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James A Donarski, Katharina Heinrich and 
Rosario Romero of Fera Science outline the 
wide range of analytical methods that can 

be used to detect food fraud.

Analytical 
toolbox for 
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Background
The authentication of food to 
ensure that it has not been 
subject to fraud is a significant 
and challenging task. Currently 
there is not an internationally 
recognised official definition of 
food fraud. A generally accepted 
concept is that food fraud occurs 
when a perpetrator deliberately 
passes off a foodstuff that does 
not meet either implicit or 
explicit claims. It therefore covers 
a huge variety of acts including, 
but not limited to, undeclared 
addition of water, exceeding 
fishing quotas, redirection of 
stolen products and substitution 
of key ingredients. When using 
an analytical approach to verify 
the authenticity of a product, it is 
important to identify a strategy, 
which enables differentiation 
between fraudulent and 
authentic samples. 

In some of the examples 
above, such as theft and 
overfishing, there is no physical 
difference between fraudulent 
and authentic goods and 

these is required. 
This article concentrates on 

analytical approaches (based 
on building blocks of food) 
to identify the most suitable 
procedures and provides 
examples of specific technologies. 

Use of data
Before any analytical testing 
is undertaken, consideration 
should be given to which frauds 
are likely to occur and need to 
be mitigated. Initially, historical 
evidence can be consulted, using 
services such as HorizonScan[1], 
and businesses that follow GFSI 
(Global Food Safety Initiative) 
and ISO food safety certification 
schemes will have reviewed 
these through their Vulnerability 
Analysis and Critical Control 
Points (VACCP) assessments. 
Food fraud is damaging to whole 
sectors within the industry and 
sharing of relevant business 
data is encouraged. Within 
the UK, the Food Industry 
Intelligence Network (FIIN) is 
an excellent example of sharing 

information relating to food 
fraud amongst organisations 
in a non-competitive manner 
to increase protection of 
consumers. To identify new and 
emerging frauds, consideration 
should be given to any impacts 
observed in the supply chain 
of ingredients. The PESTLE 
analysis (political, economic, 
sociological, technological, legal 
and environmental) allows key 
factors that impact on an input 
to be considered – although this 
in-depth analysis may not be 
appropriate for most smaller 
organisations. Instead, an often-
used proxy is the monitoring of 
the market price of a commodity. 
Fluctuations in price will 
highlight any issues in the supply 
chain, such as crop failures and 
changes in legislation and tariffs. 
All these factors can act as drivers 
for different frauds and can 
highlight the mitigation approach 
that needs to be undertaken. 
Given that most organisations 
have dedicated procurement 
operatives, they will inherently 

therefore an analytical approach 
cannot detect or verify these 
frauds. In these cases, alternative 
means, such as audits, are 
required for verification. 

Where a physical difference 
between an authentic and 
fraudulent food exists, 
analytical testing can be used 
for verification. Given the wide 
variety of frauds that can occur, 
a toolbox of methods to identify 

 Within the UK, 
the Food Industry 
Intelligence Network 
(FIIN) is an excellent 
example of sharing 
information relating to 
food fraud amongst 
organisations in a non-
competitive manner to 
increase protection of 
consumers. 

FOOD ANALYSIS



 VOLUME 34 ISSUE 4

28

results, especially if the sample 
type was not well represented 
in the database. Knowledge of 
the error rates and specifically 
the false negative rate (the 
percentage of adulterated 
samples that would not be 
detected) and the false positive 
rate (the percentage of authentic 
samples that would falsely be 
labelled as adulterated) are key 
considerations. False positive 
results can be particularly 
damaging to supply relationships, 
therefore expert interpretation is 
recommended before any formal 
proceedings are undertaken. 
A more in-depth analysis of 
the use of food authenticity 
databases and the guidelines 
for the creation of databases are 
available[2].

Taking all the considerations 
into account, the following 
approach to testing is proposed. 
The testing strategies range from 
the macroscopic through to the 
atomic as discussed below (see 
Figure 1).

