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Food fraud - the substitution of less 
expensive ingredients to increase the 
profit from food sales - is an age-old 
problem. Frederick Accum wrote the 
first known book about food adulte-
ration in 1820. A few decades later, 
Clarence Darrow, a famous American 
advocate and leading member of 
the American Civil Liberties Union, 
coined the phrase “history repeats 
itself, and that‘s one of the things 
that‘s wrong with history.” Food 
fraud has persisted throughout his-
tory. At the turn of the 20th century, 
the New York Evening Post rhymed, 
“Mary had a little lamb, and when 
she saw it sicken, she shipped it off 
to Packingtown and now it’s labeled 
chicken.” This was in reference to 
the publication of Upton Sinclair’s 
novel The Jungle, which described 
the disastrous situation in the U.S.              
meatpacking industry. A little more 
than a hundred years later, the noto-
rious horsemeat scandal broke in Eu-
rope.
What is different from the days of 
Frederick Accum? Looking at the Uni-
ted States Pharmacopeial Conventi-
on (USP) Food Fraud Database1  and 
the European Commission report on 
Food Fraud2 , the majority of food 
products mentioned on the title 
page of Accum’s book are the very 
same ones prone to food fraud to-
day, including olive oil, spices, wine, 
and dairy products. 
What has changed is the sophis-
tication of many of the methods 
fraudsters use to commit their cri-
mes. The horsemeat incident in 2013 
involved simple substitution. In the 
case of infant formula and fruit juice 
adulteration, fraudsters have devi-
sed adulteration strategies based on 
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Figure 1. Title page of Fredrick Accum’s A Treatise on Adulterations of Food 
and Culinary Poisons (from http://publicdomainreview.org/collections/a-
-treatise-on-adulteration-of-food-and-culinary-poisons-1820/) 

1 Available at www.foodfraud.org 
2 http://ec.europa.eu/food/safety/
docs/official-controls_food-fraud_
network-activity-report_2015.pdf 
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technical knowledge about the qua-
lity assurance systems and analytical 
methods currently in use. The fraud-
sters then use tools and substances 
that would not be detectable with 
the typical quality control methods. 
In the case of infant formula, it was 
the clever addition of melamine, a 
small, nitrogen-rich molecule, which 
allowed the sale of low protein milk 
that appeared to meet the standards 
for protein content. In China at the 
time, milk was tested using the Du-
mas or Kjeldahl methods, both of 
which measured the nitrogen content 
as a proxy for protein content. Food 
fraud had become a white collar cri-
me, supported by scientists working 
on the side of the fraudsters. Unfor-
tunately, history continues to repeat 
itself; in April of this year, there was 
yet another incident of fake infant 
formula uncovered by the Chinese 
authorities.
Melamine adulteration of milk in 
China took the lives of several infants 
and caused liver and kidney damage 
in hundreds of thousands of chil-
dren. It also caused direct losses of 
$3 billion to the dairy industry in Chi-
na in the first three months alone3. 
Both the health and economic con-
sequences of food fraud can be stag-
gering. The Grocery Manufacturers 
Association (GMA) and A.T. Kearney 
estimated the annual global cost of 

food fraud to be US$10-15 billion4 

while Roger Sexton, executive chair-
man of Beston Global Food Compa-
ny (BGFC), estimated global food 
counterfeiting to be worth US$1.7 
trillion5. In the pursuit of economic 
gain, perpetrators have been known 
to use everything from less costly 
food-grade ingredients to industrial 
chemicals not fit for consumption. 
Food fraud happens in numerous 
ways and is usually tailored to the 
particular attributes of a given ingre-
dient and supply chain. The United 
States Pharmacopeial Convention 
will release an updated and enhan-
ced Food Fraud Database later this 
year, which broadly outlines seven 
methods of food fraud adulteration:

• Dilution or substitution with an 
alternate ingredient (this can inclu-
de misrepresentation of geographic, 
botanical, varietal, or animal origin; 
or the addition of a non-food grade 
substance);
• Artificial enhancement of perce-
ived quality (with substances that 
increase apparent protein content, 
enhance color, or increase organo-
leptic qualities)
• The use of non-declared, unappro-
ved, or banned biocides (such as an-
tibiotics, preservatives, or anti-fungal 
agents);
• Misrepresentation of nutritional 
content;
• Fraudulent labeling claims (such as 
organic, halal, cage-free, etc.);
• Removal of authentic constituents; 
and 
• Formulation of an artificial product 
through the use of multiple adulte-
rants and techniques.

