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elsam

EUROPEAN FOOD SAFETY AUTHORITY

Recenlty, the EFSA has highlighted the lack of data on

impurities in food additives derived from oils or fats

We wanted to tackle this gap by gathering data on
MOSH/MOAH ...
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Method for MOSH/MOAH analysis in food
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Goal of the presentation

Illustrate the advantages of working with HPLC/GCxGC-
FID/TOFMS instead of HPLC-GC-FID to tackle the request of EFSA
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Description of the system
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Description of the system
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Description of the system
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Description of the system

MOAH

FID

SVE

b B R

T
e

-
2

I..:.:..
i
i
B 5

i

S

3
A
i

oY
e

T
E-]

ko
R

o

A
R

o

g

T,
e
S
R
HERER

2
e
e

E:
E::
E:

s

modulator

\4

10-450 pL
CcOoC

oloLc)

MOSH

— HPLC

Rxi 1MS
0.8mx0.15mm

Rxi 17Sil MS

15 m x 0.25 mm

10 m x 0.53 mm

x 0.15 pm

x 0.25 ym

28

aleksandra.gorska@uliege.be



Description of the system
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Description of the system
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Avantages of HPLC-GCxGC-FID/TOFMS
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Avantages of HPLC-GCxGC-FID/TOFMS

Better structural characterization and easier interpretation of chromatograms

a. Structured GCxGC chromatograms

Facilitate the determination of present MOSH/MOAH structures and the identification of
interferences

MOAH
(0.5 mg/kg)

\

MOAH fraction

7

MOAH fraction of E471 (emulsifier: mono- and diglycerides of fatty acids)
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Avantages of HPLC-GCxGC-FID/TOFMS

0 Better structural characterization and easier interpretation of chromatograms

a. Structured GCxGC chromatograms

Facilitate the determination of present MOSH/MOAH structures and the identification of
interferences

Better characterize the contamination (e.g.
reporting the number of rings of MOAH) is one of
the recommendations given by the EFSA in its

Scientific Opinion on mineral oil in food

efsa

EUROPEAN FOOD SAFETY AUTHORITY
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Avantages of HPLC-GCxGC-FID/TOFMS

Better structural characterization and easier interpretation of chromatograms

b. Removal of interferences

Usual purification of MOAH interferences
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Avantages of HPLC-GCxGC-FID/TOFMS

0 Better structural characterization and easier interpretation of chromatograms
b. Removal of interferences

As presented in Gorska et al. (2025), it is possible to remove interfering compounds coeluting with
MOAH using the HPLC part, keeping the same column and eluents as for MOSH/MOAH fractionation

100

1
0

Before burification

Journal of Chromatography A ’ =

Volume 1743, 22 February 2025, 465684

1A
|
4

ELSEVIER

Purification of mineral oil aromatic
hydrocarbons and separation based on the
number of aromatic rings using a liquid
chromatography silica column. An
alternative to epoxidation

Aleksandra Gorska °, Grégory Bauwens °, Marco Beccaria ®, Giorgia Purcaro © & &

After purification

v_‘

Show more s

+ Add to Mendeley o Share 99 Cite

https://doi.org[10.1016/j.chroma.2025.465684 » Get rights and content a

MOAH fraction of palm oil
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Avantages of HPLC-GCxGC-FID/TOFMS

0 Better structural characterization and easier interpretation of chromatograms

c. Separation of MOAH by humber of aromatic rings by HPLC

Using the same HPLC gradient as used for purification, it is also possible to fractionate MOAH into a 1-2
and 3+ aromatic rings fractions before GC analysis

P |
MOAH 1-2 AR H MOAH 1-2 AR

A N
vl N J\A
] ) UL_JU Awﬁy-f}f)}////%ﬂﬁ b st A DA hnnn

T T T T T T T
999.948 1499.92 1999.88 2499.85 2999.82 3499.79 3999.76
0.052 0.084 0.116 0.148 0.180 0.212 0.244

MOAH 3+ AR

.

