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a b s t r a c t

A novel ultrasound-assisted back extraction reverse micelles coupled with gas chromatography–flame
ionization detection has been developed for the extraction and determination of some short chain alde-
hydes in different heated edible oil samples. After the homogenization of the oil samples with Triton
X-100, 200 lL of methanol was added to facilitate the phase separation. The aqueous micelle phase
has been separated by centrifugation, then it was treated with a mixture of H2O: CHCl3 and ultrasonic
vibration, were used to effectively back-extraction of the analytes into the chloroform phase. The sedi-
mented organic phase was obtained after centrifugation, withdrawn into the microsyringe and directly
injected into the GC–FID system. The calibration graphs were linear in the range 0.05–20 mg L�1. The
limits of detection were in the range of 0.02–0.15 mg L�1. This procedure was successfully applied for
determination of propanal, butanal, hexanal and heptanal in real heated oil samples.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Frying is one of the most commonly used means for preparing
foods, that may be considered as a rapid combination of drying
and cooking. During deep-frying, fats and oils are repeatedly used
at elevated temperatures (between 160 and 240 �C, with an optimal
value of 180 �C) in the presence of atmospheric oxygen and receive
maximum oxidative and thermal abuse (Cvengros & Cvengrosova,
2004; Katragadda, Fullana, Sidhu, & Carbonell-Barrachina, 2010).

Edible vegetable oils during storage, food processing and/or culi-
nary treatments can suffer from degradation (Guillén & Uriarte,
2012a, 2012b). Different causes for edible oils degradation include
both oxidation and thermal degradation, can occur when the oil is
submitted to high temperature (Guillén & Uriarte, 2009, 2010,
2012a, 2012b; Totani et al., 2008; Zárate, Goicochea, Echeverría, &
Guillén, 2009). Aldehydes, ketones, alcohols, dienes and acids, com-
monly formed during edible oil degradation, create unpleasant fla-
vor, reduce the shelf-life of edible oils, and may further cause health
problems (Guillén & Uriarte, 2012a, 2012b). Aldehydes are major
products of this degradation and due to their capacity to induce tox-
icological effects (e.g., their reactivity with amino groups of pro-
teins), (Fullana, Carbonell-Barrachina, & Sidhu, 2004) medium and
short chain aldehydes were intensively studied by food chemists.
These compounds are responsible for the unpleasant rancid off-fla-
vor of deteriorated fats, oils and fat containing foods (Basheer,
Pavagadhi, Yu, Balasubramanian, & Lee, 2010). Many sample prepa-
ration methods such as solid-phase extraction (SPE), solid phase
microextraction (SPME) and headspace solid phase microextraction
(HS-SPME) (Cancho, Ventura, & Galceran, 2001; Das, Jain, & Patel,
2004; Ji et al., 2012; Kardani, Daneshfar, & Sahrai, 2011; Pileni,
1993; Zhu, Feng, & Schelly, 1992) have been reported for the pre-
treatment of aldehydes in different samples. However, in addition
to time consuming, tedious and dependent on large volumes of
samples, SPE may cause environmental pollution by using and dis-
carding abundant organic solvents.

Although, SPME needs considerably less volume of solvent com-
pared to SPE method, but it is relatively expensive. Therefore,
investigation for a simple, fast and more efficient method for
extraction and quantification of aldehydes in oil samples is a
challenge for chemist.

