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Abstract

Headspace solid-phase microextraction (HS-SPME) gas chromatography was used to analyze volatile compounds in soymilk. The
effect of incubation temperature (30–70 �C) and time (5–60 min), sample volume (0.5–5 ml), and type of SPME fiber (65 lm CWAX–
DVB, 70 lm PDMS–DVB and 85 lm CAR–PDMS) were studied. All the factors markedly affected sensitivity and selectivity. Among
the three fibers tested, the CAR–PDMS fiber had greater sensitivity to a more diverse range of volatile compounds, followed by PDMS–
DVB and CWAX–DVB fibers using both soymilk and water with added volatiles as a matrix. SPME optimization conducted using a
water matrix with added known soy volatiles, showed the following conditions to be optimal for selectivity and sensitivity: incubation
temperature of 40 �C, incubation time of 20 min, and sample volume of 5 ml (for volatile compound concentration of �25 ppm). The
selected conditions were used for the analysis of volatiles in six commercial soymilk samples. A total of 30 volatile compounds were iden-
tified. The results showed significant differences in the total volatiles of the soymilk products. The repeatability of measurements of total
volatiles compounds of soymilk was �5.4% for four replicate analyses. Similar volatile compounds were present in all the samples ana-
lyzed but at different concentrations. The method proposed is simple and can be used to measure both hexanal and/or total volatiles in
soymilk samples.
Crown Copyright � 2005 Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Solid-phase microextraction (SPME)-gas chromatogra-
phy is increasingly been used for the analysis of volatile,
semi-volatile, polar and non-polar compounds in various
matrices. Briefly, the technique involves the adsorption of
volatile compounds present in a system (e.g. food matrix)
onto an adsorbent fiber. Adsorption is based on the equi-
librium partitioning of the analytes between the solid-phase
of the SPME fiber, liquid or solid sample matrix, and head-
space above the matrix. Adsorbed analytes are later des-
orbed by heat onto a column and analyzed by gas
chromatography (GC) (Eisert & Levsen, 1996; Pawliszyn,
1995; Prosen & Zupancic-Kralj, 1999).
0308-8146/$ - see front matter. Crown Copyright � 2005 Published by Elsevi

doi:10.1016/j.foodchem.2005.09.001

* Corresponding author. Tel.: +1 450 773 1105; fax: +1 450 773 8461.
E-mail address: boyej@agr.gc.ca (J.I. Boye).
Since its development (Arthur & Pawliszyn, 1990; Zhang
& Pawliszyn, 1993), headspace solid-phase microextraction
(HS-SPME), has found application in several research stud-
ies, particularly in the area of food quality and the environ-
ment. More recently, SPME has gained popularity as the
instrumental technique of choice for the analysis of food
products such as, honey (Pérez, Brunete, Calvo, & Tadeo,
2002), cheese (Lecanu, Ducruet, Jouquand, Gratadoux, &
Feigenbaum, 2002), olive, soy and corn oils (Cavalli,
Fernandez, Lizzani-Cuvelier, & Loiseau, 2004; Steenson,
Lee, & Min, 2002), fruit juices and nectars (Lambropoulou
& Albanis, 2002; Liu & Yang, 2002; Riu-Aumatell,
Castellari, Lopez-Tamames, Galassi, & Buxaderas, 2004),
meats (Brunton, Cronin, & Monahan, 2001) and spices
(Jirovetz, Buchbauer, Ngassoum, & Geissier, 2002).

Interest in the application of SPME to characterize soy
volatiles is growing. Flavour problems have been a major
er Ltd. All rights reserved.
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technical impediment to the increased use of soy products
in food formulation. Several investigators have reported
the volatile flavour compounds present in soy foods to in-
clude pentanol, hexanol, heptanol, hexanal and ethyl vinyl
ketone. Lipoxygenase (LOP), an enzyme naturally present
in soybeans, mediates the conversion of polyunsaturated
fatty acids to hydroperoxides; subsequent degradation
products are responsible for the off-flavours generated.
The primary off-flavour precursors in soybean are C18:2

linoleate which produces hexanal, and C18:3 linolenate
which produces 2-hexenal and 3-hexenol via hexenal
(Kobayashi, Tsuda, Hirata, Kubota, & Kitamura, 1995).
More recently, Min, Yu, Yoo, and St.Martin (2005) using
dynamic headspace and capillary gas chromatography
have reported that factors such as soybean variety and
growing location can have significant effects on the volatile
compounds in soymilk. Continued growth in the develop-
ment and use of soymilk derived products requires in-depth
understanding and characterization of the flavour profiles
generated as a result of different processing procedures.
This information continues to be lacking in the literature.

