to Food Fraud   222 

Table 2 shows some of the offences and the adulteration used in the fraud (European Commission, 223 

2019l). These include: (1) replacement of an authentic ingredient with an adulterant or a mixture of 224 

adulterants; (2) addition of a non-authentic substance to mask a lower quality ingredient; and (3) 225 

removal or omission of a valuable constituent without the purchaser’s knowledge. 226 

Dairy, meat, fish and seafood, oils and fats, tea, spices, and honey are by nature considered as most 227 

susceptible to fraud (Hong et al., 2017). This was reiterated by the European Commission that 228 

found foods such as olive oil, fish, honey, dairy products, and meat are the most affected by the 229 

fraudulent activities. 230 

The increase in the cost of fats and oils by 56% followed by the price of fish by 48% between 2007 231 

and 2018 (DEFRA, 2019) makes those commodities more susceptible to fraudulent opportunities as 232 

the profit generated for criminals to substitute these commodities for cheaper products is increased. 233 

Natural oils are more prone to dilution with other ingredients as they allow homogenous dilution 234 

with adulterants (Spink & Moyer, 2011). Extra virgin olive oil is commonly diluted with cheaper 235 

oils such as corn or sunflower oil due to its high price and limited supply, resulting in yield 236 

increases and reduced manufacturing cost, whilst consumers cannot ascertain the difference (Jabeur 237 

et al., 2014). Furthermore, adulteration with peanut oil could cause dangerous allergen issues in 238 

products. A review of the RASSF found fifty notifications from January 2018 until Oct 2019 239 

relating to fats and oils. These included adulterations of palm oil with benzo(a)pyrene and 240 

polycyclic aromatic hydrocarbons, unauthorised additives such as Sudan dyes and illegal 241 

importation rejected by border control (European Commission, 2019l). Additional fraud associated 242 

with oils is based on claims to state that oil is from a specific geographical origin, which is often 243 

falsified to increase value of the product (Hong et al., 2017).  244 

Dairy products are often adulterated when high-value milk ingredients like milk fat are substituted 245 

with cheaper, lower quality additives (Abdel-Rahman & Ahmed, 2007). Fruit juices are susceptible 246 
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to several fraudulent acts such as dilution with water, addition of colourants, sugars and cheaper 247 

juice alternatives (Hong et al., 2017). 248 

Food Standards Scotland’s Scottish Food Crime and Incidents Unit (SFCIU), alongside a joint UK 249 

Food Crime Strategic Assessment with the Food Standards Agency’s (FSA) National Food Crime 250 

Unit, have prioritised four food sectors continued to be targeted by food fraudsters; red meat, fish, 251 

shellfish and alcoholic drinks (Food Protection Scotland, 2020). These commodities have been 252 

assessed as high risk as they are mostly attractive to fraudsters. Fraudulent issues in red meat 253 

include stolen livestock, illegal slaughter and substitution of product, false declaration of origin or 254 

durability date, and fraudulently tagged livestock. In Colombia, it was reported that, between May 255 

2018 and September 2019, large scale horse and donkey meat, often sick animals, were slaughtered 256 

and adulterated with chemicals, and sold for school meals as beef (European Commission's Joint 257 

Research Centre (JRC, 2020).  258 

Seafood is another commodity which is vulnerable to acts of food fraud due to its high value, 259 

multiple stakeholders, resource restraints and being increasingly popular with consumers as it is 260 

seen as a healthy alternative to red meat. The price difference between species which are declared to 261 

those which have been substituted can be up to 244%. Other issues with species substitution are that 262 

certain species may have higher heavy metal levels, lower nutritional values or may even be 263 

harmful to human health. It is also misleading to consumers who are expecting sustainable products 264 

if they are mislabelled (Hanner & Naaum, 2015). Fraud in shellfish includes misrepresentation of 265 

quality and origin of shellfish and illegally harvesting. 266 

Alcoholic drinks fraud can be done using different forms including counterfeiting of branded wine 267 

and spirits, production of illicit alcohol, and the importation of material and equipment to be used in 268 

the production of imitated alcohol products. 269 

 270 

6. Statistics (Economic Impact of Food Fraud) 271 
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In recent years, global supply chains have become increasingly complex and have exposed serious 272 

vulnerabilities within food supply chain. This has provided criminals with greater opportunities for 273 

financial gain resulting in a significant increase in food fraud incidents. Food fraud in the UK 274 

costs the food industry an estimated £12 billion (around $16 billion) annually (NFU, 2016). The 275 

current estimated global cost of food fraud is €30 billion (around $37 billion) each year (Steinberg 276 

& Engert, 2019). However, estimates vary and fluctuate significantly with other authors postulating 277 

a cost of $10-15 billion (Robson et al., 2020), others $40 billion (Halder, 2020), and others 278 

suggesting a value of at least $65 billion globally (Agetu, 2020). Hence, it may be concluded that 279 

the true cost of food fraud is not known, with an accurate figure impossible to comprehend.  280 

Cases of food fraud and questions over authenticity of food remain prevalent. In 2017, across 281 

Europe, 9,800 tonnes of non-authentic food were seized (Kendall et al., 2019), highlighting the 282 

magnitude of the issue. A contributing factor to this is that quality management systems such as 283 

Hazard Analysis & Critical Control Points (HACCP) are not designed to mitigate food fraud, thus 284 

enabling non-authentic products to pass through supply chains (van Ruth et al., 2017; Kowalska, 285 

2018).  Systems for food defence such as Threat Analysis & Critical Control Points (TACCP) and 286 

Vulnerability Assessment and Critical Control Points (VACCP) are being implemented and 287 

highlighted across industry standards.  TACCP is the evaluation of threats, identification of 288 

vulnerabilities and implementation of proportionate controls to mitigate such threats arising from 289 

criminal and malicious activities across the entirety of a production process. Nonetheless, TACCP 290 

adheres to the principles of HACCP, thus requiring a TACCP team, a defined scope of TACCP 291 

studies, threat characterisation and mitigation, horizon scanning for new or emerging threats, 292 

implementation, recording and documentation and frequent audit or review Questions and 293 

considerations of TACCP are detailed and specific for product and processes, premises and tailored 294 

to individual business. Such business considerations include personnel security, secure and 295 

controlled site access, services, materials and secure storage of transport vehicles (Soon et al., 296 

2019). Although VACCP also focuses on food fraud, its scope is widened encompass systematic 297 
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prevention of potential adulteration of food; whether intentional or not, by identifying the 298 

vulnerable points in supply chains. These are relatively new programs based on the more familiar 299 

HACCP program, which address threats and vulnerabilities instead of hazards The effectiveness of 300 

such systems remains to be seen, but analytical techniques capable of determining the authenticity 301 

of food are required to prevent adulterated food from entering the supply chain (Manning & Soon, 302 

2016; Fox, Mitchell, Dean, Elliot, & Campbell, 2018).  303 

 304 

7.  Impact of food fraud on consumers  305 

Although food fraud cases are primarily for financial gain, in many cases, food fraud can have 306 

direct and/or indirect consequences on food safety. This includes the false labelling of pufferfish as 307 

monkfish; resulting in potential tetrodotoxin poisoning (Cohen et al., 2009), the use of phthalates 308 

(plasticiser) as a cheaper clouding agent in beverages causes concern in human development (Yang 309 

et al., 2013), and the EMA of melamine in Chinese skimmed milk products. EMA is deliberately 310 

adulterating food for financial gain. In this case the addition of melamine was to increase nitrogen 311 

content; thus illicitly implying increased protein (Gossner et al., 2009). The melamine-incident 312 

caused 6 deaths, 52,000 hospitalisations, and 300,000 illnesses, illustrating EMA’s catastrophic 313 

impact (Valand et al., 2020; Bogadi et al., 2016). This adulteration highlights analytical technique 314 

failures as most standard protein analysis techniques do not distinguish between nitrogen from 315 

protein and non-protein sources, thus preventing detection of melamine through conventional assays 316 

(Moore et al., 2010).   317 

Further risk to consumer health is noted surrounding allergen issues caused by food fraud. Illegally 318 

adding or substituting raw materials for economic gain or increased nutritional value can go 319 

undetected causing potentially life-threatening situations. Additionally, product mislabelling fails to 320 

advise the consumer of potential harmful allergens leading to health-risks, such as failing to 321 

acknowledge the use of nut products or claiming free from gluten (Walker, Burns, Elliott, Gowland, 322 
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& Mills, 2016). In comminuted meat products, this could include the addition of non-declared soya 323 

to artificially elevate the apparent protein content; and thus price premium, addition of undeclared 324 

lower value species, such as pork in beef products (Ballin, 2010), or illicit addition of water to bulk 325 

meat products and increase retailing price and indeed returns. Such addition of water may be 326 

masked by addition of proteins and phosphates, though this may be detected using Nuclear 327 

Magnetic Resonance (Sentandreu and Sentandreu, 2014). Such alterations defraud consumers, often 328 

unbeknownst to themselves. 329 

Diversion related fraud pertains to selling diseased, condemned, or unfit meat in the human food-330 

chain (Pointing et al., 2020; Fuseini et al., 2017). There have been recent tampering incidents 331 

involving large meat processors whereby shelf-life, food safety records, and slaughter records had 332 

allegedly been altered, with unfit meat placed on to the market (Pointing et al., 2020). Sale of 333 

unwholesome meat may pose a risk to consumer health (Fuseini et al., 2017).  334 

Religious beliefs are a primary concern in meat fraud, ensuring meat authenticity prevents 335 

consumption of unlawful or forbidden meat. A study on 224 Iranian meat products determined that 336 

7.58% of analysed samples contained haram meat that was labelled as halal (Doosti et al., 2014). 337 

Much like the study into sausages, this meat was fraudulently substituted and/or mislabelled. This 338 

research was supported further with the confirmed presence of haram meat in UK certified halal 339 

products (Fuseini et al., 2017). Further to this research, false claims can be made on packaging 340 

referencing halal/kosher meat handling/processing by uncertified sites. 341 

A report commissioned by the Food Standards Agency (FSA) in 2014 found that added value 342 

claims that increase the price, for example free range or organic was one of the key factors driving 343 

the risk of food fraud because the claims made are difficult to authenticate (NSF Safety and Quality 344 

UK Ltd., 2014). Demands for products to match lifestyle trends are increasing and it is these 345 

products that have claims attached to them. For example, in 1999 the sales of ethical products 346 

including fair trade; organic; rainforest alliance and freedom foods was just over £1 billion by 2018 347 
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this has risen to £12 billion (Department for Environment and Rural Affairs, 2020). In addition to 348 

this, the number of people opting for a vegan lifestyle is increasing, with more money being spent 349 

on vegan and plant-based food (Jones, 2020). Consumers are placing a huge amount of trust in the 350 

food label that claims to be vegan when verifying this claim is difficult and open to 351 

misrepresentation. An example of this was in 2018 when the FSA launched an investigation as 352 

traces of pork were found in Sainsbury's own brand Meat Free Meatballs which carried the 353 

Vegetarian Society logo, though this is perhaps more likely caused by poor hygiene practises rather 354 

than intentional adulteration (Fortune, 2018). 355 

Whilst there is clear evidence of food fraud impacting consumers health/wellbeing and financial 356 

losses, high profile cases such as deliberate substitution of beef with horsemeat has resulted in 357 

consumers being significantly more informed regarding potential food fraud (Tantum, 2018). 358 

Reviews of consumer perception towards food fraud highlight detailed research is required to link 359 

consumer perceptions and attitudes towards food fraud prevention strategies and their future 360 

implementation. This is key to ensure consumer confidence is not impacted by food supply chains 361 

(Kendall et al., 2019). 362 

 363 

8. Impact of Food Fraud on the Manufacturing Industry  364 

Food fraud greatly impacts manufacture and processing of food, according to a literature review by 365 