] \“\WMR“JL LAJ\M Ll b Jlj f&iﬁ/J}///JAIJLJ[\}A’; )ﬂL -ﬂ. ML MA J\J\_/\_AA

T T T T T T T
1st Time (s) 999.948 1499.92 1999.88 2499.85 2999.82 3499.79 3999.76
4000 2nd Time (s) 0.052 0.084 0.116 0.148 0.180 0.212 0.244

Possible determinatien .of 3+ring MOAH without GCxGC! 37




Avantages of HPLC-GCxGC-FID/TOFMS

g Identification of markers helping to identify the source of contamination

Visual (GCxGC pattern) and MS markers

The combination of the structured elution pattern with mass spectrometric detection allows for the
identification of markers, supporting the identification of the origin of MOSH/MOAH contamination.

Table 1
Summary of the characteristics and their potential interpretation.

Example: DIPN indicates for migration of MOH

Characteristic Indication from recycled paperboard (food packaging)
Repeat units of 1 C-atoms MOSH

Pristane, phytane MOSH 20 Wh es

n-Alkyl cyclopentanes/hexanes Mineral oil ( Nap\"\ha\e e
Repeat units of 2 C-atoms POSH from PE LIl

Peak clusters clearly above n-alkanes POSH from PP

MOSH and MOAH of same volatility range Single contaminant BB, DIPN m/z 212 %
Diisopropyl naphthalenes (DIPN) [ Recycled paperboard | ‘ ' g
Dibenzothiophenes Little refined oil \ : %)
Percentage of MOAH Degree of raffination

Clearly separated band in MOAH No hydrogenation .

Perhydro pyrenes Hydrogenated oil “

“Gray cloud”, slanted bands of naphthenes Hydrogenated oil -

Upper limit of mass range Migration conditions 80 °C : » 275°C

M. Biedermann, K. Grob / J. Chromatogr. A 1375 (2015) 146-153
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

Simultaneous analysis of MOAH and PAHs

Naphthalene Fluorene
Acenaphthylene OG Acenaphthene

Anihracene QOQ Phenanthrene

Fluoranthene Benzo[k]fluoranthene

Chrysene

RHE &8

Benzo[aJanthracene Dibenzo[a,h]anthracenc

O
9
O

0

’Q- O Indeno[1,2,3-cd]pyrene

0 Benzo[g,hilperylene

Benzo[a]pyrene

5

Benzo [b]fluoranthene

=
ove
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

Simultaneous analysis of MOAH and PAHs

Naphthalene

Fluorene

Acenaphthylene Acenaphthene

Polycyclic aromatic hydrocarbons
ntmcses QOQ (PAHSs) are carcinogenic compounds
that are formed during incomplete

Fluoranthene Benzo[k]fluoranthene

combustion of organic material.

Chrysene

RHE &S

They are structurally similar to

() |
QG‘ Benzo[alanthracene Dibenzo[a,h]anthracene M O AH ( M OAH a re t h e a lkylate d
CO o¢ versions of PAHSs), yet they have very
e 9gay m—— different analytical requirements.
O.{ eeee [b]fluoranthene ggg Benzo[g,h,ilperylene

aleksandra.gorska@uliege.be 40



[E® Avantages of HPLC-GCxGC-FID/TOFMS

Simultaneous analysis of MOAH and PAHs

Different analytical requirements

Analytical requirements for MOAH

Analytical requirements for PAHs

Table 4. Performance requirements for total MOSH and total MOAH analysis: maximum Table 7
an.alytlcal. LOQ (max LOQ) of the .method, acc.eptable r.anges fo.r.recovery (Rrec) of Parameter Criterion
mineral oil from samples, and relative standard intermediate precision (RSD;;)
dfood ( ) Applicability |Foods specified in *M7 « Regulation (EU) 2023/915 =«
Categories Associated foods (# Max LOQ | R range RSD;
& [mg/kg] m[%] [%]Ip Specificity Free from matrix or spectral interferences, verification of positive detection
Dry, low-fat bread and rolls; breakfast cereals; 0.50 80-110 15 F;eggatab”“y HORRAT; less than 2
content grains for human consumption; ’ ¢ )
(< 4% fat/oil) pasta, products derived from cereals Reproducibility HORRAT, less than 2
(RSDg)
Higher fat/oil | fine bakery ware; confectioner
g / ! y : Y 1.0 80*-110 20 Recovery 50-120 %
content (incl. chocolate) and cocoa; fish
(4% - 50% meat, fish products (canned fish); LoD < 0,30 ug/kg for each of the four substances
-50% !
fat/oil) oilseeds; pUISE5; sausages; tree nuts LOQ LOQ < 0,90 pg/kg for each of the four substances LOQ

