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oNo GREEN e OTP & iromp

ANALYTICAL
CHEMISTRY

WORKSHOP MOSH MOAH

Mineral oil saturated hydrocarbons Mineral oil aromatic hydrocarbons
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SCIENTIFIC OPINION ADOPTED: 12 July 2023

doi: 10.2903/j.efsa.2023.8215
Scientific Opinion on Mineral Oil Hydrocarbons in Food'

EFSA Panel on Contaminants in the Food Chain (CONTAM)™? Update of the risk assessment of mineral oil hydrocarbons
Ewropean Food Safety Authonty (EFSA), Pama, Italy in food
Thes scientific output, publizhed on 28 August 2013, replaces the earlier version published on 6 Fune EFSA Panel on Contaminants in the Food Chain (CONTAM),

2012*.

MOSH MOAH

» Generally considered of no concern at » genotoxicity of MOAH with 23 aromatic rings
the concentration found.

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

IRECTORATE-GENERAL FOR HEALTH AND FOOD SAFETY
- Direciorate E — Food and Feed Safety, Innovation

E2 - Food procassing technolegles and novel foods

Information document on the ongoing discussions in the EU on
regulatory measures on mineral oil hydrocarbons in food.

*  The adoption of the maximum levels and indicative levels is targeted fourth quarter of 2024/
first gquarter of 2025.

*  As the presence of MOAH in food is avoidable, food business cperators are urged to already
check their processes and ensure that the concentrations of MO3H and MOAH are below the
limits of guantification, which are included in the JRC Guidance:

o 0.5 mg/kg for dry foods with a low fat/oil content (£ 4% fat/oil)
o 1 mg/fkg for foods with a higher fat/oil content (> 4% fat/oil, 250% fat/oil)
o 2 mg/kg for fats/ oils or foods with =50% fat/oil
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European Food Safety Authority EF5A Journal 2012; 100632704

SCIENTIFIC OPINION ADOPTED: 12 July 2023

doi: 10.2903/].efsa.2023.8215

Scientific Opinion on Mineral Oil Hydrocarbons in Food'

EFSA Panel on Contaminants in the Food Chain (CONTAM)™? Update of the risk assessment of mineral oil hydrocarbons

Ewropean Food Safety Authonty (EFSA), Pama, Italy in food

Thes scientific output, publizhed on 28 August 2013, replaces the earlier version published on 6 Fune
2012%

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

MOSH 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

J.\_/\AC-GXAB . J\ /\ 7 Analytical Chemistry
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i MOSH & MOAH: Analytical Determination [ 7 )

LC-GC-FID

1989 J High Resol Chromatogr. 1989 12:591-598.

Partially Concurrent Eluent Evaporation with an Early Vapor J Chromatogr. 1984 295:55-61 1984

Exit; Detection of Food Irradiation through Coupled LC-GC

Analysis of the Fat COUPLING OF HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY
) ) WITH CAPILLARY GAS CHROMATOGRAPHY

Komtonion oo o o o 4350 o S e " K. GROB, Ir.%, D. FROHLICH, B. SCHILLING, H. P. NEUKOM and P. NAGELI

Kantonales Labor, P.O. Box, CH-8030 Zirich (Switzerland)
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. .' "" Complex applications €2 Advanced Routine
j_/\AC!GxAﬁaEI p pp J\ /\ Analytical Chemistry

Gembloux Agro-Bio Tech Gembloux Agro-Bio Tech




WORKSHOP

2y MOSH & MOAH: Analytical Determination 3 * (i)

>
SO . LC-GC-FID m
c 2 ” g 2
ANALYTICAL J. Agric. Food Chem. 2009, 57, 8711-8721 & % y o g &R
CHEMISTRY s §  Es Es
WORKSHOP Aromatic Hydrocarbons of Mineral Qil Origin in Foods: Method 2 g 0 2 Z o T2 e S
for Determining the Total Concentration and First Results E £ £ 2 S T § €3
522 © 2 83 Eg A&t
Mavrus BiepErmann, Kateer Fsever, anp Kow Gros® E I g -%(‘ I a Q
s 4 sisin =
cho | MOSH
I ] I IRerention time
GC-FID h -~ W 1
14 18 e o —1- o B :
2 il ° SOOLIE:
' B . Saturates (MOSH) ] S £ l -
E_ BF A
% } EIB Ingp Aromatics (MOAH) +C11, C13 and CyCy (cyclohexylcyclohexane)
‘E — —_—
.% % C11/CyCy — loss of volatiles
II.I: o
51 Mowror C13/CyCy —» possible coelution
s .
& ( 100% CH,CI, CyCy quantification
CH,Gl,
= 100 % hexane + 5B (pentyl benzene), IMN (1-Me Na) and 2MN (2-Me Na)
HPLC Backflush, 500 ul min” | Recondiioning, 500 L min’ | 300 ul min”
.:7-_53— E_—— — 5B — loss of volatiles
an &0 10e  (mi 180 ' M0 ' 300

1MN=2MN ~ " possible coelution/ quantification

: ‘m Figure 1. Analyical procedure visualized by the chmmatogems of a motor (ubricaing) oil. Labeled peaks indcate intomal standarts for detemining
- concantraions and verfieation of e perdommanca.
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MOSH & MOAH: Analytical Determination