Reversed micellar extraction is an attractive separation method
for large-scale operation because the process could be carried out
using the existing liquid–liquid extraction system in the chemical
and biochemical industries (Lee, Hong, Lee, & Kuboi, 2004).
Reverse micelles, formed by surfactants in a non-polar organic
solvent mixed with water, are nanometer sized aggregates
of surfactant molecules in non-polar solvents which are
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thermodynamically stable and optically transparent (Garcia-Prieto,
Lunar, Rubio, & Perez-Bendito, 2008). These inverted aggregates are
drawn together by hydrogen bonding in the presence of minimal
amounts of water and provide water-cores in the organic phase that
carry water-soluble compounds (Bu et al., 2012; Yang, Xiaoyan, &
Yan, 2008). Reverse micelles have been applied to large-scale sepa-
rations of proteins and other biomolecules (Chen, Su, & Chiang,
2006; Goto, 2006; Lee, Kim, Sung, & Lee, 2004b; Yang et al., 2008)
and consists of forward and backward extraction steps. Forward
extraction step involves the solubilization of target molecules into
reverse micelles from an oil sample, then solubilized molecules will
be subsequently stripped from reverse micelles into a fresh aqueous
solution during backward extraction. The reverse micelle can be
formed both in the presence and in the absence of organic modifiers
(Kilikian, Bastazi, Minami, Gonçalves, & Junior, 2000). In the absence
of an organic modifier, the aggregates are very small but addition of
an organic modifier causes the partial dissolution of the micellar
aggregates, which makes the micelle–micelle interactions easier
and leads to the formation of larger surfactant aggregates (Wilson
& Poole, 2009; Abel, Sterpone, Bandyopadhyay, & March, 2004).
There are some advantages in using the reverse micelle solvent
extraction system, such as large-scale sample loading, simple oper-
ation and continuous preparation. Thus, the reverse micelle solvent
system is very attractive, and it can be widely used in separation and
enrichment systems. The aim of the present work is the develop-
ment of a simple, rapid, sensitive, and inexpensive ultrasound-as-
sisted back extraction reverse micelles method with Triton X-100
and gas chromatography for direct determination of some of the
low-molecular weight saturated aliphatic aldehydes. These aldehy-
des include propanal (propionaldehyde), butanal (butyraldehyde),
hexanal and heptanal emitted from extended heating of edible oil
were chosen because of their possible contributions to carcino-
genicity (Zhu, Feng, & Schelly, 2003).

2. Experimental

2.1. Reagents and standards

Propanal, butanal, hexanal, heptanal, SDS (sodium dodecyl sul-
fate), CTAB (cetyl trimethylammonium bromide), chloroform,
dichloromethane, ethanol, acetone, acetonitrile and n-hexane were
supplied form Merck (Darmstadt, Germany). Triton X-100 (Iso-
octyl phenoxy polyethoxy ethanol) and Triton X-114 (octyl phenol
poly ethylene glycol ether) were purchased from Aldrich (USA).
Soybean, sunflower and olive oils were purchased from local mar-
kets and stored in 4 �C in the dark before analysis. A stock solution
of 1000 mg L�1 of propanal, butanal, hexanal and heptanal was
prepared by dissolving 0.1 g of the aldehydes in ethanol and
diluting to 100 mL in a volumetric flask.

2.2. Apparatus

Experiments were carried-out using a gas chromatograph
(7890A Agilent, Little Falls, DE, USA) equipped with a flame ioniza-
tion detector (GC–FID) and a DB-1MS fused silica capillary column
(30 m � 0.25 mm I.D., 0.25 lm film thickness). Helium was used
as the carrier gas at a flow rate of 1 mL min�1. After injection of sam-
ples, the oven temperature was programmed as follows: initial tem-
perature 45 �C (held for 1 min), ramped at 30 �C min�1 to 80 �C, then
ramped at 40 �C min�1 to 270 �C (held for 5 min). Injector and detec-
tor temperatures were set at 280 and 300 �C, respectively.

2.3. Oil sample

The oils subjects of this study were sunflower (liquid at room
temperature; saturated fatty acids 14%, monounsaturated fatty
acids 22%, and polyunsaturated fatty acids 50%), soybean (liquid
at room temperature; 72% of monounsaturated fatty acids) and
olive oils (liquid at room temperature; saturated fatty acids 10%,
polyunsaturated fatty acids 75% and monounsaturated fatty acids
10%). The oils were of edible quality and purchased from a local
supermarket and stored in the dark before analysis.
2.4. Heating conditions

250 mL of oil sample was heated at 250 �C for periods of 5 h.
The temperature was adjusted by calibrated thermometer.
Although these oils are not usually submitted to such high temper-
atures it has been selected as a model system in which the evolu-
tion of selected aldehydes under these conditions may be clearly
observed. Throughout the heating process cover flask was open.
At the end of heating the hot plate was turned off and the oil reach
to the ambient temperature, then oil samples refrigerated until
their study in order to avoid or hinder the continuation of the
degradation process.
2.5. Extraction procedure