0.5-1.0 mg/kg

aleksandra.gorska@uliege.be

0.9 pg/kg

41




Analytical requirements for MOAH

Table 4. Performance requirements for total MOSH and total MOAH analysis: maximum
analytical LOQ (max LOQ) of the method, acceptable ranges for recovery (Rrec) of
mineral oil from samples, and relative standard intermediate precision (RSD;;)

Categories Associated foods (#) Max LOQ | Recrange RSD;p
[mg/kgl [%] [%]

Dry, low-fat bre.a\d and rolls; breakfast ctlereals; 050 30-110 15

content grains for human consumption;

(< 4% fat/oil) pasta, products derived from cereals

Higher fat/oil f!ne bakery ware; confectlon_ery 10 30% - 110 20

content (incl. chocolate) and cocoa; fish

(4% - 50% n'?Ieat,;ls.h plrodl.Jcts (cannt.at: fish); .

fat/oll) oilseeds; pulses; sausages; tree nuts LOQ

12

0.5-1.0 mg/kg

Integrated as humps

Impossible calibration for

individual compounds

Saturates (MOSH)

Aromatics (MOAH)

[E® Avantages of HPLC-GCxGC-FID/TOFMS

Simultaneous analysis of MOAH and PAHs

Different analytical requirements

Analytical requirements for PAHs

Table 7

Parameter

Criterion

Applicability

Foods specified in *M7 ¥ Regulation (EU) 2023/915 =«

Specificity

Free from matrix or spectral interferences, verification of positive detection

Repeatability
(RSD)

HORRAT, less than 2

Reproducibility
(RSDg)

HORRATE, less than 2

Recovery 50-120 %
LOD < 0,30 pg/kg for each of the four substances
LOQ < 0,90 pg/kg for each of the four substances

LOQ

aleksandra.gorska@uliege.be

0.9 pg/kg

Integrated as peaks
Possible calibration for
individual compounds

NN
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

Simultaneous analysis of MOAH and PAHs

Different analytical requirements

LOQ
0.5-1.0 mg/kg

Integrated as humps
Impossible calibration for

individual compounds

14 16

Saturates (MOSH)

-
\\\ Aromatics (MOAH)
N I

Integrated as peaks
Possible calibration for
individual compounds

LOQ
0.9 pg/kg

aleksandra.gorska@uliege.be 43



[E® Avantages of HPLC-GCxGC-FID/TOFMS

Simultaneous analysis of MOAH and PAHs

Different analytical requirements

LOQ
0.5-1.0 mg/kg

Integrated as humps
Impossible calibration for

Need for a detector that gives a similar

individual compounds

response for all hydrocarbons

| /// _ Saturates (MOSH) - FID does the job

Not the case of MS, where the response factor

&\\\‘ :"’ma“cs (MOAH) varies depending on the compound!

Integrated as peaks
Possible calibration for
individual compounds

ll [YIS . ' o l«“ |I‘A A
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

Simultaneous analysis of MOAH and PAHs

Different analytical requirements

LOQ
0.5-1.0 mg/kg

Integrated as humps
Impossible calibration for

Need for a detector that gives a similar

individual compounds

response for all hydrocarbons

| /// _ Saturates (MOSH) - FID does the job

Not the case of MS, where the response factor

&\\\‘ :"’ma“cs (MOAH) varies depending on the compound!

