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Definition and context
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MOSH MOAH
Mineral oil

SATURATED
hydrocarbons

Mineral oil
AROMATIC

hydrocarbons

Ubiquitous food contaminants

of petrogenic origin

MOAH ≥3 aromatic rings
associated with GENOTOXICITY

2022: control of MOAH content in 
food in EU was established

and soon (2027) a regulation
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Updates – EFSA requirements
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For MOSH :
• Improvement of analytical methodology for better
characterisation of MOSH …..
• Better investigation of the sources of the
hydrocarbons in food, ….
• Data are needed on … accumulation potential.
• Investigation is recommended on the structural
features of MOSH that … result in accumulation.
• Additional toxicity data are needed … in particular on
bioaccumulating MOSH following their
characterisation.
• More data on human MOSH tissue concentrations.
• …. needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.
• …

2023

For MOAH:
• More selective and sensitive analytical method
should be implemented.
• More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of ≥ 3 ring MOAH.
• Sources of food contamination should be investigated
when MOAH are detected.
• More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
≥ 3 ring MOAH.
• Oral toxicity data in particular of 1–2 ring MOAH.
• Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.
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2023
ANALYTICS

EXPOSITION

TOXICOLOGY

Improvement of the 
methods

More detailed 
characterization

Additional data on the 
sub-groups

Recommendations:



Updates – Today
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ANALYTICS

EXPOSITION

TOXICOLOGY



Updates - Analytics
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Isolation of MOSH and MOAH from part of the matrix

Conventional Analytical method

LC-GC-FID

LC

GC-FID

Sample dilution (e.g., fats 
and oil)

 LOQ 10 mg/kg
 Max LC loading : 20 mg 

of fat

SENSITIVITY

Sample fractionation
(= sample preparation)
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Conventional Analytical method
EXTRACTION/SAPONIFIC

ATION
PURIFICATION LC-GC-FID

LC

GC-FIDEPOXIDATION

ISO 20122:2024
Vegetable oils — Determination of mineral oil 
saturated hydrocarbons (MOSH) and mineral oil 
aromatic hydrocarbons (MOAH) with online-coupled 
high performance liquid chromatography-gas 
chromatography-flame ionization detection (HPLC-
GC-FID) analysis — Method for low limit of 
quantification

↑ Sensitivity (2 mg/kg*)

*Depends on the initial content of fat
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Conventional Analytical method
EXTRACTION/SAPONIFIC

ATION
PURIFICATION LC-GC×GC-FID

LC

GC-FID

Microwave-assisted 
saponification and extraction 

(MASE) method
EPOXIDATION

ISO 20122:2024
Vegetable oils — Determination of mineral oil 
saturated hydrocarbons (MOSH) and mineral oil 
aromatic hydrocarbons (MOAH) with online-coupled 
high performance liquid chromatography-gas 
chromatography-flame ionization detection (HPLC-
GC-FID) analysis — Method for low limit of 
quantification

↑ Sensitivity (2 mg/kg*)

*Depends on the initial content of fat

GC×GC

N
°of rings

Degree of alkylation

↑ Sensitivity 
↑ Accuracy

↑ information
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1. Uncertainty in measurement at low regulatory limits – Conventional methods 
may not reliably quantify MOAH at 0.5–2 mg/kg, creating a risk of inconsistent 
compliance
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 Improved sample preparation

 Harmonization

 Standardization needed 

 Increased knowledge/understanding of 
the interferences

Sample 
Preparation 

Data 
Interpretation

Data  
Integration

U
nc

er
ta

in
ty

EXTRACTION/SAPONIFICATION PURIFICATION LC-GC(×GC)-FID
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Conventional Analytical method
EXTRACTION/SAPONIFICATION PURIFICATION LC-GC×GC-FID

Microwave-assisted 
saponification and extraction 

(MASE) method

↑ Sensitivity (2 mg/kg*)

*Depends on the initial content of fat

2025
 Qualitative interpretation: the EURL-PC has just 

published a Guidance for supporting interpretation

 Quantitative characterization: higher accuracy but 
inter-laboratory standardization still missing.



