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Agenda

• Food Fraud – A Global Problem

• The Impact of Economically Motivated Adulteration

The Need for Multi-Marker & Non-Targeted Methods to Tackle Dynamic 

Fraud in Food

• NMR a Powerful Technique for Chain Integrity and Brand Protection in 

the Food Industry 
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Food Fraud – a Reality Worldwide 

3

food 
fraud 

costs 49$ 
billion/year!



- confidential -Innovation with Integrity Bruker Confidential

The Covid Pandemic is Causing a Rise in Global Food Fraud 

Extract for the press article: 

• Europol said that its annual Operation OPSON which targets trafficking of 

counterfeit and substandard food and beverages, last year “found a new 

disturbing trend” in the infiltration of low-quality products into the supply chain. It 

said this development was “possibly linked” to the pandemic.

• “As countries around the world continue their efforts to contain Covid-19, the 

criminal networks distributing these potentially dangerous products show only 

their determination to make a profit,” said Jürgen Stock, Interpol secretary 

general at the time. 

• Analysis by the government-backed Food Authenticity Network found a 37% 

rise in food fraud cases taken from official sources and media reports.

• Data from first half of 2020 was compared with same period in 2019. The 

worst hit categories were spirits, wine and honey.

• Research by the Wageningen Food Safety Research Institute, published in 

October, found food supply chains were increasingly vulnerable to fraud as a 

result of the disruption caused by the pandemic.
Published 28.01.2021  https://www.thegrocer.co.uk/food-safety/global-

food-fraud-rising-as-result-of-pandemic-report-finds/652567.article
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• Sugar Syrups to adulterate Honey can 

be found in portals like Alibaba, 

OkChem. 

https://www.downtoearth.org.in/news/health/the-honey-trap-74476

Food Fraud – a Reality Worldwide

Example Honey 
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The Impact of Food Fraud
Example: Honey

Threat to viability of

beekeeping industry & food security

• “ We spent aprox. 1,30US$ to produce 1kg of raw 
honey, but the prices have been fallen to 0,82 
US$/kg.”

• “Prices have been fallen and our expenses have risen 
dramatically. Last month I suffered a loss of more 
than 27.000 US$.”  

• “If there are no beekeepers and bees who will 
pollinate the fields? This is the biggest threat to 
agriculture and to food security.” 

https://www.downtoearth.org.in/news/health/the-honey-trap-74476
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IBM Study…  

• 79% of consumers that participate in the survey state: it is important for brands 

to provide guaranteed authenticity, like certifications, when they're purchasing 

goods. 

• Within this group, 71% are willing to pay an added premium (+ 37%) for 

companies offering full transparency and traceability.

https://newsroom.ibm.com/2020-01-10-IBM-Study-Purpose-and-Provenance-Drive-Bigger-Profits-for-Consumer-Goods-In-2020
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Food Fraud, A Global Problem
The Need for Non-Targeted Methods to Tackle Dynamic Fraud

• Besides quality and safety, consumers are increasingly concerned 

about the authenticity of the food products they consume.

• As a consumer I want to know what is in the food I am eating.  

• Adulteration of food products is a major concern.

• Adulteration can lead to unfair market competition. It damages 

reputation of a country, a region or a company and erodes 

consumer’s confidence.

• Current conventional techniques are not able to detect new 

modes of adulteration. 
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NMR

Fingerprint of 
the sample

Targeted & 
non-targeted

likewise

Non-

Destructive

Robust 

Databases

Highly

Reproducible

Primary 

Method

Pre-requisite: usage of common SOPs

1H-NMR: A Powerful Technique for Food Authenticity Control 
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Non-targeted food profiling, as a fingerprint method,
only works with a representative NMR spectra database in the background

Continuous feeding of the database with additional reference samples makes the
models increasingly robust and diagnostically conclusive, and trails factors like climate
change or genetic drift, which manifest in metabolic effects

A sufficient number of (authentic) reference samples in this
database is a prerequisite to generate statistical models

With the database entries and metadata, models are 
generated using a bundle of univariate and 
multivariate statistical techniques

This approach then emphasizes deviating spectral 
regions and signals of test samples, indicating 

abnormities (like adulterations)

Strict standardization and, whenever possible, fully 
automated routines of every single step minimizes 

"homemade" variations 

Food Profiling by 1H-NMR
Process behind it 
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The Importance of Databases:
Validation of Markers and Related Thresholds

(= authentic sample detected as being adulterated)

Example of Fructose/Glucose ratio

➢AVOID THE RISK OF FALSE POSITIVE

• Independently of the analytical technique used 

(NMR, MS, HPLC-UV…) and of the parameter 

measured (unknown compound or identified 

molecule):  

To define what is “normal”, it is mandatory 
to have a set of representative samples,          

to make sure markers chosen are not 
naturally present in a specific type of food
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Fruit juice Wine Honey

Number of Samples 30.000 25.000 18.000

Quantifications (# compounds) 25 55 36

Statistical models 50 models 50 models 50 models

Version 3.0 3.1 2.0

Current cooperation partners

Current Databases Based on 1H-NMR
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Chemical shift 𝛿 (frequency scale)

• The signal patterns (number of peaks,
relative intensity of peaks, distance between
peaks) are unique for each compound and can
be used to identify them amongst other
signals in a mixture.

