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Unconventional: not conventional ; not bound 
by or in accordance with convention ; being 
out of the ordinary



3

Conventional Hyphenated 
Separation mode

GC-GC/GC×GCLC-LC/LC×LC
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Unconventional Hyphenated 
Separation mode
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Conventional 
Hyphenated Techniques

6

Neglected

LC-GC
GC×GC
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Advanced Routine Complex applications

ROUTINE APPLICATIONS  HYPHENATED TECHNIQUE

Mineral oil
Hydrocarbons (MOH)

LC-GC(×GC)



The complexity of MOH analysis
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MOSH & MOAH: STATE-OF-THE ART

2012 2023

Generation of further data for the refinement of the risk assessment is needed

MOSH MOAH

➢ Generally considered of no concern at the concentration 
found.

➢ genotoxicity of MOAH with ≥3 aromatic rings

➢ in the absence of reliable toxicity data, the dietary 
exposure to 1–2 ring MOAH might raise a concern
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MOSH & MOAH: STATE-OF-THE ART

➢Improvement of analytical methodology 

for better characterisation of MOSH&MOAH and consistency in reporting

2012 2023

Generation of further data for the refinement of the risk assessment is needed

MOSH MOAH



Sample preparation step
✓ Purification form TAGs
✓ Pre-fractionation

LC

Analytical Determination
✓ Analytical Separation
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Biedermann et al, J Agric Food Chem, 2009, 57, 8711-8721

ROUTINE METHOD FOR MOH DETERMINATION
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MOSH & MOAH: STATE-OF-THE ART

Currently, the most efficient methods for analysis of MOSH and MOAH in food and  feed comprise extraction followed 

by pre-separation by high performance liquid  chromatography (HPLC) on-line coupled to GC with flame ionisation 

detection (FID). Detection limits depend on the mass distribution, the sample matrix and any prior enrichment, and can be 

as low as 0.1 mg/kg. Comprehensive GC×GC-FID enables a rough separation and quantification of paraffins and 

naphthenes in the MOSH fraction, but it is of limited practicality for routine analysis. Contamination with polyolefin 

oligomeric saturated hydrocarbons (POSH), e.g. from plastic bags, heat sealable layers or adhesives, may interfere with 

MOSH analysis. Analytical capacity to distinguish the different MOAH subclasses in food is limited. For this purpose, 

GC×GC appears to be the most effective method. Due to the complexity and the variable composition of MOH 

mixtures, it is not possible to define certified standards of general applicability.



ROUTINE 
METHOD

MOH

MOSH fraction

MOAH fraction

CONFIRMATORY    
METHOD

LC-GC GC×GC

MOSH & MOAH: STATE-OF-THE ART



ROUTINE 
METHOD

MOH

MOH AND MULTIDIMENSIONAL TECHNIQUEs

CONFIRMATORY    
METHOD

OCI

2021

LC-2GC×GC-FID/MS

LC-GC GC×GC



MOH & DATA INTEGRATION



ROUTINE 
METHOD

MOSH & MOAH 

sub-classes 

quantification

Quantitative advantages of the GC×GC over the GC

➢ “…confirmatory measurements can help to verify 
whether the compounds in the sample are of MO origin, 
but they do not verify the quantitative data themselves. 
Presently, the most powerful method for characterization 
of the MOSH and MOAH humps is GC × GC.”

GC×GC’s higher separation power is useful for 
quantitatively determining MOSH and MOAH 

and sub-class determination



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

"JRC-IF-2022/05" revision of DGF-EN 16995:2017
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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



Quantitative advantages of the GC×GC over the GC
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GC×GC’s higher separation power is useful for 

more accurately determining MOSH and 
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➢ “…confirmatory measurements can help to verify 
whether the compounds in the sample are of MO origin, 
but they do not verify the quantitative data themselves. 
Presently, the most powerful method for characterization 
of the MOSH and MOAH humps is GC × GC.”

