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Recent Honey Adulteration Practices 
and Comprehensive Review on 

Commonly Used Analytical 
Approaches to Detect Honey Fraud



Honey Fraud

A growing threat to viability of beekeeping industry and for food safety !!!

Honey is the 3rd most Adulterated Foodstuff !!!

Legal Basis for Honey Authenticity Judgement



2023, EU JRC Annual Honey Adulteration Technical Report

Honey Fraud

Authentic to Adulterated; 
1/14

2023; 46% of honeys (n=320) imported 
into the EU are suspicous of not 

complying with the provision of the ‘EU 
Honey Directive 2001/110/EC’

Previous Report; 14%

Why Do We Need to Be Concerned ?



Multiple Modes 
of AdulterationHoney 

Adulteration

Direct 
Adulteration

Indirect 
Adulteration

Inaccurate / excessive beefeeding

Inconvenient handling or storage

Harvesting the unripe honey

False declaration 
/ Mislabelling

Geographical origin (‘honey laundry’)

Botanical origin

Organic labelling

Delibrate 
Additives

Mixing 
honeys

Mixing honeydew honeys with blossom honeys

Low quality mono or ployfloral with High 
quality mono or polyfloral honeys

Pollens

Dyes

Enzymes

Illegal Resin 
processing & 
Transhipment

Exogenous Sugar Syrups

E150d

Foreign amylase – heat stable diastase

IEX, Ultrafiltration (depletion or reduction of moisture, 
HMF, antibiotics, pesticide, syrup markers, ethanol, etc..)

Liquefied starch based; HFCS (corn/maize), BRS, 
WRS, Wheat, Agave, Cassava/Tapioca,…

Inverted syrups; Beet (thin or thick juice), Cane 



Organoleptic Analysis

It is based on testing of parameters such as color, transparency, 
taste, odor, and viscosity by experienced people.

Highly depends on personal interpretations and biased results 
are inevitable.

Discriminative laboratory tests are mandatory!!! 

Palynologic Investigation

Botanical origins OK but not satisfying in terms of 

adulteration identification, pollen composition 

could be manipulated exogenously !!!



Physicochemical Assays
Physical - Chemical Parameters

Even if they indicate the abnormalities, 

different botanical and geographical 

origins, climate changes, and seasonal 

variations impact results and false 

positives may be reported.

Adulteration-focused assays are 

necessary to provide accurate 

assessment !!!



Targeted vs Untargeted

A Blessing or Curse Vacillation ???

Trending Instrumental Analysis Techniques



Targeted Analyses 
(Marker Tests) 

for 
Identification of 

Honey Adulteration



• If C4 sugars are admixed to honey, the carbon isotopic value of the bulk honey will shift to positive value
while the corresponding δ13C protein value will remain same. 

• Inresponsive to well refined (tailored C3 syrups),
• Both method produces false positives for some botanical origins, (unique isotopic fingerprints)
• LC-EA-IRMS method is not sensitive. Detects roughly 30 %, w/w depending on honey type and adulterant.
• Detection of oligosaccharides are deceptive for honeydew honey in LC-EA-IRMS method  !!!

C4 & C3 Sugars by LC-EA-IRMS and EA-IRMS 



What is the Problem at Pine Honey C4% Measurements ?

Pine honey is generally characterized by small-sized 
insoluble wax wools and honeydew elements (fungal 

spores, hyphae, pine spores, pollen grains). 

These substances can form an appreciable amount of 
precipitate during acid/ heat induced protein flocculation 

at C4 assay.
Hence, these may shift the protein-centric δ13C values to 
more negative resulting higher C-4% levels at pine honeys

Wax Wools



Developed Sample Pretreatment Protocol

LVCU = Large Volume Centrifugal Ultrafiltration Method



Feedback on Global Acceptance for New Protocol



SM-R Method (AFGP)

?