Physical characteristics
The use of physical characteristics 
to confirm product authenticity 
is the oldest method of fraud 
detection, including inspection 
by eye and microscope, 
rheological properties and 
colour. The methods are typically 
the easiest to implement by 
non-specialist laboratories. 
They have lower capital costs 
and intrinsic knowledge from 
those who regularly handle the 
products at the point of entry 
within an organisation can serve 
to conduct the initial screen. 
Microscopy is also often used 
and is still a reliable method in 
sectors such as spices, especially 
when adulteration is genetically 
identical to the expected product. 
This can happen for example in 
saffron production, where only 
the stamen of the crocus flower 
should be used and DNA based 
speciation would not mitigate 
this particular fraud. 

DNA
It is well known that DNA 
(deoxyribonucleic acid) is the 
blueprint of life and that all 
living things are produced from 
the instructions stored within 
the genetic code. The genetic 
information of an organism 
contains sections that are 

have this information at hand, 
which can be used to warn 
against incoming frauds.  

Those who regularly handle 
inputs in a food business can also 
raise the alarm prior to analytical 
investigation. The ultimate 
purpose of someone committing 
food fraud is most often financial 
gain by producing a good that 
does not arouse suspicion and 
goes undetected. Minor changes 
to an input, which may result 
in differences in expected 
colour, scent, or processing 
characteristics can all act as 
warnings that the received goods 
are atypical and therefore may 
have been subject to fraud. 

Where suspicions arise that a 
product is fraudulent, analytical 
mitigation strategies can restore 
confidence that it is as expected 
and can act as a deterrent 
to fraudsters. If it is known 
that a particular organisation 
is proactive in verification/
monitoring of inputs, this acts 
as a deterrent against fraud or 
at least reduces the incentive to 
target a particular operator. 

Considerations for the 
analytical approach
The types of analytical testing 
that can be undertaken are even 
more varied than the types of 
frauds that can be perpetrated 
and selecting the best approach 
can be a daunting task. To 
simplify the choice of analytical 
strategy, it is important to 
consider the different physical/
chemical/biological properties 
that can be exploited for 
verification of a product.

There are two analytical 
verification approaches that 
can be adopted: targeted and 
non-targeted. Targeted analyses 
are the most established in 
food authenticity and are used 
to control several types of 
food fraud. Targeted methods 
look to detect and quantify 
one or several preselected 
analytes, which are indicative of 
authenticity or fraud. Conversely, 
non-targeted analysis typically 
relates to ‘fingerprinting’ in 
which data from a range of non-
preselected analytes are collected. 
Results from the suspect samples 
are compared to those of 
authentic reference materials in a 
database to determine if data are 
consistent. 

unique for each individual but 
also regions that are conserved 
at each taxonomic level, such 
as species. Different species 
will have different conserved 
regions of certain genes and 
these are used in methods for 
fraud detection and mitigation. 
Furthermore, the ease with 
which DNA molecules can be 
manipulated and amplified to 
allow for detection makes DNA 
analysis a very popular tool. If 
manipulation of a foodstuff with 
a biological material is suspected, 
then DNA-based technology will 
probably be appropriate to verify 
an ingredient. Exceptions are 
biological tissues with little or no 
DNA content, such as egg, fat or 
gelatine.

A range of different DNA-
based technologies can be used to 
detect fraud; the most common 
is based on the polymerase 
chain reaction (PCR). This is a 
targeted method where a specific 
DNA sequence (e.g. a gene that 
relates to mitochondria in horse) 
is amplified and its presence 
detected. When the analysis is 
performed alongside suitable 
controls and reference materials, 
quantification of adulterating 
material can be accomplished. 

Non-targeted DNA testing 
involves generating much more 
information about the DNA 
in a sample. Methodologies, 
such as next generation DNA 
sequencing[3], can obtain 
giga bases (x109 pieces of 
information), which are then 
screened against databases to 
identify the unique sequences 
that could only have arisen 
from the presence of specific 
components. Currently 
quantification is not possible 
with these technologies and a 
positive result requires further 
investigation if quantification is 
required. 

