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A breakthrough in sample extraction 
and enrichment for GC–MS

The versatility of Centri

Centri can be used for a wide range of applications, including:

Find out more

In this compendium, 
we’ve brought 
together the full 
range of Centri-based 
applications that 
have been developed 
by our specialists and 
by our customers at 
locations around the 
world.

Introduction to Centri

Beverages

With its range of water 
management options, 
Centri easily deals 
with the high water (or 
alcohol) content of 
beverages, while also 
avoiding the tedious 
sample-preparation 
steps common with 
other approaches.

Environmental

Centri offers the 
outstanding sensitivity 
and automation 
capability that are key 
for high-throughput 
detection of trace 
pollutants in water, 
air, and other 
environmental 
matrices.

Food

Centri provides the 
broad analyte range 
and high sensitivity 
that allows efficient 
trace-level aroma 
profiling of everything 
from fruit and 
vegetables to dairy 
products and dried 
goods.

Fragrance

Centri offers the 
sensitivity needed to 
detect trace-level 
compounds with low 
odour thresholds, as 
well as the ability to 
purge interferences 
such as water.

Health

The high throughput 
and high sensitivity of 
Centri makes it the 
ideal choice for health 
applications, such as 
biomarker studies.

Forensic

Centri avoids labour-
intensive sample 
preparation, and uses 
low-temperature 
thermal desorption, 
reliably analysing 
labile analytes such 
as explosives.

To discuss how Centri could benefit 
you, please email 

enquiries@markes.com 
(see back cover for regional contact 

details).

Centri is the first platform to offer high-sensitivity 
unattended extraction and enrichment of volatile and 
semi-volatile organic compounds (VOCs and SVOCs) in 
liquid, solid and gaseous samples.

Featuring best-in-class robotic 
automation and offering 
multiple sampling modes in a 
modular design, Centri 
provides unrivalled application 
flexibility and sampling 
robustness. At the same time, 
the cryogen-free focusing trap 
optimises analytical sensitivity, enhancing the quality and 
quantity of information obtained from a sample. 

Whichever major brand of GC–MS you’re using, Centri lets 
you discover more and deliver more from your samples.

In each case, we describe the workflow and the 
key benefits, and provide a link to download the 
full application note from our website. 

mailto:enquiries%40markes.com?subject=
http://www.markes.com
mailto:enquiries%40markes.com?subject=
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How Centri works

Centri offers four automated sampling modes. Trap-based preconcentration is an integral part of 
high‑capacity sorptive extraction and tube-based TD, but optional for static headspace and SPME.

Robust immersive or 
headspace sampling 

from liquids and solids 
using HiSorb™ probes.

High‑capacity 
sorptive 
extraction

Fast and sensitive sample 
extraction, with a range of 
fiber types offering analyte 

selectivity.

SPME

Versatile sampling onto 
sorbent-packed TD tubes, 

or direct desorption of 
samples from empty tubes.

Tube-based 
TD

Versatile sampling from 
solids and liquids 

contained in regular 
headspace vials. 

Static 
headspace

Preconcentration: 
The sample is injected 
onto a sorbent-packed 

focusing trap

Desorption: 
The sample is 

desorbed to the 
GC–MS

GC–MS

Optional 
split

The focusing trap 
can be packed 
with up to four 
sorbent beds

Analytes enter and 
leave the trap at 

the same end 
(‘backflush 
desorption’)

New to these 
techniques? Find 
out the essentials 

with our set of 
infographics

During desorption, 
the trap is heated 

rapidly (up to 
100°C/s)

Trapping on Centri 
uses electrical 

cooling rather than 
cryogen 

Benefits of trap-based preconcentration:

	■ Improved sensitivity: Rapidly desorbing the sample to 
the GC in ~100 µL of vapour produces narrower peaks 
and so improves sensitivity.

	■ Broader analyte range: The focusing trap contains 
multiple sorbents placed in order of increasing 
strength. Combined with ‘backflush’ operation, this 
allows a wide volatility range of compounds to be 
efficiently retained and desorbed in a single analysis.

	■ Streamlined operation: Centri uses electrical cooling, 
eliminating the cost and inconvenience of cryogen, and 
avoiding the risk of ice formation in the trap box.

	■ More confident identification: The narrower peaks 
obtained with trapping result in better spectral 
matches with compound libraries (such as the NIST 
database), enabling more confident identification of 
low-level analytes.

Other methods for enhancing performance: 

	■ Multi-step enrichment (MSE): Using Centri, multiple 
extractions onto the focusing trap can be used to 
increase both the analyte response and the number of 
compounds identified. This can be carried out using a 
single vial, or with replicate samples in multiple vials.

	■ Large-volume injection: The use of trapping allows 
large volumes of headspace (up to 5 mL) to be 
preconcentrated, resulting in increased sensitivity 
without affecting peak shape.

	■ Selective purging: Selective elimination of water 
(while retaining analytes of interest) is aided by an 
ambient-temperature purge prior to trap desorption.

	■ ‘Prep-ahead’ mode: The simultaneous extraction of 
multiple samples while a previous analysis is ongoing 
offers reductions in overall cycle time and so an 
improvement in laboratory productivity.

	■ Re-collection: Using Centri, part of the desorbed 
sample can be transferred to a sorbent tube. This 
allows sample archiving and reliable data validation, 
streamlines method development, and opens up the 
option of obtaining complementary data using different 
techniques. Such options are particularly useful when 
samples are unstable or supplies are limited.

DOWNLOAD

Need to know 
the benefits of 

adding trapping 
to headspace 
and SPME? 

Read our short 
review

DOWNLOAD

mailto:enquiries%40markes.com?subject=
http://www.markes.com
http://chem.markes.com/l/129721/2019-08-29/33kfz5?_ga=2.117310085.2080919980.1603190330-779091997.1564993440
https://markes.com/content-hub/application-notes/application-note-267
https://markes.com/content-hub/infographics/sample-preparation-explainer-infographics
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Quick application summary

Check the table below to identify the Centri applications and methods you’re most interested in, 
and click on the page numbers to jump straight to the application. 

Focus Sample type

Extraction methods
Methods for enhancing 

performance

Page

For 
ref 

only

EN
VI

R
O

N
M

EN
TA

L

Improving on the performance of 
purge-and-trap Water PP PP PP 6 253

Detecting low-level contaminants Water PP PP PP PP 7

Detecting low-level contaminants Water PP PP 8

Enhancing extraction for 1,4-dioxane Water PP PP PP 9 282

Understanding ecosystem health Soil PP PP PP PP 10 263

FO
O

D

Comprehensive aroma profiling Fruit PP PP 11 250

Comprehensive aroma profiling Meat PP PP 12 262

Comprehensive aroma profiling Potato snacks PP PP PP 13 280

Detecting residual solvents Food packaging PP PP 14 252

Detecting food additives Dried goods PP PP 15 251

Monitoring safety and quality Dried goods PP PP PP PP 16 272

Detecting residual fumigants Seeds PP PP PP PP 17 281

Discovering authenticity markers Honey PP PP PP 18 275

Evaluating sorptive phase 
combinations Honey PP PP PP 19 279

Improving the sensitivity of headspace Food concentrate PP PP PP PP PP 20 268

Detecting food contaminants Food concentrate PP PP PP PP PP 21 271

Enhancing the sensitivity of SPME Oils PP PP PP 22 ???

B
EV

ER
AG

ES

Detecting additives Tea PP PP 23

Comprehensive aroma profiling Tea PP PP PP PP 24 268

Comprehensive aroma profiling Tea PP PP PP PP 25 268

Enhancing the sensitivity of 
headspace Fruit juice PP PP PP PP PP 26 264

Streamlining extraction for low-level 
‘Brett’ odorants Wine PP PP PP PP PP 27 254

Comprehensive aroma profiling Cider PP PP PP 28 280

Evaluating sorptive phase 
combinations Hard seltzers PP PP PP PP 29 277

Comprehensive flavour profiling Hard seltzers PP PP PP PP 30 278

Avoiding interference from ethanol Spirits PP PP PP PP PP PP 31 261
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Focus Sample type

Extraction methods
Methods for enhancing 

performance

Page

For 
ref 

only

FR
AG

R
AN

C
E

Comprehensive fragrance profiling Personal hygiene 
products PP PP PP PP 32 265

H
EA

LT
H

Detecting disease biomarkers Breath PP PP 33 SS024

FO
R

EN
SI

C

Screening for explosives Water and fabrics PP PP PP PP 34 276

G
EN

ER
AL

 T
O

PI
C

S Improving the sensitivity of SPME by 
multi-step enrichment PP PP PP 35 257

Improving the sensitivity of headspace 
by large-volume injection PP PP PP 36 259

Enhancing laboratory throughput by 
automation PP PP PP 37 258
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ENVIRONMENTAL
Improving on the performance of purge-and-trap: Water

	►CHALLENGE:

The purge-and-trap process commonly used to identify and quantify volatile pollutants in 
environmental water (US EPA Method 524.2) can suffer from foaming and aerosol 
formation, leading to poor chromatography.
When strict adherence to the EPA protocol is not required, headspace–trap on Centri 
offers several practical advantages to overcome these issues.