Rice Syrup (White Rice Syrups & Brown Rice Syrups) Detection



UHPLC-DAD molecular screening (untargeted 
approach)

Fractionation & Isolation the compound of 
interest – Analytical Scale

Scale up – semi preparative fractionation

LC-MS & GC-MS mass identification and database research

Targeted Analysis of identified molecule along with AFGP

Sample enrcihment- extraction solvent/ratio 
optimization (MSweEt)

Syrup samples / Authentic Honeys from 
different origins / Adultered Honeys

SALLE - Swedish Ext. 
Sample prep. development

Marker Determination & Identification Workflow



Publication



False Positives for Honeydew Honeys such as Pine, 
Oak, Metcalfa, Quillay !!!

LC-ELSD/CAD LC-MS HPAE-PAD 

Foreign Oligosaccharides Monitoring



Specific Markers for E150d Adulterants

2-Methylimidazole / 4-Methylimidazole

X

Methyl-imidazole derivates does not seem Reliable. Residues may also be 
observed due to the different botanical origins of honey !!!

E150d Food Dyes (Caramel Sulfide Coloring)



Typically, total diastase assays use pure or dye-conjugated starch as substrate and 
measurements are made colorimetrically after enzymatic hydrolysis.

These assays are not specific in terms of Apis Mellifera L. (honey bee) amylase and can 
produce false positives if amylases from other organisms are added to honey. 

Foreign Diastase



(Enzyme extraction / Enrichment and Clean-up / Purification / LC-UV Analysis)

FAM (Foreign Amylase Monitoring)



Publications



Beet and Cane 
sucrose are inverted 
mostly using other 
techniques and/or 

BFF residue is 
removed !!!

β-Fructofuranosidase and β/γ Amylase Assays 
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α-Glucosidase activity

β/γ-amylase vs. invertase

Pearson's 

Correlation 

Coefficient
0,897

Equal to or greater than 5 U/kg 
is considered as an indicator of 

the use of sugar syrup. 

Pine honey has high invertase 
values and this creates false 

positives !!!



Trending Techniques

As frauds become more sophisticated and deceive conventional 
techniques, there is a need for advanced multi-marker methods 

employing modern instrumentation !!!

Conventional Single 
marker methods 
(targeted only)

Advanced Analytical 
Technologies 

(Targeted and 
Untargeted 
Approaches)

Non-Targeted Metabolomic (Foodomic) Based Adulteration Identification Methods



Snippets From Our Novel Targeted 
& Un-Targeted Metabolomic 

Based HR-MS Method



Workflow – Untargeted Metabolomic Survey - Overview 



PCA Plots & Hierarchical Cluster Heatmaps 
(Shotgun Metabolomic – Adulterants & Honeys)



Volcano Plots 
(Shotgun Metabolomic – Adulterants & Honeys)

Blossom Honey
vs

E150d Dyes

Blossom Honey
vs

Corn Syrups (HFCS)

Strong Marker 
Candidates

Strong Marker 
Candidates



Targeted LC-SIM-MS Metabolomic

DEVELOPED SIM ACQUSITIONs 
for 50 Markers !!!

Multiplexed LC-SIM Assay; (E150d=10, BRS+WRS=5, CORN=9, BEET=11, 
Polysaccharides=10, Botanical Markers=4, Natural Honey Markers=2)



NMR & HR-MS Analysis Reports 

Thin Beet (Refined-designer syrup) Inverted Sugar Syrup Detection

40% Thin Beet 
w/w NMR Failed !!!

HR-MS Failed 
Methods Should be Advanced !!!



Proficiency / Verification

BIPEA PT Result

Only 2 labs among 17 participants were 
able to report the beet syrup adulteration 
(13.2%, w/w) using novel HR-MS method 

(E9491 – Balparmak) !!!



Real Sample Analysis

By utilizing novel targeted LC-SIM-MS metabolomic;

In 2023; 146 of 173 (72.3%) honeys from market were found 

as adulterated in alignment with the JRC report.

Predominant types of adulterations were found as beet syrup 

(inverted sugar syrup) (80%) and Foreign Diastase (89.2%). 

This indicates inverted beet syrup usage and dilution effect 

masked with artificially increased diastase is the main 

fraudulent approach recently..
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