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Can you summarize in a single sentence the benefits of
comprehensive two-dimensional chromatography for
Fats and oils analysis?

ChatGPT

Comprehensive two-dimensional chromatography provides enhanced resolution and detailed profiling of

complex lipid mixtures, enabling precise identification and quantification of fatty acids and other

components in fats and oils.
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Can you summarize in a single sentence the benefits of

comprehensive two-dimensional chromatography for
Fats and oils analysis?

Microsoft
" Copilot

Comprehensive two-dimensional gas chromatography enhances oil and fats analysis by
providing exceptional separation, resolution, and sensitivity, enabling detailed profiling of

complex lipid mixtures |and contaminants|1 2,
1 www.a0ocs.org 2 www.leco.com
ChatGPT

Comprehensive two-dimensional chromatography provides enhanced resolution and detailed profiling of

complex lipid mixtures, enabling precise identification and quantification of fatty acids and other

components in fats and oils.
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Can you summarize in a single sentence the benefits of
comprehensive two-dimensional chromatography for
Fats and oils analysis”?

Speed in terms of number of compounds separated for unit of time

» Separation <> Resolution
» Selectivity

o =
» Sensitivity o)
>
>

Structured chromatograms
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Separation <> Resolution
Selectivity

Sensitivity

Speed in terms of number of compounds separated for unit of time

Structured chromatograms

ADVANTAGES OF GCxGC
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Analysis of FAME:
GCxGC

GCxGC plasma FAME:s result. This is not a well-known sample: 65 FAMEs, some
of which totally unexpected.
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~30 min
run time
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79 different FAMEs!

- comparable with a cryogenic separation
- superior to previously reported FFF-GCxGC
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FAMES [GC x GC-FID]

Separation <> Resolution
Selectivity
Sensitivity
Speed in terms of number of compounds separated for unit of time
Structured chromatograms
C

REDUCED 1
CO-ELUTION me | ‘
0 )
ENHANCED
SEPARATION 0

YV VYVY
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FAMEs [GC x GC-FID]

» Separation <> Resolution

» Selectivity

» Sensitivity

» Speed in terms of number of compounds separated for unit of time
» Structured chromatograms
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Can you summarize in a single sentence the benefits of
comprehensive two-dimensional chromatography for
Fats and oils analysis”?

Speed in terms of number of compounds separated for unit of time

» Separation <> Resolution
» Selectivity

N =
» Sensitivity o)
>
>

Structured chromatograms

» Support and simplify sample preparation and data interpretation
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|deal profile
GC-FID
L\/,r’ Saturates (MOSH)
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sub-classes

quantification Extrapolations of different information
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Rings e
number 2 3 rings
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GC-FID
Saturates (MOSH)
g
® Aromatics (MOAH)
> Baseline =z

» Riding peaks subtraction

MOSH vs MOAH — No purification
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Ideal profile

GC-FID

Saturates (MOSH)

Aromatics (MOAH)

of the MOSH

> Baseline

i More accurate

MOSH vs MOAH — No purification quantification
200 A Masses: S(1
180 H =

40
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Ideal profile
12
GC-FID
14 18

' Lufﬂ bar Saturates (MOSH)
z — More accurate
g B, o uantification
2 T8 Aromatics (MOAH) g
: U m Aromaties (MOF

MOAH analysis by GC-FID IS for quantification

Only 5B and TBB are visible.

600 -

400 A

200 A

gl WMMMMWH,

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

Internal standards coeluted with interferences
-> impossible MOAH quantification

MOAH analysis by GCxGC-FID

1000 2000 3000 4000

Internal standards resolved from the interferences

-> quantification of MOAH is possible ”
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e Ideal profile

. GC-FID
Easier
interpretation |
& _ b Saturates (MOSH)
E — .
more accurate g
quantification £ ) Aromatics (MOAH)

LO5; 0.88 mglkg

Coeluted interferences to
be removed
\\ -» High uncertainty of the

= result
L16; 67 ma/kg

MOAH in IF544
baseline corrected

I 1B 0 @ 1 oW OB K O M H ®» H O3 I M S X I A B




¢ LIEGE université
Gembloux
Agro-Bio Tech

Contaminants analysis

:

| Saponification

I
: for oil/fats and high fat
I content samples

Extraction J

e

On-line or manual GC-FID

|

ALOX clean-up
to remove matrix interferences
(e.g. odd numbered natural alkanes)