SPME gas chromatography, although simple, is greatly af-
fected by factors such as the nature of the SPME solid-phase,
temperature of incubation, incubation time, and sample vol-
ume (Lee, Kang, & Min, 2003; Rodriguez-Bencomo, Conde,
Rodriguez-Delgado, Garcia-Montelongo, & Perez-Trujillo,
2002; Steenson et al., 2002). The goals of this study, therefore,
were two-fold: (1) to develop and optimize a headspace SPME
method to study the flavour profile of soymilk, (a) by compar-
ing the absorption efficiency of three different SPME fibers
(carbowax–divinyl benzene (CWAX–DVB-65 lm), poly-
dimethylsiloxane–divinyl benzene (PDMS–DVB-70 lm) and
carboxen–polydimethylsiloxane (CAR–PDMS-85 lm)) on
the recovery of selected volatile standards, using water as a
matrix; (b) by studying the effect of incubation temperature,
incubation time as well as sample volume on volatile recovery
and (2) to use the optimized method developed to characterize
volatile flavour compounds present in six commercial soymilk
samples available on the Canadian market.

2. Materials and methods

2.1. Materials

Twenty one volatile standards from different chemical
classes including aldehydes (hexanal, heptanal, pentanal,
trans-trans 2,4 decadienal, trans-2-heptenal), alcohols (hexa-
nol, 2-hexanol, 1-heptanol, 1-pentanol, 2-pentanol, 1-octen-
3-ol, decanol), ketones (2-heptanone, 2,3-pentanedione,
3-hydroxy-2-butanone), aromatic compounds (benzalde-
hyde, n-butyl benzene), esters (ethyl heptanoate, ethyl hexa-
noate, ethyl butyrate) and furans (2-pentyl furan) were
purchased from Sigma–Aldrich Chimica . These standards
were selected based on their reported presence in soy-derived
products. Six commercial soymilk products were purchased
from a Canadian supermarket and analyzed. For confidential-
ity purposes the samples will be referred to as products A–F.
2.2. Fiber selection

Three fibers, 65 lm polydimethylsiloxane–divinylben-
zene (PDMS–DVB), 70 lm carbowax–divinylbenzene
(CWAX–DVB) and 85 lm carboxen–polydimethylsiloxane
(CAR–PDMS) were purchased from Supelco Company
(Bellefonte, PA, USA). The fibers were provided attached
to a stainless steel plunger sheathed by a protective needle.
During analysis the needle passes through the septum of
the sample container and is depressed to expose the fiber
to the headspace for analyte adsorption. After a specified
period of incubation, the fiber is retracted into the needle
and then ejected from the sample vial prior to being in-
serted into the GC injector port for analytes desorption
onto the column. All fibers were preconditioned in the
injection port of the gas chromatograph according to the
instructions provided by the supplier, prior to analysis.

2.3. Sample preparation

Stock solutions were prepared by dissolving the individ-
ual volatile standards in Millipore water at concentrations
of 0.1 ll/ml. A gas tight syringe was used for sample prep-
aration to minimise loss. Aliquots (5 ml) of the stock solu-
tions were pipetted into 10 ml glass vials, closed using a
Teflon/Silicone (TEF/SIL) septum and analyzed by
SPME–GC–MS.

