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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
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Up to  1800 mg/kg 

of MOAH
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2001

MINERAL OIL HYDROCARBONS (MOH)

1989

2008/2009

“For risk evaluation, the concentration of the sum of all 
MOAH might not be satisfactory. The method of Moret et al. 
used HPLC to group the MOAH by ring number. In the 

meantime, comprehensive two-dimensional GC (GC×GC) 
was established [12, 13], which is an attractive alternative 
because of its simplicity, the enhanced sensitivity resulting 
from focusing by modulation and the additional information 
provided on the extent of alkylation. 
Mineral oil analysis is the most widely described application of 
GCGC, though mainly on products like gasoline, heavy naphtha 
or kerosene with a lower molecular mass than the food 
contaminants most frequently found.”
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2001

MINERAL OIL HYDROCARBONS (MOH)

1989

2008/2009

“For risk evaluation, the concentration of the sum of all 
MOAH might not be satisfactory. The method of Moret et al. 
used HPLC to group the MOAH by ring number. In the 

meantime, comprehensive two-dimensional GC (GC×GC) 
was established [12, 13], which is an attractive alternative 
because of its simplicity, the enhanced sensitivity resulting 
from focusing by modulation and the additional information 
provided on the extent of alkylation. 
Mineral oil analysis is the most widely described application of 
GCGC, though mainly on products like gasoline, heavy naphtha 
or kerosene with a lower molecular mass than the food 
contaminants most frequently found.”

Figure 7. MOAH in the crude mineral oil fraction by GC×GC

Up to  1800 mg/kg 

of MOAH
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MINERAL OIL HYDROCARBONS (MOH)
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MINERAL OIL HYDROCARBONS (MOH)

remediation
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Refining: 

• Industrial process applied to edible oils to remove undesirable compounds that are either 
naturally present (e.g., free fatty acids, waxes, phospholipids) or introduced during cultivation or 
processing (e.g., pesticides, metals, MOH, PAH). 

• The objective is to obtain a standardized product with low odour, neutral taste, and clear 
appearance, which is stable over time, and safe for consumption.

Steps of edible oil refining (simplified)

Degumming Bleaching Deodorization(Neutralization) (Dewaxing)

MOH – Remediation
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Refining: 

• Industrial process applied to edible oils to remove undesirable compounds that are either 
naturally present (e.g., free fatty acids, waxes, phospholipids) or introduced during cultivation or 
processing (e.g., pesticides, metals, MOH, PAH). 

• The objective is to obtain a standardized product with low odour, neutral taste, and clear 
appearance, which is stable over time, and safe for consumption.

Steps of edible oil refining (simplified)

Degumming Bleaching Deodorization(Neutralization) (Dewaxing)

MOH – Remediation

Effect of refining on MOH content

• Limited litterature, mostly published between 2017 and 2025
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MOH Remediation

Total MOH 
(no MOSH+MOAH distinction)

1989
2001
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Summary of litterature (2017-2025)

Authors Key Process Main Findings

Stauff et al.

2020

Deodorization

(140-240°C, 18-27 mbar, 2% water)

• Min. temperature for noteworthy MOH reduction: 210 °C

• 10-75% of removal of MOH ≤ C24

Gelmez et al.

2017

Zhang et al.

2022

Molecular distillation 

(220°C, 10⁻³ mbar, 1 kg/h feedstock)
• ~85% MOH ≤ C40 removed

Bauwens et al.

2023

Bleaching

+ 

Deodorization

(230°C, 3h, 1 mbar)

• 66% C16-C25 MOH removed

• No modifications in C25-C50 MOH

• >98.9% spiked alkylated PAHs ≥ 3 rings removed

Gorska et al.

2024

Deodorization

(150–240°C, 3 mbar, 1% water)

• At 200 °C, < LOQ MOAH < C24 (incl. weakly alkylated triaromatics)

• At 230 °C, >60% reduction of C24–C35 MOAH (incl. low-alkylated 
pentaromatics)

Ursol et al.

2025

Bleaching

+ 

Deodorization (180-227 °C, 2.5-5h, 0.8-
1 mbar)

• ~10–30% total MOH reduction, ~90% C10-25 MOH reduction, ~40% C10–35 
MOH reduction

• Deodorization was the only effective MOH-reducing step 

• Bleaching reduced weakly alkylated/non-alkylated 2–4 ring PAHs
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MOH - Remediation

2020

MOSH MOAH < C25 up to ~70%

Min 210°C for removal
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2017

MOH – Remediation
Molecular distillation

Only MOSH

2022

MOSH+MOAH

< C40 up to ~80% 17



NO-Epoxidation

Epoxidation
Epoxidation cannot be applied 

for this kind of studies!

