Thermal Desorption:
A Practical Applications Guide

1VV. Food, Flavour, Fragrance &
Odour Profiling
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Introduction to Markes
International Ltd.

Formed in 1997, Markes International Ltd. is one of
the world’s leading suppliers of thermal desorption
(TD) equipment for monitoring trace toxic and
odorous chemicals in air, gas and materials. Serving
fast growing markets from environmental health and
safety to materials testing and from food / flavour /
fragrance to defence / forensic, Markes’ global
customer base includes major industry, government
agencies, academia and the service laboratory sector.

Markes has introduced several highly successful
brands of TD instruments to the market including:
UNITY™ — a universal TD platform for single tubes,
the 100-tube ULTRA™ TD autosampler, the Air
Server™ interface for canisters and on-line sampling,
the p-CTE™ Micro-Chamber / Thermal Extractor for
materials testing, the TT24-7™ for continuous on-
line monitoring and the TC-20™ multi-tube
conditioner.

Markes International also supplies a wide range of
sampling accessories and consumables for all TD

application areas.

What is TD?

Since the early 1980s, thermal desorption has
provided the ultimate versatile sample
introduction technology for GC / GC-MS. It
combines selective concentration enhancement
with direct extraction into the carrier gas and
efficient transfer / injection all in one fully
automated and labour-saving package.

Markes International Ltd., UK headquarters



Overview Applications

Thermal desorption is now recognised as the - Fragrance profiling of ingredients in toiletries
technique of choice for environmental air monitoring and consumer products
and occupational health & safety. Relevant standard

methods include: ISO/EN 16017, EN 14662 (parts 1 ° Identification of key olfactory components
& 4), ASTM D6196, US EPA TO-17 and NIOSH 2549. - Characterisation / sourcing of natural
Related applications include monitoring chemical products
warfare agents (CWA) in demilitarisation / destruction - -
facilities & civilian locations (counter-terrorism). ° Odour profiling for potable spirits

- Quantitation of volatile components in dried
TD is also routinely used for monitoring volatile and foodstuffs
semi-volatile organic compounds (SVOC) in products - Off-odour / taint analysis

and materials. Examples include residual solvents in
packaging & pharmaceuticals, materials emissions © Biology / crop research

testing and food / flavour / fragrance profiling. - Flavour profiling of GM foods

This publication presents several of the real world
applications of TD for measuring (semi) volatiles in
food, flavour, fragrance and odours. Accompanying
publications cover the applications areas of:

- Residual volatiles and materials emissions
testing

- Defence & forensic

. Environmental monitoring and occupational

health & safety

Markes International Ltd. MARKES

T: +44 (0)1443 230935 F: +44 (0)1443 231531
E: enquiries@markes.com W: www.markes.com



Profiling natural oils

7.5 mg Sesame Oil

2-Furanmethanethiol
Trimethyl pyrazine
Oleic Acid

Acetyl pyrazine

Tetracosahexaene

Methyl pyrazine

Redesorption of same tube
Empty tube showing system background
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Direct desorption of sesame oil sample, followed by a

second desorption of the tube to illustrate efficient

recovery of the components of interest in a single run

Typical analytes:
Methyl pyrazines, fatty acids and ethyl vanillin

Concentration: Low to high ppm

Background:

Detailed analysis of natural oils (e.g. sesame oil)
may be required for several reasons; to identify
key olfactory components, to characterise and
source the material, and to identify oxidation
products or other potential causes of taint.
Traditionally this application has been carried out
using multi-step liquid extraction or steam
distillation with GC-MS analysis, but such
procedures are lengthy, manual and inefficient.
Direct thermal desorption/extraction of the oil
using either the TD tube itself or a Markes
Micro-Chamber / Thermal Extractor (u-CTE)
device, followed by TD-GC-MS analysis is a more
efficient alternative.

TD conditions:

Sampling: Either incubate the oil sample in a
U-CTE chamber at 80 - 100°C with vapour
collection on Tenax TA™ tubes (gas flow

~100 mi/min) or load a few mg of oil onto a
glass wool plug behind a 1 cm bed of Tenax in a
standard TD tube.
Desorption: 10 mins at 300°C
Cold trap: Tenax

Split ratio: >100:1

Analysis: GC-MS (SCAN)
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Direct desorption of volatiles
from dried foodstuffs
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Direct desorption of dried animal-feed pellets
weighed into an empty glass tube

Typical analytes:
Carvacrol, cineole, thymol, eugenol and hydrocarbons

Concentration: Sub to low ppm

Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531

Background:

Direct desorption of homogeneous dried foods
provides a high sensitivity and labour saving
alternative to solvent extraction and allows
analysis of a wider volatility range of components
than equilibrium headspace. Foodstuffs compatible
with this approach include:

= Ground spices

* Freeze-dried products such as ground or
instant coffee

< Animal feed pellets

Typical TD-GC analytical conditions:
Sampling: 100-200 mg weighed into empty glass
tube or PTFE liner

