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Background/PURPOSE: 
Ensuring the quality and authenticity of bee products is essential for consumer trust and market value. This presentation 
aims to showcase the advancements in Nuclear Magnetic Resonance (NMR) technology, specifically the FoodScreener 
with Honey-Profiling and Advanced Chemical Profiling, as a reliable method for assessing these parameters.

Problem Description: 
Bee products, particularly honey, face challenges related to adulteration and quality assurance. Traditional methods may 
not detect all forms of adulteration, and there is a need for a more comprehensive and validated approach to ensure 
product integrity.

METHODOLOGY: 
The FoodScreener employs NMR technology to analyze the chemical composition of bee products. This method involves 
preparing samples by adding a buffer and adjusting their pH. Samples are placed on a sample changer, and acquisition 
is started. A report is then generated with the results. The process is non-destructive and provides a detailed chemical 
fingerprint of the product. Additionally, NMR combined with Advanced Chemical Profiling offers a simple workflow for 
quickly measuring quantitative parameters in bee products, enhancing its efficiency and practicality.

Results and CONCLUSION: Recent advancements in NMR have significantly improved its efficiency in assessing the 
quality of bee products. The results demonstrate the potential to detect dilution with syrups, which are designed to mimic 
authentic honey. Furthermore, NMR is the only method capable of detecting adulteration even without having measured 
the syrup or adulterant before, as it is not targeted to a specific adulterant. These findings support the use of NMR as a 
robust tool for quality control in the bee product industry. 

Practical Implications for Beekeepers: 
For beekeepers, adopting advanced NMR technology means enhanced product credibility and marketability. By ensuring 
the authenticity and quality of their products, beekeepers can build consumer trust and potentially command higher 
prices. Additionally, the rapid and accurate assessment of quantitative parameters can help beekeepers make informed 
decisions about their production processes and product offerings.
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Honey Fraud: A threat to viability of 

beekeeping industry & food security 

▪ Prof. Norberto Garcia, President of the Apimondia Scientific 

Commission of Beekeeping Economy,  comments in this 

article:

▪ South Africa honey imports tripled from 2011 to 2020, 

achieving 6.000 tons, whereas 60% imported from China.

▪ “Chinese honey is by far the cheapest, at around $1,14/ton, 

versus double that for Zambian honey $2,38/ton.”

▪ “There are not enough bee colonies in China to explain 

huge amount of honey they are currently exporting,” 

▪ “Local beekeepers can’t compete with the price of 

honey,” 

Innovation with Integrity 10/15/2026

Adulteration of Honey is a Serious Problem

https://www.timeslive.co.za/news/consumer-live/2021-05-21-falsely-
labelled-mixed-with-syrup-or-laundered-honey-fraud-is-rife-in-sa/
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▪ In the past 4 years, a 10X increase in food fraud 

globally1. 

▪ Impact to the global economy ~40bn USD each 

year.1 

▪ Fraud impacts all areas of the supply chain from 

the source to distributors to consumers which 

breaks trust,  risks to health, and global businesses 

The Growing Threat of Food Fraud

October 15, 2026 3Innovation with Integrity

OpenAI’s ChatGPT (DALL·E model), 2025

1. Eastlake, Donna. “Global food fraud surges in 2025.” 
FoodNavigator, 16 June 2025.
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▪ Dilution

▪ Substitution 

▪ Concealment 

▪ Unapproved enhancement 

▪ Counterfeiting

▪ Mislabelling, and 

▪ Grey market. 

Types of Food Fraud

October 15, 2026 4Innovation with Integrity

Source: European Food Information Council (EUFIC)

Infographic: M.Platonova/IAEA
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▪ Average price of EU honey: € 3.94-6.0 US$/kg 

▪ Average price of Chinese honey export: € 1.60 /kg 

▪ Fructose Syrup € 0.55-0.70 /kg (Source: Alibaba) 

Innovation with Integrity 10/15/2026

Sugar Syrups for Honey (Online) 

5
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Analytical Instruments for Detecting Food Fraud

Technique Strengths Weaknesses Reference

FTIR, Raman, 
UV-Vis, NIR

• Very fast, non-destructive, minimal prep
• Portable/handheld devices for on-site screening
• Effective with chemometrics/AI models

• Lower specificity; overlapping signals in complex 
matrices
• Requires calibration & spectral libraries
• Not suitable for trace-level detection
• Sensitive to conditions (moisture, temp, particle 
size)

Ellis et al., Cmprehensive Reviews in Food Science & 
Food Safety (2019).

HPTLC
• Low-cost, rapid, simple screening method
• Minimal prep, parallel analysis of multiple samples
• Easy visual fingerprinting

• Lower resolution & sensitivity vs LC/GC-MS
• Semi-quantitative, requires confirmatory methods
• Limited for untargeted detection
• Operator-dependent reproducibility

Reich, Journal of AOAC International (2018).