MOSH fr

for MOSH/MOAH

| separation & determination

A

§
|

Epoxldation
to remove matrix interferences
{e.g. natural olefins, terpenes)

—

R = senstﬂv

e

Epoxidation
to remove matrix interferences
(e.g. natural olefins, terpenes)

riguivmiv:

yes

Lt Try,

I Loss of 20- 40% of MOAH ‘

‘ RESULT

ES

g 8

8

Presence related to initial
concentration (%)

8

o

Sample

Preparation

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

" —

Fluorene, phenanthrene, chrysene

¥ ep protocols

(LN

\RN

Squhlene\ Sterenes

Dibenzothiophene

6 of uncertainty!

ISSN 1831

0 50

100

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.

Figure 5 Decision tree on the use of auxiliary methods.

Data

200

tegration
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An alternative purification method " ;

Joumal of Chromatography A 1743 [2025] 465684

Contentz lists available at CcienceDir=ct

Journal of Chromatography A L C' GCXGC-FID /M S y ::.:' ;

3

FI SEVIER joumal home page: www.elseviercomocate/chroma

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

Very good removal of carotenoids and squalene

Aleksandra Gorska ®, Grégory Bauwens *, Marco Beccaria °, Giorgia Purcaro ™’

Other terpenoids are less well removed é

MOAH Recovery LC Purification:
94% * 2%

Epoxidation
mCPBA performic acid

82%+ 10% 71+ 16%
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Simultaneous analysis of MOAH and PAHs
M y

2 RY \"\ D Sooy! .. ey
““ R Example of MOAH and PAHs analysis in soya lecithin

HPLC/GCxGC-TOFMS -TIC

HPLC/GCxGC-FID

200

Injection vpiume: 90 pL

1e+06 1000 2000 3000 4000

i} oSN e —————— HPLC/GCxGC-TOFMS - EIC (m/z 228; 252)

_______________

10000

Perylene

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 "
In MS, we see the PAHs using EIC 8
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Support and Simplify
Sample Prep

19
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ANALYTICAL METHODs

Slight modification compared to the official method for waxes and FAEE

modulator
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Reference Oil (Hazelnut): spiked with FAAEs and Waxes

4.984 (sec.)

GCxGC-FID/MS

‘ Free .sterols
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MINOR COMPOUNDS
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G. Purcaro*, L. Barp, M. Beccaria, L. Conte: Anal Bioanal Chem 407 (1) (2015) 309-319. = < < < = = <

L. Barp, F. A. Franchina, G. Purcaro*, P. Q. Tranchida, L. Mondello, Talanta 165 (2017) 598-603.
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L. Barp, F. A. Franchina, G. Purcaro*, P. Q. Tranchida, L. Mondello, Talanta 165 (2017) 598-603.
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Support and Simplify Unveil and explored sample
Sample Prep multidimensionality

~ PROCESSING

QUALITY
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Chromatographic fingerprints

provide a unique situation where the data generated can be processed either

following fingerprinting or profiling methodologies, providing multi-level information

Chemometrics

Chromatograph

SAFETY

QUALITY

PROCESSING

Adapted from ACA 2016 909 9-23

N

MICROBIOLOGY

Profiling: Fingerprinting:
detailed analysis (either targeted or untargeted) High throughput method capable of capturing
to obtain quali- and quantitative information on relevant information but not necessarily achieving

the compounds present in a sample guantitative information

27
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» Intensity data from the FINGERPRINT
whole (or selected zone) Unspecific information
chromatogram
» Measurement of Component
peaks areas > PROFILE S
» Determination of Peak
individual - —>  pROFILE ==
components |

MICROBIOLOGY

ACA 2016 909 9-23 28
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Volatile analysis

Vacuume-assisted extraction

(Vac)-HS-SPME

TN ||
// f H Volatile
Fraction
"'/ "
S e l o
L.

B

!