• The integral values can be used to quantify
the compounds, as long as their chemical
structures and signal assignment is known.

• Integration gives concentration value [mg/kg]

Example: ethanol

Direct Quantification by 1H-NMR
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Direct Quantification by 1H-NMR
Example: Honey

• Proline: <180mg/L) indicates addition of syrup

• DHA & Mannose: Presence indicates addition of syrup 

• Turanose: <0.3% indicates addition of syrup

• Ethanol should not exceed 400 mg/kg

• HMF: Indicator for heating
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Determination of Markers for Adulteration by 1H-NMR
Example: Honey

• The markers are identified by comparing 
authentic honeys with adulterated honeys 
from all over the world. 

• A statistical approach determines the 
markers that are characteristic, are present 
or absent in adulterated honeys.

• Optimization: parameters are optimized in 
order to minimize the false positives results. 

• The test is extensively validated and includes 
true positives, true negatives, false positives, 
false negatives, 
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Verification of Origin by 1H-NMR
Examples: Pepper (country) & Honey (botanical variety)

150 spectra of Manuka Honey

300 spectra of Rapeseed Honey

• This test uses the complete 1H-NMR profile, which 

contains hundreds of signals and is highly reproducible.

• The models are built based on combination of 1H-NMR 

with statistical analyses (LDA/QDA). 

• Automated pattern recognition to check 

consistency with botanical variety.

Figures shows approx. 3% and 1,5% of NMR-Profiles

Peppers from 3 
different countries 

show clear differences
in component

concentrations
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Differentiation of Regions by 1H-NMR
Example: Mozzarella di Campania Cheese
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200 mg sample/ 1.5 ml CDCl3
1H 1D, 10 min

Arabica

Robusta

Caffeine

16-OMC
(only in Robusta)

Kahweol/ 
Cafestol

16-OMC is considered a 
marker for Robusta > 1%

Kemsley et. al. 
https://doi.org/10.1016/j.food
chem.2017.12.034

Caffeine

Differentiation of Coffee Types by 1H-NMR
Example: Robusta vs. Arabica
Measured on a 80Mhz Benchtop System
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Non-Targeted Analysis revealed several deviations in NMR-Profile:

6 elevated signals observed, not typical for Manuka (0.846ppm 0.850ppm 6.359ppm 6.363ppm 6.400ppm 6.404ppm)

Result with NMR: Mixture of 47% Manuka honey with 53% Thyme honey

With the courtesy of QSI GmbH

Official test for Manuka: Compliant with mono-varietal Manuka honey

Non-Targeted Analysis by 1H-NMR
Example: Manuka Honey
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Identity Test using 1H-NMR
Are the two food products the same? 

▪ No need for a reference database

▪ Analysis of the whole fingerprint by 

comparison to a reference food sample

▪ NMR as a tool to increase trust 

between seller and buyer
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• Honey (authenticity, purity, quality)

• Wine (authenticity, purity, quality)

• Juice (authenticity, purity, quality)

• Coffee (Arabica vs. Robusta)

• Energy Drinks (Taurine, Caffein, Sugar, Sweeteners)

• Milk / Milk Powder (Melamine, Phospholipid)

• Bread (Propionic Acid)

• Pine Kernels (“Pine Nut Syndrome”)

• Spirits (z.B. Thujone in Absinth)

• Beer (Origin, Purity Law) Feasibility Study by Svenja Ackermann

CVUA Karlsruhe 

Examples of Food Products Already Being Tested in Routine 
Analysis by 1H-NMR



- confidential -

Adulteration

control

Authenticity

control

Quality

control

1H-NMR: an All in One Solution for 
Supply Chain Integrity & Brand Protection 
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Fingerprint 

Comparison

NMR

Authenticity & 

Identity Check 

NMR a Powerful Technique for Enhancing Supply Chain 
Integrity & Brand Protection in the Food Industry 
Example: Honey Supply Chain

NMRNMR NMR

Fingerprint 

Comparison

Fingerprint 

Comparison
Fingerprint 

Comparison

Authenticity & 

Identity Check 

Authenticity & 

Identity Check 

Authenticity & 

Identity Check 

«NMR Verified

Quality» Label
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Fingerprint 

Comparison

NMR

Authenticity  

Check 

NMR a Powerful Technique for Enhancing Supply Chain Integrity  
Example: Cannabis Supply Chain

NMRNMR NMR

Fingerprint 

Comparison

Fingerprint 

Comparison
Fingerprint 

Comparison

Authenticity 

Check 

Authenticity 

Check 

Authenticity 

Check 

«NMR Verified

Quality» Label
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