Sample dilution (e.g.,

fats and oil)

INTERNATIONAL IS0
STANDARD 17780

20150815

Animal and vegetable fats and
oils — Determination of aliphatic
hydrocarbons in vegetable oils

i végétale —
hydrocarbures aliphatiques en corps gras d'origines végétale

EUROPEAN STANDARD EN 16995
NORME EUROPEENNE
EUROPAISCHE NORM June 2017
165 67.200.10
English Version

Foodstuffs - Vegetable oils and foodstuff on basis of
vegetable oils - Determination of mineral oil saturated
hydrocarbons (MOSH) and mineral oil aromatic
hydrocarbons (MOAH) with on-line HPLC-GC-FID analysis
Lebensmitied - Planziche Ole und Lebensmittel saf

Basis pflanzicher Ole - Bestimmung von gesditgten
Mineraisl Kohlenwasserstofien (MOSH) und

Produits alimentaires - Hulles végétales et produits
allmentaires 3 bise dbulles végétales - Dossge des
Biydrocarbures saturés dbulle mindrale (MOSH) et des

hydrocarbeses sromatiques d'husile minérale (MOAH) arsmatischen Mineraldl Kohlenwassersteffen (MOAN)
1 par analyse par CLUP-CC-F1D en ligne it on-Sne HPLCGCFID

» LC-GC-FID
c

S8
g% LC
T E Per
n
| e Fh--,—l’?'g:g!,——:
2= (” Blank

100 % CH,C1,
30 % CH,Gly
100 % hexane

HPLC Backflush, 500 L. min” Reconditioning, 500 pL min" | 300 ul min”
— —
T e 120 (mk) 180 ! 0 ! 30

GeFD || | GC-FID

14 16
L/' P Saturates (MOSH)
% BP
g 68 P
2 l | I‘Bﬂ Aromatics (MOAH)
a —_—

\ 4
o @

A
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( S Select direct analytical technique

. |  Integrate analytical processes and operations

| G ' Generate as little waste as possible

N ' Neverwaste energy |
. | | Implement automation and miniaturization |
{ F ' Favorreagents from renewable sources

. | | Increase safety for the operator |
( C  Carryoutin-situ measurements

. A | Avoid derivation

. N Note minimal sample number and size

( C | Choose multi-analyte or multi-parameter methods

| E ' Eliminate or replace toxic reagents

MOSH MOAH

4 X~ o & o 08 oOg ' >
d o o5 8- 60 608 00"

O 3 :' B oo G

LC-GC-FID, no MS

Partially Automated

Online method

UCM
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WORKSHOP Sample dilution (e.g., fats
|
: > -GC- 17
and oil) \ L.C-GC-FID

INTERNATIONAL 1SO § s

STANDARD 17780 E E LC ‘
— (=

Fies diton T T Per
8 g IJL -—“—"}_.?E 49—-—', 1 a
S| = (”‘ Blank «
100 % CH,C1, @Agree

Animal and vegetable fats and 30 % CH&IE

oils — Determination of aliphatic 100 % hexane Anal. Chem. 2020, 92, 10076-10082

hydrocarbons in vegetable oils Backfiush, 500 L min” Reconditioning, 500 L min ' a0 o i

p e g vigtte HPLC

s gros dorigines wég it —"j _
e T 60 2o w10 ! %0 ! 0

EUROPEAN STANDARD EN 16995 ho > WOI’kIng ra nge Sta rtlng

i worn | from 10 mg/kg

o GC-FID » Max LC loading : 20 mg of
fat

L/’ P Saturates (MOSH)
P
l I I‘Bﬂ Aromatics (MOAH)

\ SENSITIVITY

English Version

Foodstuffs - Vegetable oils and foodstuff on basis of
vegetable oils - Determination of mineral oil saturated
hydrocarbons (MOSH) and mineral oil aromatic
hydrocarbons (MOAH) with on-line HPLC-GC-FID analysis

of the MOSH

b (&)
AC GxABT ‘ \ /\ 12 Analytical Chemistry
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IOl (Ol  -XTRACTION/ENRICHMENT

—v

v' Extraction and enrichment
simultaneous
| ¥ higher sensitivity, less
b4 3 frequent washing of the LC
® column.
v" Higher extraction yield
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» LC-GC-FID
§ .5
LC
Tz ||
8|S | moworan |
2= (""B’lil?