Integrated as peaks
Possible calibration for
individual compounds

Need for a detector that is selective
enough and that reaches the LOQ

- MS is adapted

FID is not sensitive nor specific enough

ll [YIS . ' o l«“ |I‘A A
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

e Simultaneous analysis of MOAH and PAHs

Different analytical requirements

Cho

LOQ Integrated as humps
0.5-1.0 mg/kg HIBS=sIRteca g eI Need for a detector that gives a similar
77, individual compounds response for all hydrocarbons

The HPLC/GCxGC-FID/TOFMS system can
handle both analyses at once

Integrated as peaks
Possible calibration for
individual compounds

LOQ
0.9 pg/kg

Need for a detector that is selective
enough and that reaches the LOQ

- MS is adapted

M ﬂ ﬂ FID is not sensitive nor specific enough
LA A A
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

e Simultaneous analysis of MOAH and PAHs

Example of MOAH and PAHs analysis in soya lecithin

HPLC/GCxGC-FID

1000 2000 3000 4000

MOAH fraction of a soya lecithin spiked with 0.5 mg/kg
MOAH and 1 to 2 pg/kg PAHs (16 compounds)
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

e Simultaneous analysis of MOAH and PAHs
Example of MOAH and PAHs analysis in soya lecithin

HPLC/GCxGC-FID

Injection vpiume: 90 puL

1000 2000 3000 4000

MOAH fraction of a soya lecithin spiked with 0.5 mg/kg
MOAH and 1 to 2 pg/kg PAHs (16 compounds)

aleksandra.gorska@uliege.be
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

e Simultaneous analysis of MOAH and PAHs

Example of MOAH and PAHs analysis in soya lecithin

HPLC/GCxGC-FID

1000 2000 3000 4000

MOAH fraction of a soya lecithin spiked with 0.5 mg/kg
MOAH and 1 to 2 pg/kg PAHs (16 compounds)

In FID, we see the MOAH, but not the 16 PAHs
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

e Simultaneous analysis of MOAH and PAHs

Example of MOAH and PAHs analysis in soya lecithin

HPLC/GCxGC-TOFMS -TIC

HPLC/GCxGC-FID

el e 1e+06 1000 2000 3000 4000

1000 2000 3000 4000

MOAH fraction of a soya lecithin spiked with 0.5 mg/kg
MOAH and 1 to 2 pg/kg PAHs (16 compounds)

In FID, we see the MOAH, but not the 16 PAHs
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

e Simultaneous analysis of MOAH and PAHs

Example of MOAH and PAHs analysis in soya lecithin

HPLC/GCxGC-TOFMS -TIC

HPLC/GCxGC-FID

el e 1e+06 1000 2000 3000 4000

1000 2000 3000 4000

MOAH fraction of a soya lecithin spiked with 0.5 mg/kg
MOAH and 1 to 2 pg/kg PAHs (16 compounds)

In FID, we see the MOAH, but not the 16 PAHs
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[E® Avantages of HPLC-GCxGC-FID/TOFMS

e Simultaneous analysis of MOAH and PAHs
Example of MOAH and PAHs analysis in soya lecithin

HPLC/GCxGC-TOFMS -TIC

HPLC/GCxGC-FID

el e 1e+06 1000 2000 3000 4000

) T8RO _ HPLC/GC*GC-TOFMS - EIC (m/z 228)

10000

Chrysene

o
MOAH fracti f lecithi iked with 0.5 mg/kg |
o e oem | See:

In FID, we see the MOAH, but not the 16 PAHs . -
aleksandra.gorska@uliege.be In Ms, we see the PAHs using EIC 52
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[E® Avantages of HPLC-GCxGC-FID/TOFMS
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These points would not have been reached with the routine HPLC-GC-FID method.
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Thank you for your attention

And many thanks to the Analytical Chemistry team of Gembloux Agro-Bio Tech

Prof. Giorgia Purcaro
Sophie Vancraenenbroeck
Damien Eggermont
Donatella Ferrara
Paula Albendea
Damien Pierret
Carlo Bellinghieri
Nicola Ruin

s B RT 24/05 IMPOFAD - Impurities in oil- or fat-
LECO RESTEK derived food additives and compound foods
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