The reverse micelle extraction system is schematically shown in
Fig. 1. A reversed micellar extraction cycle is basically composed of
two steps: forward and back extraction. Therefore reverse micellar
extraction was performed at the optimized conditions after for-
ward and backward steps. The forward extraction process was per-
formed as follows: 5.0 mL of oil sample containing analytes was
poured into a screw-capped centrifuge tube and 1.0 mL of n-hex-
ane was added to decrease viscosity. 0.6 mg of Triton X-100 was
added to the oil sample and gently mixed for a few minutes until
a homogeneous phase was formed. Then 200 lL of methanol (as
organic modifier) was added and the content was mixed thor-
oughly for 10 min using magnetic stirrer and phase separation
achieved by centrifugation at 8000 rpm for 5 min. The surfactant-
rich phase became viscose and was settled at the bottom of the
screw-capped centrifuge tube. The sedimented organic phase con-
sists of reverse micellar phase enriched with extracted analytes
completely transferred to another screw-capped centrifuge tube
using a 1.0 mL HPLC syringe (F-LC, SGE, Australia). Back extraction
was carried out by mixing the surfactant-rich phase, from forward
extraction, with 1 mL of water and 0.3 mL of chloroform. The mix-
ture was sonicated in an ultrasound water bath (Bandelin Sonorex,
RK103H, 140/560W, 35 kHz, Germany) for 40 min to ensure max-
imum back extraction of analytes and then centrifuged for 3 min
at 8000 rpm. Two distinct layers were formed, the upper was sur-
factant-rich phase, and the lower phase was organic solvent-rich
(chloroform), the analytes were remained in the chloroform phase.
The chloroform phase was removed using a micro-syringe (F-LC,
SGE, Australia) and injected into the GC–FID.
3. Results and discussion

In this study the effects of several important parameters influ-
encing the aldehydes extraction efficiencies including surfactant
(type and concentration), non-solvent (type and volume), type
and volume of organic solvent, volume of water and sonication
time were investigated. In order to obtain accurate and repeatable
results and to prevent deterioration the column and the injector,
the interferences of Triton X-100 rich phase must be eliminated
before injection into the GC, because major cause of column dete-
rioration is contamination. However, ultrasonic-assisted back
extraction was selected as a suitable procedure for coupling
reverse micelle extraction to GC–FID instrument.



Fig. 1. Schematic illustration of reverse micelle device.
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3.1. Effect of water-immiscible organic solvents

The choice of organic solvent is a fundamental step in the
optimization of the reverse micelle extraction methods. Some
properties need to be considered in this choice including: water-
immiscibility to prevent the organic phase dissolution in the
aqueous (donor) phase; high solubility for target analytes and
compatibility with the analyte detection device used (Kardani
et al., 2011). In order to obtain high extraction efficiency and selec-
tion of water-immiscible organic solvents, two solvents (chloro-
form and dichloromethane) were tested. The results showed that
the responses of analytes in chloroform were higher than in
dichloromethane. Therefore, chloroform was selected as the
back-extracting organic solvent for further studies. The effect of
the volume of chloroform was investigated in the range of
100–500 lL. From the results of Fig. 2a, it can be seen that an
increase in the volume of chloroform up to 300 lL increased the
recoveries of analytes and then decreased slightly. However, at
higher volumes of chloroform due to the increase in sedimented
phase volume and dilution of the analytes, recoveries of the ana-
lytes were decreased. Therefore, 300 lL was found to be optimum
for the following experiments.
3.2. Effect of volume of water

Reverse micelles of various surfactants can solubilize different
amounts of water, for a ternary water/oil/surfactant system, the ini-
tial size of the reverse micelles is linearly related to the water content
(Hebbar, Hemavathi, Sumana, & Raghavarao, 2011). As the water
content increases for a constant surfactant concentration, the
reverse micelle size increases. The smallest reverse micelles have
nearly all the water interacting directly with the interface while
the largest have only a small fraction of the water interacting with
the interface. Reverse micelles extraction is based on charge-charge
interaction hydrophobicity, and the size of the target molecules rel-
ative to the micelle droplets size (Bhowal, Priyanka, & Rastogi, 2014;
Marhuenda-Egea, Velazquez, Cadenas, & Cadenas, 2002). Thus vol-
ume of the water is one of the important factors to be considered
in the proposed method. The effect of volume of water was investi-
gated at a range of 300–1200 lL using 300 lL chloroform. From
the results of Fig. 2b, it can be seen that up to 1000 lL volumes of
water, slurry formation was observed. After 1000 lL, no increase
was observed with additional water volume. Therefore, 1000 lL
water found to be optimum for the further experiments.