IS for quantification

MOAH



Quantitative advantages of the GC×GC over the GC

21

400 600 800 1000 1200

0

200

400

600

800

1000

Time (s)

S(1)

MOAH analysis by GC-FID MOAH analysis by GC×GC-FID

Internal standards coeluted with interferences
→ impossible MOAH quantification

Internal standards resolved from the interferences
→ quantification of MOAH is possible

GC×GC’s higher separation power is useful for 

more accurately determining MOSH and 

MOAH and sub-class determination

➢ “…confirmatory measurements can help to verify 
whether the compounds in the sample are of MO origin, 
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IS for quantification
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2023

MOSH & MOAH: STATE-OF-THE ART

“…Over the last 10 years, progress in compositional analysis has been achieved through comprehensive 

two-dimensional GC (GC × GC) with FID and MS. The main features of GC × GC are not only significantly 

better separation and lower detection limits, but also placing structurally related compounds in an order, 

e.g. MOAH according to the number of aromatic rings. In this way, GC × GC may provide structural 

information if just a single compound, or even no compound of the series could be identified owing to 

lacking standards or reference mass spectra. …”
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2023

MOSH & MOAH: STATE-OF-THE ART

“…There have been, and still are, discussions about the reliability of the results, particularly for 

measurements at low concentrations. The LC-GC-FID method can be considered as standard and reliable, 
validated by collaborative tests. Nonetheless, sometimes there were large differences in the results from 

different laboratories. There were several reasons for this.” 

(i) Blank and cross-contamination due to the ubiquitous presence of MOH.

(ii) Interference removal is a critical step  at lower limit of quantitation

(iii) Chromatogram interpretation → needs experience in the interpretation
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JRC guidance: harmonised procedures 
✓ for sample prep (decision tree)/standardization
✓ C-fraction reported (extended to C50)

Consistency in reporting and data reliability
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Consistency in reporting and data reliability



✓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!



➢ Baseline
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2022

➢ Riding peaks subtraction

Consistency in reporting and data reliability
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MOSH vs MOAH – No purification
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Data 
Interpretation

Data  
Integration

> 20% of uncertainty!

2022

➢ Baseline
➢ Riding peaks subtraction

Consistency in reporting and data reliability
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Data 
Interpretation

Data  
Integration

> 20% of uncertainty!

2022

➢ Baseline
➢ Riding peaks subtraction

Consistency in reporting and data reliability
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sample prep protocols

Outline of the Analytical approach
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Sample 
Preparation 

Data 
Interpretation

Data  
Integration

> 20% of uncertainty!

Routinely ISs ratio (target 1.0)
TBB/MN ~ 1.25

1.05±0.02



✓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!

MOAH

Loss of 20-40% of MOAH



MOAH or not MOAH?
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MOAH or not MOAH?
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Recovery of MOAH after epoxidation

PALM OIL SUNFLOWER OIL

/2MN /PYR /2MN /PYR

MCPBA 
(nPO=2, nSFO=1)

*65% (± 21%) *38% (± 7%) 98% 56%

PER AC C6 (n=3) 177% (± 36%) 105% (± 36%) 146 (± 12%) 124 (± 58%)

PER AC CHCl3 
(n=3)

79% (± 29%) 61% (± 29%) 61% (± 19%) 47% (± 19%)

39

Purification

Oils spiked with 15 mg/kg (*7.5 mg/kg) of a mixture of of Gravex (very volatile MOAH), SN100 Aromatic

Extract (mid volatility), SN500 Aromatic Extract (heavy fraction) 

Low and Variable Recoveries!!!

