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SEPARATION & QUANTITATION

The analytical chemistry Workflow

J. Pawliszyn, Comprehensive Sampling and sample preparation, Elsevier, 2012

Chromatography:

➢ Maximize separation resolution

Sample preparation:

➢ Handle Matrix complexity
o Selectivity (e.g., targeted)
o Representativeness (e.g., untargeted)
o Greenness (e.g., miniaturization)
o Automation
o Sustainability 
o  …
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1800s Wet chemistry era
main components 

1900s Instrumental era
minor and trace components 

1934

1906

1941 LC

GC1951 

Introduction of the “Acidimeter” (automatic pHmeter)

1959 GC-MS

1958 Capillary 
column 

1991 GC×GC

1980 LC-GC

2000 LC×GC

2005 LC-GC×GC
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Chromatography:

➢ Maximize separation resolution

Multidimensional 
Chromatography

Evolution of CHROMATOGRAPHY
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1991 GC×GC

The 
“beating heart” 

of GC×GC

2tR

1tR

3D surface 
chart 

PRINCIPLE OF GC×GC
2tR

1tR

Colour plot

Kindly provided by Laura Mc Gregor, Sepsolve
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1991 GC×GC

1D peak capacity = nc1

2
D

 p
e
a
k
 c

a
p

a
c
it

y
 

=
 n

c
2

(nc1× nc2). 

Comprehensive: CC × CC

PRINCIPLE OF GC×GC



DB1

DB6

DB5

DB3

DB4

DB2

1 2
3

4

5
IS

6

10

7

8
9

11 12
13

14

15

16 17

18 19
20

21
22

23

24

25

26

27 28

29
30

31

32

33

35
36

37

38

39

40
41

6

6 3

43
45

46
47

34

48 49

50

51
52 53

3
6

54

44
42

C14 C15 C16 C17 C18 C19 C20 C21 C22 C23 C24

55 56

57 58

59

60
61

62

63
64

6

6

3

3

min

sec

DB0

3

1
65

a

b

c

d

e

f

g

GC×GC plasma FAMEs result. This is not a well-known sample: 65 FAMEs, some 

of which totally unexpected.
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GC×GC  structured chromatogram
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Synergic to Sample 
Prep

Unveil and explored sample 
multidimensionality

GC×GC in food analysis
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GC×GC: Guide sample prep optimization

Selectivity of different fibers
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GC×GC: Guide sample prep optimization

Selectivity of different fibers

PDMS PA

CW DVB/CAR/PDMS

CAR/PDMS DVB/PDMS

Carbopack Z/PDMS

Qualitative



GC×GC: Guide sample prep optimization

Area
10 min 25 min 35 min 50 min

4 178589

Quantitative

TIME PROFILE

Cozzolino R. , Eggermont D., Malorni L., Purcaro G., Talanta (submit)

Chocolate aroma profile
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GC×GC: Guide sample prep optimization

Area
10 min 25 min 35 min 50 min

4 178589

Quantitative

Ratio over 10 min

5 10

TIME PROFILE

“improvement plots”
Cozzolino R. , Eggermont D., Malorni L., Purcaro G., Talanta (submit)
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GC×GC: Guide sample prep optimization

Selectivity of different techniques

Vac-HS-SPME HiSorb® HS-SPME

1cm fiber 100µm : 

0.6 µL

~10.5mm x 0.8 mm: 

~ 63 µL



15

GC×GC: Guide sample prep optimization

Selectivity of different techniques

HiSorb® HS-SPME

1cm fiber 100µm : 

0.6 µL

~10.5mm x 0.8 mm: 

~ 63 µL

Vac-HS-SPME



GC×GC: Guide sample prep optimization

Selectivity of different techniques

HiSorb® HS-SPME

Vac-HS-SPME/HS-SPME HiSorb/HS-SPME

Vac-HS-SPME

I. Digiglio, D. Eggermont, N. D. Spadafora, T. Ugolini, L. Cecchi, N. Mulinacci, G. Purcaro, in preparation
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GC×GC: Guide sample prep optimization

Selectivity of different techniques

Vacuum-assisted extraction 

(Vac)-HS-SPME HiSorb® HS-SPME

Vac-HS-SPME/HS-SPME HiSorb/HS-SPMEHiSorb/Vac-HS-SPME

I. Digiglio, D. Eggermont, N. D. Spadafora, T. Ugolini, L. Cecchi, N. Mulinacci, G. Purcaro, in preparation
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GC×GC: Guide sample prep optimization