Since the melamine scandal, attenti-
on to the problem of food fraud has 

been growing. However, it is not easy 
to determine if the number of food 
fraud incidents has been increasing 
over recent years, since the com-
munication infrastructure of today is 
very different from the 19th century. 
While most news used to be local, 
today news of food fraud can beco-
me available worldwide within mi-
nutes. The perceived increase in the 
number of food fraud reports may 
be due to several factors, including 
heightened media attention, impro-
ved detection systems, more whis-
tle blowers, better traceability, and 
possibly an actual increase in the 
number of incidents. Figure 2 shows 
the overall increasing trend in the 
number of Google searches for “food 
fraud” over recent years.
Many people argue that the growing 
complexity of global food supply cha-
ins increases the motive and oppor-
tunity for fraud. Prior to the discove-
ry of melamine adulteration of milk 
in China, the supply chain for milk 
was highly decentralized, and relied 
on a complex network of small far-
mers, brokers, drivers, village milking 
stations, and milk consolidation 
stations (see Figure 3). At the time, 
sixty percent of the milk in China 
came from farms with 20 or fewer 
cows6. This system was flexible and 
kept costs relatively low, since many 
of the small farmers relied on family 
labor. The horsemeat investigation 
similarly revealed a complex network 
of companies, suppliers, and traders; 
however, in this case, the network 
spanned at least six countries.
Recent updates to food safety sche-
mes (such as the Global Food Safety 
Initiative - GFSI) and regulations such 
as those resulting from the U.S. Food 
Safety Modernization Act (FSMA) 
now require industry to put in place 

Figure 2. Google searches for the term “food fraud” over time 

 3 Changbai Xiu, K.K. Klein, Melamine 
in milk products in China: Examining 
the factors that led to deliberate 
use of the contaminant, Food Policy, 
Volume 35, Issue 5, October 2010, 
Pages 463-470, ISSN 0306-9192, 
http://dx.doi.org/10.1016/j.food-
pol.2010.05.001.
4 https://www.gmaonline.org/
downloads/wygwam/consumerpro-
ductfraud.pdf
5 https://www.undercurrentnews.
com/2015/11/27/beston-to-laun-
ch-world-first-food-traceability-app/
6 Fred Gale and Dinghuan Hu. 
Supply Chain Issues in China‘s Milk 
Adulteration Incident. International 
Association of Agricultural 
Economists‘ 2009 Conference (16-22 
August 2009 in Beijing, China).
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food fraud mitigation plans. Here, 
we will take a closer look at three 
important aspects of food fraud risk 
mitigation, specifically: management 
of vulnerabilities within your supply 
chain, market intelligence around 
food ingredients, and adulteration 
detection methods.
Vulnerability Assessment and 
Management
Since food fraud is an intentional act 
committed by knowledgeable fraud-
sters, a traditional food safety risk 
assessment framework is not a suffi-

cient approach to the problem. Most 
organizations recommend identifi-
cation and assessment of vulnerable 
ingredients and supply chains based 
on an evaluation of multiple factors. 
The results of this type of a vulnera-
bility assessment can then be used 
to create a food fraud risk mitigation 
plan. USP outlined the many factors 
that can contribute to food fraud 
vulnerability in the Food Fraud Mi-
tigation Guidance (FFMG), published 
in 2015 in the Third Supplement to 
the Food Chemicals Codex 97. The 

FFMG guides users through a pro-
cess of evaluating and ranking nine 
contributing factors to food fraud 
vulnerability and creating a food 
fraud mitigation plan. The contribu-
ting factors are listed below, with 
real-world examples for each:
• Supply chain: what is the degree of 
vertical integration in the supply cha-
in for a particular ingredient, or are 
purchases made on the open market? 