Need for matrix-tailored 
sample prep protocols

Outline of the Analytical approach
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Sample 
Preparation 

Data 
Interpretation

Data  
Integration

> 20% of uncertainty!
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ISO 20122:2024 Infant Formula

peak ratio between TBB and 2MN 
≤1.25

total MOAH referred to TBB was constantly 13 
% lower than the one obtained using 2MN.

peak ratio between TBB and 2MN = 1.00

JRC Edible oil 
PT

Olive oil sample

Not specifically discussed, but 
discrepancies TBB/2MN observed 

from multiple labs
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ISO 20122:2024 Infant Formula

peak ratio between TBB and 2MN 
≤1.25

total MOAH referred to TBB was constantly 13 
% lower than the one obtained using 2MN.

peak ratio between TBB and 2MN = 1.00

JRC Edible oil 
PT

Olive oil sample

Not specifically discussed, but 
discrepancies TBB/2MN observed 

from multiple labs

2023

TBB/2MN =1.15

Extraction/saponification
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Mid-polar stationary phase

GC: a partition process 

An internal standard should be representative!

MOAH

MOSH
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Extraction/saponification
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Extraction/saponification
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Extraction/saponification
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Extraction/saponification
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Extraction/saponification
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Extraction/saponification
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Extraction/saponification

Sample 
Preparation 
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Extraction/saponification

Sample 
Preparation 

120 °C × 20 
min
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Extraction/saponification

TBB/2MN: 
1.19 ± 0.09

60°C × 30 min
ISO

TBB/2MN: 
1.05 ± 0.02
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Extraction/saponification

Correlation with FAMEs

Low C18:
 Increased saturation reduced discrimination of 2MN

and Per

Medium C18:
 the best TBB/MN ratio
 Unsaturation variations → minor impact

High C18:
 ↓ TBB/2MN ratio with ↑ unsaturation
 Per increase proportionally to 2MN
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Extraction/saponification

Correlation with FAMEs

FAME profiling further revealed that fatty acid chain length, degree
of unsaturation, and profile distribution influence soap properties,
which in turn affect MOAH IS partitioning. However, this slight matrix
effect does not compromise the method's applicability.
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ANALYTICS

EXPOSITION

TOXICOLOGY
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For MOSH :
• Improvement of analytical methodology for better
characterisation of MOSH …..
• Better investigation of the sources of the
hydrocarbons in food, ….
• Data are needed on … accumulation potential.
• Investigation is recommended on the structural
features of MOSH that … result in accumulation.
• Additional toxicity data are needed … in particular on
bioaccumulating MOSH following their
characterisation.
• More data on human MOSH tissue concentrations.
• …. needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.
• …

What about bioaccumulation from animal to human?

2023

For MOAH:
• More selective and sensitive analytical method
should be implemented.
• More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of ≥ 3 ring MOAH.
• Sources of food contamination should be investigated
when MOAH are detected.
• More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
≥ 3 ring MOAH.
• Oral toxicity data in particular of 1–2 ring MOAH.
• Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.



Evaluated in terms of:
ISs distribution (n =3 per type of 

meat)
Focused on TBB/2-MN ratio,

which should be 1
 &

MOSH and MOAH recovery
(n =4 per level of MOH studied)

4

Subjected 
to

Homogenized 
meat samples

Microwave assisted 
saponification and 
extraction (MASE) 

method

Saturated KOH in MeOH [1]
Abbreviated as Sap MeOH

2M KOH in EtOH:H2O (1:1,v:v) 
(adapted from [2])
Abbreviated as Sap EtOH: H2O

Using or

Analyzed by

LC-GC-FID

&
LC/GC×GC-FID

Preliminary tests:                                                 

[1] P. Albendea, et al., Animals 14 (2024) 1450 
[2] G. Bauwens, G. Purcaro Anal. Chim. Acta 1312 (2024) 34278

