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Comparison of two headspace solid phase
microextraction fibres for the detection
of volatile chemical concentration changes
due to industrial processing of orange juice
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Abstract: Solid phase microextraction (SPME) with two polymeric coatings, polydimethylsiloxane
(PDMS) and polyacrylate (PA), was used to isolate and quantitate orange juice volatile compounds
from the headspace of fresh orange juice after the finishing, deaeration and pasteurisation processes.
The results from the two fibres were largely consistent. Statistically significant changes in concentration
due to the deaeration process were detected for medium-volatility alcohols, hexanal and seven terpenes
as measured by SPME-PDMS. However, when using the PA-coated fibre, more statistically significant
changes in concentration were detected for aldehydes and esters. Alcohols and terpenes presented similar
results using both polymeric coatings. The pasteurisation process did not modify the aromatic profile
of the deaerated orange juice, except for methyl butyrate. These results indicate that the PA coating
seemed to be more suitable for the analysis of the evolution of the orange juice aromatic fraction during
industrial processing.
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INTRODUCTION
Flavour is one of the most important attributes of
food. Orange juice, owing to its aromatic quality, is
one of the juices most appreciated by the consumer and
represents 50% of worldwide fruit juice consumption.1

Orange juice flavour is related to a complex
mixture of volatile components. This complexity,
combined with physical–chemical characteristics and
the interdependence among concentrations, makes
the identification and quantification of these volatile
compounds difficult.2

Various analytical methods have been described for
the isolation and identification of volatile components,
including simultaneous steam distillation (SDE),
direct extraction using different solvents, and analysis
of the headspace (static and dynamic) coupled
to gas chromatography. However, most of these
methods are time-consuming, with exhaustive steps
of concentration (in order to remove the solvent),
and some of them require expensive headspace

instrumentation coupled to the chromatographic
system.3

Solid phase microextraction (SPME) is a commonly
used technique because it is a quick method
for extracting or pre-concentrating volatile and
semi-volatile components without using a solvent.
According to Zhang et al,4 this technique can be
utilised for the extraction of the aromatic fraction
of fruit juices. Studies comparing static headspace
with headspace SPME demonstrated that the latter
technique had a two- to fivefold increase in sensitivity
for the more non-polar alcohols and esters in beer
and an 1800-fold increase in sensitivity for non-
polar compounds in juice owing to the concentrating
attribute of SPME.5,6

Several authors have published results from the
extraction of volatile components using headspace
solid phase microextraction (HS-SPME). Recently,
Rohloff7 studied the volatiles from rhizomes of
Rhodiola rosea L. This technique allowed for the
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identification of 86 volatile components and the
characterisation of the aroma-active components
that contribute to the flowery scent of rose root
rhizomes. Beaulieu and Grimm8 identified the volatile
profile in cantaloupe at various developmental stages.
Jordán et al9 described the influence of the insoluble
solid content on the orange juice aromatic fraction.
Paniandy et al10 determined the chemical composition
of guava fruit essential oil. One of the latest references
related to the determination of the aromatic profile
of orange juice by HS-SPME was the paper by
Bezman et al,11 who studied the contribution of 2-
methyl-3-furanthiol and methional to the off-flavor in
pasteurised and stored orange juice.

It has been largely demonstrated that industrial
processing adversely modifies the fresh aroma of
orange juice, but almost all the work published to
date has been related to the pasteurisation process.12

Bazemore et al13 studied the aromatic profile of
excessively heated orange juice by HS-SPME and gas
chromatography/olfactometry (GC/O). They reported
the total loss of six volatile components present in fresh
orange juice and the formation of five new components
during pasteurisation. The 10 strongest aroma-active
components common to both samples were ethyl
butanoate, myrcene, (E)-2-nonenal, decanal, octanal,
terpinen-4-ol, (Z)-3-hexenal and three unknown
components which reduced in aroma strength after
high-temperature pasteurisation.

