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Abstract

Headspace solid-phase microextraction (HS-SPME) was studied as a solvent free alternative method for the extraction and characterisation
of volatile compounds in stored potato crisps by capillary gas chromatography coupled with mass detection. Better results were obtained
when extraction was carried out at @ using a divinylbenzene (DVB)—carboxen (CAR)—polydimethylsiloxane fiber. The fiber was exposed
for 20 min (extraction time) to the sample headspace, immediately after an equilibrium time of 5 min (time needed to reach the equilibrium
between sample and above headspace). A total of 31 compounds were identified in oxidised potato crisps and resulted mainly from the
degradation/rearrangement of lipids and carbohydrates.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and solvent free, although presenting the risk of leaks and
possible generation of artifadts5].

Consumers’ acceptance of foodstuffs is closely related to  In order of overcoming the main drawbacks of these ap-
its flavor. Therefore, it is not surprising the interest on devel- proaches, solid-phase microextraction (SPME) has been de-
oping newer methods for volatile compounds analysis. veloped[8,16]. This sample preparation technique, which

Conventional methods for extraction and pre- enables the simultaneous extraction and pre-concentration
concentration of volatiles include: liquid—liquid extraction steps, has been used, among in other applications, in the study
[1], distillation [2—4], supercritical fluid extractiof5] and of the volatile profile of foodstuff§7]. It is very simple, fast,
solid-phase extractiof6]. These present several disadvan- portable, inexpensive and can handle the sample matrix di-
tages: are time-consuming, use expensive and hazardousectly [17]. Therefore, it reduces analysis time allowing to
organic solvents, loss analytes during extraction, need process a higher number of samples and avoiding loss of an-
sophisticated equipment and require large sample volumealytes. Furthermore, it presents an important overcome: does
[7-9]. Static [10,11] and dynamic headspadé,12,13] not use solvents, which contribute for environmental pollu-
as well as purge and trafi4] methods are fast, simple tion, health hazard as well as purchase and disposal costs.

Due its advantages, SPME has already been applied to a wide
range of matrices, like: meft8,19] fruits [15,20-22] truf-
E— fles [23]; virgen olive oil [24]; cheesd7]; vinegar[9] and
" Presented at the 8th International Symposium on Hyphenated Tech- glcoholic beverage@5-27]

