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INTRODUCTION TO EMA – ECONOMICALLY MOTIVATED ADULTERATION

What is it?
What are the causes?

14 May 2024Innovation with Integrity
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• It occurs when products are deliberately/intentionally :

• Diluted, mislabeled or misrepresented

• Tampered/substituted with another product

• Incentives/Causes for food adulteration:

• Profit

• Unsatisfied market demand

• Cost pressure at industry

Source: USP (United States Pharmacopeial Convention, Rockville, USA, 2013)



FOOD FRAUD AND LATEST TECHNOLOGIES FOR ACCREDITED DETECTION

History and Coverage
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HISTORY AND COVERAGE

Highlights in Recent Years
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food 
fraud 

costs 49$ 
billion/year!
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HISTORY AND COVERAGE

Highlights in Recent Years
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HISTORY AND COVERAGE

Highlights in Recent Years
Push Back by Governmental Agencies
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Fraud Detection

FOOD FRAUD AND LATEST TECHNOLOGIES FOR ACCREDITED DETECTION
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FRAUD DETECTION

What are the most common Frauds in EMA’s?
Example: Honey
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False declaration of origin 
(geographical & botanical) Unripe honey

Inappropriate Bee Feeding 

Deliberate addition of
 sugar syrups 

Transshipment Ultrafiltration 
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FRAUD DETECTION

What Are The Conventional Techniques of Fraud
Example: Honey
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False declaration of origin

• Hiding real country of origin or variety.

• Intend: Avoid higher tariff rules, avoid further testing, reach higher market 
value

• Transhipment = sending the honey to another country where it is relabeled 
before being exported.

• Pollen grains manipulation to deceive detection by pollen analysis

• Filtration of endogeneous pollen grains and addition of pollen grains from 
another country

Floral source (e.g. Manuka)

Geo. origin  (e.g. Transhipment)
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FRAUD DETECTION

What Are The Conventional Techniques of Detection
Example: Honey
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• Microscopy (Pollen Analysis) 

•    13C-IRMS & 13C-LC-IRMS 

•    HPLC  (sugar composition)

•    LC-MS (markers) 

•    Foreign Enzymes

Country of Origin & Botanical Origin

Presence of Foreign Sugars ▪ Limitation:

• markers can be removed

• Syrups can be purified.

• 13C-IRMS can only detect C4 sugars (sugarcane, 

corn).  

▪ Limitation:

• Pollen grains can be removed or added to the 
honey
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FRAUD DETECTION

What Are The Conventional Techniques of Detection
Example: Honey
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Detection of false declaration of origin
Pollen analysis

• Identification and counting pollen grains by microscopy

• Requires a trained expert and is time consuming

➢ Not working on pollen-filtered honeys.

➢ Not able to differenciate the real pollens from exogeneous pollen grains. 
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FRAUD DETECTION

What Are The Types of Fraud
Example: Honey
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Sugar syrups in honey

• According to EU-Directive of 2001 and Codex Alimentarius, honey should be exempt of foreign 
sugars.

• Foreign sugars can be:

• a deliberate addition to honey in order to stretch the product.

• a consequence of bee feeding with sugar syrups.

• Feeding bees with industrial sugar syrups: ≈ 40 times less expensive than feeding with honey.

• Sugar syrups need to be handled with care and be given outside of production periods.

• Famille Michaud, the first reseller of honey in France tests all the honeys they buy with their 
NMR instrument. They find sugar syrups in 10% of the French honeys tested.

https://www.francetvinfo.fr/replay-jt/france-2/20-
heures/video-les-abeilles-nourries-au-sirop-de-
betterave_3521387.html 

https://www.francetvinfo.fr/replay-jt/france-2/20-heures/video-les-abeilles-nourries-au-sirop-de-betterave_3521387.html
https://www.francetvinfo.fr/replay-jt/france-2/20-heures/video-les-abeilles-nourries-au-sirop-de-betterave_3521387.html
https://www.francetvinfo.fr/replay-jt/france-2/20-heures/video-les-abeilles-nourries-au-sirop-de-betterave_3521387.html
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FRAUD DETECTION

What Are The Conventional Techniques of Detection
Example: Honey
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• Pollen Analysis + Organoleptic Analysis → botanical & geographical origin

• 13C-IRMS → addition of syrup from C4-plants (corn, cane sugar) 