Experimental design 

Optimization of sample 
preparation

Validation of LC/GC GC-FID

Comparison between the 
results obtained by 

LC-GC-FID
(abbreviated as 1D)

and LC-GC×GC-FID 
(abbreviated as 2D)

Samples: 30 samples of unprocessed meat 
(bacon, pig rib, beef rib, chicken and turkey) 
purchased from different local supermarkets                                              



Results and discussion
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Preliminary tests

(beef rib sample spiked with two different MOH levels)

Comparison between MASE methods

[1] ISO/DIS 20122. https://www.iso.org/obp/ui/en/#iso:std:iso:20122:dis:ed-1:v1:en
[2] S. Bratinova, et al, 2nd ed., Publications Office of the European Union, Luxembourg, 2023
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 2M KOH in EtOH/H2O (1:1,v:v)  MASE method was selected for the analysis of MOH 
in meat samples

 Similar results were obtained with LC/GCGC-FID and LC-GC-FID 

MOH recoveryISs distribution
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• 4 samples < LOQ (2 pig rib and 2 turkey)
• 2 samples highly contaminated (beef rib )

Total MOSH content in meat
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Total MOSH content in meat
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MOSH profile: Carbon chain length
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Hopanes → No evidence of being retain in human or animal tissues

The contamination occurred entirely (Beef rib 3) or partially (Beef rib
5) after the slaughter of the animals
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Packaging of beef rib 3 and 5

Packaging beef rib 5

Packaging beef rib 3 79 mg/kg of MOSH 

445 mg/kg of MOSH

n-
C

11

n-
C

13
C

yc
y

C
ho

n-
C

25

n-
C

50

n-
C

35

n-
C

11

n-
C

13
C

yc
y

n-
C

20

n-
C

50

n-
C

29
C

ho

n-
C

24

n-
C

45

n-
C

20

n-
C

50

n-
C

29

n-
C

50

Beef rib 5

Beef rib 3
MOSH

 Contamination of beef rib 3 and 5 during the
manipulation of the meat (e.g. when cutting it into the
commercial portions)

 The presence of alkylbenzenes could be due to rests of
sulfonated surfactants on cutting tools

 Low similarities between the profiles found in the 
meat and in the correspondent packaging

 MOAH were present in the meat but virtually absent 
in the packaging 
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E300

Safe approved by Europe Union

• Are substance added to food for different reasons, 
such as to help preserve them, improve taste, texture, 
or appearance

• Can have animal and vegetal origin

• Classified in many class 

Function of 
additives

E471
Mono- and diaciglycerides of FA

E322
Lecithine

E473
Sucrose esters of FA E442

Ammonium Phosfatides

E475
Polyglycerol esters of FA E570

Stearic acid
E481

Sodium stearoyl-2-lactiyate
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E300

Safe approved by Europe Union

• Are substance added to food for different reasons, 
such as to help preserve them, improve taste, texture, 
or appearance
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Food 
additives

(1 g) + 
standards

Saponification 
& Extraction 

HPLC 
fractionation

GC(×GC)-
FID/TOFMS

GC(×GC)-
FID/TOFMS

GC(×GC)-
FID/TOFMS

MOSH

MOAH & 
PAHs

MOAH

HPLC 
fractionation

MOSH 

MOAH 

MOAHEpoxidation

800 1000 1200 1400 1600

0

0.2e6

0.4e6

0.6e6

0.8e6

1.0e6

Time (s)

EIC (m/z 228 +252 (GC×GC-TOFMS)

Visible PAHs
Well separated from the interferences

E471 – EIC (m/z 228 +252) (GC-TOFMS)
For the quantification of 
- Benzo[a]anthrancene
- Chrysene
- Benzo[k]-/benzo[b]fluoranthene
- Benzo[a]pyrene
i.e., the 4 priority PAHs (EU)

PAHs?