2.4. SPME analysis

A Saturn 2000 gas chromatograph–mass spectrometer
(GC–MS) (Varian Analytical Systems, San Fernando,
CA) was used for the analysis. The GC was equipped with
a split/splitless model CP-3800 injector. The MS detector
was used in the electron impact (EI) mode, with a mass
range of 40–300 m/z. The adsorbed volatiles were desorbed
in the injector port in splitless mode at 300 �C for 3 min.
Volatiles were eluted with helium gas in a wall-coated open
tubular (WCOT) fused silica 30 m · 0.25 mm column
coated with 0.25 lm of chemically bonded polysiloxane
low bleed phase (CP-SIL 8 CB Low Bleed/MS). The tem-
perature was programmed as follows: initial temperature
was kept at 35 �C for 3 min, and then increased to 210 �C
at 6 �C/min, and held for 10 min. Compounds were identi-
fied based on National Institute of Standards and Technol-
ogy (NIST) database through Saturn mass spectra library
search. The identities of compounds were also confirmed
by comparing their mass spectra and retention times with
those obtained for the respective standards.

2.5. Optimization of SPME procedure

The best performing fiber based on sensitivity and selec-
tivity was retained for the optimization studies. The effects
of incubation time (5–60 min), incubation temperature (30–
70 �C) and sample volume (0.5–5 ml) were studied. A stock
solution containing 2.5 ll (25 ppm) of each of the following
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standards (1-pentanol, hexanol, heptanol, 1-octen-3-ol,
hexanal, heptanal, pentanal, 2-heptanone, benzaldehyde,
2-pentyl furan and ethyl hexanoate) in 100 ml of water
was prepared. The solution was well vortexed to ensure
complete mixing. Samples (5 ml) of the stock solution were
placed into 10 ml GC vials and used for the optimization
studies (the GC response obtained for each standard was,
therefore, equivalent to a volume of 0.125 ll).

2.6. Statistical analysis

Each peak measurement (integrator counts) represents
the mean of triplicate headspace analyses, and error bars
indicate the standard deviation. Statistical significance of
differences between the total volatiles of the six commercial
soymilks was evaluated by the Duncan�s test at the 5% level
of probability.
3. Results and discussion

3.1. Comparative response of the three SPME fibers

Table 1 shows comparative responses of the three SPME
fibers (CWAX–DVB-65 lm, PDMS–DVB-70 lm and
CAR–PDMS-85 lm) for the selected volatile compounds
Table 1
MS detector response (peak area) of selected volatile compounds in a water m

Compound MS detector response (area)

CWAX–DVB fiber (70 lm) PDMS–DVB fib

Peak area (·104) Peak area (·104)

Aldehydes

Hexanal 3.1 ± 0.05 83.1 ± 0.4
Heptanal 2.9 ± 0.04 70.4 ± 0.2
Pentanal ND 8.6 ± 0.09
t�t 2,4 Decadienal 28.8 ± 0.2 907.8 ± 1
trans-2 Heptenal 4.4 ± 0.07 167.3 ± 0.8

Alcohols

Hexanol 1.7 ± 0.01 79.7 ± 0.0
2-Hexanol 2.4 ± 0.05 63.7 ± 0.3
1-Heptanol 8.0 ± 0.02 285.2 ± 1.6
1-Pentanol 1.3 ± 0.0 21.5 ± 0.4
2-Pentanol ND 1.3 ± 0.03
1-Octen-3-ol 3.5 ± 0.09 204 ± 1.0
Decanol 234.9 ± 1.9 1430 ± 17.4

Ketones

2-Heptanone 10.2 ± 0.1 204.6 ± 0.46
3-Hydroxy 2butanone ND 1.6 ± 0.05
2,3-Pentanedione ND ND

Aromatic compounds

Benzaldehyde 7.8 ± 0.2 47.1 ± 0.4
n-Butyl benzene 62.6 ± 0.5 604.7 ± 5.9

Esters

Ethyl heptanoate 11.9 ± 0.1 253.5 ± 0.8
Ethyl hexanoate 13.0 ± 0.2 183.6 ± 0.4
Ethyl butyrate 4.7 ± 0.03 46.7 ± 0.3