CHCI,

X% q % hexane
iL—c_Jj ackflush, 501 min ncmd':nij 300 pL
n’u T g0 - (e “wo E

ho
12
GC-FID
. f\ GC-FID
L/’ P Saturates (MOSH)

%
g BBBF P
2 l ’ I‘Bﬂ Aromatics (MOAH)
T

N
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UASUUSIL O  EXTRACTION/ENRICHMENT +. LC-GC-FID
Y HE L.C
v' Extraction and enrichment - % (I
simultaneous ol |
| Y higher sensitivity, less H::H’q VIR g e
=1 frequent washing of the LC =
. column. .
v Higher extraction yield wcrm |2 GC-FID
| L/ P Saturates (MOSH)
% ) ‘ B’BB':EBQP j\km"“ (MOAH)

|
)

7 / 7
74
i &

N
\
\

S

—-2) saponification and
extraction (MASE)

method
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P
(— ) Microwave-assisted
'%‘N;E&ErllngL ; /////////’/ saponification and
CHEMISTRY {HARNRNE | extraction (MASE)
WORKSHOP RN o method

MAS vs OVN-E (hexane)

Bread ‘ P%_st]a
Biscuits with 25% of fat

; || Mas
o, 1 10T I
Mﬁ: g c(:(;Id concentration prior . | i ‘.{M%M |L OVN-E
‘° | ) .] \.LL_M
| |' |

I f |
Si I - Baby food 1 (lio hylised1 Baby food 2 (liophylised)
J

‘J))J. | | |

ML

b Ovemlght extraction with hexane M m \ VI E ITI MAS
(no concentration prior to LC-GC) - y L A % k ’*i j m
i i,
W I | W, Al
4 8 12 min | B
l 5 x SENSITIVITY ‘ ‘ More accurate information ‘
Moret S., Scolaro M., Barp L., Purcaro G., Conte, L.S., Food Chem 196 (2016) 50-57 J\ A - Analytical Chemistry
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} Sample dilution (e.g., fats

} EXTRACTION/ENRICHMENT

@Agree

MOSH & MOAH: Analytical Determination

and oil)

Anal. Chem. 2020, 92, 10076-10082

—

>

>

Ry,

Le-Ge-FID K043,
Vs

]

=0
LC-GC-FID ‘@

o

3, (D

» Working range starting
from 10 mg/kg

» Max LC loading : 20 mg
of fat

Y

v’ Sensitivity (2 mg/kg*) |
v Accuracy

*Depends on the initial content of fat

N
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} Sample dilution (e.g., fats

} EXTRACTION/ENRICHMENT

MOSH & MOAH: Analytical Determination

and oil)

MASE applied for the meat:
5gmeat + 10 mL C6 + 10 mL KOH/(EtOH/H-0)
MASE: 5 min pre-heating, 120 °C 20 min

10 (J © 0y
5 K81 RS I

3 (D

= » Working range starting
from 10 mg/kg
> LC-GC-FID @ » Max LC loading : 20 mg
{7 of fat

Y

v’ Sensitivity (2 mg/kg*) |

iadht)

g g . Albendea P., Purcaro G., Food Chemistry 480 (2025) 143880

Tech

@Agree

Anal. Chem. 2020, 92, 10076-10082

Warning on

v Accuracy

=0
»  LC-GC-FID u@

*Depends on the initial content of fat

| MINIATURIZATION

MASE miniaturized:
0.4 g meat + 2.5 mL C6 + 2.5 mL KOH/(EtOH/H:0)
MASE: 5 min pre-heating, 120 °C 20 min

Ry,

Albendea P., Gorska A., Purcaro G., Journal of Chromatography Open 8 (2025) 100267

J I 17

representativeness!
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MOSH & MOAH: Analytical Determination 5}} 5

EXTRACTION/ENRICHMENT

N i)

TT?H

| | v
18 A R A R 3
{ H‘ | 0

Ll e Ny

Microwave-assisted saponification
and extraction (MASE) method

@Agree  Anal. Chem. 2020, 92, 10076-10082

l.ﬁ i
:ll LC-GC-FID ‘@ v’ Sensitivity (2 mg/kg*)

6B
I

of the MOSH

!

Cha
GeFo || f
T
| \_.u);/ Per Saturates (MOSH)
[
&P
o

Aromatics (MOAH)

MOAH (20 mg/kg) — with m

atrix

I'm '

v’ Accuracy

*Depends on the initial content of fat

‘ \ /\ 18 Analytical Chemistry
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A MOSH & MOAH: Analytical Determination 5 : ‘
p

CHEMISTRY
®

2"° GREEN

ANALYTICAL | | . -CC-
CHEMISTRY EXTRACT;?I‘I;T(;SNAPONIFIC PURIFICATION | ,| LC-GC-FID
WORKSHOP

LC

— - MOAH (20 mg/kg) — with matrix
/ 77 - ||rw

MOSH fraction
MOAH fraction
L ]

L‘I’,H,H.
LT

100 % CH,CY,

NS
&
—

30% Cnaq ly
100 % hexane

T Backflush, 500 L min" | Recondtioning, 500 ul min”' | 300yl min”
M I HPLC

—— S

Microwave-assisted saponification . < = e % %
and extraction (MASE) method

| EPOXIDATION | scem || GC-FID

@) (@) ‘ - Saturates (MOSH)

>=< + RJLO,OH — .

Double bond of the Peroxide Formation of an Olefin becomes

olefin epoxy bond  ~ more polar

Aromatics (MOAH)

MOAH (20 mg/kg) — without matrix I SO 20 1 2 2 > 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

guantification

of the MOSH
g
.
mm
g
Bg

Works rather well but also attacks VIOAH due to their double bonds J\ I 19 Analytioal Chomistry
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MOSH & MOAH: Analytical Determination

.