Bindt (2016) studying data from institutional websites (such as the website of national food 366 

authorities) between 2005 to 2016. Fraud in the food industry can cause retail sales to drop between 367 

13% and up to 80%, with stock market prices also dropping from between 37% and 75%. The sale 368 

price for an adulterated product was found to be between 50% and 400% greater, compared to 369 

unadulterated products. The review also found that confidence across the entire food industry 370 

decreases, with increased incidents reported.  371 

When looking at several multinational food producing companies that have had recalls, trust ranged 372 

from 5% to 22%, as stated by the Global Food Safety Initiative (GFSI, 2014).  To help stop this 373 
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decline, the EU Food Fraud Network, along with the Administrative Assistance and Cooperation 374 

System, review fraudulent activity within the food chain and cooperate with EU member states to 375 

ensure compliance and detection throughout the industry.  376 

From reviewing historical data, the highest number of fraudulent incidents during 2016-2018 377 

related to mislabelling, adulteration and the counterfeiting of goods (Kendall et at., 2019). Food 378 

fraud in general is economically motivated and therefore criminals will seek opportunities which 379 

will provide the highest financial rewards but with the lowest likelihood of detection (Manning & 380 

Soon, 2016). Criminals therefore are likely to focus upon opportunities to commit fraud in general 381 

rather than adulterating any specific products (Esteki et al., 2019).  382 

In recent years, global supply chains have become progressively complex and have exposed serious 383 

vulnerabilities within food supply chain (Spink et al., 2017). This impacts on the food manufacturer 384 

with tight margins trying to compete with a fraudulent manufacturer. The increased costs in proving 385 

products which are authentic, that need to verify by expensive analytical equipment, ever stringent 386 

audits either in house or across the supply chain. Costs can even be increased due to staffing 387 

employed to ensure compliance to ever stringent legislation devised to thwart fraudulent practices 388 

but also impacting the legitimate food producer 389 

Whether food fraud does or does not cause any major health threats to the consumer, it still can 390 

have a damaging effect on the food industry, as once the fraud is detected the food industry and 391 

consumers will distrust the supplier. This will lead to a disruption of the market and industry (Spink 392 

et al., 2016). For example, although meat counterfeiting is rare, although not unheard of. 393 

Previously, official packaging and seals from a legitimate business were illicitly obtained and 394 

reused by impostors. Such incidents can be detrimental to the business impersonated by damaging 395 

their public image, but also defrauds consumers. It is possible that overly-simple packaging enabled 396 

this incident to occur (Yeung, 2009). 397 

 398 
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9. Recent and Emerging issues in Food Fraud 399 

10.1 Recent Issues 400 

A Codex Alimentarius report detailing emerging food fraud trends, highlights olive oil, honey, fish, 401 

meat, milk, fruit juices and herbs as leading food categories with increasing numbers of fraudulent 402 

cases (Codex Alimentarius, 2016). With expanded global trade, monitoring cases of food fraud 403 

becomes increasingly vital, but increasingly difficult (Dennis & Kelly, 2013). 404 

In the first 6 months of 2020, there were 40 incidents of food fraud or issues of authenticity reported 405 

in the EU’s Knowledge for Policy reports, compared to 71 cases reported in 2019. The apparent 406 

sharp decrease in the number of fraud incidents in the first half of 2020 compared to 2019 is 407 

perhaps linked to the detracting of media coverage and focus of governmental bodies on the dire 408 

COVID-19 pandemic, and subsequent reduction of audits and testing by certification bodies. 409 

However, there were increased reports of sale of food unfit for human consumption compared to the 410 

same period in 2019, with 11 and 8 news articles respectively (European Commission 2019a-f; 411 

European Commission, 2020a-f). Figure 2 shows the number of reported food fraud incidents in the 412 

EC in 2019. In some years, whilst incidence of fraud cases decreased in some products, it 413 

drastically increased in others. For example, following the horsemeat scandal, meat fraud dropped 414 

from 59 cases in 2013, to 1 case in both 2014 and 2015. However, fraud concerning nuts and seeds 415 

increased drastically from 24 cases in 2014 to 40 cases in 2015 (Bouzembrak et al., 2018). 416 

 417 

10.2 COVID-19 and Food Fraud  418 

The frequency of fraud is increased during severe situations as previously observed during the 2011 419 

global recession (Dennis & Kelly, 2013). It is therefore probable that with demand stimulated by 420 

the current global COVID-19 pandemic, there is increased pressure on the food industry to supply, 421 
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providing an economic opportunity for fraudsters to meter fraudulent products into an already 422 

overstretched supply chain (Pustjens et al., 2016).  423 

It is believed that the incidence of food fraud will rise as a direct result of the COVID-19 pandemic. 424 

This rise facilitated by constraints on supply chains, increased demand for food, and suspension of 425 

private and public sector food inspections and audits. Furthermore, the likelihood of fraudulent 426 

goods being detected has been drastically reduced by the requirement for staff to either work from 427 

home, self-isolate, hospitalisations and fatalities attributed to COVID-19 (Singh, 2020). It is this 428 

increased demand that has seen shortages of foods, thus providing opportunity for fraudsters to 429 

meter their illicit goods into supply chains (Mcgrath et al., 2020). In addition, the COVID-19 430 

pandemic has seen increased demand for food ingredients, including olive oil, meat, fish, milk and 431 

dairy products, and spices; these products already at greatest risk of adulteration. It is therefore 432 

possible that these products could be now at an even a greater risk of adulteration, with the 433 

likelihood of detection drastically reduced by the factors discussed (Singh, 2020). 434 

According to the European Commission (2020e), disruptions to supply chains and distribution have 435 

enabled integration of fraudulent products into the stream of legitimate products. This is evidenced 436 

following 282 deaths in Mexico and the Dominican Republic following consumption of alcoholic 437 

beverages containing methanol due to improper distillation. The fraudulent; and regrettably fatal, 438 

product was able to enter the market due to measures to reduce the transmission of COVID-19 439 

which caused decreased production of ethanol products (European Commission, 2020e). A further 440 

example of suspected adulteration was discovered in famine relief food baskets, intended for 441 

economically disadvantaged households in Peru. These baskets were found to have missing health 442 

marks and fraudulently labelled with weights below those declared on the label. Fraudulent baskets 443 

managed to integrate with the distribution of genuine relief baskets distributed with support of 444 

international charities and national organisations that were comprised of legitimately produced food 445 

(UNHCR, 2020). Other food fraud incidents during the COVID-19 pandemic include the attempted 446 

sale of cheese as parmesan without necessary certification, alongside foods lacking proper 447 
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documentation. Such illegal imports and distribution of goods are thought to be derived from 448 

international organised crime groups that are attempting to generate illicit revenue by taking 449 

advantage of weakened nations and industries under greater pressure (Beia et al., 2020; European 450 

Commission, 2020d). This considered, it remains possible that the true extent of fraud as a result of 451 

the COVID-19 pandemic could be greater than that already known. 452 

Nick Allen speculated that the rural location of many meat processing plants, high transmission rate 453 

of COVID-19 in meat plants, alongside house-sharing and car-sharing of employees at plants has 454 

caused labour shortages, thus yielding meat shortages. Concurrently, demand for meat; specifically, 455 

beef, has risen, this providing fraud opportunities for criminals (Southey, 2020a). Jackie Healing 456 

from NSF UK postulated that observed fraud incidents involving horsemeat are linked to the 457 

COVID-19 pandemic (Southey, 2020b), with 84 incidents of fraud or adulteration notified on the 458 

RASFF portal between January and November 2020. However, in the same period in 2019, there 459 

were a total of 108 incidents (European Commission, 2020). However, under-resourcing of 460 

inspection bodies, poor communication between local, national and governmental enforcement 461 

bodies, infrequent and ineffective inspection and staffing issues of enforcement bodies may result in 462 

failure to identify fraudulent activity, hence, the actual extent of fraud may be far greater 463 

(Swainson, 2019; Assan, 2019; Lang et al., 2018). Furthermore, the pandemic saw routine 464 

inspections postponed, with inspections occurring on-site only where absolutely necessary; thus, 465 

limiting efficacy of enforcement and inspection (Zuber and Brüssow, 2020). 466 

Such increases have been discussed by Flora Southely (2020a&b) with industry specialists, who 467 

postulate a link between increased fraud and disruption caused by the COVID-19 pandemic, with 468 

reports suggesting a significant increase in food fraud between January the 1
st
 and June the 30

th
  469 

2020 compared to the same period in 2019 The authors postulate that this increase may be caused 470 

by reduced regulatory oversight during the COVID-19 pandemic. Hence, the incidence of food 471 

fraud has been exacerbated due to the severity of the COVID-19 situation, Within this report, 472 

certain foodstuffs are reported to have a 500% increase in fraudulent products; though it is worth 473 
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noting that the number of incidents in these groups are relatively low. Interestingly, the greatest 474 

increase in number of incidents was for fruits and vegetables, despite their typically low prices 475 

compared to animal products and other foodstuffs (Frera et al., 2020).  476 

Hence, at this stage, it is not clear as to the impact that the COVID-19 pandemic has had on food 477 

fraud. Some sources suggest a decrease, whilst others imply a marginal increase.  The inability to 478 

ascertain the impact of the pandemic on food fraud may pertain to the reduction in inspections 479 

essential to identify such fraudulent activities. In any case, what can be stated is that the pandemic 480 

has significantly disrupted global food supply chains, potentially providing opportunity and 481 

increasing risk of food fraud as a result of reduced global regulatory monitoring, with those 482 

proposing an increase in food fraud attributing this to the current pandemic (Frera et al., 2020). 483 

 484 

10.3 Brexit and Food Fraud 485 

In June 2016, the UK voted to leave the EU, with Article 50 invoked in March 2017, formally 486 

initiating the withdrawal of the UK from the EU (Shaw et al., 2019). Brexit has instated new fears 487 

of an increase in food fraud (Pointing et al., 2020). As a result of Brexit, exports of foods, such as 488 

British lamb, may be delayed in customs, thus extending distribution times. As a result, meat 489 

freshness would decrease, rendering it unfit for sale as fresh meat, remaining only suitable for 490 

frozen distribution. This may introduce integrity issues against other frozen lamb, whereby it could 491 

become visually indiscernible from non-British counterparts (Chauhan, 2019). The ambiguity of the 492 

current Brexit deal foreshadows increased costs and tariffs of imported goods; increasing cost 493 

management pressure, thus increasing the risk of fraud; particularly from species substitution and 494 

intentional mislabelling of goods as lower cost materials, with the intention of avoiding increased 495 

border tariffs, or the converse in the case of species substitution to illicitly generate profit through 496 

deception (Chauhan, 2019; Fox et al., 2018). To alleviate border delays, DEFRA has implemented a 497 

contingency plan to suspend enforcement and inspections of food safety and material standards. 498 
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This may be catastrophic to consumer health should unfit or unsafe foods and materials enter the 499 

UK without adequate inspection. This will undoubtedly provide opportunity for fraudulent goods to 500 

gain entry to the UK food system undetected (Lang et al., 2018); exacerbating the likelihood of a 501 

large-scale fraud incident not seen since the horsemeat scandal through increased vulnerability of 502 

all imported goods. The UK’s testing system may be inadequate to facilitate analytical testing of all 503 

materials entering the UK, with the number of official laboratories for testing reducing in the past 504 

decade. Thus, concerns are raised surrounding the ability of the UK’s capacity to meet increased 505 

testing demands caused by Brexit. Additionally, access to specialist laboratories outside of the UK 506 

may be reduced, alongside a reduction in funding for food authenticity testing in the UK (POST, 507 

2020). Thus, the likelihood of fraudulent goods entering the UK undetected is further exacerbated. 508 

A poor Brexit deal could further impact on food safety standards, potentially seeing the UK drop 509 

out of food safety initiatives, alongside reduced co-operation and support from the EU pertaining to 510 

food fraud (Lang et al., 2018). However, the extent of access of the UK to intelligence gathering 511 

systems following a complete withdrawal from the EU remains to be seen (POST, 2020).  512 