	►WORKFLOW:

	►KEY ADVANTAGES:

	■ Lower detection limits: The mean MDL is 0.13 ppb, which is below the reporting limit 
stipulated in US EPA Method 524.2.

	■ Broad analyte range: The use of multi-bed focusing traps allows detection of analytes 
with a wide range of volatilities. 

	■ Improved peak shapes: Trapping provides better performance, particularly for early-
eluting compounds. 

	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

	■ Improved workflow options: Re-collection of sample split flows for repeat analysis 
improves method development, sample archiving and method validation.

Headspace–trap analysis 
of tap water containing 
an internal standard and 
two surrogates (blue) at 
25 ppb shows the 
presence of chloroform 
at the same level, and a 
number of other volatile 
contaminants in the 
range 0.3–2 ppb.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 253

 1  2  3  4Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Re-collection: 
The split portion of the 
sample is re-collected on 
a sorbent-packed tube

5 : 1 split

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Tap 
water 

(10 mL)

1 mL

Ab
un

da
nc

e 
(×

 1
04  

co
un

ts
)

Retention time (min)

1282 1064 14

4

3

2

1

0

6

5
4	 Bromomethane	 0.39 ppb
9	 Iodomethane	 0.94 ppb
14	Methyl tert-butyl ether	 1.01 ppb
25	Chloroform	 25.6 ppb
30	Benzene	 0.90 ppb
32	Fluorobenzene (ISTD)	 25.0 ppb
49	Dibromochloromethane	 0.52 ppb
55	o-Xylene	 1.71 ppb
59	4-Bromofluorobenzene (SURR)	 25.0 ppb
67	4-Chlorotoluene	 0.31 ppb
75	1,2-Dichlorobenzene-d4 (SURR)	 25.0 ppb

4
14

30 55
9

25

32 59

75

49
67

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://markes.com/content-hub/application-notes/application-note-253
http://www.markes.com/Download-Document.aspx?GUID=78c62c6e-3ba8-44c4-8ef0-7ede6662376f
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ENVIRONMENTAL
Detecting low-level contaminants: Water

	►CHALLENGE:

Some water contaminants have low odour thresholds but are often present at very low 
levels, making them difficult to detect using traditional extraction techniques such as 
SPME (which also suffers from the fragility of the fibers).
High-capacity sorptive extraction on Centri addresses both issues, by providing a larger 
volume of sorptive phase for greater sensitivity, and by using a robust metal-core probe.

	►WORKFLOW:

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 255

	►KEY ADVANTAGES:
	■ Greater sensitivity:

	– Probes have more sorptive phase 
than SPME, resulting in more 
efficient extraction of low-level and 
polar compounds.

	– The optimised trap design permits 
low-split (or splitless) operation, 
allowing a large portion of the sample 
to be sent to the GC.

	■ Improved throughput:
	– Full automation of sample extraction, 
washing/drying of probes, probe 
desorption and GC injection 
eliminates time-consuming manual 
operations.

	– Simultaneous extraction of multiple 
vials is possible with HiSorb probes, 
unlike SPME (where the tool holds 
the fiber in the vial for the entire 
extraction time).

	■ Reduced downtime: HiSorb probes are 
inherently more robust, easier to 
handle, and less prone to accidental 
damage than delicate SPME fibers. 

Splitless injection and 
SIM mode enabled 
calibration of a water 
standard in the range 
1–100 ppt using HiSorb 
probes in headspace 
mode, automated on 
Centri.

Prep-ahead: Up to 
five further samples 

can be extracted 
while the first sample 

is being desorbed

GC–MS 
(SIM mode)

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the probe

Preconcentration: 
The probe is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Water (10 mL) 
spiked with 
standards

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

No 
split

Centri 
injection 

port

Retention time (min)

976 8

4

3

2

1

0

5

2
1 ppt

5

10
20

50

100

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

IP
M

P

IB
M

P 2-
M

IB

Geo
sm

in

2,
4,

6-
TC

A

6

4

2

0

	 R2

IPMP	 0.9991
IBMP	 0.9999
2-MIB	 0.9969
2,4,6-TCA	 0.9978
Geosmin	 0.9991

100600 804020

Pe
ak

 a
re

a 
(×

 1
05  

co
un

ts
)

Loading (ppt)

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://markes.com/content-hub/application-notes/application-note-255
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ENVIRONMENTAL
Detecting low-level contaminants: Water

	►CHALLENGE:

Increasingly stringent water regulations require that contaminants – either environmental 
pollutants or byproducts of disinfection during water-treatment – must be detected at 
very low levels. However, this can be difficult to achieve using traditional direct headspace 
methods.
Headspace–trap on Centri overcomes this problem using trap-based preconcentration, 
allowing low-ppt sensitivity to be achieved within a fully automated workflow. 

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved sensitivity: Low-ppt sensitivity is achieved through the optimised trap design, 
which preconcentrates the 1 mL of headspace into ~100 µL of vapour. It also allows 
low-split (or splitless) operation, allowing a large portion of the sample to be sent to the GC.

	■ Generation of comprehensive profiles: Use of focusing traps containing multiple 
sorbent beds enables a wide volatility range of compounds to be efficiently retained and 
desorbed in a single analysis.

Highly symmetrical peaks 
are obtained for 
components of a 
standard mix across a 
wide boiling range, using 
headspace–trap 
automated on Centri. 
Acquisition using 
SIM mode enhances 
sensitivity further and 
ensures that 
performance quantitation 
limits (PQLs) are well 
below those required by 
regulatory bodies.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 256

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS 
(SIM mode)

AUTOMATED ON CENTRI

Water 
(10 mL) 

spiked with 
standards

5 : 1 
split

1 mL

Ab
un

da
nc

e 
(×

 1
04  

co
un

ts
)

Retention time (min)

4

3

2

1

0
2 1064 8 12 14

Dichloro- 
difluoromethane 
b.p. –30°C

Naphthalene 
b.p. 218°C

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://markes.com/content-hub/application-notes/application-note-256
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ENVIRONMENTAL
Enhancing extraction for 1,4-dioxane: Water

	►CHALLENGE:

Some water contaminants such as 1,4-dioxane are both volatile and polar, and therefore 
have a high affinity to the sample matrix, making them difficult to extract and detect 
using traditional automated techniques such as SPME.
SPME Arrow–trap with multi-step enrichment (MSE) on Centri provides a larger volume 
of sorptive phase. Combined with the ability to take multiple extractions from the same vial 
to the same trap, this increases the amount of 1,4-dioxane extracted for detection.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Greater sensitivity: The optimised trap design not only preconcentrates multiple 
extractions into ~100 µL of vapour, but also allows a low split ratio of 10:1 to be used. 
The result is that a large portion of the sample is sent to the GC, allowing the detection 
of low ng/L levels of 1,4-dioxane as required.

	■ Improved confidence in results: The greater sensitivity leads to improved confidence in 
identification of trace-level compounds.

	■ Improved throughput: Full automation of the MSE workflow eliminates time-consuming 
manual operations such as those for solid-phase extraction (SPE) methods, and allows 
automated sample preparation in under an hour.

	►EXAMPLE DATASET:

SPME Arrow–trap 
methodology provides 
excellent detection of 
1,4-dioxane, as shown by 
the set of extracted ion 
chromatogram overlays 
for a set of spiked water 
samples (left). The 
resulting calibration plots 
(right) demonstrate very 
good linearity beyond 
both the US EPA Method 
522 and German REACH 
regulatory levels.

For full details 
DOWNLOAD 
Application Note 282

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the arrow

Preconcentration: 
The arrow is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

SPME 
Arrow

Drinking water 
(10 mL)

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case two more times 

from different vials)

GC–MS

10 : 1 
split

Centri 
injection 

port

× 3

Ab
un

da
nc

e 
(×

 1
07  

co
un

ts
)

Pe
ak

 a
re

a 
(×

 1
05 )

Retention time (min) Concentration (ng/L)

2

1

0

2

1

0
11.0 11.211.1

500 R2 = 
0.9981

Lowest 
calibration point: 

10 ng/L

German REACH 
regulation: 

25 ng/L

US EPA 
regulation: 
350 ng/L

250

100

50

25

10

Loading (ng/L)

0 200 400

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://markes.com/content-hub/application-notes/application-note-282
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ENVIRONMENTAL
Understanding ecosystem health: Soil

	►CHALLENGE:

Developing a comprehensive understanding of soil health requires VOC extraction 
processes that are efficient, untargeted and automated.
SPME–trap on Centri provides these advantages, allowing compounds at both high and 
low concentrations to be monitored, with sensitivity boosted further by multi-step 
enrichment (MSE).

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Greater sensitivity: The optimised trap design allows a very low split ratio of 5 : 1 to be 
used, allowing a large portion of the sample to be sent to the GC, and a consequent 
improvement in sensitivity.

	■ More compounds discovered: When multi-step enrichment was used, 112 more 
compounds were discovered.

	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

	■ Greater confidence in identification: The increased response for low-level compounds 
enables more confident identification.