niques in Chromatography and Hyphenated Chromatographic Analyzers : :
(HTC-8), Bruges, February 4-6, 2004. SPME bases on the adsorption of analytes directly from
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the sample (in the liquid state)-directimmersion (DI)-SPME, 7.2% protein; 14.3% sugar; and less than 1% sodium. After a
or otherwise, with the fiber exposed in the vapour phase abovegas chromatography—mass spectrometry (GC-MS) analysis,
a gaseous, liquid or solid sample—headspace SPME (HS-they were stored in presence of natural light. Potato crisps
SPME). Using HS-SPME the fiber is not in contact with the brand was selected regarding the type of oil used to fry and
sample, increasing, this way, the fiber lifetime. Moreover, the packaging film employed. Selected crisps were fried in
HS-SPME is more recommended for highly volatile analytes olive oil and were packed with a transparent film in order
once the low volatility of larger molecules may decrease the to evaluate the changes in the profile of volatiles substances
mass transfer from the sample to the headspace, originatingunder accelerated conditions of oxidation. Immediately be-
a longer extraction tim§l,8,17,25] fore analysis, potato crisps were ground using an electronic
In the past few years the SPME technique has suffered im-grinder (Taurus, G70, Lerida, Spain).
portant advances in order to achieve optimal results. There- Hexanal (CAS 66-25-1), octanal (CAS 124-13-0), decanal
fore, today are available several types of coating fibers for (CAS 112-31-2), octanol (CAS 111-87-15) and hexanoic
compounds extraction which differ on the polarity (chemical acid (142-62-1) were supplied from Sigma—Aldrich (Madrid,
nature) and thickness of the stationary phi@}eThe selec- Spain) and had a purity above 99%.
tion of the appropriate fiber should be made in accordance
with the properties of the analytes. The amount of compounds2.2. SPME procedure
extracted depends on the different affinities of the compounds
for the fiber and on the competition phenomenon. Thisway,a The SPME fibres and the manual holder were purchased
non-polar fiber, like polydimethylsiloxane (PDMS), extracts, from Supelco (Bellefonte, PA, USA). The following types of
mainly, non-polar compounds (volatile compounds) while a SPME fibres were used: PDMS-DVB with fn thickness;
more polar fiber, such as polyacrylate (PA) presents a strongCAR—PDMS with 75.m thickness; DVB—CAR-PDMS with
discrimination towards non-polar analytes, extracting more 50/30m thickness. Fibers were conditioned following the
polar compounds (phenols and alcohols) from md®#. manufacturer’s instructions previous to use: PDMS-DVB
Mixed phases such as carboxen (CAR)-PDMS, carbowaxwas inserted 30 min at 26@; CAR-PDMS was inserted
(CW)—divinylbenzene (DVB) and DVB-CAR-PDMS 30min at 280C while DVB-CAR—-PDMS was inserted 4 h
present medium polarity, reducing the discrimination at270°C.
towards very nonpolar and polar volatile compounds. There-  Approximately 0.1 g of ground sample was placed in a
fore, they are preferred when a multicomponent analysis is 20 mL clear glass vial (Sun International Trading, USA) and
carried out. Many authors have compared fiber coating to hermetically sealed with a PTFE-coated silicone cap. Vials
select the most appropriat§d,11,20,26,28] Mixed fibers, were heated at 7@C for 5 min to condition for the equilib-
which contain carboxen or/and divinylbenzene absorbersrium time. Then, the fiber was introduced into the vial and it
presented better results when compared with “single fibers” was exposed to the sample headspace during 20 min (extrac-
(PDMS or PA fibers]8,11,26,29] tion time). Following sampling, the fiber was retracted and
Finally, the analytes are thermally desorbed in the GC removed from the vial. Fibers were immediately thermal des-
injector or in a desorption chamber employing the mobile orpted in the injection port during 3 min at 260 in order to
phase, when liquid chromatography is applied, and they areprevent possible contamination. Each SPME sampling was
separated on the column. The result is a “fingerprint” chro- conducted in triplicate.
matogram, where it is possible to determine compounds that
are responsible for the off-flavors. 2.3. Gas chromatography—mass spectrometry
The high oil content of potato crisps, which come from
the frying process, provides a great vulnerability to oxidative =~ GC-MS analysis was performed in a mass selective detec-
rancidity, reducing the crisps shelf-lif80]. tor MD 800 coupled to a gas chromatograph Fisons model
The present paper reports the development of a SPMES8000 (Manchester, UK). The injector port was lined with a
sampling method useful for the investigation of volatile com- 0.8 mm i.d. narrow-bore glass liner (SGE, USA) and main-
pounds released during the storage of potato crisps. Hereintained at 260C. The fused silica capillary column DB-5
crisps flavor was studied, by means of an accelerated storag€30 mx 0.25 mm i.d., Jum film thickness) equivalent to a
test, which is commonly used to obtain information on prod- 5% phenyli-95% methylsiloxane (DB J&W Scientific, CA,
uct stability. The later was performed in order to identify the USA) was used.
compounds formed during lipid oxidation process. The head pressure of the carrier gas helium (high purity)
was 70kPa. The temperature program was set at an initial
40°C for 1 min, followed by an increase of 2C/min to
120°C, held for 8 min, then increased to 28D at a rate of
2.1. Samp“ng and ana|ytica| Standards 20°C/min and held fOI’ 2 min. Purge and bOttom VaIVeS were
closed for 2 min. All analysis were conducted under the same
Potato crisps were purchased from a supermarket in San-MS conditions. The MS detector was operated in the full scan
tiago de Compostela (Spain). They contained: 33.2% lipid; mode with 70eV electron ionisation, by scanning a mass

2. Experimental
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range ofm/z 35-300 in 0.45s. The system was computer- When CAR-PDMS was used only 96% extraction effi-

controlled using the Masslab (Version 1.4) software. ciency was obtained with respect to the other two fibers.
Results were calculated as an average of duplicate extrac-
2.4. Compounds identification tions and the variation between duplicates was greater for