• 13C-LC-IRMS →  addition of syrup from C3- and C4-plants

• Sugar Spectrum (HPLC) → general sugar composition

• SM-B & SM-R (LC-MS) → marker for beet and rice sugar addition

• Oligosaccharides (HPLC) → residues of syrup production from starch

• Foreign Enzymes (e.g. amylase → residues of syrup production from starch)

~ 3 days

~ 1000 $ 



NMR: a Powerful Technique for Food 
Authenticity Control 

FOOD FRAUD AND LATEST TECHNOLOGIES FOR ACCREDITED DETECTION
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NMR: A POWERFUL TECHNIQUE FOR FOOD AUTHENTICITY CONTROL 

Why is NMR Needed?
How is NMR Different
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▪ Standard targeted methods more and more fail to detect fraud, as 

the fraudsters become more sophisticated and learn quickly how to 

deceive these tests.

▪ Costs of looking for specific markers of adulteration and the inability 

to keep up with the fraudsters has resulted in the amount of 

adulteration soaring tremendously in the last decade.

The need for multi-marker and non-targeted methods to tackle 
Dynamic Food Fraud

16
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NMR: A POWERFUL TECHNIQUE FOR FOOD AUTHENTICITY CONTROL 

Example
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SAMPLES NUMBER DETECTED ADULTERATED USING C3/C4 
(LC-IRMS)

DETECTED ADULTERATED BY NMR

5035 80 508

SAMPLES NUMBER DETECTED ADULTERATED USING 
FOREIGN OLIGOSACCHARIDES ELSD

DETECTED ADULTERATED BY NMR

2659 50 515

With the courtesy of 



FoodScreener by Bruker 

FOOD FRAUD AND LATEST TECHNOLOGIES FOR ACCREDITED DETECTION
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FOODSCREENER

FoodScreener
What is it?
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The Bruker FoodScreener is a completely automated, push-button, nuclear 
magnetic resonance (NMR) solution that includes analysis and reporting based 
on 400MHz. 

It is capable of simultaneous identification and complete quantification of 
compounds with minimum sample preparation at a reduced cost per sample. It is 
a dependable screening technique for targeted and non-targeted multi-marker 
analyses.

The FoodScreener enables the detection of unpredicted and even unknown 
fraud. Complex statistical models allow the testing of origin authenticity, 
production process control, false labeling, sample similarity, and species purity. 
The results are lab-, user- and system independent. Different NMR solutions for 
juice, wine and honey profiling are available
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FOODSCREENER

FoodScreener
Solution for adulteration, authenticity and quality control of food 
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▪ Speed of Analysis

▪ 20 minutes vs. 2 days

▪ Ease of Use:

▪ SOP’s / Fully automated / No need for an NMR expert

▪ Reduced Costs:

▪ Ex. Honey: divided by 3 compared to usage of many conventional 

methods

▪ ISO 17025 Accreditation

▪ :Ensuring a deeply validated method, relying on a huge Database                           

of 18000 well-characterized samples

Features

20
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FOODSCREENER

FoodScreener
Solution for adulteration, authenticity and quality control of food 
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• Centralized Database with worlwide network including governmental 

laboratories.  Goal: have a database of authentic material covering all its

natural variations and to define common/harmonized purity criteria 

• Transparency about parameters used and related thresholds (purity criteria) 

= No Black Box

• Round tables have been kicked-off to discuss and harmonize purity criteria 

and interpretation, amongst honey experts

• A method which is continously expanded and updated

Benefits:

21
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FOODSCREENER

FoodScreener
Solution for adulteration, authenticity and quality control of food 
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Workflow:

22

Preparation following SOP Acquisition Data Analysis

• Encrypted data 
transfer

• Remote data 
analysis server  

600 ul in 
NMR tube

• Pipet 900 μl of 
diluted honey

• Automated
addition of 
buffer solution 
and pH 
adjustment

• Following 
standardized
operation procedures

• Fully automated

1:4 dilution of 

honey

Results
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FOODSCREENER

Available Modules
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And others upcoming such as 
Spices.



FOOD SCREENER

Honey-Profiling 3.0 Database
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FOOD SCREENER HONEY PROFILER

Honey-Profiling 3.0 Database
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• 28,500 authentic samples / >2000 adulterated samples

• > 50 countries of origin & 100 botanical varieties. 

• Monofloral and polyfloral honeys from a single country 

source.

• Blends of honeys from different countries.