Nonetheless, the potential for rapid or unexpected price rises of foods post-Brexit may provide 513 

greater incentives and opportunities for fraudsters (Pointing et al., 2020). Additionally, Loss of EU 514 

subsidies may cause food producers to become desperate and act without integrity (Chauhan, 2019). 515 

Furthermore, Brexit may see dissolution of previous EU legislative governance, which may further 516 

reduce regulatory, enforcement and food safety controls concurrently with the factors discussed 517 

(Pointing et al., 2020), with some proposing that poor regulation enables food fraud to go 518 

undetected (Manning and Soon, 2016). 519 

Nevertheless, all these factors considered, it seems likely that weakened governance and border 520 

inspection, alongside reduced capacity to inspect materials, and the potential for increased 521 

opportunity for fraud will see food fraud incidents increased. Furthermore, the reduced inspection 522 

could suggest that fraudulent products would not be effectively identified before they enter the food 523 
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chain. The true impact of Brexit of food fraud remains to be seen, with the true effects perhaps not 524 

seen for years to come,  525 

 526 

10. Food Fraud Mitigation Strategies 527 

Implementation of detailed food fraud databases increases information available to manufactures 528 

about raw materials. This allows early warning systems, vulnerability assessments, and details of 529 

emerging threats. Future trending of detection and authentication will be dictated by analytical 530 

verification. However, time, labour, financial and indeed equipment restrictions prevent mass 531 

sample analysis in laboratories, ensuring a completely secure food chain. Rapid non-destructive, 532 

non-targeted methods, such as Near Infrared Spectroscopy (NIRS) can be used to undertake inline 533 

or spot checks to authenticate food; thus identifying fraudulent components or conduct (Pustjens et 534 

al., 2016). Further pressure is being placed on manufacturers to implement food defence plans to 535 

reduce the likelihood of food fraud. Thus, the key challenge for all food organisations in tackling 536 

food adulteration is the global network of interactions, aligned with food sourcing (Meerza et al., 537 

2019). Esteki et al. (2019) found that amalgamation of food manufacturing, and changes in 538 

production systems coming from the globalisation of food supply have increased food supply chain 539 

complexity more than ever before, especially when faced with pandemics like COVID-19. For food 540 

organisations, defining and implementing effective processes to improve supply chain resilience is 541 

vital in mitigating any consequences and risks, though this remains complicated by Brexit and the 542 

now achieved trade deal. According to Soon et al. (2019), vulnerability can be reduced by 543 

implementing less complex, shorter, and more streamlined supply chains. Their comprehensive 544 

research concluded that some food organisations did not understand the length and complexity of 545 

the supply chain for the foods they purchased. A definite learning taken from the Horsemeat 546 

Scandal, was the calling for acute traceability within the supply chain, this should be developed 547 

Jo
urn

al 
Pre-

pro
of



   
 

23 
 

post-Brexit and once COVID-19’s effects on the food industry become apparent, are investigated 548 

and analysed. 549 

With traceability systems reacting to the two major incidents of 2020, especially those based on 550 

foodservice, as takeaway and digital orders grew by 33%. Retail consumers also reversed the trend 551 

on ready meals and pre-processed foods by mass buying pre-prepared foods. This has impacted on 552 

how the industry keeps up with the demand and protects the consumers during adverse times 553 

(Hensel & Khun, 2020). With Brexit affecting imports / exports and labour COVID-19 reducing 554 

labour, increasing personal space the food industry was more open to attack during this time 555 

especially as BRC stopped unannounced audits and certificate extensions when physical audits 556 

could not be performed (BRC, 2020). 557 

 558 

10.1. Blockchain Traceability Application 559 

One trend in tackling global supply chain transparency is a global food integrity system ‘blockchain 560 

traceability application’. Recent study results of the blockchain structure by Yuva (2017) ensures 561 

that each food organisation along the food supply chains generates and shares data points to create 562 

an accountable and traceable system, this is reiterated by Behnkea & Janssen (2020). The system 563 

can be used for tracking records, ensuring tamper-resistance, and preventing product substitutions, 564 

as it can also be used to solve issues such as food fraud the system is strengthening food 565 

traceability. Strategies to enhance transparency throughout the food supply chain are emerge as the 566 

future defence against food fraud. 567 

Blockchain technology emerged in 2008 as a fundamental part of the bitcoin crypto currency. It is a 568 

record of all processes that have been completed by all participating organisations. Each block 569 

stores data from a transaction, for example if tracing the origins of cauliflower, a block originating 570 

from the farm may include information on the date the cauliflower was planted, the date, time and 571 

conditions of the harvest, the team undertaken the harvest. A new block would be created in 572 
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packing, including information on storage conditions, temperatures, and hygiene practises. A new 573 

block would be created for transportation and so on. Data contained in each block is protected by 574 

cryptography and hash keys, a new block cannot be created unless it has the hash keys from the 575 

previous block (Martindale et al., 2018). Records can be accessed by anyone with permission and 576 

can provide verification of any actions taken. Food industry blockchain technology will provide 577 

end-to-end traceability, allowing consumers to see the journey of their food by scanning a label on 578 

the food from their phone (Galvez et al., 2018). 579 

At present it is in its infancy however, both the Food Standards Agency and Walmart have 580 

undertaken successful pilot schemes. The Food Standards Agency has successfully completed their 581 

pilot using blockchain technology in a cattle slaughterhouse. It's the first time blockchain has been 582 

used as a regulatory tool to ensure compliance in the food sector.  The approach was to develop data 583 

standards with industry that make theory a reality, the study showed that blockchain does indeed 584 

work in the food industry (Food Standards Agency, 2018). Walmart found that from the success of 585 

the pilot and rolling out the scheme if a consumer should fall ill, “Walmart will be able to obtain 586 

crucial data from a single receipt, including supplies, detail on how and where food was grown and 587 

who inspected it, from the pallet to the individual package” (Kharif, 2016). Customers can also 588 

provide retailers with specific feedback regarding quality or preference that can be linked back to 589 

individual growers or processors (Yiannas, 2017). Blockchain in consumer terms allows them to 590 

scan a code on the product onto their smartphone and immediately information on origin, 591 

sustainability, ethicality, and authenticity will be provided. This will give the customers not only 592 

better food security but also choice of exactly where their food originates, exactly how old each 593 

individual ingredient within the product is and where it was processed. If the retailer wishes to pass 594 

on this information (Figorilli et al., 2018). 595 

Blockchain disadvantages are the implementation can be expensive, consume large amounts of 596 

energy, data capture can also lead to inefficiencies. The system requires a large knowledge base to 597 
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run and manage the system. The data is held either centrally or locally which could lead to data 598 

breaches making it itself a target for fraudulent attack (Iredale, 2020). 599 

  600 

10.2.Enterprise Resource Planning (ERP) 601 

ERP systems first became digitalised in the 1960’s, they are software that companies use to manage 602 

their day-to-day business activities including, supply chain; purchasing and financial. This new 603 

digital enterprise resource planning system maintains a database of information related to business 604 

processes. It is a lot more than just a database though, ERPs allow for the automation and 605 

integration of business processes, therefore reducing the amount of manual organisation required. 606 

By using a traceability system such as an ERP and Blockchain tools allows for 7 further assurances 607 

of authenticity. Traceability systems are effective tools in assisting with food defence procedures. 608 

These technologies visually outline each step chronologically in the supply chain of a product and 609 

provide a clear overview of the full supply chain (Baralla et al., 2019). ERP systems allow 610 

companies to trace products using barcoding, whereas Blockchain technology chains together 611 

provide blocks of information to allow transparency throughout the supply chain (Hollands et al., 612 

2018). They enable effective case-level traceability through allotting batch-lot numbers. However, 613 

these are often limited to one-up, one-down traceability (Marriot et al., 2018). 614 

 615 

10.3. British Standards Institution (BSI) 616 

Publicly Available Specification (PAS) 96:2017 is a guide to protecting and defending food and 617 

drink from deliberate attacks, published by the British Standards Institution. It provides businesses 618 

with information of the types of threats and risks to the food industry and the framework to adopt a 619 

TACCP/VACCP risk assessment. As mentioned above the systems are similar to HACCP in their 620 

application, although focus is on threats to the business. They prompt businesses to review their 621 
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current procedures, to assess if they are sufficiently protected through manufacturing and the supply 622 

chain. Something which is addressed in PAS 96:2017 is the risk that disgruntled employees could 623 

potentially tamper with food with the intention to cause harm to consumers or business, cases of 624 

cybercrime, counterfeiting, espionage, economically motivated adulteration, and extortion. The 625 

purpose of this guidance is to address these threats by developing a TACCP plan. Examples of 626 

procedures in place to control these threats are horizon scanning, purchasing policies, audit 627 

reporting, recall and crisis management, traceability systems and personnel procedures (British 628 

Standards Institution, 2017). PAS 96:2017 guide concentrates on the risk management of threats 629 

and vulnerabilities of food businesses and on protecting integrity and safety of food and food 630 

supply. The aim of the document is to offer guidance on how to reduce the likelihood of a deliberate 631 

attack and its potential impact. Moreover, it is to protect business’ reputation, provide reassurance 632 

to consumers that appropriate measures are in place to protect food as well as to demonstrate due 633 

diligence and all reasonable precautions are taken to protect food (British Standards Institution, 634 

2017). However, according to Soon et al. (2019b) GFSI defines TACCP and VACCP separately. 635 

TACCP is to evaluate threats to ensure food security from intentional malicious attacks, whereas 636 

VACCP evaluates susceptibility to food fraud. 637 

 638 

10.4. European Commission Rapid Alert System for Food and Feed (RASFF) Portal 639 

The European Commission publicise all food safety issues they receive in a portal which can be 640 

accessed by suppliers, manufacturers, retailers, and consumers (European Commission, 2020). The 641 

RASFF notifications shown in the RASFF portal are so-called "original notifications", representing 642 

a new case reported on a health risk detected in one or more consignments of a food or feed. On 643 

these cases, control authorities transmit follow-up notifications on measures taken and outcome of 644 

investigations. The information shared on the site include is listed below: 645 

1. Notification type: 646 
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 Food 647 

 Feed 648 

 Food contact material 649 

2. Notification classification: 650 

 Alert 651 

 Information 652 

 Border rejection 653 

3. Notification basis (indicating what type of control, report or investigation instigated the alert): 654 

 Border control – consignment released: notification initiated through a sample taken at a 655 

border post for analysis, but the consignment was meanwhile released to the market. 656 

 Official control on the market: official control on the EEA internal market. 657 

 Company’s own-check: notification initiated through a company notifying the outcome of 658 

an own-check to the competent authority. 659 

 Consumer complaint: notification initiated through a consumer lodging a complaint with the 660 

competent authority. 661 

 Food poisoning: reports of a food poisoning leading to the notification of a risk in a food on 662 

the market that has caused the food poisoning. 663 

4. Action taken 664 

This field represents the action already taken or to be taken by the notifying country at the time of 665 

notification. If "no action taken" is given for an alert notification, this normally indicates that the 666 

product is not on the market of the notifying country (therefore: no action taken by the notifying 667 

country), but it may be on the market of other member countries. 668 

5. Distribution status 669 
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This field indicates knowledge existing at the time of notification about the possible distribution of 670 

the product on the market. The concept "market" is to be interpreted in a geographical way: "the 671 

European Economic Area (EEA) market". 672 

6. Origin 673 

The "origin" field gives available information regarding the origin of the product(s) concerned; this 674 

does not suggest that the hazards found originated there. 675 

 676 

10.5. Department for Environment, Food and Rural Affairs (DEFRA) 677 

In the United Kingdom, in order to prioritise where food crime planning must focus, it is important 678 

to firstly understand the market. By referring to DEFRA Pocketbook, companies can see trends in 679 

product attributes and consumer behaviours, for example increases or decreases in product price. 680 