Selectivity of different techniques

Vacuum-assisted extraction 

(Vac)-HS-SPME HiSorb® HS-SPME

Vac-HS-SPME/HS-SPME HiSorb/HS-SPMEHiSorb/Vac-HS-SPME

I. Digiglio, D. Eggermont, N. D. Spadafora, T. Ugolini, L. Cecchi, N. Mulinacci, G. Purcaro, in preparation
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GC×GC: Guide sample prep optimization

Selectivity of different techniques

Lipoxygenase (LOX) 

Pathway

Series of biochemical 

reactions that lead to the 

formation of C5–C6 

aldehydes, alcohols, and 

their corresponding esters, 

which are responsible for 

green and fruity aroma 

notes.

C7-C12 VOCs

Compounds typically 

associated with oxidative 

and microbiological 

defects, often linked to 

poor quality or improper 

preservation of the raw 

material and inadequate 

storage conditions.

Vac-HS-SPME R-HS-SPME HiSorb

*

*

*

*

*

*
*

*

*

*

*
Higher

volatility

Lower 

volatility

Relative 

aboundance

*

*

I. Digiglio et al.
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GC×GC: Guide sample prep optimization

Selectivity of different techniques

Lipoxygenase (LOX) 
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GC×GC: Simplify sample prep

➢ Merge workflows

Free Sterols

Alcohols

FAAEs

WAXES

Sterol
esters

IS wax

Silylation before
loading the oil

FAAEs + Waxes + 
Esterified Sterols

Oil

3g Si

Alcohols, 
Sterols-TMS

FAAEs + Waxes + 
Esterified Sterols

TAGs

Oil-TMS

3g Si

Hex/Et2O Hex/Et2O

TAGs

Official method
21



GC×GC: Simplify sample prep

Free Sterols

Alcohols

FAAEs

WAXES

Sterol
esters

IS wax

Silylation before
loading the oil

FAAEs + Waxes + 
Esterified Sterols

TAGs

Oil

3g Si

Alcohols, 
Sterols-TMS

FAAEs + Waxes + 
Esterified Sterols

TAGs

Oil-TMS

3g Si

50 mL Hex/Et2O 50 mL Hex/Et2O

WAXES

➢ Merge workflows

22



comparison with the Official method 

(FAAEs and Wax)  GC×GC-FID/MS

G. Purcaro*, L. Barp, L. Conte, J. Sep. Sci. 38 (2015) 2278-2285 

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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GC×GC: Simplify sample prep



GC×GC: Simplify sample prep

More information

Support data interpretation

24



GC×GC: Simplify sample prep

More information

It was clearly highlighted the presence of the following sterols, 
not present in EVO

α- and γ-tocotrienol α- and β-amyrin.

Palm Sunflower
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GC×GC: Simplify sample prep

More information

It was clearly highlighted the presence of the following sterols, 
not present in EVO

α- and γ-tocotrienol α- and β-amyrin.

Palm Sunflower
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SAPONIFICATION PURIFICATION LC-GC-FID

LC

GC-FID

Microwave-assisted 
saponification and 
extraction (MASE) 

method

&

LC-GC×GC-FID

Sample 
Preparation 

Data 
Interpretation

Data  
Integration

GC×GC: Support sample prep & data interpretation



✓Need for matrix-tailored 

sample prep protocols

Outline of the Analytical approach
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Sample 
Preparation 

Data 
Interpretation

Data  
Integration



Sample 
Preparation 

Data 
Interpretation
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Uncertainty in MOSH and MOAH determination

Data  
Integration

U
nc

er
ta

in
ty

> 20% of uncertainty!



Sample 
Preparation 

Data 
Interpretation
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Data  
Integration
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S(1)

MOAH analysis by GC-FID

Internal standards coeluted with interferences
→ impossible MOAH quantification

MOAH

IS for quantification
Coeluted interferences to 

be removed
→ High uncertainty of the 

result

Uncertainty in MOSH and MOAH determination
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MOSH vs MOAH – No purification

400 600 800 1000 1200

0

200

400
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1000

Time (s)

S(1)

MOAH analysis by GC-FID

Internal standards coeluted with interferences
→ impossible MOAH quantification

MOAH

IS for quantification

MOAH analysis by GC×GC-FID

Internal standards resolved from the interferences
→ quantification of MOAH is possible

Sample preparation improvement needed!

More accurate quantification!