CAR-PDMS fiber (10%), 6% for PDMS-DVB fiber and
Components were identified by matching their mass spec-smaller for DVB—CAR-PDMS (2%). From these results,

tra with the Wiley spectral library. Compounds were identi- DVB-CAR-PDMS was selected for profiling volatiles of
fied with a resemblance percentage above 85%. Some of thestored potato crisps.
most predominant flavor compounds were further identified = The adsorption temperature and time were set at 20 min
by comparison of their retention times with those of pure and 70°C, respectively for all analysis. Samples were heated
standard compounds (hexanal, octanal, octanol, decanal ando enhance the release of analytes into the headspace. How-
hexanoic acid). ever, much attention has to be taken to avoid artifacts once

high temperature increase the likelihood of sample alteration

with consequent artifactual oxidati¢81].

3. Results and discussion An equilibrium time (time needed to reach the equilibrium
between sample and above headspace) of 5 min was set. Se-
3.1. Method optimisation lected conditions were optimised in order to avoid fiber and/or

detector saturation even for the more concentrated sample

A comparison of three mixed fibers: PDMS-DVB (par- (more oxidised potato crisps).
tially crosslinked); CAR—-PDMS (partially crosslinked); Sample size is critical on the extraction once influences the
DVB—-CAR-PDMS (highly crosslinked) was conducted to amount of volatiles compounds extracted. Therefore, distinct
select the optimum fiber coating for the analysis of potato quantities of sample were assayed (0.1-0.5 g). A great sample
crisps volatiles. The inter-fiber comparison was performed, amount produces fiber saturation while a small sample size
according Augusto et a[20], calculating the normalised may yield a considerable RSD. Best results were obtained
extraction efficiencyNy. This parameter was defined as with 0.1 g sample, when using the 0.5mm i.d. liner and 19
N=100 [¥y/ ¥(pve-car-DMs)] Where Xy is the sum of the sample with the 2mm i.d. liner.
areas of the detected peaks of stored potato crisps with the
fiberx and ¥ pve-car-pDMs)is the corresponding sum with  3.2. Optimisation of desorption conditions
DVB-CAR-PDMS fiber.

As expected DVB—CAR-PDMS and PDMS-DVB fibers The injection port temperature as well as the desorption
showed similar extraction efficiency. PDMS/DVB has al- time were optimised to ensure that volatiles were totally de-
ready been selected for the analysis of volatile compoundssorbed from fiber. The optimal results were achieved with a
from infant milk powder oxidatiorf30] and for the analysis  temperature of 260C for 3 min. Memory effect of the fiber
of volatile compounds of coffefl1] due to its good per-  was excluded with the blank analysis performed after each
formance. According to Augusto et §20] calculated nor- run. The fibers lifetime used to be approximately of 60 sam-
malised extraction efficiency for both fibers was the same. ples. Fiber ageing, which used to originate new peaks, was
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Fig. 1. GC-MS chromatograms of potato crisps flavor after extraction with a 2 mm i.d. liner. rt, retention time in min.
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Table 1
Comparison of compounds identified using liners with different internal diameters

Group Compound Liner

2mmi.d. 0.8mmii.d.

Alcohols 3-Methyl, 1-butanol X X
Heptanol X X
1-Octanol X X
1,5-Heptadiene-3,4-diol X
1-Nonanol X X

Aldehydes 3-Methyl butanal X X
Hexanal X
Heptanal X
Octanal X
Nonanal X
Decanal X

transtrans-2,4-Nonadienal

2-Undecenal

Carboxilic acids Acetic acid X X
Propanoic acid X
Hexanoic acid X X
Heptanoic acid X X
Octanoic acid X X
2-Octenoic acid X
Nonanoic acid X X
Decanoic acid X