Extraction
. v'Need for matrix-tailored . . .
________ TR Guidance on sampling, analysis and data
Saponification sample prep protocols reporting for the monitoring of mineral

for oil/fats and high fat
content samples

) 4

- off-line LC pre-separation

__——Plausibility(*]

~—check passed? _—

|

GCxGC-FID/MS

(*}see Annex 2

v

\ RESULT

A

“

On-line or manual GC-FID \i'-lnnlﬂlla
for MOSH/MOAH “+— In the frame of Commission
separation & determination P)Ja ° - Y - - o) Recommendation (EU) 2017/84
A
ALOX clean-up Epoxidation

Data
Interpretation

Commission

JRC TECHNICAL REPORTS

oil hydrocarbons in food and food
contact materials - 2" Edition

S. Bratinova, P. Robouch, E. Hoekstra

»  toremove matrix interferences to remove matrix interferences
(e.g. odd numbered natural alkanes) {e.g. natural olefins, terpenes) 05
MOSH fraction <+ -+ MOAH fraction
yes ye
[
Av, ,'A
" Interfering -~ Interfering
~—signals present? — —signals present? — '
i ! ol
4 v
e Enrichment by
4 Sufficient L - concentration of extract ~ Sufficient T~ o
T——__sensitivity? _— - Saponification T __sensitivity? _— > 20 A) Of

uncertainty!

Data

Integration

Figure 5 Decision tree on the use of auxiliary methods.

AL
JJAC'G"ABT
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( S Select direct analytical technique

. |  Integrate analytical processes and operations

| G ' Generate as little waste as possible

N ' Neverwaste energy |
. | | Implement automation and miniaturization |
{ F ' Favorreagents from renewable sources

. | | Increase safety for the operator |
( C  Carryoutin-situ measurements

. A | Avoid derivation

. N Note minimal sample number and size

( C | Choose multi-analyte or multi-parameter methods

| E ' Eliminate or replace toxic reagents

MOSH MOAH

4 X~ o & o 08 oOg ' >
d o o5 8- 60 608 00"

O 3 :' B oo G

LC-GC-FID, no MS

Partially Automated

Online method

UCM
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» Working range starting
from 10 mg/kg
» Max LC loading : 20 mg
of fat

y

Ry,
| Ny o
\ EXTRACTION/ENRICHMENT » LC-GC-FID ‘@ \ 1 Sensitivity (2 mg/kg*)

*Depends on the initial content of fat
— ‘ 'J

Sample dilution (e.g., fats
and oil) |

WORKSHOP

>

LC-GC-FID

=

v

EXTRACTION/SAPONIFICA PURIEICATION H LC-GC-FID ‘

xS TION

JRC proficiency test 2023 on olive oil

FCM-22-01: Sample A (QC03 MOAH MN) |
Xu=4354 U= 113 0= 88 (inmg/kg)

80 | High uncertainty!
| T

Sample
Waol‘:w:li']a“l

Data
nterpretation

JRC TECHNICAL REPORT l

Determination of MOSH and MOAH
in edible oil

Uncertainty

Data

Laboratory code

Integration

Measurement result ranges reported
Assigned value (x,,): solid black line; Assigned range (x,, + U,. (k=2)): dashed blue lines; Acceptance range (x,, + 20,.): dotted red ines,

/\ 22 Analytical Chemistry
@Agree Anal. Chem. 2020, 92, 10076-10082 Gembloux Agro-Bio Tech
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5, ¢

2\P GREEN
ANALYTICAL
CHEMISTRY ey e | ., » Working range starting
WORKSHOP Sample dilution (e.g., fats from 10 mg/kg
and oil) | > LC-GC-FID ‘Q 8 » Max LC loading : 20 mg
. of fat
| oD
} EXTRACTION/ENRICHMENT » LC-GC-FID ge . 7 Sensitivity 2 mg/kg®)
i 4
| 1207 ol 1 Applicability |
EXTRACTION/SAPONIFICA = Sensitivit
H PURIFICATION LC-GC-FID y
HON H ‘ B y/ | = 1| Accuracy

[

‘ \ /\ 23 Analytical Chemistry
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O CREEN The Source of Uncertainty
ANALYTICAL EXTRACTION/SAPONIFIC | q _GC-
AL Zar (;N ﬁ PURIFICATION . LC-GC-FID
WORKSHOP
7/////////// ) MMOAH (20 mg/kg) — with m?rvtvrix “; g - L.C
LT i [
! i
icrowave-assisted saponification - = o T
and extraction (MASE) method .

GC-FID

. /\ GC-FID
»

Saturates (MOSH)

Per
BP
Aromatics (MOAH)

Sample
Preparation

9P
B8,

of the MOSH

Datd
Interpretation

Data
Integration

J;_;AC-G)(AAB J\ /\ 24 Analytical Chemistry
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MOSH & MOAH: Analytical Determination 5

GC-FID

of the MOSH

68, 9P
B8

—

}"‘\ Ideal profile
| L/ Saturates (MOSH)

Per
BP
Aromatics (MOAH)

v' NO MOAH  without MOSH

v Same volatility range

v' MOSH

~ 4 x MIOAH

MOSH

MOAH

[ |

]

LC-GC-FID

®
e
pata
nterpretation

Data
Integration
Most probably not MOAH, but interferences
MOAH
MOSH
MOSH MOAH
J\ /\ 25 Analytical Chemistry
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}"‘\ Ideal profile > Baseline