3.3. Effect of sonication time

Sonication time was found to be key parameter for controlling
reverse micelle back extraction. Ultrasonication is used to improve
the extraction of target molecules from reverse micelle phase to
organic phase, enhancement in mass transfer arises from creation
of very high effective temperatures which increase the solubility,
diffusivity, and pressures that favor penetration and transport
(Luque-Garcia & Luque de Castro, 2003). The influence of ultrasonic
extraction time on the extraction performance was examined over
the time range between 10 and 50 min. It was observed that the
analytical responses increased as the time increased and reaching
a maximum at 40 min. The maximal effect of ultrasound was
observed at 40 min (Table 1). Reverse micelle extraction is an equi-
librium extraction procedure, in this work an equilibrium time of
40 min was sufficient to obtain the good extraction efficiency.
Therefore, 40 min was chosen as the ultrasound-assisted back-
extraction working time for further studies.

3.4. Effect of surfactant and its concentration

A choice of surfactant is one of the most important parameters
for obtaining an effective extraction of the analytes in reverse



Fig. 2. (a) Effect of volume of chloroform. Condition: 10 mg L�1 of each analyte,
Triton X-100 (10%), 200 lL of methanol, volume of water 1000 lL, forward
extraction time 5 min; back-extraction time 40 min. (b) Effect of volume of water.
Condition: the same as (a) and 300 lL of chloroform. (c) Effect of different organic
modifiers. Condition: the same as (a) 12% (w/v) Triton X-100; 300 lL of chloroform.

Table 1
Effect of sonication time and Triton X-100 concentration on mean recoveries, and
relative standard deviations (RSD) obtained for determination of 4 aldehydes in
heated oil samples.

Mean recoveries ((RSD) n = 3)a

Parameter Propanal (%) Butanal (%) Hexanal (%) Heptanal (%)

Sonication timeb (min)
20 88.1 (5.2) 86.4 (4.8) 92.5 (3.5) 91.2 (4.6)
30 90.3 (5.0) 90.1 (3.8) 95.5 (4.0) 92.7 (4.5)
40 95.7 (3.8) 97.0 (4.0) 99.1 (3.7) 99.0 (3.7)
50 96.0 (3.4) 98.3 (4.3) 98.9 (4.1) 97.9 (4.5)

Conc. of Triton X-100c %(w/v)
3 81.8 (3.8) 83.3 (3.5) 84.6 (2.5) 87.2 (2.5)
6 90.4 (3.5) 90.9 (3.3) 95.3 (3.0) 93.5 (3.0)
9 95.3 (3.2) 93.2 (4.2) 96.8 (2.8) 96.4 (2.8)
12 97.4 (3.8) 97.0 (4.0) 99.3 (2.7) 98.9 (2.7)
15 89.7 (3.9) 92.0 (3.2) 95.0 (3.0) 95.8 (3.0)
20 86.0 (3.2) 83.6 (4.5) 90.1 (3.7) 89.0 (3.7)

Conc. of Triton X-114c %(w/v)
6 86.1 (3.1) 85.7 (3.5) 90.0 (3.1) 86.3 (2.9)
9 89.7 (2.8) 90.2 (3.6) 93.1 (2.7) 91.8 (3.0)
12 89.0 (3.3) 90.6 (2.8) 87.7 (2.9) 89.0 (3.2)
15 84.1 (3.2) 90.3 (3.3) 92.0 (3.6) 83.1 (2.8)
20 80.7 (3.0) (3.1) 84.8 84.6 (2.8) 84.7 (3.1)