Figure 3. Prior to the discovery of melamine adulteration of milk products in China, the Chinese dairy system was 
comprised of many small farmers and a complex system to collect and consolidate the milk. This system benefitted 
from flexibility, but arguably increased fraud risk. 

7   Available at www.foodfraud.org
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Beginning in 2007, thousands of pets 
in the U.S. experienced renal failure 
after consuming pet food containing 
melamine-adulterated wheat gluten. 
The pet food producer had made a 
one-time purchase of wheat gluten 
from a U.S.-based supplier during 
a period of short supply8. The U.S.-
based supplier had imported the 
wheat gluten from a Chinese compa-
ny that, in turn, contracted with a 
separate company in China to fulfill 
the contract. In this case, the supply 
chain was not vertically integrated or 
well-controlled, which left it vulne-
rable to fraud.
• Audit strategy: is there a robust, 
onsite audit strategy with anti-fraud 
measures, or a less mature audit 
strategy without targeted anti-fraud 
measures? A fraud incident uncove-
red in 1990 in the U.S. involved the 
adulteration of unsweetened orange 
juice concentrate with beet sugar9. 
The producer went to great lengths 
to design the processing plants to 
conceal holding tanks and pipes for 
the sugar. This illustrates the impor-
tance of onsite audits that include 
measures designed specifically to 
address the potential for fraud.
• Supplier relationship: Is the supplier 
relationship established and trusted? 
In the 1980s, extensive and lucrative 
fraud involving apple juice was un-
covered in the U.S. An apple juice 
producer changed their supplier of 
apple juice concentrate, which was 
being offered by the new supplier 
at a cost substantially below market 
value10. The supplier was producing 
“apple juice concentrate” that con-

sisted partly or entirely of water, su-
gars, flavorings, and colorings. 
This incident demonstrates the 
importance of vetting suppliers and 
establishing strong and trustworthy 
relationships.
• History of regulatory, quality, or 
safety issues with a supplier: Have 
there been recurrent quality or food 
safety issues with the supplier for 
a particular ingredient? The large- 
scale Salmonella outbreak in the 
U.S. involving contaminated peanut 
products was due, in large part, to 
fraud on the part of executives at the 
company11,12. The company provided 
buyers with fraudulent certificates 
of analysis, laboratory results, and 
other fraudulent information. The 
resulting outbreak investigation 
revealed a history of supplier quality 
and safety issues identified by priva-
te audits and regulatory inspections. 
A history of quality or safety issues 
with a particular supplier should 
be taken into consideration as one 
aspect of food fraud vulnerability as-
sessment.
• Susceptibility of quality assuran-
ce methods and specifications: Are 
quality assurance methods and spe-
cifications specific and effective for a 
range of potential adulterants? Me-
lamine adulteration of both milk pro-
ducts and wheat gluten was possible 
due to the non-specific nitrogen test 
commonly employed to determi-
ne protein content13. A food fraud 
vulnerability assessment should look 
critically at the methods and specifi-
cations in use to verify the quality of 
ingredients.

• Testing frequency: Is every lot 
tested by the buyer, is testing conduc-
ted intermittently, or is there reliance 
only on Certificates of Analysis? As 
noted above, melamine adulterated 
wheat gluten that originated in Chi-
na was not tested by the U.S.-based 
importer, who relied on certificates 
of analysis. This was one of the fac-
tors that left the ingredient vulne-
rable to fraud.
• Geopolitical considerations: Is the 
ingredient sourced from, or does it 
travel through, a geographic area 
with political, food safety, or food 
security concerns? A slew of recalls 
in 2005 in the U.K. resulting from the 
detection of Sudan 1 (an industrial 
dye not permitted in foods) in mul-
tiple finished food products was ul-
timately caused by imported chili 
powder adulterated with the dye14.
The chili powder was imported from 
a country with a documented histo-
ry of the use of non-permitted co-
loring agents. The geographic origin 
of ingredients is another important 
consideration in food fraud vulnera-
bility assessments. 
• Fraud history: Is there a high volu-
me of known and documented food 
fraud incidents in the ingredient? An 
examination of media and literature 
sources reveals reports of spice adul-
teration with artificial colors as far 
back as the early 1900s15  and reports 
of detection methods for melamine 
adulteration of protein-containing 
ingredients in the mid-1980s16. His-
torical reports are one of the best 
sources of information about poten-
tial future fraud risk. Media, regula-

