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MOSH & MOAH: STATE-OF-THE ART

Vefsam

“efsam 2012

European Food Safety Authiority EF5A Journal 2012 10(6):2704

SCIENTIFIC OPINION

Scientific Opinion on Mineral Oil Hydrocarbons in Food'
EFSA Panel on Contaminants in the Food Chain (CONTAM)™?

European Food Safety Authonty (EFSA), Parma, Italy

Thes serentific output, pubbished on 28 August 2013, replaces the earher version published on 6 June
2012

MOSH

2023 <%0 URNAL

SCIENTIFIC OPINION

ADOPTED: 12 July 2023

doi: 10.2903/).efsa.2023.8215
Update of the risk assessment of mineral oil hydrocarbons

in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

MOAH

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

» Generally considered of no concern at the concentration

found.

» genotoxicity of MOAH with 23 aromatic rings

» in the absence of reliable toxicity data, the dietary
exposure to 1-2 ring MOAH might raise a concern

9
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efsa- 2012

European Food Safety Aut EFSA JTournal 2012:10(8):2704

SCIENTIFIC OPINION

Scientific Opinion on Mineral Oil Hydrocarbons in Food'
EFSA Panel on Contaminants in the Food Chain (CONTAM)™?

European Food Safety Authonty (EFSA), Parma, Italy

Thes serentific output, pubbished on 28 August 2013, replaces the earher version published on 6 June
2012

MOSH

2023 <%0 URNAL

SCIENTIFIC OPINION

ADOPTED: 12 July 2023

doi: 10.2903/).efsa.2023.8215
Update of the risk assessment of mineral oil hydrocarbons

in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

MOAH

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

» Improvement of analytical methodology
for better characterisation of MOSH&MOAH and consistency in reporting

10



MOSH MOAH

# LEEuvrsie ROUTINE METHOD FOR MOH DETERMINATION 7 : 5%

R0 0o

Gembloux ol e
Agro-Bio Tech SRR

LC-GC

4/\

l

b4 “ 4] g
£ 8 @ RS, S
E & o " ]
e % g 3E gk
© o ~ ‘6 e - e
Q g w c = n o © ¢
2 u & ) S zL B
o o o e — m
B R Pl
g §3 § = 85 E3 3%
K <
£l | iggﬁﬁﬁﬂllll
el e | MOSH c
o .C_) Retention time
515 [ I
Q [8] 4 N
© E ~o| sl o /Y™ vl
« - s 2 g \f ~ 3 i
Per r |2l e =
Z|z ~ $les +— ~AN§|E
Motor oil 21 e & &=
O O 51z w o
S| s Blank = ez
. 100 % GH,C1, .
\ 100 % hexane
_ Backfush, B00pLmin” | Recondiioning, 500 il min" | 300 plmin”

T T T T T -
&0 ' 126 jmi) 18,0 M0 0.0

Biedermann et al, J Agric Food Chem, 2009, 57, 8711-8721



MOSH MOAH

# LEEuvrsie ROUTINE METHOD FOR MOH DETERMINATION 7 : 5%

Gembloux oo ot
Agro-Bio Tech & & o5 6 | o oo

LC-GC

/\

2 2 = g .-E.-
E & o = [
e % € 38 3§
2 3 . g 528 SR8 2
29 § 8 EI zg I
E g £ 3 -8 s £¢
s® 3 & s £ 2 23
§£3 3 g =23 58 J4°
k < ¥
T l l - e ‘ -
cll e MOSH c
o\l o I I IReremion time
i G
© © el sle /Y Y ol 5
‘t '-t f g > cca " N cc: %
T | T ||pe glelg _L /“k = ¢ GC-FID
AR B glgE T o))
O O Ll o B AAS
S| S Blank S \[‘/
100% CH,CL, MOSH fraction
\ 100 % hexane -
. Backlysh, 500pl min” | Recondiioning, 500 uL min " 300 pl min”
MOAH fraction
&0 ' 10e e 180 ' M0 ' 00