Furan

2-Pentyl furan 36.0 ± 0.8 357 ± 1.3

ND: not detected. Fold increasea: (2/1) = fiber 2 versus fiber 1; (3/2) = fiber 3
in a water matrix under the same running conditions. Of
the three fibers, our results showed the CAR–PDMS fiber
to be the most selective and the most sensitive. Close exam-
ination of the results revealed that the recoveries for the dif-
ferent volatiles classes were higher for the PDMS–DVB
fiber compared to the CWAX–DVB. The relative increases
observed were as follows: aldehydes (24–38-fold), alcohols
(6–58-fold), ketones (20-fold), aromatic compounds
(6–10-fold), esters (10–21-fold) and furan (10-fold). In addi-
tion, volatiles with low molecular weights (80–100 Da) such
as 2-pentanol (alcohol), pentanal (aldehyde), 3-hydroxy-2-
butanone, 2,3-pentanedione (ketones) and having less than
five carbon atoms were not detected by the CWAX–DVB
fiber. The CAR–PDMS fiber, gave a much greater response
in adsorptivity (sensitivity and selectivity) when compared
to the other two fibers. The relative increase in recovery
observed for the CAR–PDMS fiber when compared to
the PDMS–DVB fiber were as follows: aldehydes (32–122-
fold), alcohols (9–238-fold), ketones (56-fold), aromatic
compounds (13–44-fold), esters (29–36-fold) and furan
(20-fold) (Table 1). The stronger response of the CAR–
PDMS fiber is likely related to the properties of the adsor-
bent Carboxen 1006, a porous carbon with a very high
surface area (1000 m2/g), which is mixed with PDMS to
make the fiber coating. This type of matrix, which is rich
atrix analyzed by SPME–MS using three different fibers

er (65 lm) CAR–PDMS fiber (85 lm)

Fold increasea (2/1) Peak area(·104) Fold increasea (3/2)

26.8 377.6 ± 0.4 4.5
24.15 241.6 ± 1.9 3.4

61.2 ± 0.2 7.1
31.5 939 ± 1.5 1.0
38.1 536.5 ± 0.9 3.2

46.6 407.4 ± 0.6 5.1
26.3 277.6 ± 1.8 4.4
35.6 753.6 ± 2.9 2.6
16.7 180 ± 2.4 8.4

15.5± 12.1
58.0 439 ± 0.4 2.2
6.1 2161 ± 0.2 1.5

20.0 572 ± 0.7 2.8
9.7 ± 0.1 6.1

12.7 ± 0.07

6.0 345 ± 0.3 7.3
9.7 837 ± 0.8 1.4

21.3 427 ± 0.2 1.7
14.1 395 ± 0.9 2.1
9.9 137 ± 0.4 2.9

9.9 771 ± 2.5 2.2

versus fiber 2.
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in micropores is efficient at adsorbing gases, trace-level
volatiles and low molecular weight compounds (MW
30–225) (Shirey & Mindrup, 1999). The divinylbenzene
(DVB) polymer, although rich in macropores, is better
suited for retaining semi-volatile analytes. Vas and Vékey
(2004) earlier reported that the type and thickness of the fi-
ber coating material is the most important feature determin-
ing the analytical performance of SPME. Overall, the
CAR–PDMS fiber gave the best performance, showing
higher sensitivity and greater selectivity to a wider range
of volatile compounds with varying polarities and molecu-
lar weights and was selected for subsequent work.

The repeatability (within-day variability) of measure-
ments (precision) expressed by the relative standard devia-
tion (R.S.D.) was found to be dependent on the type of
compounds analyzed. The % R.S.D. values for aldehydes,
alcohols, ketones, aromatic compounds, esters and furans
using the CAR–PDMS fiber, ranged from 1.6 to 10.7%,
0.6 to 5.3%, 0.6 to 1.3%, 9.7%, 2.3 to 5.6% and 3.3%,
respectively. R.S.D. values were in the satisfactory range
(�5%) with automatic sampling for most of the samples
analyzed. The exception was for volatiles having high
adsorptivities, such as hexanal (10.7% R.S.D.) and benzal-
dehyde (9.7% R.S.D.). Matisovà, Medved�ovà, Vraniak-
ova, and Simon (2002), Zhang, Yang, and Pawliszyn
(1994) earlier found that the precision of HS-SPME mea-
surements also depends on the analyte concentration, sam-
ple volume, matrix, and number of measurements.