8 U.S. v. Miller et al., 2008. Case# 4:08-cr-00023-DW. U.S. District Court, Western District of Missouri (Kansas City)
9 Kurtzweil, Paula. Orange juice scheme gone sour. FDA Consumer: Vol. 29, Jan. 1995.
10 Wood, D.J. and Detwiler, A. Beech-Nut‘s Apple Juice. 2007. Available at: https://www.coursehero.com/file/7851817/
Case-Beech-Nut-Apple-Juice-Case/ 
11 Schmit, J. 2009. Broken links in food-safety chain hid peanut plants‘ risks. USA Today. April 28, 2009.
12 Layton, L. 2009. Nestle‘s Inspectors Saw Rat Droppings, Rejected Peanuts. The Washington Post. March 20, 2009.
13 Moore, J. C., DeVries, J. W., Lipp, M., Griffiths, J. C. and Abernethy, D. R. (2010), Total Protein Methods and Their  
Potential Utility to Reduce the Risk of Food Protein Adulteration. Comprehensive Reviews in Food Science and Food 
Safety, 9: 330–357. doi: 10.1111/j.1541-4337.2010.00114.x
14 Lawrence, F. and Dodd, V. 2005. Sudan I alert spreads to 15 more countries. The Guardian, 24 February 2005 http://
www.theguardian.com/society/2005/feb/24/food.foodanddrink1 
15 Blair, A.W. 1903. Spices and Condiments. Report from the Florida agricultural experiment station, department of 
chemistry, food adulteration. Press Bulletin No. 42. November 1, 1903. http://ufdc.ufl.edu/UF00090429/00001/
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tory, and legal reports are great 
sources of information on food fraud 
incidents because they often inclu-
de contextual information about 
motive, perpetrators, and fraud 
methods. An investigation of scien-
tific literature for analytical detection 
methods can be used to broaden the 
scope of a vulnerability assessment 
to include adulterants with the po-
tential to be used for fraud, or those 
for which industry has knowledge of 
adulteration without corresponding 
public reports. The USP Food Fraud 

Database version 2.0, scheduled to 
launch this summer, was designed to 
collect, categorize, and allow rapid 
and targeted searching of the four 
types of food fraud records that can 
inform vulnerability assessments.
• Economic anomalies: Are there 
supply pressures, pricing discrepan-
cies, or other economic factors that 
may increase the incentive for fraud 
in the ingredient? A sharp increase 
in vanilla prices occurred in the early 
2000s due to low production becau-
se of extreme droughts in vanilla-pro-

ducing regions17. Evidence of vanilla 
adulteration soon followed, with 
one example involving the injection 
of vanilla beans with elemental mer-
cury to increase the weight18. While 
this may be an extreme example, 
economic factors (and general mar-
ket intelligence) are important for 
understanding potential food fraud 
risk.
Following the identification of vulne-
rable ingredients, the FFMG advises 
that an evaluation of the potential 
impacts of a fraud event should be 
conducted. While impacts to public 
health are the primary concern, eco-
nomic impacts may also be evalua-
ted. The contributing factors to fraud 
vulnerability and impact assessment 
can then be used together to prio-
ritize the implementation of food 
fraud control measures as part of a 
food fraud mitigation strategy (see 
Figure 4.)
The evaluation of food fraud 
contributing factors and potential 
impacts need to be periodically up-
dated to reflect the current environ-
ment. Therefore, maintenance of a 
food fraud management system is 
a continuous process (as shown in 
Figure 5, left).
Market Intelligence
In today’s global economy, mar-
ket intelligence is vital. Let’s look at 
a simple example: the 2014/2015 