MOH – Remediation
Analytical strategy

2022

Deodorization + bleaching

Crude coconut oil

18

(230°C, 3h, 1 mbar + 1.7% mass of bleaching
earth (Pureflow B80) 95°C x 30 min)



NO-Epoxidation

Refined –No Epox

Epoxidation cannot be applied for this 
kind of studies!

MOH – Remediation
Analytical strategy

2022

Deodorization + bleaching

Crude coconut oil

• 66% C16-C25 MOH removed

• No modifications in C25-C50 MOH (but 
not clear contamination there)

• >98.9% spiked alkylated PAHs ≥ 3 
rings removed
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Removal of alkylated PAHs by bleaching

Bauwens et al. (2023) – bleaching + deodorization

Which is the contribution of 
deodorization and bleaching
separately?

FOOD ADDITIVES & CONTAMINANTS: PART A 2023, VOL. 40, NO. 3, 392–403 
https://doi.org/10.1080/19440049.2022.2164621 

20

>98.9% removal of the spiked 
alkylated PAHs 

https://doi.org/10.1080/19440049.2022.2164621


MOH – Remediation
Deodorization

DEODORIZATION

Coconut oil spiked with
MOAH

(9 mg/kg)

Deodorization at lab-scale
(11 experiments - CCD)

Variables: 
time (0.5-4h), T° (150-240°C)

Constants: 
pressure (3mbar), steam flow (1%w/h)

MOAH analysis before/after
deodorization (by LC-GC×GC-FID)

Response surfaces
MOAH loss according to 
time and temperature

The most delicate step of this project
was the MOAH analysis→ required an 

adapted strategy
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MOH – Remediation
Deodorization time-temperature

Coconut oil Motor oil
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MOH – Remediation
Deodorization time-temperature

Coconut oil Motor oilSpiked Coconut oil
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MOH – Remediation
Deodorization time-temperature

Spiked Coconut oil

Interferences hinder
accurate determination of 

MOAH → purification 
method needed!

24



25

MOH – Remediation
Analytical strategy

Very good removal of carotenoids and squalene

Other terpenoids are less well removed
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MOH – Remediation
Analytical strategy

Very good removal of carotenoids and squalene

Other terpenoids are less well removed

MOAH Recovery LC Purification:
94% ± 2% 

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



MOH – Remediation
Analytical strategy

Deodorization at lab-scale

Variables: 
time (0.5-4h), T° (150-240°C)

Constants: 
pressure (3mbar), 

steam flow (1%w/h)

27

Max removal: 
60%



MOH – Remediation
Analytical strategy

Deodorization at lab-scale

Variables: 
time (0.5-4h), T° (150-240°C)

Constants: 
pressure (3mbar), 

steam flow (1%w/h)

Almost complete 
removal up to 

C30!
28



What chemical structures are removed?

Possible to study the MOAH chemical structures that are removed thanks to an LC-GC×GC-FID/TOFMS analysis

Possible estimation of the 
number of aromatic rings an 
alkylation degree of present
compounds

Food Additives & Contaminants: Part A 2024, vol. 41, no. 9, 1118–1131 https://doi.org/10.1080/19440049.2024.2371925 
29
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MOH – Remediation
Analytical strategy
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MOH – Remediation
Analytical strategy

After deodorization (T°/time variable, 3 mbar, 1% steam)

• C13-C20: reduction <LOQ at ~200°C ✓

• C20-C24: reduction <LOQ ~220°C ✓

• C24-C35: reduction of ~60% at >230°C ~

• C35-C40: no visible reduction at 240°C ⮾

Open question at the end of the study

Is it possible to reduce C35-C40 MOH 

applying lower (but technically feasible) 

pressures?
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MOSH – pre MOAH – pre

MOSH – post bleaching MOAH – post bleaching

Coconut oil spiked with lubricant oil and PAHs (included two alkylated PAHs)

7-pentadecylBaP
3-decylBaP

32

New deodorization trials with lower pressure



New deodorization trials with lower pressure

C35 C40

C35 C40

C35 C40

C35 C40

93.9
99.0

103.7

0.8 3.4 6.3

0.0

100.0

<C35 <C40 Total (<C50)

m
g/

kg

MOSH+MOAH concentrations

Before deodorization After deodorization

-99% -97% -94%

Reduction of 99% (from 66.9 to <1 mg/kg) of the C25-C35 fraction (compared to ~60% in Gorska et al. (2024))

Weak reduction of ~50% of the C35-C40 (5.5 to 2.7 mg/kg MOH) and C40-C50 (4.8 to 2.9 mg/kg MOH)

Deodorization conditions: 240°C, 4h, 1 mbar (instead of 3 mbar as in Gorska et al.) , 1%/h steam

Matrix: spiked coconut oil

MOSH PRE

MOSH POST

MOAH PRE

MOAH POST

33



What about bleaching?