Examples of these trends include the increase in the cost of fats and oils by 56% followed by the 681 

price of fish by 48% between 2007 and 2018 (DEFRA, 2019).  682 

DEFRA reported that 49% of people living in the United Kingdom claimed that they believe it is 683 

important to support British farmers when they can, in addition to this, 42% stated that they try to 684 

buy British food whenever they can (DEFRA, 2019). This illustrates the importance of authenticity 685 

to UK consumers. In May 2019, the EU reported that an app is being developed which allows 686 

consumers to trace oranges from Sicily back to the place, date of production and type of 687 

conservation (European Commission, 2019l). 688 

 689 

11. Analytical Techniques Used for Detection of Food Fraud  690 

There are numerous different techniques used to determine the authenticity of food, these can be 691 

grouped into chemical/biochemical and molecular techniques. The many varied techniques used for 692 
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determining food authenticity are required due to the complexity of discovering any suspected food 693 

fraud. Chromatographic and molecular methods are the major approaches applied in the detection of 694 

fraudulent foods accounting for almost half of published research, however, numerous analytical 695 

techniques are industrialised (Danezis et al., 2016b). Hong et al. 2017, identified 22 different 696 

analytical techniques used in food fraud detection. Figure 4 shows the most used major analytical 697 

techniques by major food categories between 2005 – 2018, these are listed with references to where 698 

the technique has been used to detect food fraud or adulteration. Table 3 breaks down some of these 699 

analytical techniques to show how they have been used historically to detect food fraud on specific 700 

food stuffs.  701 

As techniques are used and studied, new forms of detection are found. This in turn is helping 702 

protect the honest food manufacturer. Research bodies also assist in the battle by discovering new 703 

techniques for detecting fraudulent products in the food chain, this also includes new ways of 704 

detection with existing equipment and methods. These new analytical techniques which are being 705 

devised and approved constantly to keep up with new and emerging food fraud can unfortunately be 706 

also used to create new ways of adulterating foodstuffs. 707 

Controlling the food fraud risks within the supply chain needs surveillance monitoring using 708 

accredited methods. Laboratory methods to identify fraudulent materials include Spectrometry, 709 

Enzyme Linked Immunoassay (ELISA) and Polymerase Chain Reaction (PCR) (Spink & Moyer, 710 

2011). Using these analytical techniques would make it possible to determine levels set by 711 

governing teams, or internal specifications and can be applied prior to intake of the raw material to 712 

prevent use within the food chain. However, some authenticity testing systems are ineffective when 713 

cases of fraud have not caused any significant risk to food safety. Alongside these, current 714 

tools available for detection may be an ineffective deterrent to fraudsters (Kearney, 715 

2010). Nonetheless, reporting this data through RASSF shares information with a plethora of 716 

businesses, thus allowing them to incorporate risks into their self-assessments. All areas of the food 717 

industry and the Government must collectively engage to protect consumers and business using 718 
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defence procedures. Following fraudulent activity within the food chain, in 2013 DEFRA requested 719 

a review of the integrity and assurance of the UK food supply networks, which was subsequently 720 

published by Professor Chris Elliott of Queens University Belfast. The report concludes that the 721 

implementation of an eight-pillar approach is needed to ensure food integrity. The process relies on 722 

consumer research, zero tolerance, laboratory analysis, assurance auditing, governmental support, 723 

industry leadership and a crisis management process to develop robust systems across the food 724 

industry (Elliott, 2014). Implementation of Elliott's suggestions involves actions such as 725 

governmental legislation, standardisation of analysis on products which are tested within the supply 726 

chain, consumer alerts, supplier auditing, purchasing policies and vulnerability assessments. 727 

 728 

12. Summary and Concluding Remarks 729 

 Food fraud remains prevalent within the supply chain through varying forms of substitution, 730 

adulteration and misrepresentation of products. The primary motivation of economical or 731 

financial gain and highly opportunistic nature makes food fraud difficult to predict and 732 

prevent. Food fraud issues are highlighted in this report with several contributing factors to 733 

their emergence covered.  734 

 The complicatedness of the global food supply chains has caused food manufacturers to 735 

struggle in certifying the provenance of their products. Furthermore, factors such as the 736 

global COVID-19 pandemic or Brexit increase opportunity for food fraud and could reduce 737 

positive steps made in global traceability systems.  738 

 Ensuring food authenticity and detection of food fraud requires comprehensive input at each 739 

stage of food production/supply chain with increasing importance being placed on the 740 

implementation of management systems and the evidenced input of blockchain traceability. 741 

Blockchain technology is the future of traceability and will become a requirement of the 742 

food safety system.  743 
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 As highlighted, high impact food fraud incidents involved products monitored by perhaps 744 

inadequate authentication technique enabling fraud to proliferate yielding fatalities and 745 

large-scale health detriment. Fraudulent techniques continue to diversify and evolve when 746 

opportunity is presented, challenging current techniques for determining food authenticity, 747 

necessitating constant development and refinement of analytical techniques. Research 748 

indicates that one perfect analytical technique for food authenticity does not exist, largely 749 

due to the complex nature of food. Implementation of global standards and traceability 750 

initiatives to prevent food fraud, current techniques must keep evolving to stay one step 751 

ahead. 752 

 It is not only the responsibility of the food businesses to address food fraud, the UK 753 

government and industry leads must implement and maintain standards which address how 754 

to act against fraudulent activity. Use of the RASSF by businesses allows for a database of 755 

activity, this is used as part of horizon scanning exercises and identifies where fraudulent 756 

activity is occurring at present. This information can be used to form a company's TACCP 757 

or Vulnerability Assessment & Critical Control Points (VACCP) plans.  758 

 It is recommended that food operating businesses follow the PAS96:2017 to implement their 759 

own threat and vulnerability assessments using tools such as RASFF as mentioned 760 

previously and other food alerts published from governments to identify areas of concern 761 

within their businesses. By adopting clear guidelines such as, horizon scanning and 8 762 

surveillance monitoring, purchasing policies, employee operating procedures, audit 763 

reporting and continuous vulnerability assessments businesses are more prepared to prevent 764 

and act against food fraud. 765 

 766 

13. Acknowledgements 767 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

The authors would like to thank Lincoln University and its staff in their help with this paper. The 768 

authors would like to thank Hayden Terry, Helen Russell and Matt Beacham for helping with the 769 

literature search. 770 

 771 

14. Funding 772 

This research did not receive any specific grant from funding agencies in the public, commercial, or 773 

not-for-profit sectors. 774 

 775 

15. References  776 

Abdel‐ Rahman, S. and Ahmed, M. (2007). Rapid and sensitive identification of buffalo's, cattle's 777 

and sheep's milk using species‐ specific PCR and PCR‐ RFLP techniques. Food Control, 18 (10) 778 

1246-1249.  779 

Agetu, R. (2020) Food safety verification by block chain; a consumer-focused solution to the global 780 

food fraud crisis. In: 2020 Conference (64th), Perth, Western Australia, February 12-14. Sydney, 781 

Australia: AARES. 782 

Albala, K. (2015). The SAGE encyclopaedia of food issues. California, USA: SAGE Publications, 783 

Inc.     784 

Angel Pardo, M. and Jimenez, E. (2020). DNA barcoding revealing seafood mislabelling in food 785 

services from Spain. Journal of Food Composition and Analysis, 91 (August 2020). 786 

Appels, K. and Kooijmans, R. (2019). What is Food Fraud and Prevention Program.  Food Safety.  787 

Amsterdam, Netherlands: Food Safety Experts. 788 

Arvanitoyannis, I. S. (2016). Authenticity of foods of animal origin. Abingdon: CRC Press.       789 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Assan, N. (2019) The challenges of food law enforcement: perceptions of environmental health 790 

practitioners in the northwest of England. PhD. Salford University 791 

Ballin, N.Z. (2010). Authentication of meat and meat products. Meat Science, 86 (3) 577-587.  792 

Baralla, G., Pinna, A. and Corrias, G. (2019). Ensure Traceability in European Food Supply Chain 793 

by Using a Blockchain System.     794 

Barnard, C. and O’Connor, N. (2017). Runners and riders: the horsemeat scandal, EU law and 795 

multi-level enforcement. Cambridge Law Journal, 76 (1) 116- 144.   796 

Barrere, V., Everstine, K., Théolier, J. and Godefroy, S. (2020) Food fraud vulnerability 797 

assessment: towards a global consensus on procedures to manage and mitigate food fraud. Trends in 798 

Food Science & Technology, 100(June) 131-137. 799 

Behnkea, K. and Janssen, M.F.W.H.A. (2020) Boundary conditions for traceability in food supply 800 

chains using blockchain technology. International Journal of Information Management.  52, 2020, 801 

101969 802 

Beia, S.I., Bran, M., Petrescu, I., Beia, V.E. and Dinu, M. (2020) Food fraud incidents: findings 803 

from the latest rapid alert system for food and feed (RASFF) report. Scientific Papers: Management, 804 

Economic Engineering in Agriculture & Rural Development, 20(2) 45-52.  805 

Bindt, V. (2016). Costs and benefits of the Food Fraud Vulnerability Assessment in the Dutch food 806 

supply chain. The Netherlands: Wageningen University.  807 

Black, C., Haughey, S. A., Chevallier, O. P., Galvin‐ King, P. and Elliott, C. T. (2016). A 808 

comprehensive strategy to detect the fraudulent adulteration of herbs: The oregano approach. Food 809 

Chemistry, 210, 551– 557.     810 

Bogadi, N.P., Banović, M. and Babić, I. (2016) Food defence systems in food industry: perspective 811 

of the EU countries. Journal of Consumer Protection and Food Safety, 11, 217-226. 812 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Boushey and L.M. Delahanty (eds) Nutrition in the Prevention and Treatment of Disease. 813 

Academic Press, 103-122. 814 

Bouzembrak, Y., Steen, B., Neslo, R., Linge, J., Mojtahed, V. and Marvin, H.J.P. (2018). 815 

Development of food fraud media monitoring system based on text mining. Food Control, 93, 283-816 

296.  817 

Brach-Papa, C., Van Bocxstaele, M., Ponzevera, E. and Quetel, C. R. (2009). Fit for purpose 818 

validated method for the determination of the strontium isotopic signature in mineral water samples 819 

by multi-collector inductively coupled plasma mass spectrometry. Spectrochimica Acta Part B: 820 

Atomic Spectroscopy, 64(3) 229-235. 821 

British Retail Consortium (2020) BRC072 BRCGS Audits impacted by Covid-19. London: BRC.  822 

British Retail Consortium (2020) Food Fraud. London: BRC. 823 

British Standards Institution, Great Britain, Food & Rural Affairs Department for Environment, 824 

Great Britain, and Food Standards Agency. 2017. Guide to Protecting and Defending Food and 825 

Drink from Deliberate Attack; British Standards Institution: Great Britain: Food & Rural Affairs 826 

Department for Environment: Great Britain: London: Food Standards Agency. Available 827 

online: https://www.food.gov.uk/sites/default/files/media/document/pas962017.pdf (accessed on 19 828 

November 2018). 829 

Campnajó, G., Saez-Vigo, R., Saurina, J., Núñez, O. (2020). High-performance liquid 830 

chromatography with fluorescence detection fingerprinting combined with chemometrics for nut 831 

classification and detection and quantitation of almond-based product adulterations. Food Control, 832 

114(107265) 1-6. 833 

Cardin, J. (2009). Ice glazed seafood fraud. Wisconsin, USA: National and State testing and 834 

enforcement. Dept. Of Agriculture, Trade & Consumer Protection.   835 

Jo
urn

al 
Pre-

pro
of

https://www.food.gov.uk/sites/default/files/media/document/pas962017.pdf


   
 

   
 

Cavin, C., Cottenet, G., Cooper, K. M. and Zbinden, P. (2018). Meat Vulnerabilities to Economic 836 

