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1984

Mineral oil

LC-GC



MOSH
Mineral oil saturated hydrocarbons

MOAH
Mineral oil aromatic hydrocarbons

MINERAL OIL HYDROCARBONS (MOH): DEFINITION*

-n-alkane

- isoalkane

- cycloalkane

Aromatic hydrocarbons, mainly 

alkylated

a wide range of products deriving from petroleum distillation fractions



Sample preparation step
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Ideal profile
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MOAH analysisby GC-FID

ISscoelutedwith interferences
Ҧ ƛƳǇƻǎǎƛōƭŜ ah!I ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ

MOAH

IS for quantification

CHALLENGES in MOSH/MOAH analaysis

Baseline drawing

1010

Coeluted interferences to 
be removed

Ҧ IƛƎƘ uncertainty of the 
result
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Bratinova, S., Robouch, P., CordeiroRaposo, F., Beldi, G., Senaldi, C., Karasek, L. and Hoekstra, E., Determinationof MOSH and MOAH in edibleoil, EUR 31478 EN, Publications Office of the EuropeanUnion, Luxembourg, 
2023, ISBN 978-92-68-02137-8, doi:10.2760/208184, JRC133284.

JRC proficiencytest 2023 on olive oil

High uncertainty!

Laboratorycode

0

43

80

Expectedvalue

CHALLENGES in MOSH/MOAH analaysis



12

Evolution of FOOD ANALYSIS
1800s Wet chemistry era

main components 

1900s Instrumental era
minor and trace components 

1934

1906

1941 LC

GC1951 

fťƘƋŭġƝěƘŉŭťҳŭľҳƘņħҳӤ ěŉġŉŤħƘħƋӥҳ(automatic pHmeter )

1959 GC-MS

1958 Capillary 
column 

1991 GC GׂC

1980 LC-GC

2000 LC GׂC

2005 LC-GC GׂC

Ӥ
Ƌ
ħ
ġ
Ɲ
ě
Ƙ
ŉ
ŭ
ť
ŉ
Ə
Ƙ
ҳ

Ā
ƈ
ƈ
Ƌ
ŭ
Ā
ě
ņ
ӥ

Ӥ
ŉ
ť
Ƙ
ħ
Ƌ
Ā
ě
Ƙ
ŉ
ŭ
ť
ŉ
Ə
Ť
ӥ
ҳ
Ā
ť
ġ
ҳ

-o
m

ic
s 

Ə
ě
ŉ
ħ
ť
ě
ħ
Ə
ӥ



13

Evolution of FOOD ANALYSIS
1800s Wet chemistry era

main components 

1900s Instrumental era
minor and trace components 

1934

1906

1941 LC

GC1951 

fťƘƋŭġƝěƘŉŭťҳŭľҳƘņħҳӤ ěŉġŉŤħƘħƋӥҳ(automatic pHmeter )

1959 GC-MS

1958 Capillary 
column 

1991 GC GׂC

1980 LC-GC

2000 LC GׂC

2005 LC-GC GׂC

Ӥ
Ƌ
ħ
ġ
Ɲ
ě
Ƙ
ŉ
ŭ
ť
ŉ
Ə
Ƙ
ҳ

Ā
ƈ
ƈ
Ƌ
ŭ
Ā
ě
ņ
ӥ

Ӥ
ŉ
ť
Ƙ
ħ
Ƌ
Ā
ě
Ƙ
ŉ
ŭ
ť
ŉ
Ə
Ť
ӥ
ҳ
Ā
ť
ġ
ҳ

-o
m

ic
s 

Ə
ě
ŉ
ħ
ť
ě
ħ
Ə
ӥ

2021

LC-2GC×GC-FID/MS
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Ideal profile

GC×GC benefits for MOSH and MOAH analysis

N
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MOSH vs MOAH ςNo purification

ü Baseline
ü Riding peaks subtraction

Ideal profile

More accurate

quantification

GC×GC benefits for MOSH and MOAH analysis
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MOAH analysisby GC-FID