Biedermann et al, J Agric Food Chem, 2009, 57, 8711-8721



MOSH MOAH

# LEEuvrsie ROUTINE METHOD FOR MOH DETERMINATION 7 : 5%

Gembloux oo ot
Agro-Bio Tech & & 3 6 | oo

LC-GC

2 2 = g .-E:
E & o " ]
g 5 ¢ 3 3§
2 3 . g 528 SR8 4
2 2 g 3 TS zL B
~ e - L
EE £ 2 2§ & 5x
s 3 < . | 5= £9 3 g
i £ 8 s f—f FR <&
el < | MOSH :
o\l o I I IReremion time
58 1
© © re|lsle /YT ol 5
‘t ‘t f g > 5 N 5 %
||| .Y glelg L i - - GC-FID
2| Z ||| _motoron B 28 T o3
ol i 2 an
S| S Blank S \[‘/
I, 100% CH,CL, MOSH fraction
._ 100 % hexane -
_ Backfush, B00pLmin” | Recondiioning, 500 il min" | 300 plmin”
MOAMH fraction

T T T T
&0 ' 126 jmi) 18,0 M0 0.0

Biedermann et al, J Agric Food Chem, 2009, 57, 8711-8721



\ 2/

y

g LIEGE universiteé

MOSH & MOAH: STATE-OF-THE ART

“efsam 2012

European Food Sefety Authority

EFSA Toarnal 2012 10{6):2704

SCIENTIFIC OPINION

Scientific Opinion on Mineral Oil Hyvdrocarbons in Food'

EFSA Panel on Contaminants in the Food Chain (CONTAM)*?

Currently, the most efficient methods for analysis of MOSH and MOAH in food and feed comprise extraction followed
by pre-separation by high performance liguid 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 GCxXGC-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,

GCxGC appears to be the most effective method| Due to the complexity and the

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

variable composition of MOH

14
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By # bise e MOH & DATA INTEGRATION iR e

Quantification
LC-GCxGC-FID*

Quantification
Paraffin Mixture + n-Alkanes Mix ‘
LC-GC-FID LC-GCxGC-FID sgs _a:
. 20 Quantification
20 5 ® signal-mode integration LC'GC xGC-FID

*patent pending
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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 guantitative data themselves.
Presently, the most powerful method for characterization

of the MOSH and MOAH humps is GC x GC.”

Journal of Chromatography A 1643 (2021) 462044

Contents lists available at ScienceDiract

Journal of Chromatography A

journal homepage: www.elsevier.com/locate/chroma

Mineral oil saturated and aromatic hydrocarbons quantification:
Mono- and two-dimensional approaches

Grégory Bauwens?, Sebastiano Panté®, Giorgia Purcaro®

i Andytical Chemistry Lob, Gemblmoe Agro-Bio Tech, Universiy of Lidge, Gemblows, 5030, Belgium
BLECO Ewropem Application and Technology Center (EATC) Berlin, Germany

MOSH & MOAH
sub-classes
guantification

GCxGC'’s higher separation power is useful for
quantitatively determining MOSH and MOAH
and sub-class determination

C-fractions

Extrapolations of different information

Rings a7
number 2 3 rings
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g —

revision of DGF-EN 16995:2017

Bratinova (Ed.), 11th International Akademie Fresenius Conference “Residues of Food Contact
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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
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Quantitative advantages of the GCxGC over the GC
» “...confirmatory measurements can help to verify . _ ,
whether the compounds in the sample are of MO origin, GCxGC’s higher separation power is useful for
but they do not verify the quantitative data themselves. more accurately determining MOSH and
Presently, the most powerful method for characterization MOAH and sub-class determination

of the MOSH and MOAH humps is GC x GC.”

MOAH analysis by GC-FID IS for quantification
Only 5B and TBB are visible. l
600 -
400 1 // TBE| 1MN] r
,/',’ \ ﬂ\ /\/\/\f\_ - J aﬂ
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200 - i o
/\ |
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|
Time (s) 400 600 800 1000 0

Internal standards coeluted with interferences
-> impossible MOAH quantification

20
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» “..confirmatory measurements can help to verify . : ,
whether the compounds in the sample are of MO origin, GCxGC’s higher separation power is useful for

but they do not verify the quantitative data themselves. more accurately determining MOSH and
Presently, the most powerful method for characterization MOAH and sub-class determination
of the MOSH and MOAH humps is GC x GC.”