Food Adulteration Require New Analytical Solutions. Chimia, 72(10) 697 -703.    837 

Chauhan, A. (2019) Food fraud risks increase with Brexit. Food Science and Technology, 33(3) 19.  838 

Codex Alimentarius (2016). Critical and emerging issues in food safety and quality. Codex 839 

Alimentarius Commission, May 2016. 840 

Cohen, N.J., Deeds, J.R., Wong, E.S., Hanner, R.H., Yancy, H.F., White, K.D., … Gerber, S.I. 841 

(2009). Public health response to puffer fish tetrodotoxin poisoning from mislabelled 842 

product. Journal of Food Protection, 72 (4) 810-817.     843 

Conte, L., Bendini, A., Valli, E., Lucci, P., Moret, S., Maquet, A., … Toschi, T. G. (2019). Olive oil 844 

quality and authenticity: a review of current EU legislation, standards, relevant methods of analyses, 845 

their drawbacks and recommendations for the future: A review of current EU legislation, standards, 846 

relevant methods of analyses, their drawbacks and recommendations for the future. Trends in Food 847 

Science and Technology, (In press). 848 

Danezis, G. P., Tsagkaris, A. S., Brusic, V. and Georgiou, C. A. (2016a). Food authentication: state 849 

of the art and prospects. Current Opinions in Food Science, 10, 22-31.   850 

Danezis, G. P., Tsagkaris, A. S., Georgiou, C. A., Camin, F. and Brusic, V. (2016b). Food 851 

authentication: Techniques, trends & emerging approaches.  Trends in Analytical Chemistry, 85(1) 852 

123–132. 853 

Dankowska, A., Domagała, A. and Kowalewski, W. (2017). Quantification of Coffee arabica and 854 

Coffee canephora var. robusta concentration in blends by means of synchronous fluorescence and 855 

UV-Vis spectroscopies. Talanta, 172, 215- 221. 856 

Dantas, V. V., Cardoso, G. V. F., Araújo, W. S. C., de Oliveira, A. C., Silva, A. S., da Silva, J. 857 

B.,… Lourenço, L. F. H. (2019). Application of a multiplex polymerase chain reaction (mPCR) 858 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

assay to detect fraud by substitution of bovine meat cuts with water buffalo meat in Northern Brazil. 859 

Journal of Food,17(1)790-796. 860 

Dasenaki, M.E.; Thomaidis, N.S. (2019) Quality and Authenticity Control of Fruit Juices-A 861 

Review. Molecules 2019, 24, 1014. 862 

De La Fuente, M. A. & Juárez, M. (2005). Authenticity Assessment of Dairy Products. Critical 863 

Reviews in Food Science and Nutrition, 45:7-8, 563-585. 864 

Dell'Oro, V., Ciambotti, A. and Tsolakis, C. (2012). Quality and safety of Italian wine vinegar. 865 

Italian Journal of Food Science, 24 (2) 182 – 188. 866 

Dennis, J. and Kelly, S. (2013). The identification of sources of information concerning food fraud 867 

in the UK and elsewhere (Q01R0025). The Food and Environment Research Agency.     868 

Department for Environment Food and Rural Affairs (2019). National Statistics - Food Statistics in 869 

your pocket Summary.  London: DEFRA. 870 

Department for Environment Food and Rural Affairs (2020) Food Statistics in your pocket: Prices 871 

and expenditure. London: DEFRA. 872 

Di Anibal, C.V., Marsal, L.F., Callao, M.P. and Ruisánchez, I. (2012). Surface enhanced Raman 873 

spectroscopy (SERS) and multivariate analysis as a screening tool for detecting Sudan I dye in 874 

culinary spices. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 87 (15) 875 

135-141.   876 

Doosti, A., Dekdori, P.G. and Rahimi, E. (2014). Molecular assay to fraud identification of meat 877 

products. Journal of Food Science and Technology, 51, 148-152.      878 

Dourado, M., Martins, C., Palma, M., & Bettencourt-Câmara, M. (2019). Do we really know what’s 879 

in our plate? Annals of Medicine, 51(sup1), 179. https://doi.org/10.1080/07853890.2018.1562748 880 

Downey, G. (2016). Advances in food authenticity testing. Oxford, England: Woodhead Publishing. 881 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Ebeler S. E. and Thorngate J. H. (2009). Wine chemistry and flavor: looking into the crystal glass. 882 

Journal of agricultural and food chemistry, 57(18) 8098. 883 

Elliot, C., Robson, K. and Dean, M. (2019). Meat fraud: facts and consequences of parallel beef 884 

supply chains. New Food, 22
nd 

August.     885 

Elliott, C. (2014). Elliott Review into the Integrity and Assurance of Food Supply Networks – Final 886 

Report. HM Government.     887 

Esteki, M., Regueiro, J. and Simal, G. (2019). Tackling fraudsters with global strategies to expose 888 

fraud in the food chain. Comprehensive Reviews in Food Science & Food Safety, 18 (2) 425–440.     889 

EU (2019) RASFF – the rapid alert system for food and feed – 2018 annual report. Luxembourg: 890 

Publications Office of the European Union.  891 

European Commission (2019a) Monthly summary of articles on food fraud and adulteration – 892 

January 2019. Ispra, Italy:  Joint Research Centre.  893 

European Commission (2019b) Monthly summary of articles on food fraud and adulteration – 894 

February 2019. Ispra, Italy: Joint Research Centre.  895 

European Commission (2019c) Monthly summary of articles on food fraud and adulteration – 896 

March 2019. Ispra, Italy: Joint Research Centre.  897 

European Commission (2019d) Monthly summary of articles on food fraud and adulteration – April 898 

2019. Ispra, Italy: Joint Research Centre.   899 

European Commission (2019e) Monthly summary of articles on food fraud and adulteration – May 900 

2019. Ispra, Italy: Joint Research Centre.  901 

European Commission (2019f) Monthly summary of articles on food fraud and adulteration – June 902 

2019. Ispra, Italy: Joint Research Centre.  903 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

European Commission (2019g) Monthly summary of articles on food fraud and adulteration – 904 

July/August 2019. Ispra, Italy: Joint Research Centre.  905 

European Commission (2019h) Monthly summary of articles on food fraud and adulteration – 906 

September 2019. Ispra, Italy: Joint Research Centre.  907 

European Commission (2019i) Monthly summary of articles on food fraud and adulteration – 908 

October 2019. Ispra, Italy: Joint Research Centre.  909 

European Commission (2019j) Monthly summary of articles on food fraud and adulteration – 910 

November/December 2019. Ispra, Italy: Joint Research Centre.   911 

European Commission (2019k). Horse meat (2013 – 2014). Brussels: European Commission.    912 

European Commission (2019l). The European Commission’s science and knowledge service: Food 913 

authenticity and quality. Brussels: European Commission.    914 

European Commission (2020) RASFF portal. European Commission.  915 

European Commission (2020a) Monthly summary of articles on food fraud and adulteration – 916 

January 2020. Ispra, Italy: Joint Research Centre.  917 

European Commission (2020b) Monthly summary of articles on food fraud and adulteration – 918 

February 2020. Ispra, Italy: Joint Research Centre.  919 

European Commission (2020c) Monthly summary of articles on food fraud and adulteration – 920 

March 2020. Ispra, Italy: Joint Research Centre.  921 

European Commission (2020d) Monthly summary of articles on food fraud and adulteration – April 922 

2020. Ispra, Italy: Joint Research Centre.  923 

European Commission (2020e) Monthly summary of articles on food fraud and adulteration – May 924 

2020. Ispra, Italy: Joint Research Centre.  925 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

European Commission (2020f) Monthly summary of articles on food fraud and adulteration – June 926 

2020. Ispra, Italy: Joint Research Centre.  927 

European Committee for Standardization. CEN WS/86 – authenticity in the feed and food chain – 928 

general principles and basic requirements (2017). Project Plan for the CEN Workshop (approved 929 

during the kick-off meeting on 2017-05-11), Parma, Italy. 930 

Frera, M., Elahi, S., Woolfe, M., Crew, S. and Spink, J. (2020) COVID-19 pandemic: has COVID-931 

19 caused a significant increase in observed food fraud incidents. Food Science and Technology, 932 

34(4). 933 

Ferrer, I., García-Reyes, J. F., Mezcua, M., Thurman, E. M. and Fernández-Alba, A. R. (2005). 934 

Multi-residue pesticide analysis in fruits and vegetables by liquid chromatography–time-of-flight 935 

mass spectrometry. Journal of Chromatography A, 1082(1) 81- 91. 936 

Figorilli, S., Antonucci, F., Costa, C., Pallottino, F., Raso, L., Castiglione, M., Pinci, E., Del 937 

Vecchio, D., Colle, G., Proto, A. R., Sperandio, G., & Menesatti, P. (2018). A Blockchain 938 

Implementation Prototype for the Electronic Open Source Traceability of Wood along the Whole 939 

Supply Chain. In Sensors (Vol. 18, Issue 9). https://doi.org/10.3390/s18093133 940 

Food Protection Scotland (2020). FSS and FSA publish assessment of food crime in the UK. Article 941 

54:4005. 942 

Food Standards Agency (2018a). FSA trials first use of blockchain. London, England: Food 943 

Standards Agency. 944 

Food Standards Agency (2018b). Update on Russell Hume. London: Food Standards Agency.     945 

Fortune, A. (2018). Investigations launched into meat found in supermarket ready meals. Food 946 

Manufacturer, 09 June.   947 

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.3390/s18093133


   
 

   
 

Fox, M., Mitchell, M., Dean, M., Elliot, C. and Campbell, K. (2018) The seafood supply chain from 948 

a fraudulent perspective. Food Security, 10, 939-963.  949 

FSSC (2018) Food Safety System Certification 22000 Guidance Document: Food Fraud Mitigation. 950 

Gorinchem, The Netherlands: FSSC. 951 

Fügel, R., Carle, R., Schieber, A. (2005). Quality and authenticity control of fruit purées, fruit 952 

preparations and jams—a review. Trends Food Science & Technology, 16:433–441.Fuseini, A., 953 

Wotton, S.B., Knowles, T.G. and Hadley, P.J. (2017). Halal meat fraud and safety issues in the UK: 954 

a review in the context of the European Union. Food Ethics, 1, 127-142.     955 

Galvez, J., Mejuto, J.C., Simal-Gandara, J. (2018). Future challenges on the use of blockchain for 956 

food traceability analysis. Trends in Analytical Chemistry, 107, 222-232.    957 

Galvin-King, P., Haughey, S. and Elliott, C. T. (2018) Herb and spice fraud; the drivers, challenges 958 

and detection. Food Control, 88, 85-97. 959 

Georgiou, C. A. and Danezis, G. P. (2017). Food authentication: Management, analysis and 960 

regulation. New Jersey, USA: Wiley Blackwell.    961 

GFSI, Global Food Safety Initiative (2014). position on mitigating the public health risk of food 962 

fraud, global food safety initiative, consumer goods forum 963 

GFSI, Global Food Safety Initiative (2018) Tackling Food Fraud Through Food Safety 964 

Management Systems. Levallois-Perret France: Global Food Safety Initiative.    965 

GFSI, Global Food Safety Initiative (2020). GFSI Benchmarking requirements 2020. Levallois-966 

Perret France: Global Food Safety Initiative.    967 

Gossner, C. M.‐ E., Schlundt, J., Ben Embarek, P., Hird, S., Lo‐ Fo‐ Wong, D., Beltran, J. J. O. 968 

and Tritscher, A. (2009). The melamine incident: Implications for international food and feed 969 

safety. Environmental Health Perspectives, 117(12), 1803– 1808.     970 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Gowda, G.A., Alvardo, L.Z. and Raftery, D. (2017). Metabolomics. In: A.M. Coulston, C.J.  971 

Halder, E. (2020) Conference report: Eurachem week 2019 at Tartu (Estonia). CHIMIA, 74, 64-66. 972 