Figure 4. Vulnerability Characterization Matrix (from the USP Food Fraud  
Mitigation Guidance)19

Figure 5.  Lifecycle for a food fraud management system

16 Bisaz, R., Kummer, A. 1983. 
Determination of 2,4,6-Triamino-
1,3,5-triazine (Melamine) in pota-
toe proteins. Mitt. Gebiete Lebesnm. 
Hyg. 74: 74-79.
17 McGregor, A. 2005. Diversification 
into high-value export products: 
Case study of the Papua New Guinea 
vanilla industry. Food and Agriculture 
Organization of the United Nations.
18 International Flavors and 
Fragrances (IFF), Inc. v. Day Pitney 
LLP and Robert G. Rose. 2005. Docket 
Number L-4486-09. Superior Court of 
New Jersey Law Division: Middlesex 
County. Available at: http://amlaw-
daily.typepad.com/files/iff-compla-
int.pdf 
19 Available at www.foodfraud.org
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olive oil harvest in Italy, during which 
222,000 metric tons of valuable 
Italian olive oil was produced. In 
the same period, the Italians them-
selves consumed 521,000 MT, and 
still managed to export 208,000 MT 
(Figure 6). It is very obvious that the 
figures do not tally. One may say that 
the difference is explained through 
imports. However, in that period the 
Italians imported less than 100,000 
MT of olive oil. So there is a signifi-
cant discrepancy, which may be the 
result of fraud in the form of mislabe-
ling or the addition of lower quality 
oils. Price surges during periods of 
low supply give further incentive to 
fraudsters. As it can be clearly seen 
in Figure 7, during the poor harvest 
season 2014/2015, the prices for 
olive oil increased significantly. 
Detection Methods
There are still a number of fraudulent 
food ingredients which can be de-
tected by conventional technologies 
and even using household tools. 
Sawdust added to spices, red clay 
or brick dust added to paprika, and 
yellow clay added to turmeric can 
be identified with a common light 
microscope. The addition of starch 
to spices or milk can be identified by 
adding iodine; starch is present if the 
resulting solution turns blue. Even 
the addition of dried and ground cow 
dung to some ground spices can be 
detected using a glass of lukewarm 
water – you will literally smell the 
difference.
However, with food fraud being a 
very lucrative enterprise, fraudsters 
often go to the extremes to fake 
their products with more and more 
sophisticated methods. How can 
these sophisticated frauds be un-
covered? With even more sophisti-
cated analytical methods. For fluid 
milk, the deployment of targeted 
and non-targeted mid-Infrared (IR) 
spectrometry presented a challenge 
for fraudsters as anything from mela-
mine to urea added at economically 
motivating levels could be detected20. 

More recent developments have 
coupled these “non-targeted” appro-
aches with high resolution mass 
spectrometry. Non-targeted analy-
tical approaches involve the combi-
nation of lab-based methods with 
statistical software to determine if 
a sample falls within an expected 
set of parameters. This technology 

is very sensitive and enables de-
tection of a wide range of adulte-
rants as well as the identification of 
even small quantities of adulterants. 
It typically works using a learning 
approach: the system is trained using 
authentic reference samples as well 
as adulterated samples. Measuring 
a multitude of parameters, a profile 

Figure 6. Production, Italian consumption and export of Italian olive oil 
2014/2015

Figure 7. Production vs. price for extra virgin olive oil over time 

20 Heggum, C., & Holroyd, S. (2011). Integrated Supply Chain Management (Publication No. 449). Retrieved May 31, 
2016, from http://www.fil-idf.org/Public/PublicationsPage.php?ID=27121#list
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for both authentic and non-authen-
tic samples is developed. Figure 8 
shows a representation of the pro-
cess for non-targeted detection.
As an example, when it became obvi-
ous that 2014/2015 was going to be 
a very poor year for olive oil harvest 
and with rising prices a good incen-
tive for food fraud, a non-targeted 
screen (NTS) for authentication of 
extra virgin olive oil was developed 
by Mèrieux NutriSciences. Authentic 
Italian olive oil samples were analy-
zed for more than 500 different pa-
rameters by NTS to create a model 
that represented the range of pa-
rameters for authentic oil. Samples 
were subsequently collected from 
multiple countries, including Italy, 
Spain, Turkey, and the U.S. When the 
model was challenged with adultera-
ted samples (either lower grades of 
oil or oil of a different provenance), 

Figure 9. Extra virgin olive oil authenticity prediction model. 