14 16
i
Per Saturates (MOSH)
BP
| 68 9P
TTJ Aromatics (MOAH)

of the MOSH
|

-

MOSH vs MOAH — No purification

MOSH 0
MOAH o

o - k
MOSH 0 M!b JL “\'q 1 f M

-
40 ”
|/ -
MOAH 50 i - . - EEE IS S e e s s
ta T 1 T
Time (s) 400 &600 800 1000 1200 1400
5(1)
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GC-FID

of the MOSH

MOSH & MOAH: Analytical Determination

6
68

MOSH

Saturates (MOSH)

}i Ideal profile

Aromatics (MOAH)

[ |

|
|
> Baseline

» Riding peaks

Trimming or not the riding peaks? And how?

MOAH

»

5

LC-GC-FID

J I 27
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> Baseline

" Ideal profile

Data

e > Riding pea kS Integration
L/‘ Per Saturates (MOSH)

L Talp )T Jl\
7688 Aromatics (MOAH)

12
GC-FID

of the MOSH

Trimming or not the riding peaks? And how?

. NO Trim
Trim ~
o e 2425”T5032
| c15]|c1e il

\ J_LL C40 Eqﬁznz 9 | '3840

: 1RoR |

y ‘HIMJ ‘J 42
y \Wmlx“ \JL_ W] [ I e

(i

12 L,\,\&\\

L Baseline I .
5

MOSH fraction before passage on aluminum oxide (1.5 mL) -.-55 e ) © 2,:0 S ° 250 °G

S " Natural alkanes: primarily odd-chain in the >C,, MO alkanes: no prevalence
ﬁ—/\AC'GxABT J Il 28 Analytical Chemistry

aaaaaaaaaaaaaaaaa -
Gembloux Agro-Bio Tech

eeeeeeeeeeee “Bio Tech




THE

D MOSH & MOAH: Analytical Determination 5 g ‘”

>

SNAYTICAL » |
CHEMISTRY ‘ ' | > LC-GC-FID

WORKSHOP

Data

»> Riding peaks Integration

12
GC-FID

}"‘\ Ideal profile > Baseline

14 16
i
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g 68 9P
2 7688 Aromatics (MOAH)
T

Trimming or not the riding peaks? And How?

LO5; 0.88 maglkg

MOAH in IF544
basalime cormected

L16; 6.7 malkg
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Integration
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|

GCxGC ‘
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MOSH & MOAH: Analytical Determination

— =a

" Ideal profile How to support the interpretation?
: |
/

AN ; GCXGC \

' Per
8P
68 P
LJ.[TJ Aromatics (MOAH)

GC-FID || |

of the MOSH

] More accurate quantification

IS for quantification

MOAH analysis by
GC-FID 100

Only 5B and TBB are visible.

MOAH analysis by GCxGC-FID

600 -

400 A

200 A

L

T T T
Time (s) 400 600 800

Iss coeluted with interferences
-» impossible MOAH quantification
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}i Ideal profile How to support the interpretation?
/

Pt Sat?rates (MOSH) G C X G C ‘

Aromatics (MOAH)

' | Easier interpretation

of the MOSH
|

g

............... o] NG
fE |

2.0e4 |
- \ |
ﬂl 1 1.5e4 ! ! |
L] A A | ‘ ‘ t, r»
1 : : N

1.0e4
+ 1 Reconstructed 1D chromatogra 0564 o, MU |
7 3 I7 5 i 1st Tit S) 499‘.9& 149‘9.92 =

|
T - - - — T T T T

st Time (s) 49798 g 43 1499.92 19? 249585 799988 2499.85 %9.82 3499.79 T3999.76

1d Time () 2.020 16 '.@952 0.084 é.’ l%ﬁ 4148 206?116 0.148 30@s0 0.212 4000 0.244

A MOSH MOAH
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-
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2 T Aromatics (MOAH)
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| Easier interpretation
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EBN\ A
— » LC-GC-FID
};i Ideal profile How to support the interpretation?
) L‘JM’»" Pm\ Safurates(MOSH) GCXGC ‘
E i ‘L_Uj-jl/ Aromatics (MOAH)
Quantification

LC-GCxGC-FID* MOSH & MOAH
& sub-classes
quantification in 2D

N

€
Vo €))

*patent pending

Bauwens, G., Panto, S., & Purcaro, G. (2021). Mineral oil saturated and aromatic hydrocarbons quantification: Mono- and two—dimezﬂ'onal
I

approaches. Journal of Chromatography. A, 1643, 462044.d0i:10.1016/j.chroma.2021.462044 35
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" Ideal fil he i ion?
Ideal profile How to support the interpretation?
ceFo ||
i \ GCxGC
d o Saturates (MOSH) ‘
3 o
68
2 7688 Aromatics (MOAH)
- - —_—
105% : 17
10 . 100 A
. -] o +— LC-GCxGC
100 = ' _ 98 - ®
98¢ . — § 97 |
’ 2 g =z °
26 . e 18 g 96 1 ®
.
E ® 6 . § 95 4 o
3 ° : =
@ by * . 94
= s 93 - ¢ ¢
t 92 T
L] 1
0 1 2 3 4 5
RSD %
] .;
® Figure 4. Recovery of MOSH/MOAH in QC10-4 v.s. the relative standard deviation (RSD) of total MOSH and M
RSD (C10-CS0) for QC10-1 to 4. The blue area delimits the recovery range 92-100% and RSD < S %.