Hameed, A. M., Asiyanbi-H, T., Idris, M., Fadzillah, N. and Mirghani, M. E. S. (2018). A Review 973 

of Gelatin Source Authentication Methods. Tropical Life Sciences Research, 29(2) 213-228. 974 

Handford, C. E., Campbell, K. and Elliott, C. T. (2016). Impacts of milk fraud on food safety and 975 

nutrition with special emphasis on developing countries. Comprehensive Reviews in Food Science 976 

and Food Safety, 15(1)130– 142.   977 

Hanner, R. and Naaum, A.M. (2015). Community engagement in seafood identification using DNA 978 

barcoding reveals market substitution in Canadian seafood: DNA Barcodes, 74-79. 979 

Hensel, K. and Kuhn, M. E. (2020) Post-Pandemic Impacts: How the Food System Will Adapt, 980 

Food industry experts predict food system changes in the wake of the COVID-19 pandemic. Food 981 

Technology Magazine. May 1 2020.    982 

Hohmann, M., Christoph, N., Wachter, H. and Holzgrabe, U. (2014). 1H NMR profiling as an 983 

approach to differentiate conventionally and organically grown tomatoes. Journal of Agricultural 984 

and Food Chemistry, 62 (33)8530– 8540.      985 

Hollands, T., Martindale, W., Swainson, M. and Keogh J.G. (2018). Blockchain or bust for the food 986 

industry? Food Science and Technology, November 2018, 14-18. 987 

Hong, E., Lee, S.Y., Jeong, J.Y., Park, J.M., Kim, B.H., Kwon, K. and Chun, H.S. (2017). Modern 988 

analytical methods for the detection of food fraud and adulteration by food category. Journal of the 989 

Science of Food and Agriculture, 97(12) 3877-3896.    990 

Institute of Food Science & Technology (2019). Food authenticity testing part 1: The role of 991 

analysis. London: Institute of Food Science & Technology.    992 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Iredale, G. (2020). Top Disadvantages of Blockchain Technology. New York, USA: 101 993 

Blockchain. 994 

Jabeur, H., Zribi, A., Makni, J., Rebai, A., Ridha, A. and Bouaziz, M. (2014). Detection 995 

of chemlali extra-virgin olive oil adulteration mixed with soybean oil, corn oil and sunflower oil by 996 

using GC and HPLC. Journal of Agricultural and Food Chemistry, 62(21) 4893-4904.    997 

Jones, L. (2020). Veganism: Why are vegan diets on the rise. London: BBC.   998 

JRC (Joint Research Centre) (2020). Food Fraud Summary Report Published. (Brussels: JRC). 999 

https://knowledge4policy.ec.europa.eu/sites/know4pol/files/food_fraud_newsletter_09-2020.pdf 1000 

Jumhawan, U., Putri, S. P., Yusianto, Marwani, E., Bamba, T. and Fukusaki, E. (2013). Selection of 1001 

discriminant markers for authentication of Asian palm civet coffee (Kopi Luwak): A metabolomics 1002 

approach. Journal of Agricultural and Food Chemistry, 61(33)7994– 8001.      1003 

Karabagias, I. K., Louppis, A. P., Badeka, A., Papastephanou, C. and Kontominas, M. G. (2019). 1004 

Nutritional aspects and botanical origin recognition of Mediterranean honeys based on the "mineral 1005 

imprint" with the application of supervised and non-supervised statistical techniques. European 1006 

Food Research & Technology, 245(9) 1939-1950. 1007 

Kastenmayer P., Davidsson L., Galan P., Cherouvrier F., Hercberg S. and Hurrell R.F. (1994). A 1008 

double stable isotope technique for measuring iron absorption in infants. The British journal of 1009 

nutrition, 71(3) 411. 1010 

Kearney, A. (2010). Consumer product fraud: Deterrence and detection. Washington DC, USA: 1011 

Grocery Manufacturers Association, Washington. 1012 

Kendall, H., Clark, B., Rhymer, C., Kuznesof, S., Hajslova, J., Tomaniova, M., Brereton, P. and 1013 

Frewer, L. (2019). A systematic review of consumer perceptions of food fraud and authenticity: A 1014 

European perspective. Trends in Food Science and Technology, 94, 79-90.   1015 

Jo
urn

al 
Pre-

pro
of

http://www.foodauthenticity.global/blog/jrc-s-september-2020-food-fraud-summary-report-published


   
 

   
 

Kharif, O. (2016) “Walmart tackles food safety with trial of blockchain,” Bloomberg Technology, 1016 

Bloomberg LP, November 18, 2016. 1017 

Kim, J.S., Hwang, I.M., Lee, G.H., Park, Y.M., Choi, J.Y., Jamila, N., ... Kim, K.S. (2017). 1018 

Geographical origin authentication of pork using multi-element and multivariate data analyses. 1019 

Meat Science, 123 13-20.  1020 

Kowalska, A. (2018). The study of the intersection between food fraud / adulteration and 1021 

authenticity. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 66(5), 1275-1022 

1286.     1023 

Lang, T., Millstone, E., Lewis, T. and McFarlane, G. (2018) FRC food Brexit briefing: why local 1024 

authorities should prepare food Brexit plans. London: Food Research Collaboration.  1025 

Lin, C., Tang, P. and Chiang, H. (2019). Development of RAPD-PCR assay for identifying 1026 

Holstein, Angus, and Taiwan Yellow Cattle for meat adulteration detection. Food Science & 1027 

Biotechnology, 28(6) 1769-1778. 1028 

Liu, N., Parra, H.A., Pustjens, A., Hettinga, K., Mongondry, P. and van Ruth, S.M. (2018). 1029 

Evaluation of portable near-infrared spectroscopy for organic milk authentication. Talanta, 184, 1030 

128-135.  1031 

Mackay, H. (2018). Meat testing: A fifth of samples reveal unspecified animals' DNA. London: 1032 

BBC.   1033 

Mancini M.C. (2019) Public and Private Food Standards. In: Dries L., Heijman W., Jongeneel R., 1034 

Purnhagen K., Wesseler J. (eds) EU Bioeconomy Economics and Policies: Volume II. Palgrave 1035 

Advances in Bioeconomy: Economics and Policies. Palgrave Macmillan, Cham. 1036 

https://doi.org/10.1007/978-3-030-28642-2_4   1037 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Manning, L. and Monaghan, J. (2019). Integrity in the fresh produce supply chain: solutions and 1038 

approaches to an emerging issue. The Journal of Horticultural Science and Biotechnology, 94(4) 1039 

413-421.  1040 

Manning, L. and Soon, J.M. (2016). Food safety, food fraud, and food defence: a fast-evolving 1041 

literature. Journal of Food Science, 81(4) 823-834. 1042 

Marcone, M. (2012). Analytical techniques on food biochemistry. In B.K. Simpson (ed.) Food 1043 

biochemistry and food processing, 2nd edition. New Jersey, USA: Jon Wiley & Sons, 26-38.   1044 

Martindale, W., Hollands, T., Swainson, M. and Keogh, J. G. (2018). Blockchain or bust for the 1045 

food industry? The journal of Food Science and Technology, 33, (2018). 1046 

Marriott, N.G., Schilling, M.W. and Gravani, R.B. (2018) Principles of food sanitation [ebook], 6th 1047 

edition. Cham, Switzerland: Springer Nature. 1048 

Marucheck, A., Greis, N., Mena, C. and Cai, L. (2011). Product safety and security in the global 1049 

supply chain: issues, challenges and research opportunities. Journal of Operations Management, 1050 

29(7-8) 707-20.  1051 

Mcgrath, T.F., Haughey, S.A., Islam, M. and Elliott, C.T. (2020) The potential of handheld near 1052 

infrared spectroscopy to detect food adulteration: results of a global, multi-instrument inter-1053 

laboratory study [in press]. Food Chemistry, 128718.  1054 

Meerza, S., Giannakas, K. and Yiannaka, A. (2019). Markets and welfare effects of food 1055 

fraud. Australian Journal of Agricultural & Resource Economics, 63(4) 759–789.    1056 

Mintel (2018). Unprocessed Poultry and Red Meat – UK. Mintel. 1057 

Moore, J.C.,  DeVries, J. D., Lipp, M. Griffiths, J. C. and Abernethy, D. R. (2010). Total Protein 1058 

Methods and Their Potential Utility to Reduce the Risk of Food Protein Adulteration. 1059 

Comprehensive Reviews  Food Science and Food Safety. 9(4) 330-357. 1060 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Moyer, D.C., DeVries, J.W. and Spink, J. (2017). The economics of food fraud incidents – case 1061 

studies and examples including melamine in wheat gluten. Food Control, 71(January) 358-364.  1062 

Nakyinsige, K., Che Man, Y. and Sazili, A. Q. (2012). Halal authenticity issues in meat and meat 1063 

products. Meat Science, 91(3) 207–214.  1064 

National Food Crime Unit (2016). Food Crime: Annual Strategic Assessment. Food Standard 1065 

Agency. London, England: HMSO. 1066 

NFU Mutual (2016). Food Fraud Report. NFU Mutual.    1067 

NSF Safety and Quality UK Ltd (2014). Risk Modelling of Food Fraud Motivation – “NSF Fraud 1068 

Protection Model” Intelligent Risk Model Scoping Project. London: Food Standards Agency.   1069 

Osman, A. G., Raman, V., Haider, S., Ali, Z., Chittiboyina, A. G. and Khan, I. A. (2019). Overview 1070 

of Analytical Tools for the Identification of Adulterants in Commonly Traded Herbs and Spices. 1071 

Journal of AOAC International, 102(2) 376-386. 1072 

Penniston, K. L., Nakada, S. Y., Holmes, R. P., and Assimos, D. G. (2008). Quantitative assessment 1073 

of citric acid in lemon juice, lime juice, and commercially available fruit juice products. Journal of 1074 

Endourology, 22(3), 567– 570.       1075 

Perestam, P., Fujisaki, K.K., Nava, O. and Hellberg, R.H. (2017). Comparison of real-time PCR and 1076 

ELISA-based methods for the detection of beef and pork in processed meat products. Food Control, 1077 

71, 346-352.    1078 

Pérez‐ Jiménez, M., Besnard, G., Dorado, G., Hernandez, P. and Bakkali, A. El. (2013). Varietal 1079 

tracing of virgin olive oils based on plastid DNA variation profiling. PLoS ONE, 8(8),70507.     1080 

Pointing, J., Al-Teinaz, Y.R., Lever, J., Critchley, M. and Spear, S. (2020). Food Fraud. In: Y.R. 1081 

Al-Teinaz, S. Spear and I.H.A.A. El-Rahim (eds.) The halal food handbook [ebook]. Chichester: 1082 

Wiley Blackwell, 321-330.  1083 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

POST (2020) Postnote number 624: Food Fraud. London: UK Parliament.  1084 

Prandi, B., Varani, M., Faccini, A., Lambertini, F., Suman, M., Leporati, A., ... Sforza, S. (2019). 1085 

Species specific marker peptides for meat authenticity assessment: a multispecies quantitative 1086 

approach applied to Bolognese sauce. Food Control, 97, 15-24. 1087 

Primrose, S.B. (2020) The role of DNA analysis in the determination of food authenticity. In: M. 1088 

Burns, L. Foster and M. Walker (eds.) DNA techniques to verify food authenticity: applications in 1089 

food fraud [ebook]. London: Royal Society of Chemistry, 1-11. 1090 

Pruthi, J. S. (1999). Quality assurance in spices and spice products: Modern methods of analysis. 1091 

New Delhi: Allied Publishers.     1092 

Pustjens, A.M., Weesepoel, Y. and van Ruth, S.M. (2016). Food fraud and authenticity: emerging 1093 

issues and future trends. In: C.E. Leadley (ed.) Innovation and future trends in food manufacturing 1094 

and supply chain technologies: Woodhead Publishing series in food science, technology and 1095 

nutrition: number 293 [ebook]. Cambridge: Woodhead Publishing, 3-20.   1096 

Reilly, A. "Overview of Food Fraud in the Fisheries Sector." FAO Fisheries and Aquaculture 1097 