GC×GC is needed

42
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ANALYTICS

EXPOSITION

TOXICOLOGY
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• Limited link between composition and toxicity: High variability in
MOSH/MOAH composition, but insufficient data to associate specific
fractions with defined toxicological effects

• In vitro testing biased toward more polar fractions: Reliance on dissolution in aqueous
media means mainly DMSO-extractable (more polar) compounds are assessed, potentially
overlooking less polar fractions

• Lack of oral toxicity data for specific MOAH fractions – Particularly for 1–2 ring MOAH,
limited data complicates risk assessment, while regulation is still based on total MOAH

Open gaps:
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Long alkyl chain substitution decreases carcinogenic potential 

 Experiments with 2,3 and 5 ring PAH
 Alkyl substitution shifts the oxidative metabolism from the 

aromatic ring to the alkyl side chain
 Long alkylation decreases carcinogenic potential of MOAH
 MOAH in refined oils is mostly 1 and 2 rings
 These can only be present at 300°C if they are highly alkylated 
 Alkylation rises the bp 
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For MOSH :
• Improvement of analytical methodology for better
characterisation of MOSH …..
• Better investigation of the sources of the
hydrocarbons in food, ….
• Data are needed on … accumulation potential.
• Investigation is recommended on the structural
features of MOSH that … result in accumulation.
• Additional toxicity data are needed … in particular on
bioaccumulating MOSH following their
characterisation.
• More data on human MOSH tissue concentrations.
• …. needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.
• …

What about Toxicology?

2023

For MOAH:
• More selective and sensitive analytical method
should be implemented.
• More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of ≥ 3 ring MOAH.
• Sources of food contamination should be investigated
when MOAH are detected.
• More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
≥ 3 ring MOAH.
• Oral toxicity data in particular of 1–2 ring MOAH.
• Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.
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Distillate (Carcinogenic)

MOAH: 35% (350 000 ppm)
IP 346: 6.3 %

Mod. Ames test, MI: 0,83

Waxy Raffinate

MOAH: 11% (110 000 ppm)
IP 346: 0.2 %

Mod. Ames test, MI: 0.0

Extract (Carcinogenic)

MOAH: 60% (600 000 ppm)
IP 346: not tested

Base oil

MOAH: 13% (130 000 ppm)
IP 346: 0.3 %

Mod. Ames test, MI: 0.0

Technical White Oil

MOAH: 3,0% (30 000 ppm)
IP 346: 0.2%

Mod. Ames test, MI: 0.0

Medicinal White Oil

MOAH: 0,05 % (500 ppm)
IP 346: n.a.

Mod. Ames test, MI: 0.0

Carcinogenic potential:
 IP346
 Modified Ames Test 

(mutagenicity)
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1. LLE

2. Back extraction 
of DMSO in C6

3. Drying of C6

4. Weighing of the 
residues

IP346 – protocol

IP, 1996. Determination of Polycyclic Aromatics in Unused Lubricating Base Oils and Asphaltene Free Petroleum 
Fractions - Dimethyl Sulfoxide Extraction Refractive Index Method IP346/92 Vol BS 2000 Part 346. BSI Standards. 
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Correlation between IP346 and mouse 
skin painting assays showed the 
predictability of the carcinogenic potential of 
a mineral oil (with 94% accuracy, using a 3% 
cutoff on DMSO extract in the IP346)
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52Ames FT TA98/TA100 Mutagenicity Test Kit
Instruction Manual 31-300

DMSO 
extract

The miniaturized Ames test – protocol

A-ratio = 
nb of revertant c
olonies (treated 
sample)/nb of re
vertant colonies

(CTRL-) 
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Distillate (Carcinogenic)

MOAH: 35% (350 000 ppm)
IP 346: 6.3 %

Mod. Ames test, MI: 0,83

Waxy Raffinate

MOAH: 11% (110 000 ppm)
IP 346: 0.2 %

Mod. Ames test, MI: 0.0

Extract (Carcinogenic)

MOAH: 60% (600 000 ppm)
IP 346: not tested

Base oil

MOAH: 13% (130 000 ppm)
IP 346: 0.3 %

Mod. Ames test, MI: 0.0

Technical White Oil

MOAH: 3,0% (30 000 ppm)
IP 346: 0.2%

Mod. Ames test, MI: 0.0

Medicinal White Oil

MOAH: 0,05 % (500 ppm)
IP 346: n.a.