Deaeration is one of the final stages in the processing
of orange juice. So far there are few publications
related to the effect of deaeration on the headspace
aromatic profile of orange juice. This step is applied
by the industry in order to eliminate air that is present
in the juice. The elimination of oxygen produces a
juice of better quality, because this process prevents
vitamin C losses, limits possible browning processes
and even facilitates the pasteurisation process in the
juice.14

The goal of the present work was to determine how
deaeration and subsequent pasteurisation affect the
aromatic profile of fresh orange juice using HS-SPME
with gas chromatography and mass spectrometry
systems.

MATERIAL AND METHODS
Orange juice samples
Thirty samples of fresh, deaerated and pasteurised
orange juice were collected from a citrus-processing
facility located in the region of Murcia (Spain).
A mixture of different orange cultivars (Navel
Late, Cadeneras, Salustianas) at optimum ripeness
(maturity index 13.65) was used to extract the orange
juice samples during April–May.

Ten fresh orange juice samples were collected at the
outlet of the finisher (FMC, Madrid, Spain), another
10 samples were taken after leaving the deaerator
system (Sigma, Germany) and the last 10 samples
were collected at the outlet of the pasteuriser (Sigma).

Conditions during deaeration and pasteurisation were
40 ◦C/0.6 bar and 98 ◦C/30 s respectively.

Solid phase microextraction
The headspace volatile constituents of the orange
juices were isolated using an SPME device (Supelco
Inc, Bellefonte, PA, USA) as described by Steffen
and Pawliszyn.3 Two different fibres were used, one
coated with 85 µm of polyacrylate (PA, polar film) and
the other coated with 100 µm of polydimethylsiloxane
(PDMS, non-polar film). For SPME, 380 µl of each
juice sample was diluted to 500 µl using saturated
sodium chloride solution, put into a 2 ml vial and
sealed with a Teflon septum. In order to achieve
equilibrium between each sample and its headspace
before SPME analysis, samples were maintained at
22 ◦C for 15 min. PDMS and PA fibres were exposed
to the headspace of unstirred samples for 45 and
60 min respectively according to the equilibrium times
established for those fibres.3 During these exposure
times, samples were held at 22 ◦C.

Gas chromatography of SPME samples
Once the analytes were adsorbed onto the coatings,
they were subjected to analysis by capillary gas
chromatography. A Hewlett-Packard 5890 Series
II Plus gas chromatograph (Palo Alto, CA, USA)
equipped with a flame ionisation detector (FID) and
a 30 m × 0.25 mm HP-5 (crosslinked phenyl–methyl
siloxane) column with 0.25 µm film thickness was used
for this study. The FID and injector were maintained
at 250 ◦C. Helium was used as carrier gas and the flow
through the column was 1 ml min−1.

The analytes were desorbed at 250 ◦C for 5 min
in the injection port of the chromatograph. The
volatiles were desorbed immediately onto the column
with no need for cryofocusing, as the 5 min desorb
time was sufficient to ensure no sample-to-sample
interferences. To improve the recovery of highly
volatile components, a splitless injection was applied
during the first 0.6 min of injection. After this time
the split ratio was set to 100:1. The column was
maintained at 60 ◦C for 4 min, increased to 64 ◦C at
a rate of 1 ◦C min−1, and then increased to 155 ◦C
at a rate of 2.5 ◦C min−1. For the identification
of individual compounds, retention times were
compared with those of commercially available
standard compounds (Acros, Fisher Scientific SA,
Geel, Belgium).

Mass spectrometry
The volatile components in the orange juices were
identified by gas chromatography/mass spectrometry.
A Hewlett-Packard 5890 Series II Plus gas chro-
matograph equipped with a 30 m × 0.25 mm HP-5
(cross-linked phenyl–methyl siloxane) column with
0.25 µm film thickness was used. The chromatograph
was linked to a Hewlett-Packard 5972 mass spectrom-
etry detector. The initial oven temperature was held at
50 ◦C for 2 min. It was then increased at 1.5 ◦C min−1
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to 85 ◦C and finally at 2.5 ◦C min−1 to 160 ◦C. The
injection port and ionising source were kept at 250 ◦C
and the transfer line was kept at 280 ◦C. Helium was
used as carrier gas and the flow through the column
was 1.3 ml min−1 with a split ratio of 16:1. Individual
peaks were identified by comparison of their reten-
tion times with those of known compounds and by
comparison of mass spectra using the NBS75K library
(United States National Bureau of Standards, 1986).