In this SPME–trap 
analysis of soil volatiles, 
the number of 
compounds discovered 
increased from 544 with 
a single extraction step, 
to 656 when multi-step 
enrichment was used.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 263

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case two more times 

from the same vial)

 1  2  3  4Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the fiber

Preconcentration: 
The fiber is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

SPME 
fiber

Soil 
(2 g)

× 3

GC–MS

5 : 1 
split

Centri 
injection 

port

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)Retention time (min)

13 15140 20105 15

1

0

1

4

2

0

2

4

Undecane

Benzothiazole
4-(1-ethylmethyl)- 

benzaldehyde

SPME–trap

SPME–trap 
with MSE

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://markes.com/content-hub/application-notes/application-note-263
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FOOD

Comprehensive aroma profiling: Fruit

	►CHALLENGE:

Routine control of food quality, research into extending shelf-life, and the development of 
new products all require comprehensive aroma profiles to be generated, in order that 
correlations can be made with human sensory analysis (such as olfactometry).
Dynamic headspace sampling onto sorbent tubes, with preconcentration on Centri, 
results in the extraction of analytes spanning a broad concentration and volatility range.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Generation of comprehensive profiles: Use of focusing traps containing multiple 
sorbent beds enables a wide volatility range of compounds to be efficiently retained and 
desorbed in a single analysis.

	■ Greater sensitivity: The optimised trap design allows a very low split ratio of 2 : 1 to be 
used, which means that a large portion of the sample can be sent to the GC, 
consequently improving the sensitivity.

	■ Gaining insights into the data: The comprehensive profiles produced enabled them to 
be correlated with consumer sensory analysis.

A wide range of volatiles 
were captured from fresh 
samples of two apple 
cultivars (‘Smitten’ and 
‘Granny Smith’) using 
off-line headspace 
sample extraction, 
followed by automated 
analysis on Centri. 
Sampling at human body 
temperature (37°C) 
enhances the release of 
volatiles experienced by 
the consumer.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 250

 1  2  3Extraction: 
The sample is incubated 
in an off-line unit, and the 
headspace flushed onto a 
sorbent-packed tube

Preconcentration: 
The tube is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

Apple 
(six 8 cm3 

pieces)

Microchamber 
(one pot of six in 

µ-CTE unit)
GC–MS

2 : 1 
split

Sorbent 
tube

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

2515 20105 30

2

1

0

1

1	 Ethyl acetate
3	 2-Methylpropyl 

acetate
4	 Hexanal
5	 n-Butyl acetate
7	 Hexan-1-ol
8	 2-Methylbutyl 

acetate
10	n-Pentyl acetate
11	2-Methylbut-2-en-1-yl 

acetate
14	Hex-4-enyl acetate
15	n-Hexyl acetate
16	cis-Hex-2-enyl 

acetate
23	n-Hexyl butanoate
24	Estragole
25	n-Hexyl 2-methyl-

butanoate
28	n-Hexyl hexanoate
29	γ-Himachalene

1

11 24
4

4

14

16
25

5

15

7

7

28

8 29

29

10

233

‘Smitten’

‘Granny Smith’
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Comprehensive aroma profiling: Meat

	►CHALLENGE:

Understanding the factors involved in consumer experience of cooked meat requires the 
monitoring of a broad range of VOCs and SVOCs from a variety of chemical classes.
Dynamic headspace sampling onto sorbent tubes, with trap-based focusing on Centri, 
results in the extraction of analytes spanning a broad concentration and volatility range.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Analyte range: The multi-bed sorbent tubes used allow sampling of compounds 
spanning a wide volatility range (from acetaldehyde up to semi-volatile C16 species), to 
provide useful data that can be correlated to consumer sensory experience.

	■ Greater sensitivity: The optimised trap design allows a low split ratio to be used, 
allowing a large portion of the sample to be sent to the GC, and a consequent 
improvement in sensitivity.

	■ Easy comparison: Reproducible sampling and analysis enables meaningful comparison 
of different samples.

Compounds with a broad 
range of volatilities were 
found in rump steak, 
thanks to off-line 
headspace sample 
extraction onto tubes 
containing multiple 
sorbent beds. Automated 
analysis on Centri used a 
focusing trap packed 
with a similar sorbent 
mix.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 262

 1  2  3Extraction: 
The sample is incubated 
in an off-line unit, and the 
headspace flushed onto a 
sorbent-packed tube

Preconcentration: 
The tube is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

Rump steak 
(10 g)

Microchamber 
(one pot of six in 

µ-CTE unit)
GC–MS

2 : 1 
split

11 : 1 
split

Sorbent 
tube

Ab
un

da
nc

e 
(×

 1
08  

co
un

ts
)

Retention time (min)

50300 402010

8

6

4

2

0

40
1

11

54

6

55

48

8

19

72

43

33

1	 Sulfur dioxide
6	 Ethanol
8	 Acetone
11	 Isopropanol
19	Butane-2,3-dione
33	Acetoin

40	Pentan-1-ol
43	Hexanal
48	Hexan-1-ol
54	1-Octen-3-ol
55	Benzaldehyde
72	Diethyl phthalate

mailto:enquiries%40markes.com?subject=
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Comprehensive aroma profiling: Potato snacks

	►CHALLENGE:

Comprehensive flavour profiling requires that a wide range of unknown compounds at 
varying concentrations is analysed simultaneously. Use of traditional techniques such as 
SPME risks missing low-abundance but organoleptically important compounds, due to 
‘competition’ with higher-concentration compounds on the small amount of sorptive phase.
High-capacity sorptive extraction probes solve this problem, by providing a larger 
volume of sorptive phase than SPME fibers, and so greater sensitivity.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved analyte extraction: The large phase volume on HiSorb probes allows them to 
extract a wider analyte concentration range than SPME fibers.

	■ Comprehensive VOC profiling: 20 compounds were recovered from flavoured potato 
snacks, including compounds with key flavour/aroma properties.

	■ Simple sample preparation: Samples are placed into conventional 20 mL vials and 
crimp-capped, with no liquid extraction step needed, ready for HiSorb extraction.

	■ Options for any application: With a range of phases and phase combinations, HiSorb 
probes are suitable for targeted and non-targeted analyses from most sample matrices. 

Smaller and less 
abundant peaks are 
observed during flavour 
profiling of unflavoured 
potato snacks (top) 
compared with those that 
had cheese flavouring 
added (bottom). 
Compounds only present 
in the flavoured snacks 
are shown in bold, 
amongst which is butyric 
acid (#14), which gives 
them a cheesy flavour.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 280

 1 Extraction: 
The sample is 
incubated/
agitated and the 
analytes extracted 
onto the probe

HiSorb 
probe

Potato snacks 
(3 g)

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

60 842

6

4

2

0

6

4

2

0
14 16

18

20

1

2 3

5

7

6

4

10

11

12

13
15

17 19

1	 Butane
2	 Acetone
3	 Methanesulfonic 

anhydride
4	 2,3-Butanedione
5	 2-Ethylacetone
6	 Acetic acid
7	 Ethyl acetate
8	 2,3-Pentanedione
9	 Acetoin
10	1-Ethoxy-2-propanal
11	Toluene
12	3-Methylheptane
13	Octane
14	Butyric acid
15	1-Propoxy-2-propanal
16	n-Propyl butyrate
17	Methyl hydroxybenzene-

carboximidate
18	Benzaldehyde
19	Decane
20	Butyl lactate

Unflavoured

Cheese- 
flavoured

GC–MS

 2  3  5Probe loading: 
The probe is 
placed inside 
an empty TD 
tube

Preconcentration: 
The probe is heated, 
and the analytes 
desorbed onto a 
sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

 4 Trap purge: 
Residual water in 
the trap is purged 
at ambient 
temperature

Optional 
split

Empty 
TD tube

AUTOMATED ON CENTRI

mailto:enquiries%40markes.com?subject=
http://www.markes.com
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Detecting residual solvents: Food packaging

	►CHALLENGE:

Customer complaints about off-odours and safety-driven regulations demand that residual 
chemicals in food packaging are monitored using highly sensitive analytical techiques.
Headspace–trap on Centri allows sub-ppb sensitivity to be achieved for residual solvents, 
monomers and additives in food packaging.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Greater sensitivity: The optimised trap design not only preconcentrates the 1 mL of 
headspace into ~100 µL of vapour, but also allows a very low split ratio of 3.5 : 1 to be 
used. The result is that a large portion of the sample is sent to the GC, allowing the 
detection of sub-ppb levels of residual solvents. 

	■ Better chromatography: The focusing step results in improved peak shapes (even with 
these low split ratios), particularly for early-eluting compounds, resulting in more 
confident identification.

