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a wide range of products deriving from petroleum distillation fractions

-n-alkane

- isoalkane

- cycloalkane

May contains also:

-Aromatic hydrocarbons, mainly 

alkylated

MOSH
Mineral oil saturated hydrocarbons

MOAH
Mineral oil aromatic hydrocarbons

Containing mainly:

MINERAL OIL HYDROCARBONS (MOH): DEFINITION*

*Biedermann M, Fiselier K, Grob K Aromatic hydrocarbons of mineral oil origin in foods: Method for determining the total concentration and first result. J Agric Food Chem. 2009;57:8711- 21.
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LC-GC&MOH
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➢ Improvement of the analytical methods is recommended.

➢ Future monitoring should distinguish between MOAH and MOSH, and between subclasses of 

MOSH based on carbon numbers and chemical structures. 5
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Recommendations 

▪ Analytical methods to identify 3-7 PAC 
should be routinely applied when MOAH 
are detected in food. 

7



LC-GC&MOH
1989

2008/2009

2012

2019

2022

EU set a de facto limits of for Total MOAH, which is 2 mg/kg for fats an oils8
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EFSA OPINION-ANALYTICAL FOCUS

MOSHMOSH

➢ More data on human MOSH tissue concentrations or 

development and use of biomarkers of exposure are 

needed, particularly from individuals born after 1995.

Generation of further data for the refinement of the risk assessment was recommended:

➢ Improvement of analytical methodology

for better characterisation of MOSH&MOAH and consistency in reporting

MOAHMOAH

➢ More data on MOAH composition by aromatic ring 

number in food are needed, in particular with respect to 

the levels of 3- or more ring MOAH

➢ Sources of food contamination should be investigated 

when MOAH are detected. To this end, more selective 

and sensitive analytical methods should be 
implemented.

➢ The contribution from the environment needs further investigation. 

2023

➢ Generally considered of no concern at the 
concentration found.
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✓Need for matrix-

tailored sample prep 

protocols

Outline of the Analytical approach
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Is the data reliable?

20% of total variability

Sample 
Preparation 

Data 
Interpretation

Baseline
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Is the data reliable?

20% of total variability

Sample 
Preparation 

Data 
Interpretation

Riding peaks subtraction
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✓ Improvement
✓ Standardization is 

needed 

✓ Extra information
✓ Improvement 

sample prep

✓ Harmonization



✓Need for matrix-

tailored sample prep 

protocols

Outline of the Analytical approach
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ROUTINE 
METHOD

LC-GC

MOH

MOH AND MULTIDIMENSIONAL TECHNIQUEs

MOSH fraction

MOAH fraction

C10-C50

+ C11, C13 and CyCy (cyclohexylcyclohexane)

C11/CyCy loss of volatiles

C13/CyCy possible coelution

CyCy quantification

+ 5B (pentyl benzene), 1MN (1-Me Na) and 2MN (2-Me Na)

5B loss of volatiles

1MN=2MN        possible coelution/ 

quantification
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ROUTINE 
METHOD

LC-GC

MOH

MOH AND MULTIDIMENSIONAL TECHNIQUEs

MOSH fraction

MOAH fraction

CONFIRMATORY    
METHOD

GC×GC-MS
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ROUTINE 
METHOD

LC-GC

MOH

MOH AND MULTIDIMENSIONAL TECHNIQUEs

CONFIRMATORY    
METHOD

GC×GC

OCI

2021

LC-GC×GC-FID/MSLC-2GC×GC-FID/MS
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MOH & DATA INTEGRATION
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LC-GC×GC-FID VALIDATION
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LC-GC×GC-FID VALIDATION
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LC-GC×GC-FID Quantification

✓ Less integration variability
* C. Goncalves, L. Karasek, S. Bratinova, P. Robouch, G. Beldi, C. Senaldi, S. Valzacchi, E. Hoekstra, Determination of MOSH/MOAH in Shell SN500 mineral oil. JRC IF 2021-03: the third interlaboratory 

comparison., 2022.