Esters Pentyl ester formic acid X
Pentyl ester hexanoic acid X X

Furans Tetrahydro-2-methyl furan X
2-Pentylfuran X

Hydrocarbones Pentyloxirane X
6-Methyl-1-heptene X
Bicyclo-2,2,2-1-methyloctane

x

Ketones 2-Heptanone
3(E), 3-octen-2-one
2-Nonanone
3-Nonen-2-one
2-Decanone

x

xX X 3

X X X x
x

Others trans Tetrahydro-5,6-dimethyl-2H-2-pyranone X
5-Ethyl-dihydro-2(3)-furanone X
5-Pentyl-2(5)-furanone X
5-Hexylhydro-2(3)-furanone X

27 31

controlled with running blank samples. Moreover, fiber posi- identified, while using a 0.8 mm i.d. liner, 31 compounds
tion in the GC was also studied, considering that the injector were identified.
is not uniformly heated1 7]. A desorption deep of 3cm was The repeatability of the method was determined for the two
chosen to perform all experiments. The normal inlet liner liners by using six replicate samples of potato crisps stored
(2mm i.d.) was changed by a narrow (0.8 mm i.d.) liner in during the same period of time. Repeatability depends from
order to improve GC resolution. compound to compound but, in general, using 1 g sample and
The internal diameter of the liner has a significant ef- 2mm i.d. liner enables lower RSD (average 9%) than 0.1g
fect on the chromatographic peaks of extracted compounds.sample with a 0.8 mm liner (average 11%). The main reason
Peak broadening effect is remarkably minimized for analytes for this is the small sample size that, as we have already said,
with low boiling points (b.p.) and almost eliminated for com- yields a considerable RSD.
pounds with higher b.g=ig. 1 shows the chromatogram ob- With the aim of obtaining a good chromatographic reso-
tained from an oxidised crisps sample using a 2mm liner. lution from the headspace stored potato crisps, several ramp
Table lcompares the compoundsidentified in oxidised potato temperatures were studied. The chosen ramp was chosen once
crisps after SPME extraction with two liners of differentinter- allowed to separate better and therefore identify more volatile
nal diameters. With the 2 mm i.d. liner, 27 compounds were compounds released during the storage of potato crisps.
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Fig. 2. Total ion current (TIC) mass chromatograms of oxidized potato crisps. rt, retention time in min.

3.3. Volatile compounds formed during crisps storage flavor quality have decreased with storage time. Hexanal has

been used as indicator of the state of lipid oxidation because

A GC-MS analysis was carried out in order to identify the it concentration increases during storage and it has a low per-

volatile compounds of stored potato crispgy. 2shows the ception threshold which means hexanal plays an important
total ion current (TIC) mass chromatogram of potato crisps role in the off-flavors of rancid potato crisps. Hexanal come
after a three-month storage period at room temperature infrom linoleic acid via the 13-hydroperoxide. Nevertheless,

presence of natural light. can also appear later as an autoxidation product of the 2,4-
The identified and quantified (%) compounds in oxidised decadienal18,32]
potato crisps are listed ifable 2 The values correspond Besides linear aldehydes, a branched-chain aldehyde was

to the arithmetic meath standard deviations of six samples also identified, 3-methylbutanal, which presents a bitter nut,

stored inthe same conditions. These correspond to the follow-green plant like arom#2,36] This compound is derived

ing chemical families: alcohols (1); aldehydes (2); carboxylic from the amino acid leucin@&7]. It major formation pathway

acids (3); esters (4); furans (5); hydrocarbons (6); ketones (7);seems to be the oxidative deamination—decarboxylation via

others (8). These compounds accounted for 87.8% of the totalStrecker degradation and it has already been identified in

integrated peak areas. green beanf33] specially those pressure cooked once high
A consideration that had to be taken in account was that temperature catalysis its formation react[88,36].

no peaks appeared in the blank runs, thus indicating that no

compounds due to the fiber or contamination were expected.3 3 2. Ketones

Five ketones were identifieddble 9, of which there were
3.3.1. Aldehydes methylketones. Ketones as well as the others carbonyl com-