Using headspace–trap on 
Centri, ethanol was found 
to be the most significant 
component in a sample 
of food packaging, with 
concentrations of 
1.92 mg/m2, in addition 
to seven other solvents 
at trace levels.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 252

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Snack 
packaging 
(64 cm2)

3.5 : 1 
split

1 mL

Solvents
1	 Methanol
2	 Ethanol
3	 Acetone
4	 Propan-2-ol
6	 Propan-1-ol
15	Butan-1-ol
17	n-Propyl acetate
20	Toluene

Other contaminants
B	 3-Ethylpropan-2-ol
C	 Acetic acid
D	 1-Ethoxypropan-2-ol
E	 1-Propoxypropan-2-ol
F	 1-Methoxyprop-2-yl acetate
G	 1-(2-Methoxy- 

1-methylethoxy)- 
propan-2-ol

H	 1-(2-Methoxypropoxy)- 
propan-2-ol

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

2

1

0

1282 181064 1614 20

2

4
A 6 151 B 17C

F

D

G

E

H

20

3
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FOOD

Detecting food additives: Dried goods

	►CHALLENGE:

Uncertainties over the safety of the antioxidant butylated hydroxytoluene (BHT) call for 
analytical methods that can detect this additive at trace levels.
Headspace–trap on Centri allows sub-ppb sensitivity to be achieved within a fully 
automated workflow.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Greater sensitivity: The optimised trap design not only preconcentrates the 1 mL of 
headspace into ~100 µL of vapour, but also allows a very low split ratio of 2 : 1 to be 
used. The result is that a large portion of the sample is sent to the GC, allowing the 
detection of sub-ppb levels of BHT.

	■ Reduced sample waste: The use of a low split ratio reduces the amount of sample that 
is wasted by being sent to the split line.

	■ Better chromatography: The focusing step results in improved peak shapes (even with 
these low split ratios), particularly for early-eluting compounds, resulting in more 
confident identification.

Using headspace–trap on 
Centri, sub-ppb 
concentrations of BHT 
were detected in a 
sample of rice puffs.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 251

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Rice puffs 
(1 g)

2 : 1 
split

1 mL

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

863 11754 109

2

1

0

BHT
0.73 ng/g

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://markes.com/content-hub/application-notes/application-note-251


ENVIRONMENTAL

BEVERAGES

HEALTH

FRAGRANCE

FORENSIC

GENERAL TOPICS

enquiries@markes.com     www.markes.com 16

FOOD

Monitoring safety and quality: Dried goods

	►CHALLENGE:

Monitoring food safety and quality requires a detailed understanding of individual 
components, but the conventional SPME approach is insufficiently sensitive, and suffers 
from the fragility of the fibers.
High-capacity sorptive extraction on Centri addresses both issues. A larger volume of 
sorptive phase, coupled with multi-step enrichment (MSE), improves sensitivity, while a 
robust metal-core probe avoids the problem of fiber breakage.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved sensitivity:

	– A larger volume of sorptive phase compared to a SPME fiber allows more of each 
analyte to be extracted.

	– Multi-step enrichment onto the same focusing trap improves sensitivity further, without 
sacrificing chromatographic performance, and while maintaining excellent linearity and 
reproducibility.

	■ Generation of comprehensive profiles: Use of focusing traps containing multiple 
sorbent beds enables a wide volatility range of compounds to be efficiently retained and 
desorbed in a single analysis.

	■ Improved reliability and productivity: Operations are streamlined thanks to the 
robustness of HiSorb probes, and the ease of automation on Centri.

Multi-step enrichment 
enhances sensitivity for a 
wide range of VOCs and 
SVOCs in a breakfast 
cereal suspension, using 
headspace HiSorb 
probes automated on 
Centri.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 272

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the probe

Preconcentration: 
The probe is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Breakfast 
cereal (1 g) 

homogenised in 
water (10 mL)

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case three more times 

from different vials)

GC–MS

4.3 : 1 
split

Centri 
injection 

port

× 4

Retention time (min)
205 1510

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

4

2

0

2

4

6

HiSorb with MSE

HiSorb
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http://www.markes.com
https://markes.com/content-hub/application-notes/application-note-272


BEVERAGES

HEALTH

FRAGRANCE

FORENSIC

GENERAL TOPICS

enquiries@markes.com     www.markes.com 17

FOOD

ENVIRONMENTAL
Detecting residual fumigants: Seeds

	►CHALLENGE:

Residual chemicals present in seeds and other agricultural products as a result of 
fumigation (to eliminate pests) are a concern to human health due to their toxicity, and 
safety-driven regulations demand that they are monitored.
Headspace–trap with multi-step enrichment (MSE) on Centri allows low-ppb sensitivity 
to be achieved for the simultaneous analysis of residual ethylene oxide and its by‑product 
2-chloroethanol in sesame seeds.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Greater sensitivity: The optimised trap design not only preconcentrates multiple (three) 
5 mL headspace extractions into ~100 µL of vapour, but also allows a low split ratio of 
6:1 to be used. The result is that a large portion of the sample is sent to the GC, allowing 
the detection of low-ppb levels of residual fumigants.

	■ Better chromatography: The focusing step results in improved peak shapes (even with 
low split ratios) particularly for early-eluting volatile compounds like ethylene oxide, 
resulting in confident identification and improved sensitivity.

	■ Wide analyte range: Use of focusing traps containing multiple sorbent beds enables a wide 
volatility range of compounds to be efficiently retained and desorbed in a single analysis. 

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 281

Excellent reproducibility 
for the HS–trap 
methodology is 
demonstrated by this pair 
of EIC overlays for five 
replicate samples, spiked  
with ethylene oxide and 
2-chloroethanol at the 
maximum residue limit of 
0.05 mg/kg, as defined 
by the EU Reference 
Laboratories’ single 
residue method.

 1  2  4Extraction: 
The sample is 
incubated/agitated 
and the headspace 
extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

6 : 1 
split

 3 Trap purge: 
Residual water in 
the trap is purged 
to vent

× 3

Centri 
injection 

port

Sesame 
seeds 
(2 g) Multi-step enrichment: 

Extraction and preconcentration 
is repeated (in this case two 

more times from the same vial)

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

4.74.6 13.012.9

Ethylene oxide 
m/z 44

2-Chloroethanol 
m/z 31

6

4

2

0

8

13.1
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Discovering authenticity markers: Honey

	►CHALLENGE:

Honey is prone to food fraud, but current methods, such as pollen analysis, are time-
consuming and laborious. Even methods such as solid-phase microextraction (SPME) can 
be insufficiently sensitive and suffer from the fragility of the fibers. 
Multi-phase high-capacity sorptive extraction on Centri addresses all these issues, 
with a larger volume of sorptive phase to extract a wide range of VOCs, and a robust metal-
core probe to avoid the problem of fiber breakage. The result is therefore a robust, quick 
and automated method for discriminating components and prove sample authenticity.

	►WORKFLOW:

Complex aroma profiles 
were generated by 
HiSorb extraction for six 
honey varieties, and the 
79 compounds found 
overall were screened for  
automated data-mining 
using ChromCompare+. 
This enabled easy 
separation of the 
different varieties using a 
principal components 
analysis score plot 
(inset).

For full details 
DOWNLOAD 
Application Note 275

	►EXAMPLE DATASET:

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the probe

Preconcentration: 
The probe is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

GC–MS

10 : 1 
split

Honey

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed

Centri 
injection 

port

Ab
un

da
nc

e 
(×

 1
0

5  c
ou

nt
s)

Retention time (min)

30205 45251510 4035

2

1

0

Syrup
Mass market
Hobbyist
Manuka
Forest
Welsh

2

1

0

2

1

0

2

1

0

2

1

0

2

1

0

	►KEY ADVANTAGES:
	■ Greater sensitivity: Probes have more sorptive phase than SPME fibers, resulting in 
more efficient extraction of low-level and key aroma-active compounds.

	■ Comprehensive profiles: Focusing traps containing multiple sorbent beds enable a wide 
volatility range of compounds to be efficiently retained and desorbed in a single analysis.

	■ Improved reliability and productivity: Operations are streamlined thanks to the 
robustness of HiSorb probes, and the ease of automation on Centri.

	■ Data insights: Automated statistical analysis of the data generated using 
ChromCompare+ (SepSolve Analytical) enables rapid discrimination of honey varieties.
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FOOD

Evaluating sorptive phase combinations: Honey

	►CHALLENGE:

Polydimethylsiloxane (PDMS) is a widely used sorptive phase owing to its broad analyte 
range. However, it is less efficient at extracting more volatile and/or polar compounds.
Including additional phase types on high-capacity sorptive extraction probes can 
extend the range of analytes recovered. 

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Comprehensive organoleptic profiling: 92 compounds were recovered from forest 
honey using DVB/CWR/PDMS, including compounds with key flavour/aroma properties.

	■ Wide analyte range: Use of focusing traps containing multiple sorbent beds enables a wide 
volatility range of compounds to be efficiently retained and desorbed in a single analysis.

	■ Improved sensitivity: The large phase volume and surface area of the probes 
(compared to SPME) improved the extraction efficiency of low-level components.

	■ Options to suit any application: With a selection of phase combinations available, HiSorb 
probes are suitable for targeted and non-targeted analyses from most sample matrices.

Larger and more 
abundant peaks are 
observed during flavour 
profiling of forest honey 
when carbon wide-range 
(CWR), or CWR and 
divinylbenzene (DVB), are 
used in addition to PDMS 
for extraction onto 
HiSorb probes, than with 
PDMS alone. 