Quantification
For the purpose of quantifying components isolated,
linear regression models were determined using stan-
dard dilution techniques for all compounds identified.
Pumpout orange juice (juice from which all volatiles
have been removed by a commercial evaporator) was
used as matrix for the standard dilution analysis. Cal-
ibration curves were determined by applying the same
conditions to the standard dilutions as to the analytical
samples. Gas chromatography coupled to an FID was
used in order to obtain calibration curves and sample
quantitations.

Statistical analysis
For the comparison of mean concentrations of each
compound in the three types of juice, analysis of
variance (ANOVA) was performed using Statistica
version 6 (Statsoft, Tulsa, OK, USA).

RESULTS AND DISCUSSION
The SPME analysis of the volatile components in the
headspace of fresh orange juice yielded a total of 48 and
46 components identified and quantified when PDMS
and PA polymeric coatings were used (Tables 1 and 2
respectively). HS-SPME is a technique based on the
chemical equilibrium of compounds between three
phases in the system (sample matrix, headspace
and fibre coating). The PDMS fibre has very good
stability and is therefore commonly the first fibre
tested. However, some applications require sensitivity
to certain compounds. The PDMS fibre has high
sensitivity to non-polar compounds but not as high
sensitivity towards polar compounds.15 Therefore it
is very important to consider the affinity of the fibre
towards each volatile component.4 PA and PDMS
(with different polarities) were chosen for this study.
These factors resulted in the fractionation of analytes
according to the properties of each of the fibre coatings
and volatile components under study.

Alcohols
The difference in polarity between the fibre coat-
ings resulted in some different results when PDMS
and PA were used for the quantitation of the volatile
components. The effect of the deaeration and pas-
teurisation processes on the headspace as measured by
HS-SPME-PDMS showed that six of the 13 alcohols
quantitated had significant changes in concentration

after deaeration, with ethanol not being detected
(Table 1). The pasteurisation process resulted in 1-
penten-3-ol, 3-methyl-1-butanol and (E)-2-hexen-1-
ol not being detected. Heptanol, octanol, linalool,
terpinen-4-ol and α-terpineol, exhibited statistically
significant differences in detected concentrations after
deaeration but did not show any statistical difference
between deaeration and pasteurisation. Alcohols with
low volatility, including nerol + citronellol, carveol,
geraniol + linalyl acetate and dodecanol, were not
affected by either manufacturing process.

Similar results were obtained when PA was
used as polymeric coating in HS-SPME. Ethanol
was not detected after deaeration (Table 2). The
sensitivity of the SPME method depends on the
compound analysed and the sample matrix, as non-
polar components can be detected at µg kg−1 levels
using PDMS, while it is sometimes difficult to
detect polar compounds at mg kg−1 levels.5,6,15,16 3-
Methyl-1-butanol and (E)-2-hexen-1-ol were detected
and quantified in pasteurised juice when using
the PA fibre. No statistically significant differences
were detected in concentrations after pasteurisation.
Octanol, linalool, terpinen-4-ol, nerol + citronellol
and carveol decreased in concentration in the
headspace of orange juice after the deaeration process.

From these results one can deduce the importance
of the polymeric coating for the determination of the
aromatic profile in the headspace of orange juice. In
order to explain the different behaviours of these two
fibres, a statistical analysis was made between the
concentrations determined in the same type of juice
by the two polymeric coatings (Table 3). There are
several factors that could affect the analysis and result
in statistically significant differences in concentrations
of compounds. The first factor to consider is the
relative affinity for specific compounds with each
fibre (partition coefficient). Polar compounds will be
preferentially retained by the PA fibre and non-polar
compounds by the PDMS fibre, which is likely to be
corrected for with the calibration curves. A second
factor to consider is the equilibration time needed for
each compound between the three phases (sample,
headspace and fibre). There is a high probability that
not all compounds will reach equilibrium between
the sample and headspace during the equilibration
period. During the sampling period, some compounds
will not fully equilibrate between the headspace and
fibre. Another factor to consider is the competition for
adsorption sites on the fibres. Several researchers have
demonstrated many instances of such competition,
and all of them agree that competition phenomena
occur once the concentration exceeds the upper limit
of the linear range.15,17–19 Therefore it is questionable
whether SPME fibres are reliable in quantitative
analyses, especially for alcohols.