5 A C' Gx ABT G. Bauwens, L. Barp, G. Purcaro, Validation of the liquid chromatography-comprehensive multidimensional gas chromatography-time-of-flight mass spectg%meter/ﬂame
i\

| ionization detector platform for mineral oil analysis exploiting interlaboratory comparison data, GreenAC (2023) 4 100047 il Analytical Chemistry
nalytical Chemistr y
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acFo || |
WA ; GCxGC
§ GBBP 9P Jl\
& 88 Aromatics (MOAH)
5 - - —_—
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25 MOAH — 2-MN
20 e1DILC e2D 3 i 6 ; i
15 ; i 4 E
<10 3 L i
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5 8 L] 8 ) i $ s
e @
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tgac ksha
A AC_Gx AB G. Bauwens, L. Barp, G. Purcaro, Validation of the liquid chromatography-comprehensive multidimensional gas chromatography-time-of-flight mass spectrometer/flame
A | ionization detector platform for mineral oil analysis exploiting interlaboratory comparison data, GreenAC (2023) 4 100047 il 37 Analytical Chemistry
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WORKSHOP Sample dilution (e.g., fats from 10 mg/kg
and oil) | > LC-GC-FID ‘Q 8 » Max LC loading : 20 mg
N of fat
} EXTRACTION/ENRICHMENT » LC-GC-FID ‘@ | 1 Sensitivity (2 mg/kg*) |
*Depends on the initial content of fat
= @ '
. ) S o
g T EXTRACTION/SAPONIFICA ~ ars .
f_sl:_,;?‘\'#‘. TION H PURIFICATION H LC-GC-FID ‘ 5 | ) Sensitivity
T | ~ 1| Accuracy
. \
EXTRACTI(')I‘I;T(;?\IAPONIFICA PURIFICATION H LC-GCXGC-FID 5 | 1 Sensitivity
1 Accuracy
| T information
J\ /\ 38 Analytical Chemistry
@Agree Anal. Chem. 2020, 92, 10076-10082
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MOSH & MOAH: Analytical Determmatlon

EXTRACTION/SAPONIFICATI ——+

ON | |

JRE TECHNICAL REPORT

oil PT

0I|ve 0|I sample

FCM-22-01: Stmple A (QCOS MOAH MN) /\ ‘ ‘

Xu=4358  ulgd= 113 Op= 1088 (inmgig)
80 | High uncertainty! q
Il

[ |

ISO
20122:2024

In order to ensure correct signal evaluation, especially at the level of the LOQ, the offset of the baseline
in the area of integration of MOSH and MOAH must not exceed one quarter of the height of the signal
to be integrated (see Figure 18, Annex A). In such cases the chromatographic separation performance
of the system must be improved or the LOQ must be increased.

In summary, the following conditions should be examined:
- appropriate straight baseline, blank level < 1/3 of the LOQ,

”1

Infant
Formula

Ever if statistically negligible, the m: ss fraction of totzl MOAH referred to TBB was constantly 13 9 lower
than the one obtair 2d using 2MN. It is therefore recommendet, in order to ensure proper comparability of
lesuits, woiepwe uie MOAH in IF using TBB as the internal standard

Still, users should be aware that this experimental protocol does not fully remove all the interfering
compounds present in some challenging matrices, which may reguire a cautious interpretation ard
integration of the recorded chromatograms. Further characterisation with two-dimersioral GC-GC

- peaks are symmetrical and do not show a significant tailing, techriques may be required

- complete separation of solvent and C10,
- discrimination C10/C20 and C50/C20 between 80 % < x < 120 %,
- peak ratio between TBB and 2MN <125,

0 taszoscnsnelsccesynssraseoRoRIaTRR R - Lheck the LU of a matrix by : dding a suitable mineral oil product before sample preparation. The
------------ L;b;)r;t;ar-v ;:o;ié ST RS NSRRI cimal nf tha humn ot tha 100 <1 guld have a relative standard deviation < 20 % and a signal to noise
et A g PG Pl ratio = 10. In addition, the LOQ should be tested with a mineral oil product, whose signal width from

Aniged v, ok ack e Agnad ange e U D2 oot e s Accptance rane [, 20, ot ed s start to end is comparable to or higher than the boiling range of the MOH in the sample to be evaluated.