For full details 
DOWNLOAD 
Application Note 279

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the probe

Preconcentration: 
The probe is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

GC–MS

10 : 1 
split

Honey

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed

Centri 
injection 

port

	►EXAMPLE DATASET:

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

30205 251510

2

1

2

1

2

1

PDMS

PDMS/CWR

DVB/CWR/PDMS
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FOOD

Improving the sensitivity of headspace: Food concentrate

	►CHALLENGE:

Direct headspace extraction is a popular technique for food analysis, but extraction 
volumes are typically limited to 1 mL, because larger volumes lead to poor 
chromatography.
Headspace–trap on Centri enhances sensitivity by allowing large volumes of headspace 
(up to 5 mL) to be preconcentrated, boosted further by multi-step enrichment (MSE).

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved sensitivity:

	– Large-volume preconcentration on the trap improves sensitivity by allowing larger 
extraction volumes

	– Multi-step enrichment onto the same focusing trap improves sensitivity further, without 
sacrificing chromatographic performance.

	■ Improved confidence in results: The greater sensitivity leads to the discovery of more 
compounds, and improved confidence in identification of trace-level compounds.

	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

The use of multi-step 
enrichment results in the 
detection of three 
additional flavour 
compounds in this 
tomato paste sample, 
compared to regular 
headspace–trap on 
Centri.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 270

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Tomato paste 
suspension in 
water (8 mL)

8.2 : 1 
split

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case two more times 

from different vials)

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

× 3

5 mL

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

1196 1087

5

0

5

Headspace–trap 
 with MSE

Headspace–trap

3,5-Xylenol 
(balsalmic)

trans-2- 
(2-Pentenyl)- 

furan 
(fruity)

Nonanol 
(waxy)
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FOOD

Detecting food contaminants: Food concentrate

	►CHALLENGE:

Direct headspace extraction is a popular technique for detecting contamination from 
residual benzene, toluene, ethylbenzene, xylenes and styrene (BTEXS) in food. But 
extraction volumes are typically limited to 1 mL, because larger volumes lead to water 
interference and poor chromatography.
Headspace–trap on Centri enhances sensitivity by allowing large volumes of headspace 
(up to 5 mL) to be preconcentrated, boosted further by multi-step enrichment (MSE).

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved sensitivity:

	– Large-volume preconcentration on the trap improves sensitivity for BTEXS by allowing 
larger extraction volumes.

	– Multi-step enrichment onto the same focusing trap improves sensitivity further (to 
sub-ppb levels), without sacrificing chromatographic performance, and while 
maintaining excellent linearity and reproducibility.

	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

The sensitivity for food 
contaminants of 
headspace–trap on 
Centri increases four-fold 
when using multi-step 
enrichment on this 
sample of tomato paste.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 271

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Tomato paste 
suspension in 
water (8 mL)

8.2 : 1 
split

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case two more times 

from different vials)

× 3

5 mL

Ab
un

da
nc

e 
(×

 1
07  

co
un

ts
)

Retention time (min)
52 643

8

6

4

2

0

1	 Toluene	 1.21 ppb
2	 Ethylbenzene	 0.01 ppb
3	 m-/p-Xylene	 0.18 ppb
4	 Styrene	 0.34 ppb
5	 o-Xylene	 0.05 ppb

1

5
4

2

3

Headspace–trap 
 with MSE

Headspace–trap
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FOOD

Enhancing the sensitivity of SPME: Oils

	►CHALLENGE:

SPME is regularly used for analysis of foods (especially to check authenticity), but 
conventional (‘direct’) SPME sometimes suffers from limited sensitivity, due to the small 
volume of sorptive phase and the relatively slow heating rate of GC injection ports.
SPME–trap on Centri overcomes this problem using trap-based preconcentration, with 
sensitivity enhanced further by multi-step enrichment (MSE).

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved sensitivity: Multi-step enrichment onto the same focusing trap improves 
sensitivity, without sacrificing chromatographic performance, and while maintaining 
excellent linearity and reproducibility.

	■ Improved confidence in results: The greater sensitivity leads to the discovery of more 
compounds, and thus a more comprehensive profile.

For full details 
DOWNLOAD 
journal article

Use of multi-step 
enrichment increases the 
sensitivity of this analysis 
by a factor that is 
proportional to the 
number of extractions, as 
illustrated for an olive oil 
sample with SPME–trap, 
automated on Centri.

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case five more times 

from the same vial)

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the fiber

Preconcentration: 
The fiber is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

SPME 
fiber

Olive oil 
(1.5 g)

GC–MS

5 : 1 
split

	►EXAMPLE DATASET:

× 6

Centri 
injection 

port

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

205 251510 15.98

2

1

0

2

1

0

2

1

0

1

0

1

0

1

0

1 extraction 1-Dodecene

3 extractions

6 extractions

× 2.98

36210

107820

211238

× 5.83

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://doi.org/10.1002/jssc.202000098


ENVIRONMENTAL

HEALTH

FOOD

FRAGRANCE

FORENSIC

GENERAL TOPICS

enquiries@markes.com     www.markes.com 23

BEVERAGES

Detecting additives: Tea

	►CHALLENGE:

Uncertainties over the safety of the antioxidant butylated hydroxytoluene (BHT) call for 
analytical methods that can detect this additive at trace levels. At the same time, there is 
a need for more automated methods to replace time-consuming manual solid-phase 
extraction, which is widely used to monitor BHT in aqueous samples.
Headspace–trap on Centri overcomes both these issues, by allowing sub-ppb sensitivity 
to be achieved within a fully automated workflow.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Greater sensitivity: The optimised trap design not only preconcentrates the 1 mL of 
headspace into ~100 µL of vapour, but also allows a very low split ratio of 2 : 1 to be 
used. The result is that a large portion of the sample is sent to the GC, allowing the 
detection of sub-ppb levels of BHT.

	■ Reduced sample waste: The use of a low split ratio reduces the amount of sample that 
is wasted by being sent to the split line.

	■ Better chromatography: The focusing step results in improved peak shapes (even with 
these low split ratios), particularly for early-eluting compounds, resulting in more 
confident identification.

Using headspace–trap on 
Centri, sub-ppb
concentrations of BHT 
were detected in a 
sample of black tea.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 251

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Black tea 
infusion (1 g 
of leaves in 

10 mL water)

2 : 1 
split

1 mL

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

863 11754 109

2

1

0

12

19

22 30

33

21

17

5

8

3
3	 Hexanal
5	 trans-Hex-2-enal
8	 Heptanal 
12	2-Pentylfuran
17	Benzeneacetaldehyde
19	Linalool
21	Octanoic acid
22	Nonan-1-ol
30	β-Ionone
33	Diisobutyl phthalate

BHT
1.6 ng/g
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BEVERAGES

Comprehensive aroma profiling: Tea

	►CHALLENGE:

SPME is regularly used for analysis of beverages, but conventional (‘direct’) SPME 
sometimes suffers from limited sensitivity, due to the small volume of sorptive phase and 
the relatively slow heating rate of GC injection ports.
SPME–trap on Centri overcomes this problem using trap-based preconcentration, with 
sensitivity enhanced further by multi-step enrichment (MSE).

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved sensitivity: Multi-step enrichment onto the same focusing trap improves 
sensitivity further, without sacrificing chromatographic performance, and while 
maintaining excellent linearity and reproducibility.

	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

Significantly greater 
sensitivity is achieved for 
SPME extraction of tea 
aroma compounds by 
using trap-based 
preconcentration and 
multi-step enrichment. All 
operations are 
automated on Centri.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 268

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case two more times 

from the same vial)

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the fiber

Preconcentration: 
The fiber is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

SPME 
fiber

GC–MS

6 : 1 
split

Black tea 
infusion (1 g 
of leaves in 

10 mL water), 
spiked with 
halophenols

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

× 3

Centri 
injection 

port

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

974 12865 1110 13 14

3

2

1

0

4

3

2

1

0

4

21

1

Diethyl 
ether

Diethyl 
ether

11
22

2

12

24

4
14

26

6 16

25

5

15

277

17 28
8

18
29

9

19

30

31

32
10

20
23

3
13

Direct SPME

SPME–trap 
with MSE

1	 Dimethyl sulfide
2	 Propanal
3	 Octane
4	 2-Methylpropanal
5	 Acetone
6	 Tetrahydrofuran
7	 Butanal
8	 Ethyl acetate

9	 Nonane
10	Butan-2-one
11	2-Methylbutanal
12	3-Methylbutanal
13	Dichloromethane
14	Ethanol
15	Benzene
16	2-Ethylfuran

17	Pentanal
18	Acetonitrile
19	α-Pinene
20	α-Phellandrene
21	Toluene
22	Hexanal
23	Diethyl carbitol
24	Undecane

25	β-Pinene
26	β-Phellandrene
27	Ethylbenzene
28	2-n-Butylfuran
29	p-Xylene
30	3-Carene
31	β-Myrcene
32	α-Terpinene
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BEVERAGES

Comprehensive aroma profiling: Tea

	►CHALLENGE:

SPME is regularly used for analysis of beverages, but conventional (‘direct’) SPME 
sometimes suffers from limited sensitivity, particularly for high-boiling compounds.
High-capacity sorptive extraction on Centri addresses this by using a large volume of 
PDMS sorptive phase, resulting in more efficient extraction of low-level and polar 
compounds.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Greater sensitivity: The high sorptive capacity of the PDMS phase, coupled with the 
large volume, results in more efficient extraction of low-level and polar analytes, 
including high-boiling compounds.