Condition: 10 mg L�1 of each analyte; 200 lL of methanol; forward extraction time
5 min; back extraction time 40 min; volume of chloroform 300 lL; 200 lL of
methanol; volume of water 1000 lL.

a Number of replicate.
b Triton X-100 (10%).
c Sonication time = 40 min.
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micelle extraction. Both the type and the concentration of the sur-
factant are critically important factors in extraction using the
reverse micelle solvent system. There are three types of surfactants
often used in this kind of separations: anionic, cationic and non-
ionic surfactants. Type and concentration of surfactant has to meet
certain requirements, the surfactant should be miscible with the
oil sample, as well as with the organic modifier and it should have
a good chromatographic behavior. In addition, the solubility of the
target compounds in the surfactant should be higher than oil sam-
ple (in forward extraction step) (Sikalos & Paleologos, 2005; Xie,
Paau, Li, Xiao, & Choi, 2010). Based on these considerations, four
type surfactant including SDS (anionic surfactant), CTAB (cationic
surfactant), Triton X-100 and Triton X-114 (nonionic surfactants)
were tested. The results showed that nonionic surfactants had
the best extraction efficiencies. The results demonstrated that
12% Triton X-100 provided the higher extraction efficiencies for
all analytes (Table 1), this may be attributed to the strength of
interaction between the target molecules and the nonionic surfac-
tant so the nonionic surfactants are favorable for aldehydes stabi-
lization in micelles droplets. At lower concentrations of Triton
X-100, incomplete partitioning of the analytes into the surfactant
micelles takes place (Sikalos & Paleologos, 2005) and results in a
decrease in the extraction efficiency. Higher concentrations of
Triton X-100, makes it difficult for the backward transfer of aldehy-
des into the organic phase and the phase separation of the surfac-
tant and oil phases is not formed well. Thus, 12% (w/v) of Triton X-
100 was used in the following experiments.
3.5. Effect of organic modifier

Another main factor to be considered in the development of
reverse micelle extraction is the choice of organic modifier.
Organic modifier is a substance added to a solvent to improve its
properties (e.g. by increasing the solubility of an extractant can
change interfacial parameters). In the reverse micelle back extrac-
tion of aldehydes from oil samples, the solvent used as modifier
should be miscible with the surfactant and immiscible with the
oil sample (Ruiz-Angel, Garcia-Alvarez-Coque, & Berthod, 2009).
Because Triton X-100 is oil-miscible, the addition of such organic
modifiers generally causes a phase formation between the Triton
X-100 and oil phases. Four polar protic and aprotic solvents, etha-
nol, methanol, acetonitrile, and acetone were compared in the
extraction of propanal, butanal, hexanal and heptanal. The results
of extraction recoveries for the tested solvents were shown in
Fig. 2c. As it can be seen, methanol provided better extraction effi-
ciencies than other non-solvents. The effect of volume of organic
modifier on the mean extraction recoveries were investigated in
the range of 100–400 lL. The results showed that mean recoveries
increased with increasing volume up to 200 lL. At lower volumes
of methanol, the complete phase separation was not formed well,
resulting in a decrease in the extraction efficiencies. However, a
further increase in the volume of methanol followed by a decrease
in recoveries of analytes extractions. This may be because of more
dilution of extracts. Therefore, 200 ll was found to be optimum for
following experiments.



Table 2
Figures of merit of the proposed method for determination of 4 aldehydes in different heated oil samples.

Oil sample Compound r2 LR (mg L�1) MDL (mg L�1) LLOQ (mg L�1) Intra-day RSDa% Inter-day RSDa%

Soybean Propanal 0.994 0.1–20 0.08 0.25 3.3 3.1
Butanal 0.993 0.1–20 0.07 0.23 3.0 3.1
Hexanal 0.995 0.05–20 0.05 0.16 2.7 2.4
Heptanal 0.995 0.05–20 0.05 0.16 2.0 2.5

Sunflower Propanal 0.994 0.1–20 0.04 0.13 3.4 3.8
Butanal 0.993 0.1–20 0.03 0.1 3.2 3.5
Hexanal 0.994 0.05–20 0.03 0.1 3.8 3.3
Heptanal 0.994 0.05–20 0.02 0.08 3.6 4.0