Not specifically discussed,
but discrepancies
TBB/2MN observed from
multiple labs

total MOAH referred to TBB was
\___ constantly 13 % lower than the —/
one obtained using 2MN.

peak ratio between TBB

and 2MN <1.25

peak ratio between TBB and 2MN = 1.00

Sample

AC-GXABT

Analytical Chemistry
Gembloux Agro-Bio Tech
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WORKSHOP TBB/2MN: = H20 (mL) TBB/2MN: = H20 (mL)

1.19 £ 0.09 m EtOH (mL) 1.05 £ 0.02 m EtOH (mL)

m Hexane (mL) v m Hexane (mL)
Improved !!!
60°C x 30 min 60°C x 30 min

Reduction of the « polarity-based discrimination »
No matter the selected standard, the MOAH concentration would be the same

ISO 20122:2024 Bauwens&Purcaro
— = JRC tolerance === DGF-1SO-20122 tolerance

1.30 -
o | mmmmmmmmmmmmmmmmmmeee e
‘= 1.20 - -
© e |
2 1.10 - I I
= I i =
9 100 - -
&
~ 0.90 - TBB/MN=1.05£0.02

0.80 T T T T 1

SFO CCNO RSO alm EVOO Sl
. P Preparation
Matrix
Bauwens, G., Purcaro, G., 2024. Improved microwave-assisted saponification to reduce the variability of MOAH determination in J I 41 Analytical Chemistry

edible oils, Analytical Chimica Acta, 1312 342788 Gembloux Agro-Bio Tech
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B

ISO 20122:2024

TBB/2MN:
1.19 £ 0.09

60°C x 30 min

= H20 (mL)
m EtOH (mL)

m Hexane (mL)

New procedure (Bauwens & Purcaro, 2024r

TBB/2MN:
1.05 * 0.02

Improved !!!

>

120 °C x 20 min

= H20 (mL)
m EtOH (mL)

m Hexane (mL)

Reduction of the « polarity-based discrimination »
No matter the selected standard, the MOAH concentration would be the same

MASE TBB/2MN
60% B 60°C-30 min ISO 60°C- 30 min Crude palm oil 0.97 +0.01
7| 52% o - o - No matrix 1.02%0.02
90°C-30 min M 120°C-30 min : :
50% FH Palm Oil 1.02 +0.05
39% FH Coconut Oil 1.04 £ 0.02
_ 40% I Rice Bran Oil 1.05 £ 0.05
S 30% Rapeseed Oil 1.06 0.01
g FH Palm Kernel Olein 1.07 +0.02
< 10% I o I, 6% ish Oi 07=0.
° 1% 1% 2% 19%3% gy 3% 3% Refined Palm Oil 1.070.05
0% a— — = min = — Extra virgin olive oil 1.13+0.01
Fully hydrogenated Hydrogenated palm Rice bran oil FH Rapeseed oil 1.16+0.00
rapeseed oil kernel olein
A o ) _ TBB/MN=1.05£0.01
.3 The method however showed to not be efficient on some high-melting Sample
tgag ksha is.cCoM: . . .. ,
% matrices. So, time and temperature were re-optimized Preparation

- "
» .
AC-GXABT Gorska, A., Ferrara, D., Albendea, P., Cordero, C. E., Purcaro, G., Update on the microwave-assisted saponification conditions for mineral
ﬁ_/\ oil hydrocarbons determination in fats and oils, Analyst, 2025,150, 5190-5200

J I 42

Analytical Chemistry

Analytical Chemistry
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T
MOAH (20 mg/kg) — with matrix = W
e ||rw ] L‘:”ﬂm»‘.ﬁlmn
|, \/Le,_/- e gy ]
. |
N ol 1. o
o R e
e
Loss of 20-40% of MOAH
| EPOXIDATION
J ¥
O O . Fluorene, phenamhrene chrysene
v M _on —s SN\,
R (@) ot ' MOAH
Double bond of the Peroxide Formation of an Olefin becomes

olefin epoxy bond > more polar

Dibenzothiophene

Presence related to initial
concentration (%)
& 3
,.-——"'-._
/

8

MOAH (20 mg/kg) — without matrix Squblend\ Sterenes

0 50 100 150 200
Amount mCPBA (mg)
Figure 3. Epoxidation with different amounts of peracid. More peracid
better removes squalene and the sterenes, but also the loss of certain
aromatics increases.

50
2
a -
T (5) P
P E

Preparation
AC-GxABT | Works rather well but also attacks VIOAH due to their double bonds J\ I

o

Analyncal Chemistry ‘
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2 AL Purification
WORKSHOP Epoxidation performed manually
MOAH RECOVERY (%)
PALM OIL
"fZMN O%O PYR I”ZMN O‘OO /PYR
MCPBA *65% (£ 21%)  *38% (+ 7%)
(Npo=2, Ngpo=1)
PERACC6 (n=3) | 177% (* 36%) 105% (+ 36%) 146 (+ 12%) 124 (+ 58%)
PERACCHCL | 70%(220%)  61%(+20%) | 61%(+19%)  47% (+19%)
Qils 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)
g , Sl
Ereparation

——— L ' jies!!!
. ACGHAB ow and Variable Recoveries D e e
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ANALYTICAL ISO 20122:2024 Vegetable oils — Determination of mineral oil saturated hydrocarbons (MOSH) and aromatic

%%ER“}QISSJSX 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

a

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.