Aldehydes
The results for the aldehydes have some interesting
characteristics. The concentrations determined by
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Table 1. Determination of volatile compounds by HS-SPME-PDMS (mg kg−1)

Component Fresh orange juice Deaerated orange juice Pasteurised orange juice

Alcohols
Ethanol 0.49 ± 0.68 ND ND
1-Penten-3-ol 0.08 ± 0.15a 0.01 ± 0.02a ND
3-Methyl-1-butanol 0.12 ± 0.21a 0.20 ± 0.24a ND
(E)-2-Hexen 1-ol 0.10 ± 0.20a 0.17 ± 0.24a ND
1-Heptanol 2.31 ± 2.08a 0.21 ± 0.12b 0.22 ± 0.08b
Octanol 5.21 ± 2.85a 0.46 ± 0.06b 0.44 ± 0.04b
Linalool 5.72 ± 2.17a 0.43 ± 0.46b 1.01 ± 0.314b
Terpinen-4-ol 1.21 ± 0.34a 0.65 ± 0.21b 0.58 ± 0.18b
α-Terpineol 6.05 ± 6.07a 1.32 ± 0.33b 0.82 ± 0.38b
Nerol + citronellol 0.58 ± 0.54a 0.11 ± 0.07a 0.15 ± 0.03a
Carveol 0.08 ± 0.54a 0.03 ± 0.02a 0.02 ± 0.02a
Geraniol + linalyl acetate 0.22 ± 0.14a 0.10 ± 0.04a 0.12 ± 0.04a
Dodecanol 0.06 ± 0.11a 0.01 ± 0.01a 0.03 ± 0.02a
Aldehydes
Valeraldehyde + 2-pentanol 0.24 ± 0.23a 0.20 ± 0.08a 0.24 ± 0.16a
Hexanal + ethyl butyrate 0.65 ± 0.33a 0.04 ± 0.02b 0.07 ± 0.04b
(E)-2-Hexenal 0.08 ± 0.14a 0.02 ± 0.03a ND
Octanal 1.96 ± 2.30a 0.01 ± 0.01a 0.13 ± 0.26a
Nonanal 0.63 ± 1.03a 0.01 ± 0.01a 0.02 ± 0.005a
Citronellal 0.15 ± 0.40a 0.005 ± 0.00a 0.005 ± 0.002a
Decanal 0.66 ± 0.87a 0.06 ± 0.04a 0.08 ± 0.04a
Neral 0.02 ± 0.02a 0.02 ± 0.02a 0.003 ± 0.00a
Geranial 0.18 ± 0.17a 0.05 ± 0.04a 0.04 ± 0.02a
Perillaldehyde 0.04 ± 0.03a 0.01 ± 0.01a 0.03 ± 0.01a
Undecanal 0.04 ± 0.06a 0.004 ± 0.004a 0.005 ± 0.00a
Dodecanal 0.23 ± 0.36a 0.04 ± 0.01a 0.03 ± 0.01a
Esters
Ethyl acetate 1.19 ± 1.15 ND ND
Methyl butyrate 0.02 ± 0.02a 0.001 ± 0.002a ND
Octyl acetate 0.03 ± 0.03a 0.006 ± 0.003a 0.005 ± 0.001a
Terpenyl acetate + citronellyl acetate 0.03 ± 0.02a 0.04 ± 0.06a 0.01 ± 0.002a
Neryl acetate 0.03 ± 0.02a 0.24 ± 0.47a 0.008 ± 0.00a
Geranyl acetate 0.12 ± 0.24a 0.02 ± 0.01a 0.009 ± 0.00a
Ethyl anthranilate 0.20 ± 0.25a 0.19 ± 0.14a 0.10 ± 0.15a
Ketones
Acetone 49.83 ± 49.62a 27.42 ± 10.35a 24.24 ± 11.15a
Methyl-vinyl-ketone 0.75 ± 1.99a 0.49 ± 0.73a ND
Ethyl-vinyl-ketone 0.71 ± 0.72a 1.34 ± 0.74a 1.17 ± 1.33a
Carvone 0.19 ± 0.167a 0.05 ± 0.03a 0.08 ± 0.02a
Terpenes
α-Pinene 6.61 ± 1.45a 0.53 ± 0.11b 0.55 ± 0.24b
Sabinene 5.63 ± 2.21a 0.10 ± 0.07b 0.09 ± 0.04b
β-Pinene 0.38 ± 0.11a 0.02 ± 0.03b 0.06 ± 0.02b
β-Myrcene 13.0 ± 5.30a 0.87 ± 0.20b 0.90 ± 0.36b
α-Phellandrene 4.88 ± 6.16a 0.31 ± 0.10a 0.24 ± 0.14a
�3-Carene 0.30 ± 0.41a 0.03 ± 0.02a 0.03 ± 0.01a
α-Terpinene 21.23 ± 9.32a 1.03 ± 0.14b 1.40 ± 0.34b
Limonene 536.65 ± 170.62a 34.80 ± 3.89b 34.19 ± 12.01b
γ -Terpinene 8.51 ± 3.29a 0.48 ± 0.06b 0.64 ± 0.16b
β-Caryophyllene 0.09 ± 0.13a 0.01 ± 0.01a 0.01 ± 0.01a
α-Humulene 0.05 ± 0.09a 0.01 ± 0.004a 0.009 ± 0.00a
Valencene 1.52 ± 1.80a 0.99 ± 1.01a 0.95 ± 0.52a

