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The scientific method

applied to problem solving



The golden hammer method

When trying to ensure food integrity or trying 
to fight food fraud, the golden hammer 

method seems to dominate.

1. I have a method that I 
have invested a lot in, and 
I think it has many 
excellent and under-
developed applications

2. Select a problem that 
your method might help 
solve

3. Implement the solution
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The scientific method

applied to problem solving



Food Fraud Definition
Deliberate and intentional:

- Substitution

- Addition

- Tampering, or 

- Misrepresentation

Of food, food ingredients, or food packaging

Or false or misleading statements made 
about a product, for economic gain.
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Spink and Moyer (2011)

1) Describe the problem



Food Fraud Incident Types
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Relevance of

analytical methodsSpink and Moyer (2011)



Relationship with food safety
• Food safety has a biochemical or physical component

• Food safety issues can normally be detected analytically 
(by testing the biochemical and physical properties)

• The fact that analytical methods are important for food 
safety is more or less given

• While method selection is important also in relation to food 
safety, the question is more “What analytical method should 
I use?” rather than “Should I use an analytical method for 
this; is testing food samples in a laboratory environment the 
best or only way to reach my goal?”

However…
• Food authenticity is not the same as food safety

• Many food fraud incidents do not have a biochemical or 
physical component

• While analytical methods are important also for detecting 
food fraud, a more holistic approach is needed
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Mapping of 

analytical 

methods to 

verifiable claims

Food item

Explicit and 

implicit claims

Analytically verifiable 

claims relating to 

chemical and physical 

properties

Chemical and 

physical 

properties



Analytically verifiable properties
• Species, Geographical origin

• Farmed or wild (for salmon, typically)

• Fresh or frozen, then thawed

• Presence of bioactive compounds, pathogens

• Presence of undeclared / unwanted additives
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Examples
• Dioxin in Belgian chicken feed

• Cadmium in salmon feed

• Sudan Red

• Nitrite in smoked salmon

• Wrong species declaration for sushi fish

• Horsemeat sold as - / mixed with beef

2) Describe the results that you want



Mapping of 

analytical 

methods to 

verifiable claims

Food item

Explicit and 

implicit claims

Analytically verifiable 

claims relating to 

chemical and physical 

properties

Non-verifiable claims

Chemical and 

physical 

properties
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Properties not (or only partly) 

verifiable by analytical methods

• Volume, Weight, Amount, Value

• Batch / lot number, Owner

• Origin, country of origin

• Eco-label, other value adding labels

• Organic production (also has some 
analytical components)

• Halal, Kosher (also has some analytical 
components)

• Most properties relating to 
sustainability or ethics
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2) Describe the results that you want



Mapping of 

analytical 

methods to 

verifiable claims

Food item

Explicit and 

implicit claims

Analytically verifiable 

claims relating to 

chemical and physical 

properties

Non-verifiable claims

Chemical and 

physical 

properties

Internal 

company 

records

Aggregate 

data for sector 

or region

Mapping of paper 

trail methods to non-

verifiable claims

Records needed 

to document non-

verifiable claims

Database needed 

to check non-

verifiable claims

By far the biggest effort in 

relation to RTD projects

A lot of fraud and misdescription happens

here also, and it needs to be dealt with



Why is seafood a special case?
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• Seafood is traded internationally more than any other 
foodstuff, often seafood is processed and then traded

• More than 1700 species of fish are traded internationally

• For many species of fish, there is no internationally 
agreed upon commercial name, same name is used in 
different countries to refer to completely different species

• Seafood is a valuable commodity with great potential for 
economic differentiation between species and products

• Between 14% and 33% of captured fish (FAO estimate) 
is from illegal, unreported and unregulated (IUU) 
fisheries, and fraudulent claims related to origin routinely 
occur to enable this fish to enter the normal and legal 
supply chain and be sold there

• There is a great concern relating to sustainability of many 
fish stocks, a sustainability claim is valuable

• Seafood is among top #3 misdescribed foodstuffs

3) Gather information



Product misdescription in the 
seafood sector



Seafood fraud in Brussels
• 380 seafood samples taken in restaurants in 

Brussels
• 15% of these from EC and EP restaurants
• 32% total mislabeling (wrong species)
• Not bluefin tuna – 95%
• Not cod – 13%
• Not sole – 11%
• Pangasius common
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http://ec.europa.eu/avservices/video/player.cfm?ref=I111181

Brussels locations

Oceana Report

November 3rd 2015

http://ec.europa.eu/avservices/video/player.cfm?ref=I111181


FoodIntegrity objectives
1. To design, create and begin to populate a 

database suitable for documenting the 
degree and scope of seafood 
misdescription in Europe

2. To do spot checks for selected products 
and analyse to what degree analytically 
verifiable claims about seafood products 
are true

3. To develop a coherent and integrated 
toolbox, linking seafood product claims to 
analytical and paper-trail methods, to 
facilitate authenticity of seafood products
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Seafood misdescription incident database

List based on input from voluntary correspondents. 
Aims to be comprehensive for seafood incidents 

covered by the international press.