The efficiency of the CAR–PDMS fiber for the selected
volatiles was confirmed using soymilk as a matrix instead
of water. Fig. 1 shows the mass spectrometer detector re-
sponse (peak area) of a commercial soymilk sample, ana-
lyzed using the three different SPME fibers. The results
clearly demonstrate the higher adsorptivity of the CAR–
PDMS fiber with soymilk as sample matrix. The repeatabil-
ity (within-day variability) of measurements of total volatiles
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Fig. 1. Mass spectrometer detector response (peak area) of a commercial soym
PDMS–DVB, (j) CAR–PDMS.
compounds (sum of all volatiles observed) was 5.4% for four
replicate analyses done using the soymilk matrix.

3.2. Optimization of solid-phase microextraction

The CAR–PDMS fiber was retained and used for fur-
ther optimization studies (i.e. effect of incubation time,
temperature, and sample volume) because of its greater
sensitivity and selectivity.

3.2.1. Effect of incubation time

Fig. 2A shows the effect of incubation time on the
adsorptivity of the selected volatiles. For the purposes of
this work, adsorptivity is defined as the ability of the vola-
tile standards to adhere to the SPME fiber under the con-
ditions studied and was measured by the MS detector
response peak area. An increase in total volatile recovery
(sum of all the volatile peaks) was observed with increasing
incubation time from 5 min to a maximum after 40 min. As
the incubation time was increased further (50–60 min), to-
tal volatiles recovery decreased. This decrease may be
attributed to reverse diffusion of analytes from fiber to
sample in an attempt to maintain the partition equilibrium,
as previously reported by Prosen and Zupancic-Kralj
(1999). The time required to saturate the fiber, however,
varied for each standard, and was highly dependent on
the chemical nature of the compounds being analyzed.
For most of the individual standards tested (aldehyde,
alcohol, ketone, aromatic compound, ester, and furan)
the maximum fiber saturation was reached within the range
of 30–50 min of incubation (data not shown). Our results
further showed that for most of these standards, 90% of
their maximum adsorption capacity was reached after
20 min. For practical applications, a 20 min incubation
period might, therefore, be appropriate for analysis (opti-
mal volatile recovery).
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Table 2
Identification of volatile compounds in six commercial soymilks using
SPME–GC–MS

Volatiles MS identificationa

Product A

Pentanal Standard
Hexanal Standard
2-Hydroxycyclopenten-1-one Library
2-Heptanone Standard
Heptanal Standard
2-Butyl octanol Library
Benzaldehyde Standard
2-Pentylfuran Standard
3,5-Octadiene-2-one Library
Benzoic acid ester Library
Hexanoic acid ester Library
Butylated hydroxytoluene (BHT) Standard

Product B

1-(2-propenyloxy)-Heptane Library
1-Penten-3-ol Library
Pentanal Standard
Hexanal Standard
Heptanal Standard
Benzaldehyde Standard
Nonanal Standard
Benzoic acid ester Library
Butylated hydroxytoluene (BHT) Standard

Product C

1-Penten-3-ol Standard
Pentanal Standard
3-Hydroxy-2-butanone Standard
Dimethyl disulfide Library
Hexanal Standard
2-Heptanone Standard
Heptanal Standard
Benzaldehyde Standard
3-Octen-2-one Library
Ethyl heptanoate Library
Ethyl hexanoate Library
Decanol Standard
Butanoic acid-ester Library

Product D

Pentanal Standard
3-Hydroxy 2 butanone Standard
Hexanal Standard
2-Butanone (MEK) Standard
3-Metylacetylacetone Library
Benzaldehyde Standard
2-Pentylfuran Standard
Ethyl heptanoate Standard
Octanoic acid Library
Ethyl octanoate Standard
Butanoic acid, 1,1-dimethylpropyl ester Library
Butylated hydroxytoluene (BHT) Standard

Product E

1-Penten-3-ol Standard
Pentanal Standard
2,4,4-Trimethyl-1-hexene Library
3-Methyl hexane Library
Hexanal Standard
Isoamylacetate Standard
2-Heptanone Standard
Heptanal Standard

(continued on next page)
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3.2.2. Effect of incubation temperature