The aldehydes group constitute the second mostimportantpounds have thei_r origin in the oxidative degradation of un-
family of volatile compounds from a quantitative point of Saturated fatty acids].
view in oxidised potato crisps (19%). In many fruits and vegetables these compounds are only
Most of the identified aldehydes presented straight minor components but act as potential “feed chemical” for
chain such as hexanal, heptanal, octanal, nonanal, decanaf,eaCtionS which yield volatile flavor compounds. In potato
transtrans-2,4-nonadienal and 2-undecenal. crisps unsaturated fatty acids come, mainly, from the oil used
These compounds result from a degradative reaction of o fry, in this case, oliye 0i[38]. Ketones are r_esponsible fo_r
lipid oxidation of unsaturated fatty acids (oleic, linoleic the flavor of many fruits; vegetables and dairy products like
and linolenic)—autoxidation—which is not enzymatically blue cheeses where they are by-products of the fermentation
catalyzed once lipoxygenase and hydroperoxidases are deProcesg35].
stroyed during thermal processiig2—34] Indeed, these
compounds contribute to the aroma of oxidised crisps due 3.3.3. Alcohols
to its low odour threshol{B35]. A total of five alcohols were identified. Higher-molecular-
The amount of hexanal, heptanal, octanal and nonanalweight alcohols tend to exist in the liquid form due to the
have increased during storage. Thus, as would be expectedyapour pressure. Therefore, they have minor significance in
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the flavor once they present higher odours thresH8B89]
Likewise other carbonyl compounds, they are yielded by 60
chemical degradation of hydroperoxides of unsaturated fatty g |
acids and some may result from the reduction of carbonyl
compoundg$40].

The alcohol, 3-methyl-1-butanol is generated via Strecker
degradation. Leucine reacts with 2-ketoglutamic acid (the

Area (%)
w
o

amino group acceptor) in a reaction catalysed.Bgucine 20
amino transferasg3]. 101" |
Aldehydes Alcoholes Carboxilic Ketones

acids

3.3.4. Carboxylic acids
Carboxilic acids was the most important class of com- ig 3 profiles (% area) of the major volatile families of oxidized potato

pounds identified in potato crisps submitted to analysis after crisps.

athree month storage. They constituted 65.35% of total peaks

area. The most abundant compound in the volatile fraction 3.3.5. Esters

was hexanoic acid (38.36%ig. 3. Esters result from the esterification of carboxylic acids
Most of them are final products of lipid oxidation reac- and alcoholg35]. Esters, mainly the short chain acids, are

tions, which result from the decomposition of products of fat responsible for fruity aromd83]. Therefore, they have been

or by deamination of amino acif#0], therefore they indicate ~ found in olive oil[41]. In stored crisps just pentyl hexanoate

that the analysed potato crisps presented an advanced lipidvas identified with the 0.8 mm liner.

oxidation state. In general they present fruity, painty, acid and

green-like aroma. Coleman et p0] have reported the iden-  3.3.6. Furans

tification of acetic, propanoic, hexanoic and heptanoic acids  Two furans (2-methyltetrahydrofuran and 2-pentylfuran)

in baked potato flavor. with a green and fruity aroma have been identified in oxidised

Table 2
Compounds identified and quantified (%) in oxidized potato crisps after SPME extraction

Peak no. Compound name tr (min) Type Oxidised potato crisps (% are&D)
3 Acetic acid 279 4 0.391+ 0.084
5 trans- Tetrahydro-5,6-dimethyl-2H-2-pyranone .68 8 0.063+ 0.010
6 Tetrariydro-2-methyl furan .83 5 0.055+ 0.009
7 Propanoic acid 30 4 0.069+ 0.015
8 3-Methyrbutanal 41 1 0.966+ 0.152
9 3-Methyl, 1-butanol D4 3 1.524+ 0.126