More correspondents

welcome!
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Step 1: Go out for dinner!

Step 2: Order something fishy

Step 3: Place a small amount in the provided tube*

Step 4: Send it back to us.

The results are that FoodIntegrity will get an 

amazing sample set… and you will get into the 

prize draw to win an amazing prize!

If you want to get involved, 

contact Miguel (mpardo@azti.es)

*We will send you a protocol and everything you need to do the sampling

Citizen science: 

Seafood sampling in 

restaurants



Seafood 

sampling 

and analysis

200+ samples 

collected from 

7 EU 

countries

100 samplers, 

some have 

not been very

active yet

Sampling will

continue for 

the rest of the

year, then

analysis will

start, and 

comparison

with claim



Mapping of 

analytical 

methods to 

verifiable claims

Food item

Explicit and 

implicit claims

Analytically verifiable 

claims relating to 

chemical and physical 

properties

Non-verifiable claims

Chemical and 

physical 

properties

Internal 

company 

records

Aggregate 

data for sector 

or region

Mapping of paper 

trail methods to non-

verifiable claims

Records needed 

to document non-

verifiable claims

Database needed 

to check non-

verifiable claims

FI will cover

the whole thing!
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Input-Output analysis

Reported amount fish / product landet or transported into region:

1000 tons Landed Finnmark Troms Nordland Other Sum

Finnmark 61254 1439 0 217 62910

Troms 70853 163 513 0 71529

Nordland 88188 0 128 85 88401

Andre 49005 0 0 212 49217

Sum 269300 163 1567 725 302 272057

For companies, sectors or regions: Compare records 
and reports showing landing, production and export.

Reported amount fish / product used or sold

1000 tons Processed Norway EU Russia Other Sum

Finnmark 20131 11324 18244 10695 7549 67943

Troms 20028 10014 17167 12160 10014 69383

Nordland 26520 14144 25636 12376 9724 88401

Andre 15257 8367 14273 8859 4430 51186

Sum 81937 43849 75320 44090 31717 276913

Where did 
the fish 
come from?

Where 
did it go?

Significant 
discrepancy!

4) Think of solutions

Extensive seafood value chain analysis in H2020 project PrimeFish
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Mass balanse accounting
For processes: Using our knowledge of the raw 
material and the process type to establish typical or 
optimum conversion / yield factors, and then 
comparing process input with process output.

Process
Batch 112

Batch 112

Batch 112

Batch 112

Batch 112

Batch 112

Batch 112

Batch 112

Raw material 
used to produce 
Batch 112: 10t

Amount of fillet 
in Batch 112:  8tSignificant 

discrepancy!
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• Can detect misdescription on actual 

samples, for the product being 

investigated

• Can detect the most dangerous 

forms of misdescription related to 

food safety

• Can provide fairly definitive results, 

usable in court of law that are 

difficult to argue with e.g. DNA 

based methods

• Proven scientific methods, based 

on well-established body of 

knowledge

• Can be non-intrusive i.e. 

intelligence gathering

• Can detect misdescription

related to any food product 

properties

• Can detect volume and 

scope of misdescription

• For food safety incidents, 

can be used to find source 

of contamination

• For food safety incidents, 

can be used to effectuate 

recall

Analytical

methods

Paper trail

methods
Strengths

5) Choose the best solution
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• Can only detect misdescription

on the tested samples, not the 

overall volume or scope and 

rarely in real time, i.e. production 

run has already been distributed 

/ consumed

• Can only detect misdescription

related to the actual chemical 

and physical properties of the 

food

• May be very expensive or time 

consuming

• May require expensive 

equipment

• Can normally only detect that 

misdescription happens, not 

exactly where, when and by 

whom

• Can normally only detect 

contradictions, that a claim 

somewhere does not match a 

claim somewhere else

• On company level, requires 

access to company records 

which means formal powers of 

entry

• On sector or national level, 

requires extensive recording and 

access to data

Analytical

methods

Paper trail

methods

Weaknesses



Summary and conclusions
• Analytical methods are essential, but they 

cannot alone solve the problem of 
ensuring food authenticity

• Some food fraud types do not involve any 
change in biochemical properties

• Some food fraud types involve faking 
claims that cannot be verified analytically

• Paper trail methods are also needed

• Paper trail methods can make analytical 
sampling more efficient by indicating 
where, when and who to sample

• Eating fish in Brussels is not a good plan
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6) Implement the solution
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Thank you for

your attention
Petter Olsen

petter.olsen@nofima.no

The research leading to these results has received funding from the

European Union's Seventh Framework Programme (FP7/2007-2013)

under grant agreement n° 613688  – FoodIntegrity and from the Horizon 2020 

Programme (H2020/2014-2020) under grant agreement n° 635761  – PrimeFish.