Circular, 2018, pp. 1-21, I, IV, VII-VIII. ProQuest.Reinholds, I., Bartkevics, V., Silvis, I. C.J., van 1098 

Ruth, S. M. and Esslinger, S. (2015). Analytical techniques combined with chemometrics for 1099 

authentication and determination of contaminants in condiments: A review. Journal of Food 1100 

Composition & Analysis, 44. 56 – 73. 1101 

Robson, K., Dean, M., Brooks, S., Haughey, S. and Elliot, C. (2020) A 20-year analysis of reported 1102 

food fraud in the global beef supply chain. Food Control, 116, 107310.  1103 

Robson, K., Dean, M., Haughey, S., & Elliott, C. (2020). A comprehensive review of food fraud 1104 

terminologies and food fraud mitigation guides. Food Control (In press). 1105 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Rossi, S., Calabretta, A., Tedeschi, T., Sforza, S., Arcioni, S., Baldoni, L., ... Marchelli, R. (2012). 1106 

Selective recognition of DNA from olive leaves and olive oil by PNA and modified-PNA 1107 

microarrays. Artificial DNA: PNA & XNA, 3(2) 63-72.  1108 

Rychlik, T., Szwengiel, A., Bednarek, M., Arcuri, E., Montet, D., Mayo, B., ...  Czarnecki, Z. 1109 

(2017). Application of the PCR-DGGE technique to the fungal community of traditional 1110 

Wielkopolska fried ripened curd cheese to determine its PGI authenticity. Food Control, 73(B) 1111 

1074-1081.    1112 

Segelke, T., von Wuthenau, K., Neitzke, G. and Müller M. S. and Fischer, M. (2020). Food 1113 

Authentication: Species and Origin Determination of Truffles (Tuber spp.) by Inductively Coupled 1114 

Plasma Mass Spectrometry and Chemometrics. Journal of agricultural and food chemistry. July 02. 1115 

Sentandreu, M.Á. and Sentandreu, E. (2014). Authenticity of meat products: tools against fraud. 1116 

Food Research International, 60(June) 19-29.   1117 

Shaw, D., Smith, C.M. and Scully, J. (2019) From Brexit to Article 50: applying critical realism to 1118 

the design and analysis of a longitudinal causal mapping study. European Jounal of Operational 1119 

Research, 276(2) 723-735.  1120 

Shehata, H.R., Naaum, A.M., Chen, S., Murphy, T., Li, J., Shannon, K., Awmack, D., … Hanner, 1121 

R.H. (2019). Re-visiting the occurrence of undeclared species in sausage products sold in Canada. 1122 

Food Research International, 122(August) 593-598.  1123 

Singh, M. (2020) Improving traceability and detection of food fraud: An exploration of current 1124 

seafood authentication methods and validation of a novel qPCR and closed-tube barcoding method 1125 

for commercial species of fish, FASTFISH-ID. MSc. University of Guelph.  1126 

Sobrino-Gregorio, L., Vilanova, S., Prohens, J. and Escriche, I. (2019). Detection of honey 1127 

adulteration by conventional and real-time PCR. Food Control, 95, 57-62.  1128 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Soon, J., Manning, L. and Smith, R. (2019). Advancing understanding of pinch-points and crime 1129 

prevention in the food supply chain. Crime Prevention and Community Safety, 21(1) 42 -57.  1130 

Soon, J.M. and Liu, X. (2020). Chinese consumers risk mitigating strategies against food fraud. 1131 

Food Control, 115 107298.  1132 

Southey, F. (2020a) Meat sector calls for coronavirus vaccine priority. Food Navigator, 25 1133 

November. 1134 

Southey, F. (2020b) Are we headed for Horsegate 2.0? COVID-19 escalates risk of meat fraud. 1135 

Food Navigator, 09 December.  1136 

Spink, J. and Moyer, D.C. (2011). Defining the public health threat of food fraud. Journal of Food 1137 

Science, 76(9) R157-R163.     1138 

Spink, J., Chen, W., Zhang, G. and Speier-Pero, C. (2019). Introducing the Food Fraud Prevention 1139 

Cycle (FFPC): A dynamic information management and strategic roadmap. Food Control, 105 233-1140 

241.  1141 

Spink, J., Fortin, N. D., Moyer, D. C., Miao, H. and Wu, Y. N. (2016). Food authenticity and 1142 

adulteration food fraud prevention: Policy, strategy, and decision‐ making – Implementation steps 1143 

for a government agency or industry. CHIMIA, 70(70), 320– 328.      1144 

Spink, J., Ortega, D. L.., Chen, C. and Wu, F. (2017). Food fraud prevention shifts the food risk 1145 

focus to vulnerability. Trends in Food Science & Technology, 62 215-220.  1146 

Spink, J., Embarek, P., Savelli, C.J. and Bradshaw, A. (2019). Global perspectives on food fraud: 1147 

results from a WHO survey of members of the International Food Safety Authorities Network 1148 

(INFOSAN). NPJ Science of Food, 3(12) 1-5.   1149 

Sreenath, H. K., Crandall, P. G. and Baker, R. A. (1995). Utilization of citrus by‐ products and 1150 

wastes as beverage clouding agents. Journal of Fermentation and Bioengineering, 80(2)190– 194.      1151 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Stadler, R.H., Tran, L.-A., Cavin, C., Zbinden, P. and Konings, E.J.M. (2016). Analytical 1152 

approaches to verify food integrity: needs and challenges. Journal of AOAC International, 99(5) 1153 

1135-1144.   1154 

Stahl, A. and Schröder, U. (2017). Development of a MALDI—TOF MS-Based Protein Fingerprint 1155 

Database of Common Food Fish Allowing Fast and Reliable Identification of Fraud and 1156 

Substitution. Journal of agricultural and food chemistry, 65(34) 7519 – 7528. 1157 

Steinberg, P. and Engert, S. (2019). A daring task: the battle against food crime. Journal of 1158 

Consumer Protection and Food Safety, 14, 317-318.  1159 

Stupak, M., Goodall, I., Tomaniova, M. M., Pulkrabova, J. and Hajslova, J. (2018). A novel 1160 

approach to assess the quality and authenticity of Scotch whisky based on gas chromatography 1161 

coupled to high resolution mass spectrometry. Analytica Chimica Acta, 1042, 60-70. 1162 

Suomela, A. (2017). Transparency in supply chains to ensure sustainability – case study from food 1163 

industry. MSc. Lappeenranta University of Technology.   1164 

Swainson, M. (2019) Audits. In: M. Swainson (ed.) Swainson’s handbook of technical and quality 1165 

management for the food manufacturing sector [ebook]. Duxford: Woodhead Publishing, 231-266.  1166 

Tatum, M. (2018). Horsegate: five years on’, Grocer, 8338 (January) 26-27.    1167 

Taylor, J. (2018). Probe reveals alarming meat fraud levels in UK. Securing Industry, 5
th

 1168 

September.    1169 

Tisza, Á., Csikós, Á., Simon, Á., Gulyás, G., Jávor, A. and Czeglédi, L. (2016). Identification of 1170 

poultry species using polymerase chain reaction-single strand conformation polymorphism (PCR-1171 

SSCP) and capillary electrophoresis-single strand conformation polymorphism (CE-SSCP) 1172 

methods. Food Control, 59, 430- 439. 1173 

UNHCR (2020). Factsheet N
o
10: Covid-19 Situation Peru. UNHCR.  1174 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Valand, R., Tanna, S., Lawson, G. and Bengtström, L. (2020) A review of Fourier Transform 1175 

Infrared (FTIR) spectroscopy used in food adulteration and authenticity investigations.  Food 1176 

Additives & Contaminants. Part A: Chemistry, Analysis, Control, Exposure & Risk Assessment. 1177 

37(1) 19- 39. 1178 

Valdés, A., Beltrán, A., Mellinas, C., Jiménez, A. and Garrigós, M. C. (2018). Analytical methods 1179 

combined with multivariate analysis for authentication of animal and vegetable food products with 1180 

high fat content. Trends in Food Science & Technology, 77, 120 – 131. 1181 

van Ruth, S. M., Silvis, I. C. J., Alewijn, M., Liu, N., Jansen, M. and Luning, P. A. (2019). No more 1182 

nutmegging with nutmeg: Analytical fingerprints for distinction of quality from low-grade nutmeg 1183 

products. Food Controle.  98. 439 – 449. 1184 

van Ruth, S., Huisam, W., and Luning, P.A. (2017). Food fraud vulnerability and its key 1185 

factors. Trends in food science and technology, 67. 70-75.    1186 

Vlachos, A., Arvanitoyannis, I. and Tserkezou, P. (2016). An Updated Review of Meat Authenticity 1187 

Methods and Applications. Critical Reviews in Food Science & Nutrition, 56(7) 1061–1096. 1188 

Walker, M. J., Burns, D. T., Elliott, C. T., Gowland, M. H., & Mills, E. N. C. (2016). Is food 1189 

allergen analysis flawed? Health and supply chain risks and a proposed framework to address 1190 

urgent analytical needs. Analyst, 141(1), 24–35. https://doi.org/10.1039/C5AN01457C 1191 

Walker, M. J., Burns, M. and Burns, D. T. (2013). Horse Meat in Beef Products - Species 1192 

Substitution 2013. Journal of the Association of Public Analysts (Online), 41, 67-106.   1193 

Wang, J., Jun, S., Bittenbender, H.C., Gautz, L. and Li, Q.X. (2009). Fourier transform infrared 1194 

spectroscopy for Kona coffee authentication. Journal of Food Science, 74(5) C385-C391.     1195 

Warwickshire trading standards (2019). Butcher jailed for fraudulent labelling of foreign meat 1196 

claiming “Best British”. Warwickshire County Council.     1197 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Wehner, N. (2018). Sustainability certification goes blockchain: a case study on the added value 1198 

and impact of blockchain on third-party sustainability certification. MSc. The International Institute 1199 

for Industrial Environmental Economics.  1200 

Wilde, A. S., Hansen, A. S., Fromberg, A., Lauritz F. H. and Smedsgaard, J. (2020). Determination 1201 

of δ13C of vanillin in complex food matrices by HS‐ SPME‐ GC‐ C‐ IRMS.  Flavour & 1202 

Fragrance Journal, 35(4) 387-394. 1203 

Yang, J., Hauser, R. and Goldman, R.H. (2013). Taiwan food scandal: the illegal use of phthalates 1204 

as a clouding agent and their contribution to maternal exposure. Food and Chemical Toxicology, 58 1205 

362-368. 1206 

Yeung, V.W.Y. (2009). The horizontally applied taping system (HATS): the development of 1207 

adhesive tape for a tape-sealed packaging system. MTech. Palmerston North, New Zealand: 1208 

Massey University.   1209 

Yiannas, F. (2017) Walmart’s vice president of food safety, interviewed by R. Kamath, June 28, 1210 

2017. 1211 

Yuva, J. (2017). Blockchain: Next on Food Supply Chain Menu. Food Logistics, 192(1) 22–28.   1212 

Zuber, S. and Brüssow, H. (2020) COVID 19: Challenges for virologists in the food industry. 1213 

Microbial Biotechnology, 13(6) 1689-1701.  1214 

 1215 

 1216 

 1217 

 1218 

 1219 

 1220 

Jo
urn

al 
Pre-

pro
of



   
 

   
 

Figure Captions 1221 

 1222 

Figure 1.  1223 

Compiled Data of International Food Fraud Incidents Reported by the Joint Research Centre of the 1224 

European Commission (EC) in Monthly Reports in 2019 and 2020. 1225 

 1226 

Figure 2.  1227 

Food fraud 7 fundamental categories used by various accreditation bodies; BRC (BRC, 2020), Food 1228 

Safety System Certification (FSSC) (FSSC, 2019) and Global Food Safety Initiative (GSFI) (GSFI, 1229 

2018). 1230 

 1231 

Figure 3. 1232 

Classification of Food Fraud according to the impact on the consumers, adapted from Spink et al. 1233 

(2019).   1234 
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Figure 4.  1236 

Analytical Techniques for Authenticating Foods 1237 
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Table 1. Food Fraud Classification 1260 

  1261 

Selling food that is potentially 

harmful and unfit for 

consumption by:  

-Reintroducing back into the food chain by-products 

from animals; or 

-Packing and/or selling any products from an unknown 

origin for consumption; or 

-Knowingly retailing foods past their “use by” date. 