10 Hexanal 9 1 6.220+ 0.525

14 2-Heptanone .68 2 0.857+ 0.082

15 Heptanal B8 1 0.960+ 0.078

17 1-Heptene-6-methyl .31 6 0.060+ 0.007

18 Hexanoic acid g7 4 38.365+ 1.557

20 2-Pentyl furan B2 5 0.192+ 0.046

21 Octanal D7 1 3.567+ 0.137

22 Heptanol a0 3 0.400+ 0.032
2 3(E),3-Octen-2-one 101 2 0.436+ 0.038

24 5-Ethyldihydro-2(3)-furanone 18 8 0.531+ 0.107

25 Heptanoic acid 111 4 3.979+ 0.660

26 1-Octanol 1B0 3 0.771+ 0.084

27 2-Nonanone 1P1 2 0.369+ 0.016

28 1,5-Heptadiene-3,4-diol mo 3 0.531+ 0.055

30 Nonanal 150 1 4.998+ 0.147

32 3-Nonen-2-one 183 2 0.094+ 0.008

34 Octanoic acid 180 4 8.848+ 0.506

37 2-Decanone 184 2 0.268+ 0.027

38 2-Octenoic acid 164 4 0.756+ 0.069

39 Decanal 154 1 1.849+ 0.062

40 transtrans-Nona-2,4-dienal 197 1 0.032+ 0.005

41 1-Nonanol 165 3 0.052+ 0.005

43 Nonanoic acid 184 4 9.778+ 0.864

45 Pentyl ester hexanoic acid 12 7 0.778+ 0.041

51 2-Undecenal 183 1 0.113+ 0.021
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potato crisps. 2-Pentylfuran has already been identified in[14] K.R. Cadwallader, Y. Xu, J. Agric. Food Chem. 42 (1994) 782.
baked potatoeptQ]. [15] E. Ib&fiez, S. Lopez-Sebastian, E. Ramos, J. Tabera, G. Reglero,
Food Chem. 63 (1998) 281.
[16] J.G. Wilkes, E.D. Conte, Y. Kim, M. Holcomb, J.B. Sutherland,
3.3.7. Other compounds D.W. Miller, J. Chromatogr. A 880 (2000) 3.
Other compounds identified (1 hydrocarbon-6-methyl-I- [17] 5.c.F. Menendez, M.L.F. Sanchez, J.E.S. Uria, E.F. Martinez, A.
heptene-, 1 furanone and 1 pyranone) present minor impor-  Sanz-Medel, Anal. Chim. Acta 415 (2000) 9.
tance to crisps flavor. [18] C.F. Goodbridge, R.M. Beaudry, J.J. Pestka, D.M. Smith, J. Agric.
Food Chem. 51 (2003) 4185.
[19] N.P. Brunton, D.A. Cronin, F.J. Monahan, R. Durcan, Food Chem.
, 68 (2002) 339.
4. Conclusions [20] F. Augusto, A.L.P. Valente, E.S. Tada, S.R. Rivellino, J. Chromatogr.
A 873 (2000) 117.

The HS-SPME procedure is a non-evasive, solvent-free [21] T.-T. Liu, T.-S. Yang, J. Agric. Food Chem. 50 (2002) 653.

method presenting major advantages: simplicity, rapidity. [22] O. Lamikanra, O.A. Richard, J. Agric. Food Chem. 50 (2002) 4043.
' ' [23] P. Diaz, F.J. Sorans, G. Reglero, E. Ihaz, J. Agric. Food Chem.

high sensitivity and small sample volume. 50 (2002) 6468.
The HS-SPME method is appropriated for the volatile [24] G. Bentivenga, M. D'Auria, E.D. Luca, A.D. Bona, G. Mauriello,
profile study of potato crisps. It allowed the identification Riv. Ital. Sostanze Grasse 78 (2001) 157.

of 31 compounds, most of them resulted from degrada- [25] J. Pino, M.P. Marti, M. Mestres, J. Perez, O. Busto, J. Guasch, J.

tion/rearrangement of lipids and carbohydrates and have  Chromatogr. A 954 (2002) 51.
[26] R.R. Otero, C.Y. Ruiz, B.C. Grande, J.S. Gandara, J. Chromatogr.

grassy notes. A 942 (2002) 41.
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[28] H.W. Chin, R.A. Bernhard, M. Rosenberg, J. Food Sci. 61 (1996)

References 1118.

[29] B.D. Page, G. Lacroix, J. Chromatogr. A 873 (2000) 79.

[30] F. Fenaille, P. Visani, R. Fumeaux, C. Milo, P.A. Guy, J. Agric. Food
Chem. 51 (2003) 2790.