Bleaching: Adsorptive treatment (e.g. bleaching earth) under vacuum and heat to remove pigments 
(carotenoids, chlorophyll), peroxides, soaps, and residual salts.

Limited available litterature for MOH

• Heavy PAHs are known to be able to adsorb on activated carbon 

• Little information on the effect of alkylation of the parent PAH

• Significant (> 98.5%) reduction of alkylated BaP was observed by 

Bauwens et al. (2023) after combined bleaching and deodorization, 

but the effect of each individual step was not investigated

• Ursol et al. (2025) observed a reduction of low alkylated PAHs in 

bleached samples, but epoxidation was applied
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MOSH – pre MOAH – pre

MOSH – post bleaching MOAH – post bleaching

Bleaching conditions: activated carbon (Jacobi ColorSorb XFP21), 240°C, 1 mbar, 4 h 

Coconut oil spiked with lubricant oil and PAHs (included two alkylated PAHs)

7-pentadecylBaP
3-decylBaP

What about bleaching?
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MOSH – pre MOAH – pre

MOSH – post bleaching MOAH – post bleaching

Bleaching conditions: activated carbon (Jacobi ColorSorb XFP21), 240°C, 1 mbar, 4 h 

Coconut oil spiked with lubricant oil and PAHs (included two alkylated PAHs)

7-pentadecylBaP
3-decylBaP

What about bleaching?
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MOSH – pre MOAH – pre

MOSH – post bleaching MOAH – post bleaching

Bleaching conditions: activated carbon (Jacobi ColorSorb XFP21), 240°C, 1 mbar, 4 h 

Coconut oil spiked with lubricant oil and PAHs (included two alkylated PAHs)

7-pentadecylBaP
3-decylBaP

Reduction of PAHs
after bleaching!

What about bleaching?
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Effect of bleaching on MOAH
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bleaching

Before bleaching After bleaching (240°C, 1mbar, 4h, activated carbon)

Noticeable reduction of MOAH >3 aromatic rings between
C25 and C35

MOAH removed by bleaching

BEFORE AFTER

What about bleaching?
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60%

84%

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

Remaining PAHs and PAC
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After bleaching and deodorization

Effect on PAHs and PACs

Bleaching removed all PAHs apart from
Na, Ac, Ap, which could then anyway be
removed during the deodorization step



Effect of deodorization and/or bleaching on MOAH

MOAH removed by bleaching

BEFORE AFTER

Work in progress

C35 C40

C35 C40

BEFORE

AFTER

Deodorization Bleaching
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240°C – 4h; 1mbar 



CONCLUSION

➢ GC×GC is a strategic tool, not only for getting more 

insight on the profile of the MOSH & MOAH 
contamination but also to elucidate the role of 
remediation strategy.

➢ Deodorization significantly remove MOH contamination 

depending on the T/t and pressure applied

➢ Bleaching significantly reduce MOAH >3 

aromatic rings between C25 and C35
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3rd ADVANCES IN SEPARATION 
SCIENCE WORKSHOP

June, 12-13

Gembloux, Belgium

G. Hopfgrtaner

K. Schug

C. Cordero

E. Leitner

J. Pawliszyn

P. TranchidaB. Bojko

H.-G. Janssen E. Gionfriddo

E. Rosenberg

H. Mol

June, 11:  1-day course in 

• SPME
• GC



My research group:

Sophie Vancraenenbroeck

Paula Albendea

Damien Eggermont

Aleksandra Gorska

Donatella Ferrara

Damien Pierret

Carlo Bellinghieri

44



My research group:

Sophie Vancraenenbroeck

Paula Albendea

Damien Eggermont

Aleksandra Gorska

Donatella Ferrara

Damien Pierret

Carlo Bellinghieri

45


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Summary of litterature (2017-2025)
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Removal of alkylated PAHs by bleaching
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29: What chemical structures are removed?
	Slide 30
	Slide 31
	Slide 32
	Slide 33: New deodorization trials with lower pressure
	Slide 34: What about bleaching?
	Slide 35
	Slide 36
	Slide 37
	Slide 38: Effect of bleaching on MOAH
	Slide 39: Effect of bleaching on MOAH
	Slide 40
	Slide 41: Effect of deodorization and/or bleaching on MOAH
	Slide 42
	Slide 43
	Slide 44
	Slide 45