MOAH RECOVERY (%)

Epoxidation performed manually

ROUTINE PURIFICATION METHOD
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An alternative purification method

ISO 20122:2024 Vegetable oils — Determination of mineral oil saturated hydrocarbons (MOSH) and aromatic

hydrocarbons (MOAH) with online coupled HPLC-GC-FID analysis — Method for low limit of quantification

Saponification + L/L 
extraction (C6)

SPE cleaning (only
if needed)

Epoxidation (only
if needed)

HPLC-GC-FID 
analysis

The issue with the current purification method for MOAH (i.e., epoxidation) is that it relies on a non-
selective chemical reaction which also attacks MOAH.

It would therefore be relevant to develop a purification method which is not 
based on a chemical reaction anymore.
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extraction (C6)
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Saponification + L/L 
extraction (C6)

SPE cleaning (only
if needed)

Epoxidation (only
if needed)

HPLC-GC-FID 
analysis

Saponification + L/L 
extraction (C6)

HPLC purification HPLC-GC-FID 
analysis

An alternative purification method
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Purification

GC(×GC)
HPLC

Silica column
250 mm × 2.1 mm i.d. × 5 μm dp 

An alternative purification method

MOSHMOAH

C6/DCM gradient 1
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HPLC

HPLC-GC-FID = most common system for MOSH/MOAH analysis

Non-purified oil extract
(after saponification)

Silica column
250 mm × 2.1 mm i.d. × 5 μm dp 

Purification

GC(×GC)

An alternative purification method
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HPLC

HPLC-GC-FID = most common system for MOSH/MOAH analysis
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Silica column
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HPLC

HPLC-GC-FID = most common system for MOSH/MOAH analysis

Non-purified oil extract
(after saponification)

C6/DCM gradient 2

C6/DCM gradient 1

Silica column
250 mm × 2.1 mm i.d. × 5 μm dp 

MOAH

Purification

GC(×GC)

An alternative purification method
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HPLC
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HPLC
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HPLC
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HPLC

HPLC-GC-FID = most common system for MOSH/MOAH analysis

Non-purified oil extract
(after saponification)

C6/DCM gradient 2

C6/DCM gradient 1

Silica column
250 mm × 2.1 mm i.d. × 5 μm dp 

Concentrate
and merge

Purification
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HPLC

HPLC-GC-FID = most common system for MOSH/MOAH analysis

Non-purified oil extract
(after saponification)

C6/DCM gradient 2

C6/DCM gradient 1

Silica column
250 mm × 2.1 mm i.d. × 5 μm dp 

Concentrate
and merge

Maybe not necessary

Purification

GC(×GC)

An alternative purification method
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5B 2MN 1MN TBB MOAH

Sternel motor oil (n=3) Gravex (n=2) HVGO (n=3)

Recovery after LC purification

➢Evaluation of the recovery of MOAH in n-hexane

➢Evaluation of the recovery of MOAH and PAHs in different edible oils

Evaluation

Selection of different MOAH sources

Gravex Sternel motor oil

Heavy gas oil (HVGO)

Cover different
volatility ranges

Assessment of the recovery (/2MN)

Spiking concentration: 5 ug MOAH/ml solution

±20%

Good recovery of MOAH

On average 107% ± 16%
(Different operators, 

different days)
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➢Evaluation of the recovery of MOAH and PAHs in different edible oils
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Recovery after LC purification
➢Evaluation of the recovery of MOAH in n-hexane

➢Evaluation of the recovery of MOAH and PAHs in different edible oils

Evaluation

PALM SUNFLOWER OLIVE COCONUT

Sternel motor oil
(53 ppm MOAH)

Shell Gravex 912 
(37.5-43.5 ppm MOAH)

Sternel motor oil
(42 ppm MOAH)
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Very good removal of carotenoids and squalene
Other terpenoids are less well removed

BUT the method has another big advantage

Not many interferences
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The LC purification method also allows to separate and quantify MOAH based on their number of 

aromatic rings.

MOAH with 3 aromatic rings and moreMOAH with 1-2.5 aromatic rings

Quantification by number of aromatic rings
LC purification



CONCLUSION AND PERSPECTIVE
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