[31] J.A. Maga, Food Revs. Int. 10 (1994) 1.

[32] J.B. Guitierrez, in: Diaz de Santos (Ed.), Ciencia Bromatologica,
Madrid, 2000 (Chapter 3).

[33] A.LLR.-B. Quirds, J. Logz-Hernandez, M.J. Gonzalez-Castro, C.
Cruz Garta, J. Simal-Lozano, Eur. Food Res. Technol. 210 (2000)
226.

[34] M.A. Petersen, L. Poll, L.M. Larsen, Food Chem. 61 (1998) 461.

[35] E. Sabio, M.C. Vidal-Aragon, M.J. Bernalte, J.L. Gata, Food Chem.
61 (1998) 493.

[36] A.R.-B. Quirbs, J. lopez-Hernandez, M.J. Gaalez-Castro, C. Cruz-
Garcia, J. Simal-Lozano, Eur. Food Res. Technol. 212 (2001) 643.

[37] W.M. Coleman, J.L. White, T.A. Perfetti, J. Agric. Food Chem. 42
(1994) 190.

[38] C. Zapsalis, R. Anderle Beck, Food Chemistry and Nutritional Bio-
chemistry, Maclillan, New York, 1986, 604.

[39] J.B. Guitierrez, in: Diaz de Santos (Ed.), Ciencia Bromatologica,
Madrid, 2000, p. 201.

[40] E.C. Coleman, C.-T. Ho, S.S. Chang, J. Agric. Food Chem. 29 (1981)
42.

[41] J.M. OQlias, A.G. Perez, J.J. Rios, L.C. Sanz, J. Agric. Food Chem.
41 (1993) 2368.

[1] M.-C. Monje, C. Privat, V. Gastine, F. Nepveu, Anal. Chim. Acta
458 (2002) 111.

[2] R.J. Horvat, R.F. Arrendale, G.G. Dull, G.W. Chapman, J.R. Kays,
S.J. Kays, J. Food Sci. 56 (1991) 714.

[3] M. Kawakami, A. Kobayashi, J. Agric. Food Chem. 39 (1991) 1275.

[4] M. Careri, P. Manini, S. Spagnoli, G. Barbieri, L. Bolzoni, Chro-
matographia 38 (1994) 386.

[5] E.E. Stashenko, N.Q. Prada, J.R. Martinez, J. High Resolut. Chro-
matogr. 19 (1996) 353.

[6] G. Niessner, C.W. Klampfl, Anal. Chim. Acta 414 (2000) 133.

[7] ©O. Pinho, I.M.P.L.V.O. Ferreira, S. Casal, J.0. Fernandes, M.B.P.P.
Oliveira, M.A. Ferreira, Chromatogr. Suppl. 53 (2001) S-390.

[8] H. Kataoka, H.L. Lord, J. Pawliszyn, J. Chromatogr. A 880 (2000)
35.

[9] R.C. Mejias, R.N. Marin, M.V.G. Moreno, C.G. Barroso, J. Chro-
matogr. A 953 (2002) 7.

[10] S.-Y. Lee, J.M. Krochta, J. Agric. Food Chem. 50 (2002) 2022.

[11] M. Akiyama, K. Murakami, N. Ohtani, K. Iwatsuki, K. Sotoyama,
A. Wada, K. Tokuno, H. lwabuchi, K. Tanaka, J. Agric. Food Chem.
51 (2003) 1961.

[12] D.M. Wyatt, J. Chromatogr. Sci. 25 (1987) 257.

[13] N. Narain, T.C.-Y. Hsieh, C.E. Johnson, J. Food Sci. 55 (1990)
1303.



	Profiling flavor compounds of potato crisps during storage using solid-phase microextraction
	Introduction
	Experimental
	Sampling and analytical standards
	SPME procedure
	Gas chromatography-mass spectrometry
	Compounds identification

	Results and discussion
	Method optimisation
	Optimisation of desorption conditions
	Volatile compounds formed during crisps storage
	Aldehydes
	Ketones
	Alcohols
	Carboxylic acids
	Esters
	Furans
	Other compounds


	Conclusions
	References