The effect of incubation temperature on adsorptivity
over the range of 30–70 �C is shown in Fig. 2B. Maximum
adsorptivity was observed between 30 and 40 �C. Increasing
sample temperature above 40 �C resulted in a consistent
decrease in total volatile recovery (total peak area). This
general trend was observed for all the six volatile classes
(aldehydes, alcohols, ketones, aromatic compounds, esters,
and furan) individually. Desorption of volatiles from the
fiber with increasing temperature during HS-SPME analy-
sis has already been reported and been interpreted to result
from a competition on the fiber between the different



Table 2 (continued)

Volatiles MS identificationa

Benzaldehyde Standard
2-Pentyl furan Standard
2-2-Dimethyl-octane Library
2-Butyl-1-octanol Library
3-Methylnonane Library
Ethyl heptanoate Standard
Ethyl octanoate Standard
Butanoic acid, 1,1-dimethylpropyl ester Library

Product F

1-(2-Propenyloxy)-Heptane Library
1-Pentene-3-ol Standard
Pentanal Standard
Hexanal Standard
Benzaldehyde Standard
Ethyl heptanoate Standard
Ethyl octanoate Standard
Butanoic acid, 1,1-dimethyl propyl ester Library

a The volatiles were either positively identified using MS of pure stan-
dards or identified using the GC–MS spectra library.

Fig. 3. Gas chromatograms of volatile flavo
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compounds released in the headspace (Lambropoulou &
Albanis, 2002; Lecanu et al., 2002; Liu & Yang, 2002). An
incubation temperature of not greater than 40 �C, therefore,
appears optimal for the recovery of the volatile compounds
studied independent of their chemical nature.

3.2.3. Effect of sample volume

The effect of sample volume on adsorptivity response is
given in Fig. 2C. An increase in total volatile recovery of
113.7% was observed as sample volume was increased from
0.5 to 5 ml. Increasing the volume further to 5.5 ml resulted
in a decrease (�25%) in recovery compared to that ob-
tained for the 5 ml sample. Reverse diffusion of analytes
from fiber to sample as a result of overload has been
reported by Prosen and Zupancic-Kralj (1999). The
amount of adsorbed analyte is generally proportional to
sample volume. The larger the sample size, the greater
the quantity of analytes that will be adsorbed onto the fi-
ber, and the shorter the time for an equilibrium to be
urs in six commercial soymilk products.



0

1

2

3

4

5

6

7

Product
B

Product
F

Product
C

Product
A

Product
D

Product
E

Soymilk products

To
ta

l v
ol

at
ie

ls

(P
ae

k 
ar

ae
 x

 1
0

6
) A

0

10

20

30

40

50

60

70

80

Product
B

Product
F

Product
C

Product
A

Product
D

Product
E

Soymilk products
%

H
ex

an
al

/T
ot

al
vo

la
ti

le B

Fig. 4. (A) Total volatiles recovery (MS response-peak areas) and (B)
percent ratio of hexanal to total volatiles recovery of six commercial
soymilk products.

A. Achouri et al. / Food Chemistry 99 (2006) 759–766 765
reached. With increasing incubation time, the partition
coefficient (concentration of analyte in the fiber versus
the concentration of analyte in the sample) decreases. If
the sample volume is large and the incubation time length-
ened, a desorption phenomenon can be expected to occur.
For the standard mixture studied (i.e. containing 25 ppm of
each standard) a saturation capacity of the fiber appeared
to have been reached with the 5 ml sample volume.

Interestingly, below 2.5 ml sample size, some volatiles
from the alcohol class such as pentanol and hexanol were
not detected (data not shown). This may suggest that for
such low volatility fractions, a larger sample volume may
be required for better detection and quantification.
Repeatability of measurements, as expressed by the rela-
tive standard deviation, was also found to be sample vol-
ume dependent. The best repeatability was observed for
the lowest volumes (0.5–2.5 ml) with average R.S.D. val-
ues in the range of 1.92–3.7%. Using higher sample vol-
umes (3–5.5 ml) increased the R.S.D. values to 3.0–8.7%.
Similar findings have been reported by Matisovà et al.
(2002).