LC-MS

• Extremely sensitive & selective (ppt–ppb)
• Works for both targeted & untargeted metabolomics
• Detects small compositional changes (phenolics, flavonoids, 
sugars)

• Extensive sample prep & clean-up needed
• Complex data interpretation 
• Matrix effects (ion suppression) may affect 
quantitation
• Cost especially for high resolution MS 

Cubero-Leon et al., Analytica Chimica Acta (2021); 
Gunning et al., Food Chemistry (2018).

IRMS

• Gold standard for geographical origin & authenticity verification
• Stable isotope ratios differentiate natural vs synthetic sources
• High precision, widely validated in regulatory use (wine, honey, olive 
oil)

• Provides isotopic info only, not full adulterant 
profile
• Requires reference databases
• Limited scope compared to profiling tools

Camin et al., Trends in Food Science & Technology 
(2017).

NMR
• Untargeted holistic profiling (detects known & unknown adulterants)
• Highly reproducible, quantitative, non-destructive
• Minimal sample prep

•Lower sensitivity for trace-level adulterants (ppm)
•Expertise required for higher field systems 
•Cost especially for high field systems 

López-Rituerto et al. TrAC Trends in Analytical 
Chemistry (2019); Gallo et al. Food Chemistry 
(2020).
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FoodScreener – NMR Profiling methods 

07 October 2021 7Innovation with Integrity

Juice
version 4.0 

Wine
version 4.0 

Honey
version 3.1

Olive oil 
version 2.0

Reference data base
(number of samples)

~ 50.000 ~ 25.000 ~ 28.500 ~ 4750 (400 MHz)
~ 3150 (80 MHz)

Quantifications
(# compounds)

41 55 36 20

Statistical models ~ 90 models ~ 50 models ~ 15 models 3 country models
quality model (extra 

Vergine)

Reference data
(conv. analytics)

> 100.000 > 15.000 > 40.000 > 23.000
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PCA (1,2)

Cranberry

Blueberry

cranberry Vaccinium macrocarpon

blueberry Vaccinium angustifolium• 30 Replicate samples 
including preparation

• 6 different people 
prepared the samples

• 3 different 400MHz NMRs

Hyperoside

▪ Highly Reproducible (site to site)

▪ Chemical Fingerprint (Metabolomics)– Crude extract, 

distinguish species and origin, impurities and adulterants

▪ Chemical Identity –Versatile databases as standards are 

not needed daily

▪ Absolute Quantification

▪ Area under an NMR signal is proportional to number of 

atoms giving rise to a signal

▪ Calibrated NMR, single-point long standing calibration

Capabilities of NMR in Complex Mixture analysis 

October 15, 2026 8
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Quality and Authenticity of Honey

15 October 2026 9Innovation with Integrity

▪ Ranks amongst the 3 most 

commonly adulterated food 

products

▪ The most common type of 

adulteration is the dilution with 

sugar syrups 

▪ Conventional methods are easy 

to cheat.                                                  

Most of the methods are 

specific to a particular type of 

foreign sugar. 

High number of adulterated 
products on the market

▪ Presence of foreign sugars  

▪ Wrong declaration of origin (e.g. 

“transshipment”)

▪ Wrong declaration of variety

▪ Ultrafiltration and resin 

technology

▪ Unripe honey

Different types of 
adulterations
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NMR FoodScreener  
Workflow: Honey 

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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“Honey Profiling” NMR Application

07 October 2021
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NMR FoodScreener

Modules for various foods available: 
Wine, Juice, Olive Oil, Honey

▪ Targeted analysis: 

▪ Detection of foreign sugars

▪ Quantitative determination of ingredients and of parameters 
related to processing and freshness 

▪ Untargeted analysis: 

▪ Verification of the country of origin

▪ Verification of monofloral varieties

▪ Identification of atypical profiles

▪ Comprehensive database: 

▪ >28K samples from entire supply chain including adulterations 
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▪ Key markers with reference ranges to ensure 

ID/quantification matches with Acacia Honey

▪ Markers to determine Variety

▪ Gentiobiose for Linden

▪ Quinic and Shikimic acid for Honeydew

▪ High Acetoin for Eucalytpus 

▪ Kynuyrenic acid for Chestnut 

▪ DHA/mannose varies with different 

varieties 

▪ Fructose/glucose ratio limits to indicate 

adulteration

Targeted analysis (Blossom Honey, Acacia, France) 
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▪ All resonances for foreign sugars are 

monitored especially for C3 (rice, wheat, 

beet) and C4 (corn and sugar cane). 

▪ EA-IRMS approach is a long-established 

method can detect C4 plant sugars but not 

C3 sugar plants 

October 15, 2026 13Innovation with Integrity

Targeted analysis (Blossom Honey, Acacia, France) 
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Untargeted analysis (Blossom Honey, Acacia, France) 

Compliant honey sample (black curve)

▪ Overall univariate and multivariate 

analysis compared to the 

database indicates the honey is 

Acacia, blossom honey in France
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Techniques for „circumventing“ analyses methods

15 October 2026 15Innovation with Integrity

Techniques for "circumventing" analysis methods 

in order not to be able to detect falsifications

▪ Use of sugars/syrups that are not detectable by certain 

methods (example: C3 sugars are not detectable by the 

AOAC EA-IRMS method)

▪ Addition or filtration of certain compounds used as 

markers.