PRE-EQUILIBRIUM STAGE:
The extraction kinetics of analytes
with a low affinity for the headspace

Air evacuation sample Vac-HSSPME
- - - - - —T=— ==

- Vac-HSSPME " ]/\[

g Low sampling pressure ,f’

= -

i ,,’ EQUILIBRIUM STAGE:

E Ps Regular HSSPME The final amount of

] > Atmospheric sampling pressure analyte extracted by the

g ,I SPME fiber is independent

- 7’ of the total pressure

> ’

2 ,1

o /

- 4

- 4

£

x

v

w

wv

©

=

depend on the total pressure

Extraction Time

29
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Vacuume-assisted extraction

(Vac)-HS-SPME

®

/ t Volatile
7 | 1 Fraction

1 frocson
1B "o

Air evacuation Sample Vac-HSSPME
H ’s |
enry’s law constant
SEMI-VOLATILEs VOLATILEs
1.2x10% 1.6 x 10 5x103 K, (atm m? mol?)
1 1 Ll Pl 1 1 1
T T T1 T T T T
107 106 10'5| 104 | 103 1 10?2
1 | |
Low K}, compounds IntermedlateIKH compounds L High K,, compounds
I
| | 1
< La | | al »
« | T L | =
Gas-phase resistance Gas-phase resistance ' Liquid-phase resistance Liquid-phase resistance
controls more than 95% controls more than 50%* controls more than 50% controls more than 95%
of the evaporation rate of the evaporation rate | of the evaporation rate of the evaporation rate

Similar extraction efficiencies with Vac-HSSPME and
regular HSSPME

Improved extraction efficiencies with Vac-HSSPME
compared to regular HSSPME

'
I

Gas- and liquid-phase
resistances are equal

30
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Vacuume-assisted extraction

(Vac)-HS-SPME
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Volatile analysis
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Multiple Cumulative Extraction
(MCT)- HS-SPME

I ]
o Trap purge o Desorption
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Vacuume-assisted extraction

(Vac)-HS-SPME
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Vacuume-assisted extraction

(Vac)-HS-SPME

A il ampl Vac-HSSPME
introducti sampling
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Volatile analysis

Multiple Cumulative Extraction

(MCT)- HS-SPME

o Extraction

I
o Trap purge
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Vacuume-assisted extraction
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1 g All Data 016

PC2 (29.55%)
s
2

PC2 (52.02%)

Aligned
chromatograms are Every m/z channel Data reduction

automatically split in every section of every highlights key differences

to sections datafile is compared between sample classes Data visualization

Using all of the raw data
The tile-approach
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Optimize and
Simplify Sample Prep
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Unveil and explored sample
multidimensionality

~ PROCESSING

QUALITY
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» GCxGC in fats and oils analysis  (Excesss

Convince a sceptic scientist on the benefits of using @
GCxGC for Fats and oils analysis! ChatGPT

1. Superior Separation:
*Two dimensions = untangled, clean separations
Distinguishes co-eluting compounds easily Takeaway:

2. Enhanced Sensitivity: GCxGC doesn't just add

*Modulation concentrates analytes . . : ..
. ) Y . information — it rescues critical
*Improved signal-to-noise = better trace detection o _ _
insights you miss with 1D-GC.

3. Structural Organization:
*Chemical classes form distinct clusters It’s not hype — it’s physics
*Easy fingerprinting & authenticity checks

4. Regulatory-Ready Data:

*High-resolution, defensible results for QA and compliance

5. Modern Practicality:

*Robust, automated, user-friendly systems
*Advanced software for smart data processing
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June, 12-13

34 ADVANCES IN SEPARATION
SCIENCE WORKSHOP

Gembloux, Belgium

Gembloux Agro-Bio Tech, ULiége
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Since 1909
Your Global Fats and Oils Connection

My research group:

Sophie Vancraenenbroeck
Paula Albendea

Damien Eggermont
Aleksandra Gorska

Donatella Ferrara

Damien Pierret

Carlo Bellinghieri

AOCS &

() SHIMADZU

. Academic Center of Excellence in Separation Science and Sensing

RESTEK

Pure Chromatography

LECO

EMPOWERING RESULTS

SepSolve

Excellence in Science Analytical

MILESTONE

H E L P I N G
CHEMISTS

MARKES

w
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fnis:
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5,. Gembloux AOCS &

Ag ro - Bi 0 Te C h Your Global Fats and Oils Connection

My research group:

Sophie Vancraenenbroeck
Paula Albendea

Damien Eggermont
Aleksandra Gorska

Donatella Ferrara

Damien Pierret

Carlo Bellinghieri

MOSH MOAH
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