Olive Propanal 0.995 0.1–20 0.15 0.5 4.0 3.8
Butanal 0.996 0.1–20 0.15 0.5 4.2 3.5
Hexanal 0.996 0.05–20 0.09 0.3 3.8 3.7
Heptanal 0.996 0.05–20 0.08 0.26 4.0 3.3

LR: linear range; MDL: method detection limit, calculated as three times the standard deviation of ten replicated runs of oil samples spiked with low concentration of
analytes; LLOQ: lower limit of quantification.

a The concentration of aldehydes is 0.5 mg L�1, n = 5.

Table 3
Recovery of added aldehyde standards to the heated soybean, sunflower and olive oil.

Soybean Sunflower Olive
Compound Added (mg L�1) Recovery (RSD)a (%) Recovery (RSD)a (%) Recovery (RSD)a (%)

0.0 n.d n.d n.d
Propanal 0.5 93.0 (3.7) 95.4 (3.0) 93.0 (3.6)

5 94.3 (3.3) 96.3 (3.8) 95.8 (3.5)
15 95.5 (4.2) 95.5 (4.2) 94.3 (3.8)

0 n.d n.d n.d
Butanal 0.5 95.5 (4.0) 95.5 (4.0) 95.5 (4.0)

5 96.2 (3.4) 95.3 (4.3) 97.4 (4.6)
15 95.4 (4.4) 96.5 (4.5) 96.5 (4.2)

0 1.86 (mg L�1)b 1.96 (mg L�1)b 1.40 (mg L�1)b

Hexanal 0.5 98.3 (2.4) 98.3 (2.4) 98.3 (2.4)
5 99.0 (4.7) 101.0 (4.5) 102.2 (5.6)
15 99.3 (4.4) 100.5 (4.7) 100.1 (4.6)

0 1.86 (mg L�1)b 2.10 (mg L�1)b 1.43 (mg L�1)b

Heptanal 0.5 99.5 (3.0) 99.5 (3.0) 99.5 (3.0)
5 98.4 (5.6) 99.7 (4.4) 103.4 (4.6)
15 98.2 (4.7) 100.1 (5.3) 101.2 (4.8)

n.d. = not detected.
a n = 5.
b Found concentration of aldehydes in heated oils.
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3.6. Method validation

The method under optimum conditions was satisfactorily
validated with respect to accuracy, linearity, precision, sensitivity
and limits of detection. The calibration plots were found to be lin-
ear in the range of 0.05–20 mg L�1, with a coefficient of determina-
tion (r2) of 0.994. For each concentration level, 5 replicate
extractions were performed. The Method detection limits for, pro-
panal, butanal, hexanal and heptanal (MDL, S/N = 3) were between
0.05 and 0.08 mg L�1 in soybean oil, between 0.02 and 0.04 mg L�1

in sunflower oil and 0.08–0.15 in olive oil. The lower limit of quan-
tification (LLOQ) values were calculated as ten times the standard
deviation of ten replicate runs of soybean and sunflower and olive
oil samples spiked with low concentration of analytes. The LLOQ
values were in the range of 0.26–0.5 mg L�1. The coefficient of
determinations (r2), MDLs, and LLOQs of analytes are presented
in Table 2.

The inter-day and intra-day precisions of the proposed method
were calculated by analyzing replicate (n = 5) vegetable oil sample
spiked with 0.5 mg L�1 of analyte (Table 2). As it can be observed
the relative standard deviations (RSDs) calculated for the measured
concentrations are lower than 4.2%. In order to determine the accu-
racy and the extraction recovery of the proposed method, the
standard addition tests was performed. In which, the standard
solutions of target compounds were prepared with different con-
centration levels. Three standard solutions of different concentra-
tion levels (0.5, 5 and 15 mg L�1) were added to known volume
of oil samples. The resultant samples were extracted with the pro-
posed method and analyzed. Five replicate extractions were per-
formed for each concentration level, and the ratio of measured
and added amounts was used to calculate the extraction recovery.
The results are summarized in Table 3. The results show that the
mean recoveries of analytes, measured at three concentration
levels, varied from 93% to 103% with relative standard deviations
(RSDs) less than 5.6%. However, As can be observed, from the pro-
posed volatiles only hexanal and heptanal were found in heated
vegetable oils, while the rest of volatiles have not been detected.
These aldehydes either not remained at applied temperature and
vaporize, easily into the atmosphere due to their volatility or if
remained, degrade very rapidly and are not present in the oils in
sufficient concentrations to be detected. Table 4 compares the
characteristic data for the proposed method with those of other
reported techniques such as SPE, SPME, Headspace solid-phase
microextraction, Polymer monolith microextraction, and Tenax
TA trap coupled to a UV-ion mobility spectrometer. Compared to
reported methods that some of them needs more preparation steps