Sample
Preparation

j\_/.\AC-GxA T J il 45 Analytical Chemistry
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CHEMISTRY ISO 20122:2024 \/egetable oils — Determination of mineral oil saturated hydrocarbons (MOSH) and aromatic

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

L 4

(only| | HPLC-GC-FID
d) analysis

a

Saponification + L/L | | SPEc

g (only
extraction (C6) if

d)

R Epox
if

L 4

__,| Saponification+L/L | HPLC purificationy . ,| HPLC-GCxGC-FID
extraction (C6) analysis

Sample
Preparation

\ o
. O VS. DM

+ AC-G~ABT B
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WORKSHOP __| saponification+Li] HPLC purification | | HpLc-GexaeFip
extraction (C6) analysis

Allure Silica (250 mm x 2.1 mm i.d. x
5 umd,, 60 A (Restek)

_ GC(xGC)

tgacWorks MOAH MOSH Sdm sz
f & Freparation
s B Gradient 1: 0 min 100% C6; 1.5—6 min 65% C6 35% DCM at 0.3 mL/min
ﬂ AC-GxAAWEmM J\ /\ 47 Analytical Chemistry
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\CI:VI-(l)ERI\}/(”SSI:II-S\Fﬁ ) Saponifica.Ition + L/L HPLC purification ) HPLC-GCx(:‘:C-FID
.' extraction (C6) analysis

Allure Silica (250 mm x 2.1 mm i.d. x
5 umd,, 60 A (Restek)

_ GC(xGC)

C6/DCM gradient 2

MOAH MOSH Sample

Preparation

§ i)
s B Gradient 1: 0 min 100% C6; 1.5—-6 min 65% C6 35% DCM at 0.3 mL/min
4 AC-G=ABT

Gradient 2: 0 min 100% C6; 1.5—-14.5 min 98% C6 2% DCM; 14.5-23 min 95% C6 5% DCM at 0.3 mL/min J\ I 48 Analytical Chemistry
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\CI:VI-(l)ERI\}/(”SSI:II-S\Fﬁ ) Saponifica.Ition + L/L HPLC purification ) HPLC-GCx(:‘:C-FID
.' extraction (C6) analysis

Allure Silica (250 mm x 2.1 mm i.d. x
5 umd,, 60 A (Restek)

GC(xGC)

—
C6/DCM gradient 2
v
tga ksho is.CoME Purified MOAH 53””})]:5
; : ‘..‘V.‘x) Preparation
s B Gradient 1: 0 min 100% C6; 1.5—-6 min 65% C6 35% DCM at 0.3 mL/min
J[\_AAC'G"ABT Gradient 2: 0 min 100% C6; 1.5—-14.5 min 98% C6 2% DCM; 14.5-23 min 95% C6 5% DCM at 0.3 mL/min J\ I 49 Analytical Chemistry
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Saponification + L/L
extraction (C6)

HPLC purification ) HPLC-GCxGC-FID
analysis

Very good removal of carotenoids and squalene

Other terpenoids are less well removed é

Analytical Chemistry
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WORKSHOP Saponification +L/L | HPLC purification | | HPLC-GCXGC-FID
extraction (C6) analysis

Very good removal of carotenoids and squalene

Other terpenoids are less well removed é

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

MOAH Recovery LC Purification:
94% *+ 2%

)
2
>
=
Q
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\CI:VI-(i)ERI\I/(”SSI:II-S\Fﬁ Saponifica?tion + L/L HPLC purification ) HPLC-GCx(:‘:C-FID
extraction (C6) analysis

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

number of aromatic rings.

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

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

C6/DCM gradient 2
C6/DCM gradient 1

kit
N HPLC - - ey e T ) ‘aae ‘vl i
— Silica column GC(XGC
250 mm x 2.1 mmid. x5 umd, C
Sample
Non-purified oil extract

Preparation
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GREEN ANALYTICAL CHEMISTRY

( S Select direct analytical technique

. |  Integrate analytical processes and operations
| G ' Generate as little waste as possible

N ' Neverwaste energy

. | | Implement automation and miniaturization

{ F ' Favorreagents from renewable sources

. | | Increase safety for the operator

( C  Carryoutin-situ measurements

. A | Avoid derivation

. N Note minimal sample number and size

( C | Choose multi-analyte or multi-parameter methods

{ E | Eliminate or replace toxic reagents

MOSH MOAH
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LC-GC-FID, no MS

Partially Automated

Online method

UCM
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MOSH & MOAH: Analytical Determination

Sample dilution (e.g., fats | | =2
and Oil) ‘ :I LC'GC'FID @
| | Ry,
| EXTRACTION/ENRICHMENT | » LC-GC-FID ‘@
—_—y
150 I
- 8y
EXTRACTION/SAPONIFICA '
o H PURIFICATION H LC-GC-FID = ff0.23)
[ )
S
EXTRACTI(')I‘I;I(/)?\IAPONIFICA H PURIFICATION ’_" LC-GCxGC-FID A !
[
~0
EXTRACTI(')rl;Ié?\TAPONIHCA H LC-PURIFICATION ->‘ LC-GCxGC-FID g

@Agree

Anal. Chem. 2020, 92, 10076-10082
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» Working range starting
from 10 mg/kg
» Max LC loading : 20 mg
of fat

T Sensitivity (2 mg/kg*)

*Depends on the initial content of fat

y

= Sensitivity
= 1] Accuracy

U

1 Sensitivity
1 Accuracy
| T information

Y

1 Sensitivity
T 1 Accuracy
1 information ‘
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Sensitivity ; Accuracy ; information
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Research team
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