	■ Improved productivity and reproducibility: The ‘prep-ahead’ functionality of Centri 
allows multiple vials to be simultaneously extracted using multiple HiSorb probes, saving 
time and improving reproducibility.

	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 268

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the probe

Preconcentration: 
The probe is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

GC–MS

6 : 1 
split

Black tea 
infusion (1 g 
of leaves in 

10 mL water)

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed

Use of HiSorb high-
capacity sorptive 
extraction, automated on 
Centri, results in a large 
increase in the relative 
abundances of late-
eluting compounds, 
compared to SPME 
methods.

Centri 
injection 

port

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

604010 503020 70

2

1

0

2

1

0

SPME–trap with MSE 
273 compounds

HiSorb high-capacity sorptive extraction 
307 compounds

1

12
15

17

18 23

30

40
50

53

563

1	 2,2,4-Trimethylpentane
3	 Oct-1-ene
12	Hexanal
15	1,3-Dimethylbenzene
17	Limonene
18	Eucalyptol
23	m-Cymene

30	Nonanal
40	Methyl salicylate
50	Methyl cis-octadec-9-enoate
53	Dibutyl phthalate
56	Hexadecanoic acid
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BEVERAGES

Enhancing the sensitivity of headspace: Fruit juice

	►CHALLENGE:

Direct headspace is widely used for aroma profiling of beverages, but the small sample 
volumes typically used mean that trace-level compounds with low odour thresholds may 
be missed.
Headspace–trap on Centri enhances sensitivity by allowing large volumes of headspace 
(up to 5 mL) to be preconcentrated, boosted further by multi-step enrichment (MSE).

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

	■ Improved sensitivity:
	– Large-volume preconcentration improves sensitivity by focusing extraction volumes up 
to 5 mL on the trap, before being sent to the GC in a narrower band of vapour (~100 µL).

	– Multi-step enrichment onto the same focusing trap improves sensitivity further, for 
detection of more compounds, without sacrificing chromatographic performance.

	■ Increased productivity and reproducibility: Full automation eliminates time-consuming 
and error-prone manual operations.

Multi-step enrichment of 
a headspace–trap 
analysis on Centri results 
in the identification of 
more compounds in this 
sample of orange juice 
(labelled), compared to a 
single extraction.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 264

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Orange juice 
(8 mL)

~10 : 1 
split

 3 Trap purge: Residual 
water in the trap is 
purged at ambient 
temperature

Multi-step enrichment: 
Extraction and 

preconcentration is repeated 
(in this case two more times 

from different vials)

× 3

5 mL

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

752 643

2

1

0

1

23

5

16 29

8

25

12

17 24

18

5	 Phenol
8	 Ethyl 2-methyl-

propanoate
12	3-Methyl- 

2-buten-1-ol
16	3-Methyl-2-butenyl 

hexanoate
17	Furfural
18	Ethyl methacrylate
23	2-Heptanone
24	Bromoform
25	Propyl butanoate
29	Ethyl isoamyl 

ketone

Headspace–trap 
with MSE

Headspace–trap
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BEVERAGES

Streamlining extraction for low-level ‘Brett’ odorants: Wine

	►CHALLENGE:

There is a need to improve upon inefficient solvent-extraction methods for identifying 
the unpleasant ‘Brett’ odorants 4-ethylphenol (4-EP) and 4-ethylguaiacol (4-EG) in wine.
High-capacity sorptive extraction on Centri greatly simplifies analytical workflows, by 
allowing fully automated, immersive extraction using a robust metal-core probe.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved throughput: Productivity is 
enhanced by full automation of sample 
extraction, washing/drying of probes, 
probe desorption and GC injection.

	■ Elimination of ethanol: The trap can be 
held at ambient temperature during probe 
desorption and trap purging, allowing 
ethanol to be selectively removed.

	■ Generation of comprehensive profiles: 
Immersive use of probes enables a wide 
volatility range of compounds to be 
extracted.

	■ Improved sensitivity:
	– The large volume of sorptive phase 
(65 µL) provides more efficient extraction 
of low-level and polar compounds

	– Low-split (or splitless) operation allows a 
large portion of the sample to be sent to 
the GC.

	■ Improved workflow options: Re-collection 
of sample split flows for repeat analysis 
improves method development, sample 
archiving and method validation.

Detection of the ‘Brett’ 
odorants 4-EP and 4-EG 
below sensory threshold 
values is achieved using 
a combination of 
immersive high-capacity 
sorptive extraction and 
low split ratios. 
Re‑collection of the 
sample allows automated 
re-analysis of the same 
sample with a different 
split ratio, allowing 
quantitation over a wide 
concentration range.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 254

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed GC–MS

 1  2  4Extraction: 
The sample is 
incubated/agitated 
and the analytes 
extracted onto the 
probe

Preconcentration: 
The probe is heated 
and the analytes 
desorbed onto a 
sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Red 
wine 

(19 mL)

26 : 1 or 3.5 : 1 
split

Centri 
injection 

port

 3 Trap purge: 
Residual ethanol 
in the trap is 
purged at ambient 
temperature

 5 Re-collection: 
The split portion 
of the sample is 
re-collected on a 
sorbent-packed 
tube.

Ab
un

da
nc

e 
(×

 1
04  

co
un

ts
)

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

151413
0

1

1

0

14.512.8

4-EP 4-EG

A 
TIC

B 
EIC
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BEVERAGES

Comprehensive aroma profiling: Cider

	►CHALLENGE:

Determining a comprehensive flavour profile of beverages requires extraction processes 
that are efficient and untargeted, and the simultaneous analysis of compounds at 
varying concentrations.
High-capacity sorptive extraction addresses these challenges, by providing a large 
volume of sorptive phase for greater sensitivity over conventional techniques (such as 
SPME), and by using robust metal-core probes.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Large phase volume: HiSorb probes support a large volume of sorptive phase (~65 μL), 
increasing sorptive capacity and therefore extraction efficiency relative to SPME.

	■ Comprehensive VOC profiling: 39 compounds were recovered from flavoured cider, 
including compounds with key flavour/aroma properties.

	■ Options to suit any application: With a selection of phases and phase combinations 
available, HiSorb probes are suitable for both targeted and non-targeted analyses from 
most sample matrices. 

Smaller and less 
abundant peaks are 
observed during flavour 
profiling of unflavoured 
cider (top) compared with  
fruit-flavoured cider 
(bottom). Many esters 
were only identified in 
the flavoured product ( ), 
or found in much higher 
abundance ( ) compared 
to the unflavoured 
product, contributing 
fruity, sweet and citrus 
notes.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 280

GC–MS

 1  2  3  5Extraction: 
The sample is 
incubated/
agitated and the 
analytes extracted 
onto the probe

Probe loading: 
The probe is 
placed inside 
an empty TD 
tube

Preconcentration: 
The probe is heated, 
and the analytes 
desorbed onto a 
sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

Cider 
(10 mL)

 4 Trap purge: 
Residual water in 
the trap is purged 
at ambient 
temperature

Optional 
split

Empty 
TD tube

AUTOMATED ON CENTRI

HiSorb 
probe

Ab
un

da
nc

e 
(×

 1
05  

co
un

ts
)

Retention time (min)

14104 1286

2

1

0

2

1

0

Unflavoured

Fruit-flavoured
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BEVERAGES

Evaluating sorptive phase combinations: Hard seltzers

	►CHALLENGE:

Polydimethylsiloxane (PDMS) is a popular phase for sorptive extraction because of its 
ability to extract a wide range of compounds. However, PDMS alone has limited extraction 
capacity for certain groups of analytes.
High-capacity sorptive extraction probes with multiple phases show extraction of a 
wider range of analytes, with workflows fully automated on the Centri platform.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ More compounds discovered: The 
use of additional phases allows 
enhanced extraction of more polar 
and more volatile analytes. 

	■ Improved sensitivity: The large 
phase volume and surface area 
compared to methods such as SPME 
improves extraction efficiency of 
low-level components.

	■ Reduced manual handling: 
Automation reduces the amount of 
manual sample preparation required, 
improving reproducibility and 
reducing the risk of human error. 

	■ Generation of comprehensive 
profiles: Use of focusing traps with 
multiple sorbent beds enables a wide 
range of compounds to be retained 
and desorbed in a single analysis.

	■ Robust analysis and improved 
reliability: The stainless-steel probe 
body provides enhanced robustness 
compared to SPME, eliminating the 
risk of breakage.

	►EXAMPLE DATASET:

In this comparison of four 
sorbent combinations for 
extraction of 
flavour‑active 
components from hard 
seltzers, PDMS/DVB 
(bottom) provided the 
best performance, and 
so was  selected for 
further experimental 
work (see page 30).