▪ In relation to designation of origin and variety:

▪ “Transshipment”

▪ Pollen Manipulation: filtration of pollen grains and 

addition of other pollen types 

Stable carbon isotope ratio analysis by EA-

IRMS (AOAC method 991.41), a method 

that has frequently been used to detect 

sugar syrups made of maize starch or 

sugarcane, was not effective in this study. 

This is a clear indication that such sugar 

syrups are no longer used to extend honey 

and have been replaced by syrups made 

mostly from rice, wheat or sugar beet. 1

“there is a strong suspicion that a large part of the honey imported from non-EU countries and found 

suspicious by the JRC of being adulterated remains present and undetected on the EU market”. 1

1 JRC technical report EU Coordinated action to deter certain fraudulent practices in the honey sector, 2023
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Enzymes,
SMR, SMB, TMR 

EA-IRMS EA/LC-IRMS
NMR

Honey-Profiling
NMR 

Eurofins
HR-MS

Foreign sugars detected 1 specific syrup C4 Type only C3, C4 All (non-specific) All (non-specific) 

Identification of the syrup type Yes No No No No

Quantification of the syrup 
content

Yes No No No

Official method No Yes (AOAC) No No No

Harmonization - Yes No
Yes

>90%1

No
~32%2

Performance of detection3 Low ~18% ~ 15% ~ 78% No data No data

Adulteration rate overall4 ~ 17% ~ 2 to 4% 

Number of reference spectra
~ 800 20800 authentic

4832 adulterated
?

Some authentic samples
100 syrups 5

Overview of the most common methods for detection of foreign sugars

1 Apimondia 2019 Conference, Roundtable on adulteration. 
2 HR-MS Ringtrial 2022 (FEEDM)
3 Out of 3000 adulterated samples, % of samples detected as adulterated by each technique. Source : Honey Profiling 3.0 validation protocol for the detection of foreign sugars
4 According to QSI and Eurofins‘s company annual reports of 2020 and 2021
5 Eurofins Whitepaper: Honey authenticity testing by LC-Orbitrap-HRMS
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▪ A sample tested by AB Labo 

in France on a Blossom 

honey in Acacia in China.  

▪ Sample was similar to the 

Acacia profile and through 

EA-IRMS/LC-MS, did not 

detect any foreign sugars

▪ Through the statistical tests 

of the key foreign sugar 

resonances, it was detected 

for adulteration 

Case Example: Adulterated Honey 

October 15, 2026 17Innovation with Integrity

EA-IRMS and LC-MS results

NMR Honey Profiler Results

Not Detected 



|© 2023 Bruker |© 2023 Bruker ||

Adoption of NMR based Screening (Across Value Chain)

Innovation with Integrity
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Industry

Commercial Labs

Government

CBP USA adopted NMR to prevent country-of-origin 
(COO) fraud, whereby dishonest importers evade the 

steep antidumping (AD) duties owed on honey imports 
from China by falsely claiming what is Chinese honey 

was produced in another country.1  

1https://americanbeejournal.com/u-s-customs-agency-to-purchase-nmr-equipment-for-testing-of-honey-imports/2

2https://inspection.canada.ca/science-and-research/our-research-and publications/report/eng/1606943368540/1606943368853

CFIA is using NMR in their surveillance activities as part 
of ongoing efforts to detect misrepresentation of honey 

adulterated with foreign sugars in both domestic and 
imported honey sold in Canada. 2

https://inspection.canada.ca/science-and-research/our-research-and-publications/report/eng/1606943368540/1606943368853
https://inspection.canada.ca/science-and-research/our-research-and-publications/report/eng/1606943368540/1606943368853
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https://inspection.canada.ca/science-and-research/our-research-and-publications/report/eng/1606943368540/1606943368853
https://inspection.canada.ca/science-and-research/our-research-and-publications/report/eng/1606943368540/1606943368853
https://inspection.canada.ca/science-and-research/our-research-and-publications/report/eng/1606943368540/1606943368853
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▪ Food fraud remains prevalent in the marketplace and due to the chemical 

complexity,  key developments in analytical technologies are required to solve 

this challenge 

▪ NMR spectroscopy is a proven analytical methodology to combat food fraud 

due to its high reproducibility, easy sample preparation, and absolute 

quantitation capability.  

▪ A complete methodology for food fraud is to develop a combined targeted 

and untargeted approach with a comprehensive database to understand the 

limit values for markers, and models to define natural variability

▪ Combatting food fraud will require the harmonization on all areas of the 

supply chain community to set standards, and identity the key markers and 

adulterants 

Summary

October 15, 2026 19Innovation with Integrity

OpenAI’s ChatGPT (DALL·E model), 2025
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