TD system: ULTRA-UNITY

Desorption: 10 mins at 80°C

Trap: Quartz wool / Tenax

Split: ~25:1 split during trap desorption only
Analysis: GC-MS (SCAN)

Reference: TDTS23 Utilising the UNITY
method development mode to analyse dried
foodstuffs

MARKES

E: enquiries@markes.com W: www.markes.com



Natural products:
Fragrance profiling

Germacrene-D
a-Cadinene
DEP
T-Cadinol

a-Bergamotene

a-Copaene

Vapours extracted from a leaf sample. Direct
desorption (blue trace) followed by repeat analysis of
re-collected sample (black trace) run with lower split

ratio to enhance sensitivity

Typical analytes:
Range of terpenoid compounds, including:
a-Cedrene, a-Cadinene and T-Cadinol

Concentration: Sub to low ppm

Background:

Markes TD systems have an inert flow path that
can be set at low temperatures, which makes
them ideal for the direct desorption of labile
volatiles such as terpenes and sulphur compounds.
SecureTD-Q™ (i.e. quantitative re-collection of all
split flow) facilitates repeat analysis of a sample
under the same or different conditions (e.g. at a
lower split setting, as shown) to demonstrate
quantitative recovery through the system and to
allow detailed analysis of minor components.

Typical TD-GC analytical conditions:

Sampling: ~100 mg of leaf sample weighed into
an empty glass tube or PTFE liner secured with
quartz wool

Re-collection on Tenax / UniCarb™ Silcosteel™
tubes

TD system: ULTRA-UNITY
Desorption: 10 mins at 80°C
Trap: Sulphur trap

Flow path: 80°C to 150°C depending on target
compounds

Split: —25:1 & repeat analysis at 5:1 split.
Analysis: GC-MS (SCAN)

Reference: Markes brochure on TD validation
featuring SecureTD-Q




Flavour profiling new crop
varieties
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Re-collected
sample

a-Copaene

Pentanol
2-Pentylfuran
2-Phenoxyethanol

DEP

Original
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TD-GC-MS analysis of volatiles from boiling potatoes
using SecureTD-Q: Original sample and re-collected
sample. ldentical chromatographic profiles show
recovery of labile analytes (e.g. terpenoids)

Analytes:

Diethyl phthalate, n-butyl butyrate, a-copaene, 2-(2-
butoxyethoxy)-ethanol, 2-phenoxyethanol, decanal,
octanoic acid, 2-ethylhexanoic acid, nonanal, 2-
pentylfuran, pentanol, and hexanal

Concentration: Sub to low ppm

Markes International Ltd.
T: +44 (0)1443 230935 F: +44 (0)1443 231531

Background:

Development of new food crop species (e.g.
genetic modification to aid pest resistance or to
boost growth in arid areas) requires tests of the
odour profile to make sure that the flavour is
enhanced, or at least remains acceptable, in the
new variety.

In the case of bulk, inhomogeneous materials like
fresh fruit / vegetables, flavour profiles are best
obtained by purging headspace volatiles from
large (— 1 kg) samples, cooked or raw, and
collecting the vapours on tubes packed with Tenax
sorbent. Tenax is completely hydrophobic so most
water passes straight through during the vapour
sampling process.

Typical TD-GC analytical conditions:
Sampling: 50 ml/min for 20 mins

Prepurge: 3 mins (to trap & split)
Desorption: 15 mins at 200°C

Trap: Tenax TA

Split flow: 20 ml/min

Analysis: GC-MS

MARKES
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Fragrance profiling in
consumer products
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Headspace from sample of fabric conditioner
Analytes:
Isoprop yl alcohol a-Pinene b-Pinene
a-Longipinene Hex ene-1-ol Camphor
Meth yl- b-ionone gTerpinene Myrcene
D-limonene Triplal 1 Linalool
Hydro xy citronellal a-Cedrene g-Muurolene
Thujopsene b-lonone a-Chamigrene
Cyclamen aldeh yde a-Cedrol a-Longipinene
Concentrations: ppm in headspace

Background:
Fragrance pla ys a major part in mark et acceptance
and consumer satisfaction for products such as
soaps & other toiletries, air fresheners and
domestic cleaning materials.
TD pro vides a v ersatile, labour -saving and
automated tool for GC  -MS analysis of the
fragr ance profile of consumer products offering
numerous sample handling options:
« Direct, in-tube desorption
» Dynamic purging of headspace v apours with
on-line analysis
» Dynamic purging of headspace v apours onto
sorbent tubes with off  -line analysis
TD allows selectiv e elimination of potential
interferences such as w  ater and some solv  ents
thus simplif ying fr agr ance analysis.

Typical TD-GC analytical conditions:

Sampling: ~200 ml headpace sampled onto T enax
tubes

Trap: U- T2GPH

Split flow: 30 ml/min during tube
and tr ap desorption

Analysis: GC -MS