*



EXISTING STANDARD METHODS

➢ ISO 17780:2015 - only for MOSH (GC-FID)

➢ EN 16995:2017 - for MOSH/MOAH (on-line HPLC-GC/FID)

❖ working range starting from 10 mg/kg –

❖ currently reduce to 3mg/kg MOSH and 2 mg/kg MOAH (EN 16995 rev)

➢ EN 17517:2021 – MOSH/MOAH in feed (on-line HPLCGC/FID) > 10 mg/kg

➢ JRC eILC on integration in 2021

➢ JRC SOP for Infant formula
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LC-GC×GC-FID VALIDATION



LC-GC×GC-FID/MS
MOAH in infant formula (IF) 

"JRC-IF-2022/05" revision of DGF-EN 16995:2017
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MOAH – 2-MN
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G. Bauwens, L. Barp, G. Purcaro, Validation of the liquid chromatography-comprehensive multidimensional gas chromatography-time-of-flight mass spectrometer/flame ionization 

detector platform for mineral oil analysis exploiting interlaboratory comparison data, GreenAC (2023) 4 100047

Data 
Interpretation

Data   
Integration
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EXTRAPOLATIONS OF DIFFERENT 
INFORMATION

EXPLOITATION OF THE 2D SEPARATION

MOAH

Toxicological relevanceToxicological relevance
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ROUTINE 
METHOD

LC-GC

MOH

MOH AND MULTIDIMENSIONAL TECHNIQUEs

CONFIRMATORY    
METHOD

GC×GC

LC-GC×GC-FID/MS

OCI

2021

LC-2GC×GC-FID/MS

Need of harmonization  among control laboratory as integration 
remains subject to operator evaluation!
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✓Need for matrix-

tailored sample prep 

protocols

Outline of the Analytical approach
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MOSH

MOAH

Saponification

DGF C-VI 22 (2020)

➢ Traditional saponification

Moret et al. Food Chem 196 (2016) 50-57

➢ Microwave assisted saponification

G. Purcaro, S. Moret, L. S. Conte, Meat Science, 81 (2009) 275-280.

V. O. E. Akpambang, G. Purcaro, et al., Food Addit. Contam., 26(7) (2009) 1096-1103.

S. Moret*, G. Purcaro, L.S. Conte, Food Chem, 122(1) (2010) 333-338. (IF: 3.146)

✓ higher sensitivity, less frequent washing of the LC column.✓ higher sensitivity, less frequent washing of the LC column.

➢ Application of the auxiliary method for removing interferences
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MOAH Saponification

➢ Microwave assisted 

saponification-MAS

✓ High fat-content samples.✓ High fat-content samples.

➢ Application of the auxiliary method for removing interferences

Menegoz Ursol et al., Food Chemistry, 2022, 370, 13096

TBB/MN= 1.15-1.2TBB/MN= 1.15-1.2

DGF C-VI 22 (2020)

➢ Traditional 

saponification
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MOAH Saponification

DGF C-VI 22 (2020)

➢ Traditional 

saponification

➢ Microwave assisted 

saponification-MAS

✓ High fat-content samples.✓ High fat-content samples.

➢ Application of the auxiliary method for removing interferences

Menegoz Ursol et al., Food Chemistry, 2022, 370, 13096

TBB/MN= 1.15-1.2TBB/MN= 1.15-1.2
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MOAH Saponification

DGF C-VI 22 (2020)

➢ Traditional 

saponification

➢ Microwave assisted 

saponification-MAS

✓ High fat-content samples.✓ High fat-content samples.

➢ Application of the auxiliary method for removing interferences

Menegoz Ursol et al., Food Chemistry, 2022, 370, 13096

TBB/MN= 1.15-1.2TBB/MN= 1.15-1.2
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P-Cont_004
Bauwens and Purcaro

34



✓Need for matrix-

tailored sample prep 

protocols

Outline of the Analytical approach

MOSHMOSH MOAHMOAH
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LC-GC×GC-FID/MS & EPOXIDATION
Sample 

Preparation 

Loss of 20-40% of MOAH
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MOSH&MOAH IS+ EPA PAHs + Coronene  + QC10 +HVGO

squalene, lycopene, β-carotene, trans β-
carotene, β-caryophyllene

Interferences

MOAH fraction

ALTERNATIVE TO EPOXIDATION: LC-GC×GC
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Sample

❶

1-2: Separation MOSH/MOAH (gradient 1)

Silica HPLC column

A

ALTERNATIVE TO EPOXIDATION: LC-GC×GC
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Sample

MOAH fraction 
(450 µL)

❶

❷1-2: Separation MOSH/MOAH (gradient 1)

Silica HPLC column

A

B

ALTERNATIVE TO EPOXIDATION: LC-GC×GC
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Sample

MOAH fraction 
(450 µL)

Concentrated MOAH 
fraction (~100 µL)

❶

❷

❸

1-2: Separation MOSH/MOAH (gradient 1)