For full details 
DOWNLOAD 
Application Note 277

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed GC–MS

 1  2  4Extraction: 
The sample is 
incubated/agitated 
and the analytes 
extracted onto the 
probe

Preconcentration: 
The probe is heated 
and the analytes 
desorbed onto a 
sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Hard seltzer 
(4 mL) and 

water 
(16 mL)

Centri 
injection 

port

 3 Trap purge: 
Residual ethanol 
in the trap is 
purged at ambient 
temperature

5 : 1 
split

Ab
un

da
nc

e 
(×

 1
08  

co
un

ts
)

Retention time (min)

300 2010

4

2

0

4

2

0

4

2

0

4

2

0

PDMS

PDMS/CWR

DVB/CWR/PDMS 

PDMS/DVB
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BEVERAGES

Comprehensive flavour profiling: Hard seltzers

	►CHALLENGE:

Flavour profiling is vital for brand quality and authenticity, but flavour-active compounds 
can remain in the liquid phase when using headspace sampling, while immersive SPME 
sampling suffers from fiber contamination and breakage.
High-capacity sorptive extraction with HiSorb probes solves this problem, with a robust 
design that facilitates immersive sampling.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Generation of comprehensive profiles: Immersive use of probes enables a wide 
volatility range of compounds to be extracted.

	■ Improved productivity and reproducibility: The ‘prep-ahead’ functionality of Centri 
allows multiple vials to be simultaneously extracted using multiple HiSorb probes, saving 
time and improving reproducibility.

	■ Improved reliability and throughput: Operations are streamlined thanks to the 
robustness of the HiSorb probes, and the ease of automation on Centri. 

	■ Gaining insights into the data: Automated statistical analysis of the data generated 
using ChromCompare+ (SepSolve Analytical) enabled rapid discrimination of products.

In this analysis of four 
brands of hard seltzer, 
comprehensive profiles 
(left) were automatically 
analysed to reveal 14 key 
markers for quality and 
authenticity. Subsequent 
principal component 
analysis showed tight 
clustering of replicate 
samples.

For full details 
DOWNLOAD 
Application Note 278

	►EXAMPLE DATASET:

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed GC–MS

 1  2  4Extraction: 
The sample is 
incubated/agitated 
and the analytes 
extracted onto the 
probe

Preconcentration: 
The probe is heated 
and the analytes 
desorbed onto a 
sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Hard seltzer 
(4 mL) and 

water 
(16 mL)

Centri 
injection 

port

 3 Trap purge: 
Residual ethanol 
in the trap is 
purged at ambient 
temperature

10 : 1 
split

PC
2

Ab
un

da
nc

e

PC1Retention time

A

A

B

B

C

C

D

D
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BEVERAGES

Avoiding interference from ethanol: Spirits

	►CHALLENGE:

Existing techniques for analysing VOCs in alcoholic spirits are either laborious and 
solvent-intensive (liquid–liquid extraction), result in chromatographic interference from 
excess ethanol (static headspace), or are prone to sampler breakage (SPME).
High-capacity sorptive extraction on Centri solves all these problems, by (a) using an 
easily-automated solvent‑free workflow, (b) greatly restricting the amount of ethanol 
introduced to the GC, and (c) using robust metal-core samplers.

	►WORKFLOW:

	►KEY ADVANTAGES 
(SEE ALSO PAGE 3):

	■ Elimination of ethanol: The trap can 
be held at ambient temperature during 
probe desorption and trap purging, 
allowing ethanol to be selectively 
removed.

	■ Improved sensitivity: Low-split (or 
splitless) operation allows a large 
portion of the sample to be sent to the 
GC.

	■ Analyte range: Immersive sampling 
allows extraction of compounds 
spanning a wide volatility range.

	■ Improved reliability and productivity: 
Operations are streamlined thanks to 
the robustness of the HiSorb probes, 
and the ease of automation on Centri.

	■ Improved workflow options: 
Re‑collection of sample split flows for 
repeat analysis improves method 
development, sample archiving and 
method validation.

The responses of 
low-level aroma 
compounds in vodka are 
no longer obscured by 
ethanol, thanks to the 
use of HiSorb high-
capacity sorptive 
extraction, combined 
with an ethanol purge. All 
operations are 
automated on Centri.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 261

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed GC–MS

 1  2  4Extraction: 
The sample is 
incubated/agitated 
and the analytes 
extracted onto the 
probe

Preconcentration: 
The probe is heated 
and the analytes 
desorbed onto a 
sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Vodka 
(20 mL)

51 : 1 or 6 : 1 
split

Centri 
injection 

port

 3 Trap purge: 
Residual ethanol 
in the trap is 
purged at ambient 
temperature

 5 Re-collection: 
The split portion 
of the sample is 
re-collected on a 
sorbent-packed 
tube.

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

8.06.5 7.57.0

2

1

0

2

1

0

2

1

0

Headspace–trap
Low split

HiSorb
Original sample

HiSorb
Re-collected sample

Ethanol

Ethanol

Ethanol

Nonene

Benzene

2,2,4,6,6-Penta- 
methylheptane
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FRAGRANCE

Comprehensive fragrance profiling: 
Personal hygiene products

	►CHALLENGE:

Fragrance profiling of personal care products requires high sensitivity for trace-level 
compounds with low odour thresholds, alongside the ability to eliminate interferences 
such as water, which can affect chromatographic performance.
High-capacity sorptive extraction on Centri addresses both issues, by providing a larger 
volume of sorptive phase for greater sensitivity, and opening up options for removing water 
prior to GC injection.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Analyte range: Immersive sampling allows extraction of compounds spanning a wide 
volatility range, so generating comprehensive profiles.

	■ Effective water management: Selective elimination of water (while retaining analytes of 
interest) is aided by the use of hydrophobic sorbents in the focusing trap, and an 
ambient-temperature purge of residual water prior to trap desorption.

	■ Improved productivity and reproducibility: The ‘prep-ahead’ functionality of Centri 
allows multiple vials to be simultaneously extracted using multiple HiSorb probes, saving 
time and improving reproducibility.

Immersive high-capacity 
sorptive extraction of a 
shampoo sample, 
automated on Centri, 
allows compounds over a 
wide volatility range to be 
detected.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 265

Prep-ahead: Up to 
five further samples 

can be extracted 
while the first sample 

is being desorbed

GC–MS

 1  2  4Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the probe

Preconcentration: 
The probe is heated and 
the analytes desorbed 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Diluted 
shampoo 
(18 mL)

5 : 1 
split

Centri 
injection 

port

 3 Trap purge: 
Residual water in 
the trap is purged at 
ambient temperature

Ab
un

da
nc

e 
(×

 1
07  

co
un

ts
)

3

2

1

0

Retention time (min)
15 20105

Ethyl 
α-methyl-
valerate

Laureth-4
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HEALTH

Detecting disease biomarkers: Breath

	►CHALLENGE:

The accurate identification and measurement of biomarkers in samples such as breath, 
saliva and urine requires high sensitivity for the method to realise its full potential for 
early disease diagnosis.
Pumped sampling of breath onto sorbent tubes, followed by preconcentration on Centri 
and GC×GC–TOF MS, is a highly sensitive, automated method for screening of breath.

	►WORKFLOW:

	►KEY ADVANTAGES:

	■ High sensitivity: The use of sorbent tubes and an optimised trap design 
preconcentrates the 1 L breath sample into ~100 µL of vapour.

	■ Sample storage: The ability to store samples on sorbent tubes for several weeks allows 
transport to the analytical laboratory without risk of degradation.

	■ Improved workflow options: Re-collection of sample split flows for repeat analysis 
allows samples to be stored and later re-analysed to confirm compound identity, without 
having to repeat sample collection.

	■ Improved laboratory efficiency: Automated thermal desorption and sample overlap on 
Centri speeds up workflows.

	■ Range of sampling options: Centri allows sampling from a wide range of matrices, using 
HiSorb high-capacity sorptive extraction, SPME and headspace, in addition to TD tubes.

Sorbent-tube-based 
workflows, in conjunction 
with two-dimensional GC, 
allow highly sensitive 
detection of low-level 
breath volatiles, as 
shown in this expanded 
region of a GC×GC colour 
plot.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
White Paper 024

 1

 1

 3 2

 2

 4Sampling: 
Breath samples are 
collected using sampling 
bags.