Mod. Ames test, MI: 0.0

Carcinogenic potential:
 IP346
 Modified Ames Test 

(mutagenicity)
 DMSO-UV/Vis 

(European Pharm)

DMSO Extr

European Pharmacopea –DMSO UV/Vis



Updates - Toxicology

54

Toxicological prediction Total MOAH quantification
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Toxicological prediction Total MOAH quantification
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26.2% 11.2% 0.3% 16.4%

MOSH
Tot

MOAH
Tot

MOAH
Hex

MOAH
DMSO
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/ % / % 10.1 % 0.4%

MOSH
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MOAH
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MOAH
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25 % 17.5 % 4 %

MOSH
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MOAH
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Hex

MOAH
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1-
2 

R

 ≥3 MOAH 
enriched in 
DMSO

 Very low 
residual ≥3 
MOAH 
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Toxicological prediction Total MOAH quantification
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Efforts are still needed to improve SAMPLE PREPARATION and 

thus reducing UNCERTAINTY
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Toxicological prediction Total MOAH quantification
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For MOSH :
• Improvement of analytical methodology for better
characterisation of MOSH …..
• Better investigation of the sources of the
hydrocarbons in food, ….
• Data are needed on … accumulation potential.
• Investigation is recommended on the structural
features of MOSH that … result in accumulation.
• Additional toxicity data are needed … in particular on
bioaccumulating MOSH following their
characterisation.
• More data on human MOSH tissue concentrations.
• …. needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.
• …

2023

For MOAH:
• More selective and sensitive analytical method
should be implemented.
• More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of ≥ 3 ring MOAH.
• Sources of food contamination should be investigated
when MOAH are detected.
• More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
≥ 3 ring MOAH.
• Oral toxicity data in particular of 1–2 ring MOAH.
• Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.
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For MOSH :
• Improvement of analytical methodology for better
characterisation of MOSH …..
• Better investigation of the sources of the
hydrocarbons in food, ….
• Data are needed on … accumulation potential.
• Investigation is recommended on the structural
features of MOSH that … result in accumulation.
• Additional toxicity data are needed … in particular on
bioaccumulating MOSH following their
characterisation.
• More data on human MOSH tissue concentrations.
• …. needs further investigation with regard to
occurrence of MOSH and potential compositional
modification and bioaccumulation.
• …

For MOAH:
• More selective and sensitive analytical method
should be implemented.
• More data on MOAH composition by aromatic ring
number in food are needed, in particular with respect to
the levels of ≥ 3 ring MOAH.
• Sources of food contamination should be investigated
when MOAH are detected.
• More data are needed on the influence of ring
alkylation on genotoxicity and carcinogenic potency of
≥ 3 ring MOAH.
• Oral toxicity data in particular of 1–2 ring MOAH.
• Technical specifications of white mineral oils and waxes
used as food additives and food packaging materials
should be updated, with detailed information about the
MOAH content and composition.

ANALYTICS

EXPOSITION TOXICOLOGY
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https://www.extech2026.uliege.be/cms/c_20456371/en/extech-2026

JOIN

6-9 JULY 2026 
GEMBLOUX AGRO-BIO TECH

BECAUSE SCIENCE IS THE KEY

https://www.extech2026.uliege.be



86

Research team
Giorgia Purcaro

Sophie Vancraenenbroeck
Aleksandra Gorska

Damien Pierret
Damien Eggermont

Carlo Bellinghieri
Donatella Ferrara

Nicola Ruin 
Chaimae Chaibi

Thank you for the attention

• AOCS - ANNUAL MEETING & EXPO Hyatt Regency New Orleans, New Orleans, Louisiana, USA
May 3-6, 2026