MOAH analysis by GC-FID IS for quantification MOAH analysis by GCxGC-FID
Only 5B and TBB are visible. l
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400 A Al 58 JTE M
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Internal standards coeluted with interferences Internal standards resolved from the interferences

-> impossible MOAH quantification -> quantification of MOAH is possible

21



¢ LIEGE université

B> Gembloux MOSH & MOAH: STATE-OF-THE ART

Agro-Bio Tech

2023
SCIENTIFIC OPINION GFS&JOU RNAL

Update of the risk assessment of mineral oil hydrocarbons
in food

EFSA Panel on Contaminants in the Food Chain (CONTAM),

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

two-dimensional GC (GC x 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 x 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. ...”
22
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3, MOSH & MOAH: STATE-OF-THE ART

AZIUVU-DIV 1CCIl

FOOD ADDITIVES & CONTAMINANTS: PART A T I &F .
2020, VOL. 37, NO. 1, 69-83 e a)" or rancis
Taylor & Francis Group

https <f/dol.org/10.1080/1 94 40049 20191678770
Taylor & Francis
Taylor & Francis Group M) check NFUPU:MS-. 2023

Mineral oil hydrocarbons in foods: is the data reliable?

Sander Koster?, Jesus Varela®, Richard H. S Joumal of Consumer Protection and Food Safety (2020) 15:285-287 e i eraJ O U R N AL
Jownal of Comsumer Prm— m

Celine Lesueur®, Julie Roiz" and Herve Sin https:/fdolorg/10.1007/500003-020-01287-w doumal 1o Visbescnst SCIENTIFIC OPINION

*Fpod Contact Material Department, Nestlé Research = OPINION ARTICLE

“Danone SA, Danone Food Safety Center, Palaiseau,
The reliability of MOSH/MOAH data: a comment on a recently

published article Update of the risk assessment of mineral oil hydrocarbons
in food

Stefanka Bratinova'© - Eddo Hoekstra® - Hendrik Emons' - Christoph Hutzler® - Oliver Kappenstein® -

Maurus Biedermann* - Gregor McCombie EFSA Panel on Contaminants in the Food Chain (CONTAM),

“...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

v’ for sample prep (decision tree)/standardization

v’ C-fraction reported (extended to C50)

European
Commission

JRC TECHNICAL REPORTS

Guidance on sampling, analysis and data
reporting for the monitoring of mineral oil
hydrocarbons in food and food contact
materials

In the frame of Commission
Recommendation (EU)
2017/84

S. Bratinova, E. Hoekstra (Editors)

European
Commission

JRC TECHNICAL REPORT

Mineral oil in infant formulas
- guidelines for integrating chromatograms

JRC IF 2021-04: a virtual
inter-laboratory comparison

Robouch P., Bratinova S., Goncalves C, Karasek L.,
Beldi G., Senaldi C., Valzacchi S. and Hoekstra E.

Consistency in reporting and data reliability

ISSN 1831~

Commission
—

JRC TECHNICAL REPORTS

Guidance on sampling, analysis and data
reporting for the monitoring of mineral
oil hydrocarbons in food and food
contact materials - 2™ Edition

In the frame of Commission
Recommendation (EU) 2017/84

S. Bratinova, P. Robouch, E. Hoekstra

2023
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Outline of the Analytical approach

Extraction

e

W E;p;aﬂcatlon

|
| |
: for oil/fats and high fat |
[ content samples -

v

ALOX clean-up
|  toremove matrix interferences
(e.g. odd numbered natural alkanes)

MOSH fraction

-

S

v

" Interfering
“—signals present? —

"p}
i —~ Suffic ron£
T—__sensitivity? _

________ e
On-line or manual GC-FID
for MOSH/MOAH <
separation & determination
4
Epoxidation
to remove matrix interferences
{e.g. natural olefins, terpenes)
- MOAH fraction

) "'__.-IA;nerfering'-'"‘~ =
—signals present2 —

\ ’I

Enrichment by —

__——Plausibility(*] ~—_
~check passed?_—
s <l (*} o2 Annex 1

yes

A 4

RESULT

- concentration of extract | .. _—
R

- Saponification

- off-line LC pre-separation

e (e 2

~Sufficient
T __sensitivity? _—

GCxGC-FID/MS

Figure 5 Decision tree on the use of auxiliary methods.

Sample

Preparation

Data

Interpretation

ISSN 18314

JRC TECHNICAL REPORTS

Guidance on sampling, analysis and data
reporting for the monitoring of mineral
oil hydrocarbons in food and food
contact materials - 2" Edition

In the frame of Commission
Recommendation (EU) 2017/84

S. Bratinova, P. Robouch, E. Hoekstra

2023

v'Need for matrix-tailored
sample prep protocols

> 20% of uncertainty!