Values are mean ± standard deviation (n = 10). Within each row, values followed by the same letter are not significantly different (P < 0.05). ND, not
detected.

the two fibres are almost identical, with only two
of the 36 concentrations being statistically different
between the two fibres (Table 3). However, with
the PA fibre, seven of the 12 aldehydes exhibited
a statistically significant different concentration as a

result of deaeration and/or pasteurisation, as compared
with only one of the 12 aldehydes with the PDMS
fibre. Although there are few statistically significant
differences in concentrations determined using both
polymeric coatings, PA was more sensitive for the
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Table 2. Determination of volatile compounds by HS-SPME-PA (mg kg−1)

Component Fresh orange juice Deaerated orange juice Pasteurised orange juice

Alcohols
Ethanol 7.13 ± 8.36 ND ND
1-Penten-3-ol ND ND ND
3-Methyl-1-butanol 0.36 ± 0.13a 0.25 ± 0.06a 0.32 ± 0.09a
(E)-2-Hexen 1-ol 0.65 ± 0.82a 0.20 ± 0.14a 0.21 ± 0.13a
1-Heptanol 0.03 ± 0.02a 0.02 ± 0.01a 0.01 ± 0.003a
Octanol 1.36 ± 0.36a 0.34 ± 0.07b 0.30 ± 0.05b
Linalool 1.31 ± 0.24a 0.30 ± 0.06b 0.38 ± 0.14b
Terpinen-4-ol 1.03 ± 0.26a 0.46 ± 0.12b 0.46 ± 0.15b
α-Terpineol 2.85 ± 1.71a 0.65 ± 0.16ab 0.53 ± 0.05b
Nerol + citronellol 0.28 ± 0.10a 0.10 ± 0.01b 0.09 ± 0.02b
Carveol 0.17 ± 0.14a 0.03 ± 0.03b 0.07 ± 0.04ab
Geraniol + linalyl acetate 0.28 ± 0.10a 0.31 ± 0.47a 0.10 ± 0.01a
Dodecanol 0.03 ± 0.02a 0.03 ± 0.04a 0.03 ± 0.01a
Aldehydes
Valeraldehyde + 2-pentanol 0.15 ± 0.18a 0.12 ± 0.14a 0.26 ± 0.23a
Hexanal + ethyl butyrate 0.44 ± 0.28a 0.05 ± 0.03b 0.09 ± 0.03b
(E)-2-Hexenal 0.16 ± 0.19a 0.11 ± 0.09a 0.11 ± 0.10a
Octanal 0.21 ± 0.25a 0.04 ± 0.02a 0.03 ± 0.01a
Nonanal 0.14 ± 0.06a 0.04 ± 0.007b 0.04 ± 0.01b
Citronellal 0.03 ± 0.03a 0.004 ± 0.005a 0.004 ± 0.001a
Decanal 0.76 ± 0.29a 0.18 ± 0.02b 0.17 ± 0.04b
Neral 0.01 ± 0.00a 0.001 ± 0.001b 0.001 ± 0.001b
Geranial 0.17 ± 0.09a 0.04 ± 0.02b 0.03 ± 0.01b
Perillaldehyde 0.09 ± 0.04a 0.03 ± 0.01b 0.04 ± 0.02b
Undecanal 0.07 ± 0.08a 0.01 ± 0.00a 0.01 ± 0.004a