3.3. SPME analysis of commercial soymilk volatiles

Based on the results obtained, the following conditions
were selected for the analysis of volatiles in commercial
soymilk samples: incubation temperature of 40 �C, incuba-
tion time of 20 min and a sample volume of up to 5 ml. Pre-
liminary studies were conducted using different volumes of
the soymilk samples to determine if a 5 ml sample volume
fell within the range identified above. A sample volume of
5 ml was retained.

Table 2 lists the volatile compounds identified in the six
commercial soymilks. A total of 30 volatile compounds
were identified. The main constituents were hexanal, pent-
anal, benzaldehyde, 3-hydroxy-2-butanone, 2-pentylfuran,
2-butanone, heptanal, nonanal, penten-3-ol, 2-heptanone,
ethyl heptanoate, and ethyl octanoate. Other compounds
present but at lower concentrations (below the instrument
threshold) were also identified but not quantified (summed)
into the total volatiles.

Significant (p < 0.05) differences in the total volatiles
were observed between the analyzed soymilk products, ex-
cept between products C and F. The product with the
lowest level of total volatiles was product B, followed
by products F, C, A, D and E (Fig. 4A). For all the soy-
milk products, the highest responses observed were for
hexanal and pentanal (Fig. 3). Products E and D had
higher contents of hexanal, pentanal, trimethyl-1-hexene,
and 3-hydroxy-2-butanone, 2-butanone, ethyl heptanoate,
ethyl octanoate, and butanoic acid-ester. Sunflower oil
and barley flour were used as ingredients in the processing
of these two soymilk products, which may explain the
high levels of these compounds. Products C and B had
high levels of benzaldehyde. Wilkens and Lin (1970) pre-
viously reported that this flavour compound may not nec-
essarily contribute to the beany flavour of soymilk, but
might have a masking effect due to its cherry or almond
like aroma. With the exception of the BHT peak, the
product A flavour profile scored the lowest compared to
all the other soymilk samples (Fig. 3). This product was
processed from defatted soy protein isolate and, therefore,
contained less quantities of the polyunsaturated fatty
acids which act as precursors to off-flavour compounds.
Its medium ranking position among the other soymilk
products as shown in Fig. 4A is due to the presence of
the strong BHT peak, which represented 65% of the total
volatiles. BHT is usually added to limit lipid oxidation in
soymilk during storage.

It is widely accepted that the principal contributors to
off-flavours in soymilk are the volatile carbonyl com-
pounds, particularly hexanal. Fig. 4B shows the percent
of hexanal relative to the total volatiles in the different soy-
milk products. Product D had the lowest hexanal followed
by products A, C, E, B and F. In contrast to product D,
which had low concentration of hexanal but high total vol-
atiles, product F had a high concentration of hexanal,
although its total volatiles level was one of the lowest. This
finding shows the importance of analyzing for individual
volatiles, particularly hexanal. It also demonstrates the
complexity of quality evaluation of soymilk products based
only on instrumental flavour characterization. Unless
tightly coupled with sensory evaluation to establish the cor-
relation between specific flavour components and accept-
ability, results based on total volatiles alone could be
misleading.
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4. Conclusion

Evaluated for its performance in the recovery of volatile
compounds, the adsorptivity of the CAR–PDMS fiber was
found to be superior to those of porous polymer materials
such as PDMS–DVB and CWAX–DVB. Its high sample
capacity, sensitivity, and wider selectivity in respect to the
chemical nature of the compounds being analyzed made
it much more suitable than the other fibers, for the analysis
of volatile flavours in soymilk. Selection of an appropriate
SPME fiber depends on the targeted compounds and,
therefore, on the particular food under study. Our results
have demonstrated that for soymilk, a good compromise
is to perform the SPME analysis using an incubation time
of 20 min, incubation temperature of 40 �C, and a 5 ml
sample volume. Significant (p < 0.05) differences in total
volatiles were observed between the six commercial soy-
milk products analyzed; most of the volatiles compounds
identified were present in all the samples but in different
amounts. Our results further suggest that a decision on soy-
milk flavour/acceptability should not be based on total vol-
atiles alone but on the relative concentration of specific
volatile compounds (e.g. hexanal); whenever possible these
results should be supported by sensory analysis tests.
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