Internal standards coelutedwith interferences
Ҧ ƛƳǇƻǎǎƛōƭŜ ah!I ǉǳŀƴǘƛŦƛŎŀǘƛƻƴ

MOAH

IS for quantification MOAH analysisby GC×GC-FID

Internal standards resolvedfrom the interferences
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GC×GC benefits for MOSH and MOAH analysis
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Ideal profile

Coeluted interferences to 
be removed

Ҧ IƛƎƘ uncertainty of the 
result

Easier 

interpretation 

GC×GC benefits for MOSH and MOAH analysis
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MOAH (20 mg/kg) ςwithout matrix

MOAH (20 mg/kg) ςwith matrix
Food matrices can containterpenesat concentrations that
overloadMOAH chromatograms

CHALLENGES in MOSH/MOAH analaysis
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Second veryimportant samplepreparationstepŦƻǊ ah!I Χ

MOAH (20 mg/kg) ςwithout matrix

MOAH (20 mg/kg) ςwith matrix
Food matrices can containterpenesat concentrations that
overloadMOAH chromatograms

CHALLENGES in MOSH/MOAH analaysis

Mostly interferences
(natural olefinssuch
as the carotenoids
presentin palm oil)
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{ŜŎƻƴŘ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ǎŀƳǇƭŜ ǇǊŜǇŀǊŀǘƛƻƴ ǎǘŜǇ ŦƻǊ ah!I Χ

MOAH (20 mg/kg) ςwithout matrix

MOAH (20 mg/kg) ςwith matrix
Food matrices can containterpenesat concentrations that
overloadMOAH chromatograms

Epoxidationisusedto removetheseterpenes

20-40% of MOAH can be alsobe
lost (particularly thosehaving

manyd.b.)

Anothercause of uncertainty!

CHALLENGES in MOSH/MOAH analaysis

Mostly interferences
(natural olefinssuch
as the carotenoids
presentin palm oil)
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An alternative purification method

I doubt, 
therefore, I try
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An alternative purification method

Saponification+ L/L 
extraction (C6)

HPLC purification HPLC-GC×GC-FID 
analysis

GC(×GC)
HPLC

Non-purified oil extract
(after saponification)

C6/DCM gradient 1

MOSHMOAH

Allure Silica(250 mm × 2.1 mm i.d. × 
5 ˃ Ƴ dp, 60 Å (Restek)

Gradient 1: 0 min 100% C6; 1.5ς6 min 65% C6 35% DCM at 0.3 mL/min
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An alternative purification method

Saponification+ L/L 
extraction (C6)

HPLC purification HPLC-GC×GC-FID 
analysis

HPLC

Non-purified oil extract
(after saponification)

C6/DCM gradient 1

Purified MOAH

C6/DCM gradient 2

GC(×GC)

Gradient 1: 0 min 100% C6; 1.5ς6 min 65% C6 35% DCM at 0.3 mL/min
Gradient 2: 0 min 100% C6; 1.5ς14.5 min 98% C6 2% DCM; 14.5ς23 min 95% 
C6 5% DCM at 0.3 mL/min



25

Very good removalof carotenoidsand squalene

Otherterpenoidsare lesswell removed

MOAH Recovery LC Purification:
94% ± 2% 

Epoxidation
    mCPBA                       performic acid 
  82%± 10%                          71 ± 16%  

LC-GC×GC: An alternative purification method

LC-GCĬGC-FID/MS
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The LC purification method alsoallowsto separateandquantify MOAH basedon their numberof 

aromaticrings.

MOAH with 3 aromaticrings and moreMOAH with 1-2.5 aromaticrings

LC-GC×GC: An alternative purification method
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LC-GC×GC: An alternative purification method
OR126
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Work in progress

Olive oil + Refined Palm oil + Unrefined palm oil + Sunflower oil

Exploring different column selectivity
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Work in progress

Silica Diol Amino

C18 BiPh

DACC

NP-LC

RP-LC

Gradient: 0 min 100% C6 to 95/5 C6/DCM at 0.2%/ 5in at 0.3 mL/min
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Work in progress

Silica
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Work in progress

Silica Diol Amino C18DACC
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SFC/GC×GC for MOSH and MOAH analysis
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C. West
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