Dodecanal 0.12 ± 0.02a 0.04 ± 0.01b 0.04 ± 0.007b
Esters
Ethyl acetate 0.93 ± 0.74a 0.39 ± 0.66ab 0.08 ± 0.18b
Methyl butyrate 0.03 ± 0.06a 0.01 ± 0.02a ND
Octyl acetate 0.06 ± 0.02a 0.01 ± 0.006b 0.01 ± 0.00b
Terpenyl acetate + citronellyl acetate 0.03 ± 0.01a 0.01 ± 0.003b 0.01 ± 0.00b
Neryl acetate 0.02 ± 0.01a 0.01 ± 0.001a 0.01 ± 0.00a
Geranyl acetate 0.02 ± 0.01a 0.01 ± 0.002b 0.008 ± 0.00b
Ethyl anthranilate 0.10 ± 0.24a 0.06 ± 0.12a ND
Ketones
Acetone 182.21 ± 61.02a 148.03 ± 39.85a 189.11 ± 63.52a
Methyl-vinyl-ketone ND ND ND
Ethyl-vinyl-ketone 0.21 ± 0.16a 0.46 ± 0.50a 0.29 ± 0.48a
Carvone 0.24 ± 0.10a 0.09 ± 0.01b 0.10 ± 0.03b
Terpenes
α-Pinene 1.18 ± 0.48a 0.36 ± 0.09b 0.28 ± 0.04b
Sabinene 1.33 ± 0.96a 0.18 ± 0.23b 0.04 ± 0.01b
β-Pinene 0.03 ± 0.03a 0.04 ± 0.03a 0.06 ± 0.01a
β-Myrcene 2.73 ± 1.57a 0.93 ± 0.24b 0.74 ± 0.13b
α-Phellandrene 0.39 ± 0.52a 0.17 ± 0.10a 0.17 ± 0.03a
�3-Carene 0.17 ± 0.31a 0.05 ± 0.01a 0.05 ± 0.01a
α-Terpinene 0.06 ± 0.13a 0.18 ± 0.04b 0.12 ± 0.01ab
Limonene 87.42 ± 15.00a 40.27 ± 7.69b 34.79 ± 3.89b
γ -Terpinene 0.26 ± 0.13a 0.12 ± 0.02b 0.10 ± 0.01b
β-Caryophyllene 0.03 ± 0.01a 0.02 ± 0.01a 0.02 ± 0.003a
α-Humulene 0.02 ± 0.01a 0.02 ± 0.005ab 0.01 ± 0.00b
Valencene 0.85 ± 0.70a 1.19 ± 1.17a 1.02 ± 0.45a

Values are mean ± standard deviation (n = 10). Within each row, values followed by the same letter are not significantly different (P < 0.05). ND, not
detected.

detection of changes in concentration after deaerating
the orange juice. The explanation for this seeming
contradiction lies in the standard deviations for the
obtained values. The PDMS data were more random
and less precise, resulting in fewer statistically different

concentrations. This is possibly due to the polar nature
of these compounds, which would therefore show
more stable binding to the PA fibre and would result
in less experimental error. This can also be explained
by considering that, in the analysis of the volatile
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Table 3. Components with statistically significant differences in