Figure 8. A graphical representation of non-targeted methods: a sample showing a signal outside of the defined 
authentic sample range (Sample 2) raises an alert.
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it turned out that only 63 of these 
parameters served to distinguish Ita-
lian extra virgin olive oil from others. 
Nonetheless, it would be a challenge 
for any fraudster to tweak 63 olive 
oil parameters correctly to deceive 
an NTS system to pass the adulte-
rated oil as authentic (Figure 9). An 
NTS system not only allows identifi-
cation of geographic origin fraud, it 
also allows a determination of the 
harvest season (e.g., 2014/2015 or 
2015/2016). These methods increa-
se the granularity of detection to a 
much higher level, increasing the 
challenge to potential fraudsters. 

An NTS model has also been built 
(using a liquid chromatography sepa-
ration technique) for the authenti-
cation of Parmigiano-Reggiano. This 
cheese has Protected Designation 
of Origin (PDO) designation in Eu-
rope, identified through a quality 
seal, which only applies to cheeses 
manufactured in a specific region 
in northern Italy and with a specific 
method and ripening period. A chee-
se manufactured and ripened in the 
same way as Parmigiano-Reggiano, 
but produced in the south of Italy, 
cannot be called Parmigiano-Reggi-
ano. Cattle from which milk is used 
for the production of Parmigi-
ano-Reggiano cannot be fed silage 
or fermented feeds, and no additives 
or preservatives can be used. The 
NTS model was able to distinguish 
among very similar samples that 
were produced in neighboring regi-
ons, as well as cheeses produced in 
the  applicable region following the 

Parmigiano Reggiano requirements, 
but using milk from a different pro-
venance.
Conclusions
Given the 200+ year history of food 
fraud, the complexity of the food 
supply chain, and the projection of 
increasing food and water prices, 
there are plenty of incentives for 
fraudsters. To reiterate what was 
stated at the beginning: history will 
continue to repeat itself. Looking at 
the recently completed OPSON V21, 
a three-month operation involving 
police forces in 57 countries, no less 
than 10,000 MT of illicit food and 
drink were seized. This is the fifth 
year this operation has been con-
ducted, and yielded the largest ever 
haul. How much will OPSON VI yield?
Like with any crime, what is uncove-
red by police typically only reflects 
a fraction of the crime that occurs.  
Fortunately, there are more tools 
now than ever before helping to mi-
nimize the risk of being affected by 
food fraud: vulnerability assessment 
tools, mitigation guidance docu-
ments, food fraud databases, conti-
nuous market intelligence, and novel 
and innovative analytical methods. 
Yet, there is always more work to 
be done. Two promising areas of 
research and development include 
prediction algorithms based on eco-
nomic data and protected systems 
for information sharing. Economic 
and pricing conditions are widely 
cited as one potential predictor of 
fraud risk. However, publicly valida-
ted data sources and algorithms for 

using the data to predict risks are still 
in the very early stages of develop-
ment. Another potentially valuable 
source of information for identifying 
food fraud incidents earlier is data 
created and collected during testing 
as part of business-to-business food 
ingredient transactions. This data is 
proprietary and has not traditionally 
been shared; however, it would po-
tentially be very valuable for iden-
tifying quality assurance and fraud 
issues in food supply chains before 
human illnesses result. The race be-
tween fraudsters and those trying to 
prevent food fraud is likely to conti-
nue for another 200 years. Practical 
vulnerability assessment tools and 
resources, innovations in analytical 
methods, and development of novel 
approaches to data analysis and 
data sharing will hopefully keep the 
advantage on the side of those trying 
to prevent food fraud.
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