The use of DNA-based 
technologies for medical 
diagnostics has significantly 
accelerated the availability of 
portable DNA-based solutions 
both for targeted and non-
targeted approaches. Examples 
of targeted methods include 
a variant of PCR known as 
loop mediated isothermal 
amplification (LAMP), where 
the amplification is undertaken 
utilising an alternative 
enzyme that works at constant 

Figure 1 Overview of the different 
analytes that can be targeted for food 
authenticity verification 

Many of the methods used 
for analytical testing can be 
accredited to ISO standards 
and although this provides 
confidence in the analytical 
performance, it does not 
necessarily provide accreditation 
to the interpretation of results. 
This is particularly the case 
where interpretation is based 
on comparison with results 
from representative samples in 
the form of a food authenticity 
database. Therefore, care must 
be taken when interpreting these 
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meat species identification are 
available in the marketplace. 

Direct detection methods 
analyse the protein itself and 
are usually based on mass 
spectrometric approaches, 
either analysing the whole 
intact protein or by breaking the 
protein into peptides. 

Small molecules
Several types of food fraud 
involve other molecules, such as 
natural metabolic components 
of food or artificial chemicals. 
Examples include: 
(i) the presence of melamine or 

other nitrogen-containing 

temperature (Figure 2). This 
allows for a technology which 
is truly portable such that 
analysis can be conducted at 
almost any location. Portable 
next generation DNA sequencing 
is also available, although no 
examples using this method 
for fraud detection have been 
published to date.

Proteins
Proteins are the workhorses of 
life; they are built from amino 
acids and their sequences are 
based on the nucleic acid code, 
therefore presenting regions 
that are species-specific. They 
are also ubiquitous within 
living organisms and therefore 
can be used to detect product 
manipulation. Proteins can be 
much more robust than DNA, 
as during extreme processing of 
foods (canning, slow cooking), 
DNA can degrade or be removed 
to such an extent that the use 
of DNA analysis is no longer 
appropriate, for example, 
determining the species origin 
or detection of any exogenous 
gelatine cannot be reliably 
performed using DNA analysis. 
Therefore, protein analysis can 
often be effective where DNA 
analysis fails. Targeted protein 
analysis methods differ from 
those for DNA analysis as no 
amplification route exists for 
protein. Detection is typically 
undertaken either by using 
indirect detection with molecules 
that recognise the protein of 
interest or by direct analysis of 
the protein. 

Where indirect methods are 
used, it is common to have an 
antibody or other bio-recognition 
elements, which specifically 
interact with the protein 
of interest. These detection 
methods exploit the molecular 
recognition to provide the user 
with a measurable response. 
Although their development can 
be complex, once established 
these methodologies can be 
undertaken quite simply with 
potential for in-field and portable 
use with high throughput. The 
most recognised examples 
are ELISAs (enzyme-linked 
immunosorbent assay) or LFDs 
(lateral flow devices). LFDs in 
particular have potential for 
portable use and examples of 
LFDs which can be used for 

Given that foodstuffs are 
complex mixtures of chemicals, 
the analytical methods need 
to be able to differentiate and 
discriminate between many 
different molecules. 

Where a targeted analysis 
is required, isolation of the 
molecule(s) of interest is often 
performed either by clean-up 
of the sample or using some 
type of chromatographic 
separation of compounds based 
on their intrinsic chemical 
properties (Figure 3). Detection 
and quantification are then 
performed using analytical 
methods. Different detectors 
exploit different properties of the 
analytes but the most common 
are based on: 
• the interaction of the 

molecules with different 
sources of light 

• the impact of electromagnetic 
fields upon the molecule

• the interaction of the 
molecules with other 
chemicals. 
Where non-targeted analysis 

is undertaken, the approach 
requires instruments that give 
consistent reproducible responses 
for complex mixtures. Low 
resolution technologies, such as 
Infra-red, provide a fingerprint of 
the complex mixture and can be 
used for producing chemometric 
models, which can easily screen 
samples to determine conformity, 

Figure 3 Liquid Chromatography Mass Spectrometer used for proteomics analysis 

Figure 2 Example of a portable device 
used for DNA LAMP analysis

molecules, which are added 
fraudulently to increase the 
apparent protein content, 

(ii) misreporting the antibacterial 
activity of Manuka honey or 
the cannabidiol content of a 
preparation,

(iii) the addition of water to 
extend a product. 
In these cases, verification is 

performed using detection and 
often quantification of a defined 
molecule or group of molecules. 