Preconcentration: 
The tube is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Extraction: 
The sample is 
pumped onto a 
sorbent tube

Desorption: 
The sample is 
desorbed to the 
GC×GC–MS

AUTOMATED ON CENTRI

GC×GC–MS

Optional 
split

Optional split

Sampling 
bag Sorbent 

tube

1 L

1	 Carbon dioxide
2	 Sulfur dioxide
3	 Ethanol
4	 Acetone
5	 Isopropanol
6	 Isoprene
7	 Dichloromethane
8	 Trimethylsilanol
9	 2-Methylpentane
10	3-Methylpentane
11	Butane-2,3-dione
12	n-Hexane
13	Ethyl acetate
14	1,3,5-Trifluorobenzene 

(artefact)
15	Butan-1-ol
16	Benzene

11

1

12

2

14

4

16

6

15

5 7

8

9

10 13

3

mailto:enquiries%40markes.com?subject=
http://www.markes.com
https://www.sepsolve.com/breath-biomarkers-gcxgc-analysis/


ENVIRONMENTAL

BEVERAGES

HEALTH

FOOD

FRAGRANCE

GENERAL TOPICS

enquiries@markes.com     www.markes.com 34

FORENSIC

Screening for explosives: Water and fabrics

	►CHALLENGE:

Identifying trace-level explosive residues in solids and liquids using GC–MS is important 
for forensic and defence applications, but some compounds can decompose before 
reaching the detector. Another problem is the labour-intensive nature of some extraction 
methods, and their use of large amounts of hazardous solvents. 
Addressing these issues, high-capacity sorptive extraction on Centri is fully automated 
and solvent-free, and integrates with low-temperature thermal desorption for efficient 
analysis of explosives.

	►WORKFLOW:

	►KEY ADVANTAGES:

	■ Improved sensitivity: 
	– The greater sampling capacity of HiSorb probes (~100 times more sorptive phase than 
a SPME fiber) provides more extraction efficiency for trace-level detection

	– Low-split operation allows a larger portion of sample to be sent to the GC.
	■ Analyte range: Immersive sampling combined with backflushed trap operation allows 
extraction and analysis of a wide volatility range of compounds.

	■ Improved reliability: Operations are streamlined thanks to the robustness of the HiSorb 
probes, and the ease of automation on Centri. 

The excellent signal-to-
noise ratios at low-
nanogram loadings of six 
explosives in water show 
that HiSorb analysis is 
relevant to typical 
contamination scenarios.
NB = Nitrobenzene
TATP = �Triacetone 

triperoxide
DNB = 1,3-Dinitrobenzene
DNT = 2,4-Dinitrotoluene
TNT = Trinitrotoluene
TNB = Trinitrobenzene

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 276

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed

 1  2  4Extraction: 
The sample is 
incubated/agitated 
and the analytes 
extracted onto the 
probe

Preconcentration: 
The probe is heated 
and the analytes 
desorbed onto a 
sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to 
the GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Water 
(19 mL)

Centri 
injection 

port

 3 Trap purge: 
Residual water in 
the trap is purged 
at ambient 
temperature

GC–MS

7 : 1 
split

Ab
un

da
nc

e 
(×

 1
03  

co
un

ts
)

3.8

2

1

NB
5 ng (77 m/z) 

S:N ~36:1

4.5

TATP
50 ng (43 m/z) 

S:N ~82:1

9.6

2

1

0

DNB
5 ng (168 m/z) 

S:N ~108:1

10.4

4

2

0

DNT
5 ng (165 m/z) 

S:N ~86:1

11.6

3

2

1

0

TNT
5 ng (210 m/z) 

S:N ~205:1

Retention time (min)

11.6

2

1

0

TNB
500 ng (213 m/z) 

S:N ~73:1

4

2

0

6
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Improving the sensitivity of SPME by multi-step enrichment

	►CHALLENGE:

SPME is an easily automated, solventless extraction technique, but sensitivity is limited, 
especially when injector split flows are used to improve the chromatography.
SPME–trap on Centri overcomes this problem using trap-based preconcentration, with 
sensitivity enhanced further by multi-step enrichment (MSE).

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Improved sensitivity:

	– An optimised trap design preconcentrates the sample into ~100 µL of vapour, 
providing greater sensitivity than is possible with conventional SPME

	– Multi-step enrichment onto the same focusing trap improves sensitivity further, for 
detection of more compounds

	– Low-split (or splitless) operation allows a large portion of the sample to be sent to the 
GC, without compromising chromatographic performance.

	■ More compounds identified: The greater sensitivity results in the discovery of more 
compounds in the sample.

Sample trapping and 
multi-step enrichment 
boosts the number of 
compounds identified 
using SPME, as 
exemplified in this 
analysis of tea 
headspace on Centri.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 257

Multi-step enrichment: 
Extraction and 

preconcentration is repeated, 
either from the same vial or 

different vials

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the fiber

Preconcentration: 
The fiber is heated and the 
analytes desorbed onto a 
sorbent-packed focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

SPME 
fiber

Sample

× n

GC–MS

Optional 
split

Centri 
injection 

port

Conventional SPME
82 compounds 

SPME–trap
113 compounds 

SPME–trap 
 with MSE

229 compounds 

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)
30205 251510 4035

8

4

0

8

4

0

8

4

0
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Improving the sensitivity of headspace by large-volume injection

	►CHALLENGE:

Headspace sample injection is a popular technique for many applications, but it is often 
difficult to achieve both high sensitivity and good chromatography within the constraints 
of injector loop size, injection time, liner capacity and use of split flows. In addition, 
method development can be time-consuming. 
Headspace–trap on Centri overcomes these problems because trap-based 
preconcentration allows larger volumes to be extracted without sacrificing the 
chromatography. This makes method development much simpler.

	►WORKFLOW:

	►KEY ADVANTAGES:

	■ Easy method development: Trap-based focusing eliminates many of the constraints on 
method development, allowing sensitivity and chromatography to take priority.

	■ Improved sensitivity: Large-volume injections (>1 mL) and low-split (or splitless) 
injections allow a large portion of the sample to be sent to the GC.

	■ Better chromatography: The focusing step results in improved peak shapes, 
particularly for early-eluting compounds, resulting in more confident identification.

Trapping allows large 
headspace volumes to be 
taken, resulting in 
improved sensitivity and 
better chromatography, 
as exemplified in this 
analysis of a standard, 
run splitless on Centri.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 259

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the headspace extracted

Preconcentration: 
The sample is injected 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

Headspace 
needle

GC–MS

AUTOMATED ON CENTRI

Sample

5 mL

Optional 
split

Ab
un

da
nc

e 
(×

 1
06  

co
un

ts
)

Retention time (min)

1282 1064 14

5

0

Direct headspace

Headspace–trap
Dichloro- 

difluoromethane

1,2,3-Trichloro- 
benzene

1

0

trans-1,2- 
Dichloroethene

trans-1,2- 
Dichloroethene

1,2,3-Trichloro- 
benzeneDirect headspace
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Enhancing laboratory throughput by automation

	►CHALLENGE:

Analytical laboratories dealing with large numbers of samples require fast turnaround, 
and also want to reduce time-consuming and costly manual sample preparation.
High-capacity sorptive extraction on Centri addresses both issues, by using robust 
PDMS probes in fully-automated workflows on Centri.

	►WORKFLOW:

	►KEY ADVANTAGES:
	■ Increased productivity: ‘Prep-ahead’ mode – the simultaneous extraction of multiple 
samples while a previous analysis is ongoing – offers reductions in overall cycle time and 
so an improvement in laboratory productivity.

	■ Reduced manual handling: Automation also reduces the amount of manual sample 
preparation required, improving reproducibility and reducing the risk of human error.

The overall time taken to 
analyse six samples is 
reduced to less than half 
by using HiSorb in 
prep-ahead mode, 
compared to SPME–trap.

	►EXAMPLE DATASET:

For full details 
DOWNLOAD 
Application Note 258

Prep-ahead: Up to five 
further samples can be 
extracted while the first 

sample is being desorbed

GC–MS

 1  2  3Extraction: 
The sample is 
incubated/agitated and 
the analytes extracted 
onto the probe

Preconcentration: 
The probe is heated and 
the analytes desorbed 
onto a sorbent-packed 
focusing trap

Desorption: 
The sample is 
desorbed to the 
GC–MS

AUTOMATED ON CENTRI

HiSorb 
probe

Sample

Centri 
injection 

port

Optional 
split

SPME–trap

HiSorb with prep-ahead

Time (h)

530 421 6

Sample preparation (60 min)

GC analysis (20 min)

>50% 
time saving

380 
min

180 
min
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World-leading technologies and unmatched expertise 
in VOC and SVOC monitoring

Founded in 1997, Markes International is 
the world leader in thermal desorption 
and associated technologies.

We manufacture a comprehensive range 
of instrumentation, accessories and 
consumables for enhancing GC–MS 
analysis of trace organic chemicals, and 
have a well-deserved reputation for 
innovation and expertise.

We’re headquartered in Bridgend, UK, 
and support customers in over 60 
countries through a network of offices 
and distribution partners.

Book your Centri demo

Contact your distributor, or one 
of our regional offices, to find 
out how Centri could help you 
Discover more and Deliver more.

Discover more – Deliver more

Working with Centri opens the door, 
in a completely automated way, 
to new possibilities in analysis of volatiles. 
The use of multiple-cumulative extractions 
exploiting the trapping technique 
significantly improves the level of 
information that can be acquired in 
untargeted studies of volatile metabolites. 
Centri provides unique capabilities, 
in a user-friendly interface.

Giorgia Purcaro, Analytical Chemistry Professor 
University of Liège, Belgium
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Markes International

UK:	 1000B Central Park, Western Avenue, Bridgend, CF31 3RT	 T: +44 (0)1443 230935
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Germany:	 Bieberer Straße 1–7, 63065 Offenbach am Main	 T: +49 (0)69 6681089-10
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