Table 4
Comparison proposed method with other sample preparation methods for the determination of aldehydes.

Extraction method (detection
technique)

Analyte (sample type) RSD (%) Linear range LOD References

Magnetic SPEa (HPLC-UV) Hexanal Less than
9.6%

6–5000 1.7 Liu, Yuan, and Feng (2015)
Heptanal (human urine) 9–5000 (nmol/L) 2.5 (nmol/L)

SPMEb Propanal 4.7–12.1 0.1–8.9 0.15 Cancho et al. (2001)
GC–ECDc (derivatization) Butanal 2.0–15.3 0.05

Hexanal 0.5–18.0 0.05
Heptanal (water) 0.4–16.9 (lg L�1) 0.07 (lg L�1)

PMMEd (HPLC) Hexanal Less than
6.8%

2.5 � 10�2–2.5
(lmol/L)

2.4 Zhang, Huang, Lin, and Feng (2007)
Heptanal (urine-serum) 3.6

(nmol L�1)

Tenax TA trap UV-ion mobility
spectrometer

2-Butenal, pentanal, 2-
hexenal (olive oil)

Less than
10%

0.05–10 0.3 (mg kg�1) Garrido-Delgado, Mercader-Trejoa, Arcea, and
Valcarcel (2011)0.8–2

0 0.09–20
(mg kg�1)

HS-SPMEe C1–C10 aldehydes (fish meat) 4.2–7.5 1–1000 (lg L�1) 1.0–5.0
(lg L�1)

Wang, O’Reilly, and Pawliszyn (2005)
GC–FIDf

USABEg reverse micelles method Propanal, butanal, hexanal 2.0–5.6 50–2000 (lg L�1) 20.0–80.0
(lg L�1)

This work
GC–FID Heptanal (edible oils)

a Solid phase extraction.
b Solid-phase microextraction.
c GC–electron capture detection.
d Polymer monolith microextraction.
e Headspace solid-phase microextraction.
f GC–flame ionization detection.
g Ultrasound-assisted back extraction.

Z. Ramezani et al. / Food Chemistry 188 (2015) 30–36 35
before determination, our results suggested that the ultrasound-
assisted back-extraction coupled with gas chromatography–flame
ionization detection methods provided a reliable and effective
solution to direct extraction and determine low concentrations of
mentioned aldehydes in heated vegetable oil samples. It is clearly
noticed that the represented method gives comparable analytical
results and can afford good sensitivity and quantification
extraction efficiency, wide linear range, good limit of detections
with advantages of better reproducibility relative to the other
techniques.

The proposed method does not require extensive knowledge of
chemical processing and reactions, but only needs a suitable selec-
tion of some aimed sequestering solvent that are commercially
available, and may be of low cost. Applications of this method is
only based on the preparation of some solvent solutions without
going into deep synthetic routes as reported by using modified sor-
bents or nano sorbents. Due to the simplicity of this method, it can
be manually handled and operated by undergraduate students.
4. Conclusions

A fast, simple, and sensitive reverse micelles back extraction
method coupled with gas chromatography–flame ionization detec-
tion was developed and optimized for direct determination of
propanal, butanal, hexanal and heptanal in soybean, sunflower
and olive oils. In this method sample preparation time as well as
the consumption of the toxic organic solvent were minimized
without affecting the sensitivity of the method. The results from
validation indicate the proposed method can be successfully
applied for the determination of propanal, butanal, hexanal and
heptanal in heated vegetable oil samples.
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