concentration (Diff) as determined using PDMS and PA

Component
Fresh

orange juice
Deaerated

orange juice
Pasteurised
orange juice

Alcohols
Ethanol Diff — —
3-Methyl-1-butanol Diff — Diff
(E)-2-Hexen 1-ol Diff — Diff
1-Heptanol Diff — —
Octanol Diff — —
Linalool Diff — —
α-Terpineol — Diff —
Aldehydes
(E)-2-Hexenal — — Diff
Citronellal — Diff —
Ketone
Acetone Diff Diff Diff
Terpenes
α-Pinene Diff — Diff
Sabinene Diff — —
β-Pinene Diff — —
β-Myrcene Diff — —
α-Phellandrene Diff — —
α-Terpinene Diff Diff —
Limonene Diff — —
γ -Terpinene Diff Diff Diff

components using HS-SPME, several factors, such as
the need to be in the linear range and competition
effects between volatile compounds, can cause biases
in the quantitative determination of compounds.19

Esters
The results for the esters are very similar to those for
the aldehydes. There were no statistical differences
between the fibres for any of the determined
concentrations, yet there were statistical differences
between processing treatments (deaeration and/or
pasteurisation) for four of the seven compound
concentrations when using the PA fibre. As with the
aldehydes, the most likely explanation for this is the
polar nature of the esters. Their polarity would affect
the equilibrium times for the fibre as well as the
binding. The highly volatile ethyl acetate and methyl
butyrate were not detected using the PDMS fibre in
the deaerated/pasteurised and the pasteurized juice
respectively. It is possible that the equilibrium and
polar factors played a part in the higher uncertainty
of the concentrations determined using the PDMS
fibre, resulting in no statistically significant changes
in concentrations being found for the treatments.
Competition for adsorption by fibres is important
to consider. Several researchers have demonstrated
many instances of such competition, and all of them
agree that competition phenomena occur once the
concentration exceeds the upper limit of the linear
range.15,17–19 This can explain why some components,
including ethyl acetate, were not detected in the
headspace of the deaerated/pasteurised orange juice
when using PDMS. The reduction in concentration of

components with high affinity for the fibre, as occurs
with terpenes and PDMS, may facilitate the adsorption
of components with lower partition coefficients, such
as esters, and make more difficult the real detection of
changes in concentrations.

Ketones
The study of this fraction yields only a total of
four components quantitated. The analysis using
HS-SPME-PDMS did not show any statistically
significant differences among concentrations after the
deaeration and pasteurisation processes. Only methyl-
vinyl-ketone was not adsorbed by the polymeric
coating after pasteurising the orange juice. Related to
the extraction using PA, methyl-vinyl-ketone was not
detected in the headspace of the fresh orange juice,
and only carvone exhibited a statistically significant
decrease in concentration after deaerating the fresh
orange juice. The statistical analysis comparing the
two polymeric coatings did not show any statistically
significant differences in concentration among the
three types of orange juice analysed, except for
acetone. In this case both polymers can be considered
suitable at the same level in the determination of
ketonic components.

Terpenes
A total of 12 terpenes were quantified in the headspace
when using SPME. The results for the two fibres were
nearly identical. There were seven compounds for
each fibre that showed statistical differences between
processing treatments: α-pinene, sabinene, β-pinene
(PDMS only), β-myrcene, α-terpinene, limonene, γ -
terpinene and α-humulene (PA only).

These results agree with those published by Steffen
and Pawliszyn,3 who reported a comparative study
between PDMS and PA capacity of retention of some
volatile components present in the headspace of orange
juice. For these researchers, PDMS was suitable for
the extraction of a wide range of volatile components
regardless of their polarity, although, except for
terpenes, PA was more efficient for the extraction
of those volatile components. Beaulieu and Grimm8

studied the aromatic fraction of cantaloupe fruit by
HS-SPME. They concluded that the PDMS fibre
did not effectively recover most alcoholic compounds
previously reported in muskmelon. According to our
results, the identification of the most volatile alcohols
in pasteurised orange juice was not possible using the
PDMS fibre.

Jordán20 studied the effect of the deaeration and
pasteurisation processes on the orange juice aromatic
fraction using simultaneous distillation extraction
(SDE) for the isolation of the volatile components.
The results obtained by this author are closer to those
found using PDMS in the present study, since the
deaeration process only affected the aromatic profile of
the alcohols and terpenes. It is important to note that,
using SDE, it is not possible to recover components
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which are less volatile than the solvent used for the
extraction.
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