Data
Integration

26
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> 20% of uncertainty!

Data

Interpretation Integration

»> Baseline
» Riding peaks subtraction

mmission

JRC TECHNICAL REPORT

Mineral oil in infant formulas
- guidelines for integrating chromatograms

JRC IF 2021-04: a virtual
inter-laboratory comparison

27
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> 20% of uncertainty! B

JRC TECHNICAL REPORT

Data

Mineral oil in infant formulas
- guidelines for integrating chromatograms

Interpretation Integration

JRC IF 2021-04: a virtual
inter-laboratory comparison

> Baseline

Robouch P, Bratinova S., Goncalves C, Karasek L.,
Beldi €., Senaldi C., Valzacchi S. and Hoekstra E.

MOSH vs MOAH — No purification

200

180 -+

o - NV M
o WL 1 o -
o VRN BT, st ————

T T
1000 1200 1400
S(1) 20231218 1D Fennel MOAH unsa

Time (s) 400 600
—— S(1) 20231218 1D Fennel MOSH unsa
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> 20% of uncertainty!

Data

Interpretation Integration

> Baseline

MOSH vs MOAH — No purification

200 A
180 A
160

140

120 A

100 A

LT T L e

20 A

T T T
Time (s) 400 600 800 1000 1200 1400

Consistency in reporting and data reliabilit

JRC TECHNICAL REPORT

Mineral oil in infant formulas
- guidelines for integrating chromatograms

JRC IF 2021-04: a virtual
inter-laboratory comparison

Robouch P, Bratinova S., Goncalves C, Karasek L.,
Beldi €., Senaldi C., Valzacchi S. and Hoekstra E.

Masses: S(1

70

29
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> 20% of uncertainty!

Commission

JRC TECHNICAL REPORT

Data Data
Interpretation

Mineral oil in infant formulas
- guidelines for integrating chromatograms

Integration

JRC IF 2021-04: a virtual
inter-laboratory comparison

Robouch P, Bratinova S., Goncalves C, Karasek L,
Beldi €., Senaldi C., Valzacchi S. and Hoekstra E.

» Riding peaks subtraction

LOS; 0.88 malkg

MOAH in IF584 Figure 3: MOAH in IF 544 chromatograms -
baseline corrected Comparison of different integration approaches

: presented by laboratories having reported total mass
fractions of MOAH (C10-C50) ranging from 0.88 to 67
ma/kg.

& The last chromatogram (on the left) highlights
various RT regions to be considered (1 to 5), while the
table below summarises the riding peaks/humps
included (yes, no, or partially) by the laboratories.

L16; 6.7 ma'kg

Il | IJN

%

30
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> 20% of uncertainty!

Commission

JRC TECHNICAL REPORT

Data Data
Integration Mineral oil in infant formulas

- guidelines for integrating chromatograms

Interpretation

JRC IF 2021-04: a virtual
inter-laboratory comparison

Robouch P, Bratinova S., Goncalves C, Karasek L,
Beldi €., Senaldi C., Valzacchi S. and Hoekstra E.

> Ridi‘ i Masses. S(1

in IF 544 chromatograms -
Fferent integration approaches
tories having reported total mass
10-C50) ranging frorm 0.88 to 67

be considered (1 to 5), while the
arises the riding peaks/hurnps
bartially) by the laboratories.

Emgram (on the left) highlights

' | *.

L J.J"|-‘;|“-.|J.L-J|.'J'!.\L(lr-
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Figure 5

Decision tree on the use of auxiliary methods.

Sample
Preparation

Data

Interpretation

JRC TECHNICAL REPORTS

Guidance on sampling, analysis and data
reporting for the monitoring of mineral
oil hydrocarbons in food and food
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MOSH fraction

1SO 20122:2024

Vegetable oils

Determination of mineral oil saturated hydrocarbons
(MOSH) and mineral oil aromatic hydrocarbons (MOAH)
with online-coupled high performance liquid

chromatography-gas chromatography-flame ionization
detection (HPLC-GC-FID) analysis

Method for low limit of quantification

Status : Published
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for oil/fats and high fat
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contact materials - 2" Edition

In the frame of Commission
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S. Bratinova, P. Robouch, E. Hoekstra
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Analytica Chimica Acta 1312 (2024) 342788

ELSEVIER

Contents lists available at ScienceDirect
Analytica Chimica Acta

journal homepage: www.elsevier.com/locate/aca

Analytica
Chlmlez:a
Acta

Improved microwave-assisted saponification to reduce the variability of

MOAH determination in edible oils

- concentration of extrac Grégory Bauwens, Giorgia Purcaro |

- Saponification

- off-line LC pre-separation

Figure 5

Analytical Chemistry Lab, Gembloux Agro-Bio Tech, University of Liege, Gembloux, 5030, Belgium
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updates
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2 e bio Tech ‘ MOAH or not MOAH?