• 2.000 honey dew

• 1.500 industrial honeys (or “baker honey”)

53%
27%

16%

2.60% 1.40%

Europe America

Asia Australia-Oceania

Africa

Samples per country in the Data Base:

> 800: USA, Guatemala, Austria, El Salvador, Serbia, Tanzania…

> 200: New Zealand, Brazil, Vietnam, Thailand, India, Turkey…

> 700: Spain, Germany, Mexico, Cuba, Romania, Chile…

> 1.000: China, Ukraine, Argentina, France…
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FOOD SCREENER HONEY PROFILER

Honey-Profiling 3.0 Database
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Capabilities:

• Detection of sugar syrups
• Better performance vs. conventional methods (10 x more 

adulteration detected)
• 20% of adulterated samples pass all conventional methods, but 

are detected with NMR (Famille Michaud)

• Verification of labeling of origin
• Only method that combines detection of sugar syrups and 

verification of origin
Method which is very difficult to counterfeit (compared to pollen 
analysis or single markes)
• Method that can be applied to pollen-filtered honey

• Detection of Atypical Samples

• Analysis of constituents and Regulated Parameters
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FOOD SCREENER HONEY PROFILER

Honey-Profiling 3.0 Database
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Detection of sugar syrups

• Quantitative analysis of many parameters: up to 60 

parameters per sample

• The values are compared to the reference thresholds

• Reference thresholds have been determined and 

validated thanks to a large database of authentic and 

known adulterated honeys from various countries 

and botanical varieties
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FOOD SCREENER HONEY PROFILER

Honey-Profiling 3.0 Database
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Quantitative analysis

Regulated parameters in   EU-directive / Codex 

Alimentarius

• Absolute quantification 

• HMF, glucose+fructose, sucrose

• Conclusion according to directive
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FOOD SCREENER HONEY PROFILER

Honey-Profiling 3.0 Database
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Quantification - Targeted Analysis

• Absolute quantification

• Sugars, organic acids, amino acids, 

freshness and quality criteria

• Comparison to reference values (according 

to Database samples)
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FOOD SCREENER HONEY PROFILER

Honey-Profiling 3.0 Database
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Detection of false declaration of origin

• Based on the complete chemical composition of the 
honey observed by 1H-NMR 

• Statistical analysis of the NMR spectrum:                
untargeted buckets/variables.

• Differentiation of the supposed/declared origin or 
variety with all other ones present in the Database (50 
countries / 100 varieties).

• Statistical models have been validated by Monte 
Carlo cross validation (Criteria: TP > 98%)

➢ Very difficult/ impossible to deceive

➢ No need for an expert and fast

➢ Applicable to pollen-filtered honey
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FOOD SCREENER HONEY PROFILER

Honey-Profiling 3.0 Database

14 May 2024Innovation with Integrity 31

Detection of atypical samples

• Statistical comparison of the NMR profile with 

“normal” profiles from the same floral type

• Potential to detect new frauds at early stage.



FOOD SCREENER

Summary
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FOOD SCREENER HONEY PROFILER

Overview Techniques for Honey Testing– Sugar syrups
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Detection of sugar syrupsvarieties

Foreign enzymes/
syrup markers

EA-IRMS EA/LC-IRMS NMR HR-MS

TYPE OF SUGAR SYRUPS 
DETECTED

1 specific syrup or
enzyme

C4 only C3 and C4 C3 and C4 C3 and C4

IDENTIFICATION OF SUGAR SYRUP 
USED

Yes Not possible Not possible Not possible Not possible

QUANTIFICATION of proportion of 
sugar syrup

Yes No No No

AOAC OFFICIAL METHOD No Yes No No No

HARMONIZATION - Yes No Yes No

PERFORMANCE 
for syrups detection

Very low
~ 25% of adulterations

detected**
~ 80% less than NMR*

~ 70% of adulterations
detected**

Supposed to be 
higher than NMR

ORIGIN VERIFICATION No No No Yes No
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FOOD SCREENER HONEY PROFILER

Summary FoodScreener
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An all-in-one method, comprehensive authenticity test: multi-marker and non-targeted

deeply validated method, relying on a huge Database of 18000 well-characterized samples

No NMR expertise required. Easy to operate, fully automated, no regular instrument cleaning

Fast: 20 – 25 min / sample

Difficult to deceive

Wide and worldwide network of partners and users
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FOOD SCREENER HONEY PROFILER

Summary FoodScreener – Wordwide Adoption
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▪ Exporters

▪ Importers

▪ Honey Packers  

▪ Retailers

▪ Beekeepers Associations

▪ Commercial Service Providers   

▪ Governmental Labs

▪ Hopefully the Arabic Branch of the AOAC



Innovation with Integrity
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