Silica HPLC column

A

BC

ALTERNATIVE TO EPOXIDATION: LC-GC×GC
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Sample

MOAH fraction 
(450 µL)

Concentrated MOAH 
fraction (~100 µL)

❶

❷

❸❹

1-2: Separation MOSH/MOAH (gradient 1)

4-5: Separation MOAH/interf. (gradient 2)

Silica HPLC column

A

BC

ALTERNATIVE TO EPOXIDATION: LC-GC×GC
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Sample

MOAH fraction 
(450 µL)

Concentrated MOAH 
fraction (~100 µL)

❶

❷

❸❹

❺

1-2: Separation MOSH/MOAH (gradient 1)

4-5: Separation MOAH/interf. (gradient 2)

Silica HPLC column

A

BC

D1

MOAH purified fractions 

ALTERNATIVE TO EPOXIDATION: LC-GC×GC

D2

1-2 rings 2+ rings
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Sample

MOAH fraction 
(450 µL)

Concentrated MOAH 
fraction (~100 µL)

❶

❷

❸❹

❺

1-2: Separation MOSH/MOAH (gradient 1)

4-5: Separation MOAH/interf. (gradient 2)

Silica HPLC column

A

BC

D1

MOAH purified fractions 

ALTERNATIVE TO EPOXIDATION: LC-GC×GC

D2

1-2 rings 2+ rings

LC-GC(×GC)-FID analysis



caryophyllene
squalene

Carotene/
lycopene

MOSH&MOAH IS+ EPA PAHs + Coronene  + QC10 +HVGO

squalene, lycopene, β-carotene, trans β-
carotene, β-caryophyllene

Recovery of Fr1+Fr2

104±4%

Interferences

Fraction 2

MOAH fraction

ALTERNATIVE TO EPOXIDATION: LC-GC×GC

Fraction 1
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ALTERNATIVE TO EPOXIDATION: LC-GC×GC
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ALTERNATIVE TO EPOXIDATION: LC-GC×GC
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Before purification

Standard PAHs + IS

Interferences

ALTERNATIVE TO EPOXIDATION: LC-GC×GC



Epoxidation for the removal of interferences

Nestola 2017 Nestola 2022

• Epoxidizing agent: mCPBA

• BUT commercial mCPBA

contains impurities which

may interfere with MOAH 

analysis

• → Need to purify in the lab

• Epoxidizing agent: 

performic acid (formed in 

situ using formic acid and 

hydrogen peroxide)

Note: a SPE clean-up on a silica column needs to be performed prior to the epoxidation step

ALTERNATIVE TO EPOXIDATION: LC-GC×GC

LC Purification
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Epoxidation mCPBA

Epoxidation performic acid

ALTERNATIVE TO EPOXIDATION: LC-GC×GC

Standard PAHs + IS
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Epoxidation mCPBA

Epoxidation performic acid

ALTERNATIVE TO EPOXIDATION: LC-GC×GC

Standard PAHs + IS
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Standard PAHs + IS

LC
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ALTERNATIVE TO EPOXIDATION: LC-GC×GC

AFTER LC PURIFICATION – 1-2 rings fraction

Remaining interferences

D1 D2
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Standard PAHs + IS

LC
 p

u
ri

fi
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ti
o

n
ALTERNATIVE TO EPOXIDATION: LC-GC×GC

AFTER LC PURIFICATION – 1-2 rings fraction

Remaining interferences

• Squalene completely retained

• Compounds coeluting with the toxicologically relevant 
MOAH fraction (>2.5 AR) are importantly reduced

→ possible to quantify the MOAH with a simple 
trimming of their peaks during integration

→ smaller impact on the quantification than if 
epoxidation was applied

• Some interferences remain (of terpenic origin)

D1 D2
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Before purification

After purification
MOAH with 1-2 AR

After purification
MOAH with >2 AR

Standard PAHs + IS

Interferences
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Epoxidation mCPBA

Epoxidation performic acid

ALTERNATIVE TO EPOX: LC-GC×GC



CONCLUSION AND FUTURE DIRECTIONS
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CONCLUSION AND FUTURE DIRECTIONS

✓GC×GC-FID is a highly promising tool to increase the information 

on MOSH  & MOAH and respond to toxicological related questions

➢ GC×GC-FID harmonization needed

✓ Improvement of sample preparation is 

highly needed to:
➢ Reduce operator interpretation
➢ Handle complex matrices (e.g., 

essential oils)
➢ Avoid artifacts and biased results
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