MOAH fraction of a palm oil extract MOAH fraction of a palm oil extract
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Agro-Bio Tech
Purification Recovery of MOAH after epoxidation

Epoxidation performed manually

MOAH RECOVERY (%)

PALM OIL SUNFLOWER OIL

CT 2MN /PYR CCaMN /PYR

*65% (£21%)  *38% (+ 7%) 98% 56%

PERACC6 (n=3) | 177% (+36%)  105% (+36%) | 146 (+ 12%) 124 (+ 58%)

PER AC CHCI,
(n=3)

79% (£ 29%)  61% (£29%) | 61% (+19%)  47% (+ 19%)

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!!!
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An alternative purification method

\ 2/

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 SPE cleaning (only Epoxidation (only HPLC-GC-FID
extraction (C6) if needed) if needed) 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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An alternative purification method

Saponification + L/L SPE cle
extraction (C6) if gFe

g (only
)

HPLC-GC-FID

analysis

Journal of Chromatography A 1624 (2020) 461236

Contents lists available at ScienceDirect

Journal of Chromatography A

journal homepage: www.elsevier.com/locate/chroma

Epoxidation for the analysis of the mineral oil aromatic hydrocarbons
in food. An update

Maurus Biedermann, Celine Munoz, Koni Grob*

Official Food Control Authority of the Canton of Zirich, PO Box, CH-8032 Zurich, Switzerland

Various attempts were made to remove the olefins from the
MOAH in the liquid preseparation step. Zoccali et al. [25] added
a second HPLC column with silver ions to improve the separation
between the MOAH and the polyunsaturated olefins. Squalene was
retained beyond the MOAH with up to three aromatic rings, but
not beyond the larger aromatic ring structures, among which are
the well-known potent carcinogenic species. Furthermore, a large
part of the isomerized squalenes and most of the sterenes are
eluted earlier [26]. From untreated silica gel, mono- and some di-
enes fall into the MOSH fraction [27]. In fact, since the MOAH as

well as these interferences are eluted in broad HPLC retention win-

dows, the chromatographic separation does not seem promising.
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Saponification + L/L
extraction (C6)

Saponification + L/L
extraction (C6)

SPE cle g (only HPLC-GC-FID
if #Fe®d) analysis
HPLC purification HPLC-GC-FID
analysis
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Purification An alternative purification method

MOAH

1\/7

C6/DCM gradient 1

MOSH

HPLC

=

T

250mmx2.1mmid.x5umd,

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

An alternative purification method

Non-purified oil extract
(after saponification)

HPLC

Silica column

GC(xGC)

250 mmx2.1mmi.d.x5pumd,
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Purification
HPLC-GC-FID = most common system for MOSH/MOAH analysis

An alternative purification method

C6/DCM gradient 1

HPLC

- Silicacolumn
250 mm x 2.1 mmi.d. x5 um dp

GC(xGC)

Non-purifipd oil extract
(after sapohification)

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

An alternative purification method

C6/DCM gradient 2
C6/DCM gradient 1

HPLC

Silica column
250mmx 2.1 mmi.d.x5umd,

GC(xGC)

Non-purified oil extract
(after saponification)

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

An alternative purification method

C6/DCM gradient 2
C6/DCM gradient 1

HPLC

Silica column
250mmx 2.1 mmi.d.x5umd,

GC(xGC)

Non-purified oil extract
(after saponification)
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Purification
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An alternative purification method

C6/DCM gradient 2
C6/DCM gradient 1

HPLC
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Purification

An alternative purification method

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

C6/DCM gradient 2
C6/DCM gradient 1

HPLC

Silica column
250 mmx2.1mmi.d.x5pumd,

Non-purjfied oil extract
(after saponification)

Maybe not necessary

&
||

Concentrate
and merge
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Evé\luation 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

Selection of different MOAH sources

X Assessment of the recovery (/2MN)