Fraudulently describing food 

that is: 

-Adulterated by replacing an ingredient for an 

undeclared substitute (e.g., selling pork as wild boar) 

-Falsely claiming a food source/provenance (e.g., 

Cornish pasty made in Leicestershire, UK) 

  1262 
Adapted from Georgiou & Danezis (2017). 1263 
  1264 
  1265 

 1266 
 1267 
  1268 
  1269 
 1270 
 1271 
 1272 
 1273 
 1274 
 1275 
 1276 
 1277 
 1278 
 1279 
 1280 
 1281 
 1282 
 1283 
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 1291 
  1292 
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Table 2. Common Types of Food Fraud and Reported Offences to European Commission  1294 

  1295 

Type of adulteration Reported offence References 

Replacement of an 

authentic ingredient with 

an adulterant or a mixture 

of adulterants. 

-Manipulation to increase the apparent 

protein in milk. 

(Gossner et al., 2009) 

-Increase lemon juice titratable acidity 

with citric acid. 

 (Penniston et al., 2008) 

-Extra water in frozen fish. (Cardin, 2009) 

-Non-declared ingredients and false 

nutrient claims.  

 (Downey, 2016) 

-Ground coffee cut with other ground and 

roasted plant materials. 

(Jumhawan et al., 2013) 

-Milk from cows adulterated with other 

types of milk or adulterated with 

melamine.  

(Hanford et al., 2016) 

-Olive oil can be adulterated with low cost 

substitutes such as from different origin. 

(Perez-Jimenez et al., 

2013) 

-Products fraudulently labelled as organic 

have been detected. 

(Hohnmann et al., 2014) 

Addition of a non-

authentic substance to 

mask a lower quality 

ingredient. 

-Use of a colour additive in poor colour 

paprika. 

(Albala, 2015) 

-Clouding agents are used for enhancing 

the appeal of a food component. 

(Sreenath et al., 1995) 

-Dyes have been used to colour paprika, 

chilli. 

(Black et al., 2016) 

-Honey and other natural sweeteners may 

contain added sugar syrup. Geographical 

origin is also e frequent fraud 

(Arvanitoyannis, 2016) 

Removal or Omission of 

a valuable constituent 

without the purchaser’s 

knowledge. 

-Removal of nonpolar constituents (fat 

and flavours) from paprika 

(Pruthi, 1999), 

(Arvanitoyannis, 2016) 

-Juices may be diluted with water, some 

juice has been found to be only water, 

sugar and dye. 

(Penniston et al., 2008) 
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Table 3. Some analytical techniques and how they have been used to detect food fraud.  1304 

Technique  Equipment  Analyte  Research Aims  Findings and 

Conclusions  

Reference  

Spectroscopy  -Fourier-Transform 

Infrared-

Spectroscopy (FTIR)  

Coffee  -Authenticate Kona 

coffee   

-Authenticated Kona 

coffee by identifying 

non-Kona blends 

present.  

(Wang et al., 2009)  

-Raman-

Spectroscopy 

(SERS).  

Spices  -Detect Sudan I dye 

present at 

0.0036kg/kg.  

-Identified Sudan I 

dye at 1600 Raman 

shift/cm
-1

.    

(Di Anibal et al., 

2012)  

-Near-Infrared 

Spectroscopy 

(NIRS)  

Organic Milk  -Authenticate 

organic milk.  

-Distinguished 

samples by their 

fatty-acid profiles 

resulting from 

differing feeding 

regimes.    

(Liu et al., 2018)  

Molecular 

Techniques  

-Polymerase Chain 

Reaction (PCR) 

Denaturing Gradient 

Gel Electrophoresis 

(DGGE)  

Cheese  -Verify protected 

geographical 

indication (PGI).  

-Identified the 

microbial 

community specific 

to the regional 

product, providing a 

simple PGI 

authentication 

means.   

(Rychlik et al., 2017)  

-Peptide Nucleic 

Acid (PNA) 

Microarrays.  

Olive Oil  -Identify 

compositionally 

similar refined 

hazelnut oil in olive 

oil.   

-Microarrays 

detected hazelnut oil 

at a 5% 

concentration.  

(Rossi et al., 2012)  

-Real-Time 

Polymerase Chain 

Reaction (PCR).  

Honey  -Identify honey 

adulteration with 

rice molasses.   

-Detected and 

quantified 

adulterants present at 

levels of 5%.   

(Sobrino-Gregorio et 

al., 2019)  
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Chromatography   -High-Performance 

Liquid-

Chromatography 

(HPLC) combined 

with Fluorescence 

Detection (FLD) 

Fingerprinting.  

Nuts  -Identify peanut and 

hazelnut in almond-

products.  

-Analysis was 

implemented to 

distinguish samples. 

HPLC-FLD 

classified nuts and 

determined presence 

and concentrations 

of adulterants at 15% 

w/w.  

(Campmajó et al., 

2020)  

-Liquid-

Chromatography 

(LC) with mass-

spectrometry (MS).  

Meat  -Identify species 

substitution in 

complex; processed 

meat sauces 

(bolognaise).   

-Identified and 

quantified 8 species 

using peptide-

markers.   

(Prandi et al., 2019)  

-Gas-

Chromatography 

(GC) with High-

Resolution Mass-

Spectrometry 

(HRMS).  

Whisky  -Authenticate 

whisky.   

-Distinguished 

fraudulent samples 

from genuine by 

assaying 

characteristic, semi-

volatile marker-

components present 

from different 

maturation cask 

types.   

(Stupak et al., 2018) 
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Table 1. Food Fraud Classification 1 

  2 

Selling food that is potentially 

harmful and unfit for 

consumption by:  

-Reintroducing back into the food chain by-products 

from animals; or 

-Packing and/or selling any products from an unknown 

origin for consumption; or 

-Knowingly retailing foods past their “use by” date. 

Fraudulently describing food 

that is: 

-Adulterated by replacing an ingredient for an 

undeclared substitute (e.g., selling pork as wild boar) 

-Falsely claiming a food source/provenance (e.g., 

Cornish pasty made in Leicestershire, UK) 

  3 
Adapted from Georgiou & Danezis (2017). 4 
  5 
  6 

 7 
 8 
  9 
  10 
 11 
 12 
 13 
 14 
 15 
 16 
 17 
 18 
 19 
 20 
 21 
 22 
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Table 2. Common Types of Food Fraud and Reported Offences to European Commission  37 

  38 

Type of adulteration Reported offence References 

Replacement of an 

authentic ingredient with 

an adulterant or a mixture 

of adulterants. 

-Manipulation to increase the apparent 

protein in milk. 

(Gossner et al., 2009) 

-Increase lemon juice titratable acidity 

with citric acid. 

 (Penniston et al., 2008) 

-Extra water in frozen fish. (Cardin, 2009) 

-Non-declared ingredients and false 

nutrient claims.  

 (Downey, 2016) 

-Ground coffee cut with other ground and 

roasted plant materials. 

(Jumhawan et al., 2013) 

-Milk from cows adulterated with other 

types of milk or adulterated with 

melamine.  

(Hanford et al., 2016) 

-Olive oil can be adulterated with low cost 

substitutes such as from different origin. 

(Perez-Jimenez et al., 

2013) 

-Products fraudulently labelled as organic 

have been detected. 

(Hohnmann et al., 2014) 

Addition of a non-

authentic substance to 

mask a lower quality 

ingredient. 

-Use of a colour additive in poor colour 

paprika. 

(Albala, 2015) 

-Clouding agents are used for enhancing 

the appeal of a food component. 

(Sreenath et al., 1995) 

-Dyes have been used to colour paprika, 

chilli. 

(Black et al., 2016) 

-Honey and other natural sweeteners may 

contain added sugar syrup. Geographical 

origin is also e frequent fraud 

(Arvanitoyannis, 2016) 

Removal or Omission of 

a valuable constituent 

without the purchaser’s 

knowledge. 

-Removal of nonpolar constituents (fat 

and flavours) from paprika 

(Pruthi, 1999), 

(Arvanitoyannis, 2016) 

-Juices may be diluted with water, some 

juice has been found to be only water, 

sugar and dye. 

(Penniston et al., 2008) 
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Table 3. Some analytical techniques and how they have been used to detect food fraud.  47 

Technique  Equipment  Analyte  Research Aims  Findings and 

Conclusions  

Reference  

Spectroscopy  -Fourier-Transform 

Infrared-

Spectroscopy (FTIR)  

Coffee  -Authenticate Kona 

coffee   

-Authenticated Kona 

coffee by identifying 

non-Kona blends 

present.  

(Wang et al., 2009)  

-Raman-

Spectroscopy 

(SERS).  

Spices  -Detect Sudan I dye 

present at 

0.0036kg/kg.  

-Identified Sudan I 

dye at 1600 Raman 

shift/cm
-1

.    

(Di Anibal et al., 

2012)  

-Near-Infrared 

Spectroscopy 

(NIRS)  

Organic Milk  -Authenticate 

organic milk.  

-Distinguished 

samples by their 

fatty-acid profiles 

resulting from 

differing feeding 

regimes.    

(Liu et al., 2018)  

Molecular 

Techniques  

-Polymerase Chain 

Reaction (PCR) 

Denaturing Gradient 

Gel Electrophoresis 

(DGGE)  

Cheese  -Verify protected 

geographical 

indication (PGI).  

-Identified the 

microbial 

community specific 

to the regional 

product, providing a 

simple PGI 

authentication 

means.   

(Rychlik et al., 2017)  

-Peptide Nucleic 

Acid (PNA) 

Microarrays.  

Olive Oil  -Identify 

compositionally 

similar refined 

hazelnut oil in olive 

oil.   

-Microarrays 

detected hazelnut oil 

at a 5% 

concentration.  

(Rossi et al., 2012)  

-Real-Time 

Polymerase Chain 

Reaction (PCR).  

Honey  -Identify honey 

adulteration with 

rice molasses.   

-Detected and 

quantified 

adulterants present at 

levels of 5%.   

(Sobrino-Gregorio et 

al., 2019)  
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Chromatography   -High-Performance 

Liquid-

Chromatography 

(HPLC) combined 

with Fluorescence 

Detection (FLD) 

Fingerprinting.  

Nuts  -Identify peanut and 

hazelnut in almond-

products.  

-Analysis was 

implemented to 

distinguish samples. 

HPLC-FLD 

classified nuts and 

determined presence 

and concentrations 

of adulterants at 15% 

w/w.  

(Campmajó et al., 

2020)  

-Liquid-

Chromatography 

(LC) with mass-

spectrometry (MS).  

Meat  -Identify species 

substitution in 

complex; processed 

meat sauces 

(bolognaise).   

-Identified and 

quantified 8 species 

using peptide-

markers.   

(Prandi et al., 2019)  

-Gas-

Chromatography 

(GC) with High-

Resolution Mass-

Spectrometry 

(HRMS).  

Whisky  -Authenticate 

whisky.   

-Distinguished 

fraudulent samples 

from genuine by 

assaying 

characteristic, semi-

volatile marker-

components present 

from different 

maturation cask 

types.   

(Stupak et al., 2018) 
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Figure 4. 14 
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