There are a huge range of 
detection methods for ‘small 
molecules’ (typically taken to be 
those with a molecular weight 
of less than 1000 Daltons). 
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but lack the ability to interrogate 
data. They are typically used as 
screening methods to determine 
food conformity. Any samples 
that are detected as non-
conforming should be verified 
using a different type of analysis. 

High resolution technologies, 
such as Nuclear Magnetic 
Resonance can fingerprint a 
complex mixture but also have 
the ability to correlate peaks in 
a spectrum to specific chemicals. 
Samples that do not conform to 
an authenticity database can be 
interrogated by determining the 
specific analytes that are causing 
non-conformance. This approach 
means that, assuming a database 
with sufficient/representative 
samples is employed, results may 
not need to be verified using 
an alternative approach before 
rejecting a sample as fraudulent. 

Elements and atoms
The types of food fraud that 
can be detected using DNA, 
proteins or small molecules 
are predominantly based on 

example of using elements for 
verification of food authenticity 
relates to the use of the nitrogen 
factor test for protein. The 
nitrogen content of a foodstuff 
is determined using either the 
Kjeldahl or the Dumas method 
and then a conversion factor is 
applied to determine protein 
content and the presence of 
undeclared added water. This 
methodology is so established 
that shortcomings have been 
identified by those committing 
food fraud. The addition of 
melamine and other nitrogen-
containing compounds to milk 
powder is a clear attempt to 
circumvent the nitrogen factor 
test. This has resulted in the 
requirement for additional 
testing to confirm product 
integrity for specific matrices. 

Elements are composed of 
atoms which contain protons, 
neutrons and electrons. 
Differences in the number of 
neutrons within the same atom 
type exist naturally and are 
called stable isotopes. Stable 
isotopes of the same element 
can act differently under certain 
biological and physical processes 
and are used in authenticity tests. 
Therefore, stable isotope analysis 
can be used to detect whether a 
sample has been adulterated with 
exogenous chemicals present 
naturally in a sample, e.g. sugar 
addition, and to differentiate 
between synthetic and natural 
produce. 

A type of fraud that has so far 
not been covered is mislabelling 
of geographical origin. 

Commodities from particular 
locations, which are otherwise 
identical to commodities from 
other locations, can command 
a premium price. Examples 
include Protection Designation 
of Origin (PDO) and Protected 
Geographical Indication (PGI) 
products. This can create a 
driver for fraudulent traders 
to misdescribe origin. Food 
authenticity databases exist using 
either or both elemental and 
stable isotope analysis to enable 
verification of product origin[4]. 
These analytes can be influenced 
by the geographical origin or 
processing characteristics of 
the foodstuff and therefore can 
be used to confirm a product as 
consistent with originating from 
a declared location. 

Conclusions
The verification of food to ensure 
that absolutely no fraud occurs 
is not practical and therefore 
in the real world a pragmatic 
approach is to focus on the most 
likely frauds. There are a variety 
of approaches that can be used 
to detect food fraud (Figure 4). 
The methods described are not 
exhaustive but cover the majority 
of approaches that are currently 
undertaken. 

However, there is a continual 
need to be vigilant. Those who 
deliberately undertake food fraud 
will actively seek to obfuscate 
analytical testing. Consequently, 
any toolbox will need to 
continuously expand as analysts 
and fraudsters endeavour to 
detect and deceive respectively.  

Figure 4 Flowchart for identifying 
appropriate analytical test 
methodologies 
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the detection of analytes that 
should be either present or 
not present in the foodstuff. 
A more subtle type of fraud 
involves the addition of material 
that is chemically identical to 
components present in the 
material e.g. water, sugar. 
Detection can still be achieved 
in these cases but requires 
elemental analysis or in some 
cases sub-atomic analysis of 
neutrons and protons. 
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