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

Sternel motor oil _ = -
100% ———
Cover different I I
volatility ranges oo
5B 2MN 1MN TBB

Heavy gas oil (HVGO)
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Evaluation

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

Selection of different MOAH sources

Heavy gas oil (HVGO)

Sternel motor oil

Cover different
volatility ranges

Assessment of the recovery (/2MN)

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

- | +20%

- =
100% I | i I I I I I I I
0% 1
5B 2MN 1IMN TBB

Spiking concentration: 5 ug MOAH/ml solution

On average 107% * 16%
(Different operators,
different days)
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Evaluation

» Evaluation of the recovery of MOAH in n-hexane

Recovery after LC purification

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

Selection of different MOAH sources

Heavy gas oil (HVGO)

Sternel motor oil

Cover different
volatility ranges

Assessment of the recovery (/2MN)

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

- | +20%

- =
100% I | i I I I I I I I
0% 1
5B 2MN 1IMN TBB

Spiking concentration: 5 ug MOAH/ml solution

Good recovery of MOAH J

On average 107% * 16%
(Different operators,
different days)
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Evaluation 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

- £
# 8@ % - 7
T AP o ; ‘5‘

- PALM SUNFLOWER OLIVE
+ )
_5 gr:\ve): I Zzggg ﬁroma:!c Sternel motor oil Shell Gravex 912
3 xtrac romatic (42 ppm MOAH) (37.5-43.5 ppm MOAH)
a
)

Extract (7.5 ppm MOAH)

|
=2

<;;lf + PAHs

COCONUT

Sternel motor oil
(53 ppm MOAH)
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Evaluation 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

= -
N NS Sample from 3 piy
/4> a JRC
= proficiency 74
T AR N 4 test 2 '{ 4 @ + PAHs
< PALM SUNFLOWER OLIVE COCONUT
= .
-c;; sr:\ve): I Z::ggg ﬁroma:!c Sternel motor oil Shell Gravex 912 Sternel motor oil
xtrac romatic

o (37.5-43.5 ppm MOAH) 53 ppm MOAH
.i_;_ Extract (7.5 ppm MOAH) (42 ppm MOAH) (53 pp )
n
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Evaluation Recovery after LC purification
» Evaluation of the recovery of MOAH in n-hexane J

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

Sample from
a JRC
e =L proficiency
B e test ' :
PALM SUNFLOWER OLIVE
sr:\ve): : Zzggg ﬁroma:ic Sternel motor oil Shell Gravex 912
xtrac romatic (42 ppm MOAH) (37.5-43.5 ppm MOAH)

Extract (7.5 ppm MOAH)

Relative recovery (/PYR)
111%

92% 95% 94%
100%

m PALM OIL n=2

B SUNFLOWER OIL n=1

W OLIVEOIL n=1
COCONUT OIL n=1

0%

@ + PAHs

COCONUT

Sternel motor oil
(53 ppm MOAH)

£20% On average (n=5),
TR 97%+9%
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Evaluation Recovery after LC purification
» Evaluation of the recovery of MOAH in n-hexane J

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

Sample from
a JRC
e - proficiency
i test
PALM SUNFLOWER OLIVE
sr:ve): : Zzggg ﬁroma:ic Sternel motor oil Shell Gravex 912
xtrac romatic (42 ppm MOAH) (37.5-43.5 ppm MOAH)
Extract (7.5 ppm MOAH)
Relative recovery (/PYR)
111%
92% 95% 94%

100%

m PALM OIL n=2

B SUNFLOWER OIL n=1

W OLIVEOIL n=1
COCONUT OIL n=1

0%

@ + PAHs

COCONUT

Sternel motor oil
(53 ppm MOAH)

97%19%

} £20% On average (n=5),

In line with the requirements of the
JRC updated guidance for
MOSH/MOAH analysis in food and
FCM (2023)
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Purification Purification efficiency

Very good removal of carotenoids and squalene é
Other terpenoids are less well removed

BUT the method has another big advantage
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LC purification

The LC purification method also allows to separate and quantify MOAH based on their number of

Quantification by number of aromatic rings

aromatic rings.

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

L - =T}
-

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

C6/DCM gradient 2
C6/DCM gradient 1

HPLC

Silica column
mx2.1mmid. x5

Non-purified oil extract
(after saporification) —

b=

e GC(xGC)

74
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