GC×GC: Support sample prep & data interpretation
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MOSH vs MOAH – No purification

MOAH analysis by GC-FID

Internal standards coeluted with interferences
→ impossible MOAH quantification

MOAH

IS for quantification

MOAH analysis by GC×GC-FID

Internal standards resolved from the interferences
→ quantification of MOAH is possible

Sample preparation improvement needed!

More accurate quantification!

Sample 
Preparation 

Data 
Interpretation

Data  
Integration

U
nc

er
ta
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ty

GC×GC: Support sample prep & data interpretation
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SAPONIFICATION PURIFICATION LC-GCxGC-FID

LC

GC-FID

Microwave-assisted 
saponification and 
extraction (MASE) 

method

&

LC-GC×GC-FID

TBB/MN= 1.05±0.02

GC×GC: Support sample prep & data interpretation
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MOAH (20 mg/kg) – without matrix

MOAH (20 mg/kg) – with matrix
Food matrices can contain terpenes at concentrations that
overload MOAH chromatograms

CHALLENGES in MOSH/MOAH analaysis
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MOAH (20 mg/kg) – without matrix

MOAH (20 mg/kg) – with matrix
Food matrices can contain terpenes at concentrations that
overload MOAH chromatograms

Epoxidation is used to remove these terpenes

20-40% of MOAH can be also be
lost (particularly those having

many d.b.)

Another cause of uncertainty!

CHALLENGES in MOSH/MOAH analaysis
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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 
extraction (C6)

SPE cleaning (only
if needed)

Epoxidation (only
if needed)

HPLC-GC-FID 
analysis

Saponification + L/L 
extraction (C6)

HPLC purification HPLC-GC×GC-FID 
analysis

GC×GC: Simplify & support sample prep
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Saponification + L/L 
extraction (C6)

HPLC purification HPLC-GC×GC-FID 
analysis

GC×GC
HPLC

Non-purified oil extract
(after saponification)

C6/DCM gradient 1

MOSHMOAH

Allure Silica (250 mm × 2.1 mm i.d. × 
5 μm dp, 60 Å (Restek)

Gradient 1: 0 min 100% C6; 1.5–6 min 65% C6 35% DCM at 0.3 mL/min

GC×GC: Simplify & support sample prep
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Saponification + L/L 
extraction (C6)

HPLC purification HPLC-GC×GC-FID 
analysis

HPLC

Non-purified oil extract
(after saponification)

C6/DCM gradient 1

MOSHMOAH

C6/DCM gradient 2

GC×GC

Gradient 1: 0 min 100% C6; 1.5–6 min 65% C6 35% DCM at 0.3 mL/min
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

GC×GC: Simplify & support sample prep
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Saponification + L/L 
extraction (C6)

HPLC purification HPLC-GC×GC-FID 
analysis

HPLC

Non-purified oil extract
(after saponification)

C6/DCM gradient 1

Purified MOAH

C6/DCM gradient 2

GC×GC

Gradient 1: 0 min 100% C6; 1.5–6 min 65% C6 35% DCM at 0.3 mL/min
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

GC×GC: Simplify & support sample prep
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Very good removal of carotenoids and squalene

Other terpenoids are less well removed

MOAH Recovery LC Purification:
94% ± 2% 

LC-GC×GC-FID/MS

2025

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

GC×GC: Simplify & support sample prep
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MOAH Recovery LC Purification:
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2025
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SAPONIFICATION PURIFICATION LC-GC×GC-FID/MS

LC

GC-FID

Microwave-assisted 
saponification and 
extraction (MASE) 

method

&

LC-GC×GC-FID

TBB/MN= 1.05±0.02

GC×GC: Support sample prep & data interpretation

MOSHMOAHMOAH & PAHs
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SAPONIFICATION PURIFICATION LC-GC×GC-FID

LC

GC-FID

Microwave-assisted 
saponification and 
extraction (MASE) 

method

&

LC-GC×GC-FID

TBB/MN= 1.05±0.02

GC×GC: Support sample prep & data interpretation

MOSHMOAHMOAH & PAHs

Poster Food 10
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CONCLUSION

Is GC×GC worth the effort?

Webb Space Telescope's view today1998 Hubble Telescope

Southern Ring Nebula

1D GC GC×GC



CONCLUSION

GC×GC doesn’t replace sample preparation —
They provide reciprocal reinforcement!

GC×GC 
✓ Inform optimization

✓ maximizes the information 
✓ Simplify sample preparation
✓ Support data interpretation
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