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ABSTRACT

	 A headspace-single drop microextraction (HS-SDME) is a good choice to analyze volatile 
and semivolatile compounds in different matrices without any interference of the sample matrix. HS-
SDME spends a very little solvent consumption for the determination of volatile aroma compounds 
(VACs). In this study, some VACs including 2-methylbutyraldehyde, 3-methyl-1-butanol, sec-butyl 
acetate, 1-octen-3-one and trans,trans-2,4-decadienal were performed with hexadecane as extraction 
solvent. The parameters affecting the HS-SDME method were investigated in details including 
extraction temperature, enrichment time, extraction time and sample volume. The optimum conditions 
were consisted of 45oC extraction temperature, 15min enrichment, 20min extraction time and 3mL 
sample volume. Comparison between liquid-liquid extraction (LLE) and HS-SDME for quantitative 
analysis was carried out using tert-butanol as an internal standard. From results revealed that the 
recoveries were obtained between 81.06-90.55% for LLE and 80.26-90.09% for HS-SDME. The 
results demonstrated that the proposed method could be successfully applied for the determination 
of VACs.

Keywords: Headspace-single drop microextraction; Gas chromatography;
Volatile aroma compounds; Tomato.

INTRODUCTION

	 Tomato (Lycopersicon esculentum Mill.), a 
member of the Solanaceae family, is one of the most 
important sources of essential nutrients worldwide. 
Botanically, it is a berry fruit, but it is cultivated and 

used worldwide as a vegetable, being the third in 
the vegetables and the tenth biggest economic 
production. Tomato is one of the most important 
vegetables in the world, with the total production of 
145.8 million tonnes recorded in 2010 and 161.79 
million tonnes in 20121. This huge demand for tomato 
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is certainly due to its classification as functional food 
that in turn arises from the association between 
tomato consumption and reduced likelihood of certain 
types of cancers and cardiovascular diseases2.
	
	 The aroma compositions of fresh tomato 
have been studied and more than 400 volatile 
compounds have been identified3. The volatile 
aroma compounds (VACs) present in fresh and 
processed tomato are included in various chemical 
classes such as ketones, aldehydes, alcohols, 
phenols, esters, ethers, hydrocarbons, sulfur 
compounds, nitrogen-containing compounds, furan, 
free acids and lactones4-11. The most important 
volatile compounds are thought to be cis-3-hexenal, 
â-ionone, hexanal, â-damascenone, l-penten-3-one, 
2+3-methylbutanol, trans-2-hexenal, cis-3-hexenol, 
2-isobutylthiazole, l-nitro-2-phenylethane, trans-2-
heptenal, phenylacetaldehyde, methylsalicylate, 
3-methylbutanal, 2-phenylethanol, 6-methyl-5-
hepten-2-one, and geranylacetone12-14. In addition, 
furaneol15, hexanol, methional and l-octen-3-one16 
may also contribute to the tomato aroma taste.

	 Moreover, previous research reported that 
2-butylacetate, 3-methyl-1-butenol, 2-methylbutanal, 
1-octen-3-one, and trans,trans-2,4-decadienal define 
aroma intensity within tomato. In addition, five volatile 
aroma compounds were identified as chemical 
markers of tomato and were proved to be important 
contributors to sweetness of tomato17. Therefore, 
the researcher was interested in five volatile aroma 
compounds as target analytes.

	 Various methods of sample preparation 
for the volatile aroma compounds including solvent 
extraction or liquid-liquid extraction (LLE)18, solid 
phase extraction (SPE)19, direct immersion (DI) and 
headspace (HS)-solid phase microextraction (SPME) 
have been recently applied to their determination20-22. 
Apart from SPME, more attention has been focused 
on miniaturized and solvent-free liquid-phase 
extraction technique. Liquid phase microextraction 
(LPME) which is also known as a single-drop 
microextraction (SDME) is included. The SDME, 
a sample preparation technique introduced since 
1996, has attracted increasing attentions23-25. It is 
commonly combined with gas chromatography-flame 
ionization detector (GC-FID). It is now becoming one 
of the most common methods of sample preparation, 

particularly for the extraction of organic compounds 
from environmental and biological samples26-28.

	 Moreover, HS-SDME is a good choice to 
analyze volatile and semi-volatile compounds in 
different matrices without any interference of the 
sample matrix29,30. To date, it has become a very 
popular liquid phase microextraction technique. 
This extraction method is quick, easy to operate, 
and inexpensive. Since very little solvent is used, it 
is considered an environment friendly approach. In 
addition, renewable extraction phase in SDME which 
eliminates possible memory effects as fresh solvent-
drop is used for each extraction31. The HS-SDME is 
a well-designed method that is able to overcome 
some of the drawbacks of SPME, as a wide variety 
of solvents and trapping agents can be used. Hence, 
it has been successfully applied in various fields. 
In this method, a single drop of an extractant of 
a few micro-scale volume suspended to the tip of 
a microsyringe. HS-SDME in which the extractant 
droplet is held above the sample31. After extraction 
of volatile organic compounds, the microdrop is 
retracted into the microsyringe and injected directly 
into GC for further analysis. This novel technique 
eliminates disadvantages of the conventional LLE. 
Since very little solvent is used, there is minimal 
exposure to the toxic organic solvents for the 
operator. One advantage of SDME is the integration 
of extraction, concentration and sample introduction 
into a single step25,33,34. Presently, HS-SDME has 
been successfully used for the extraction of volatile 
to semi-volatile compounds, without any interference 
from the sample matrices.

	 Until now, no data is available for the five 
target analytes by HS-SDME. Therefore, the aim of 
this study was to optimize and validate the HS-SDME 
method in association with GC for determining five 
volatile aroma compounds as chemical markers in 
tomato fruits and their products.

MATERIALS AND METHODS

Tomato samples
	 Tomato juices such as Brook, Campbell’s, 
Mica, UFC, Kagome were purchased from Tops 
supermarket, Central Plaza Khon Kaen. Malee fruit 
juice was obtained from Tesco Lotus department 
store, Khon Kaen. Doikham fruit juice was bought 
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from 7-Eleven shop, Khon Kaen. Tomato paste 
samples including Mica, Mutti and Pomi were also 
purchased from Tops supermarket, and KFC tomato 
paste was obtained from KFC shop, Khon Kaen. For 
tomato fresh fruits, Holland tomato, orange cherry 
tomato, red cocktail tomato, and strawberry tomato 
were also bought from Tops supermarket, whereas 
Cherry tomato and Sida tomato were obtained from 
Tesco Lotus.

Chemicals and reagents
	 The standards 2-methylbutyraldehyde 
(b.p.90.0-92.0 oC), sec-butyl acetate (b.p.111.0-
112.0 oC), 1-octen-3-one (b.p.174.0-182.0 oC), 
trans,trans-2,4-decadienal (b.p.114.0-116.0 oC) 
were purchased from Aldrich-Chemistry (USA) and 
3-methyl-1-butanol (b.p.130.0 oC) was purchased 
from Sigma-Aldrich (USA). tert-Butanol (b.p.81.7-
82.7 oC) as an internal standard (IS) was purchased 
from Carlo Erba (France). The chemical structure 
of VACs standards is shown in Fig. 1. The stock 
solutions of each volatile aroma compounds were 
prepared by dissolving in dichloromethane (RCI 
Labscan, Thailand) and kept in the dark at 4 oC. 
Single drop solvents namely, 1-octanol (b.p.196.0 oC) 
and hexadecane (b.p.287.0 oC) were also purchased 
from Sigma-Aldrich (USA).

Preparation of standard volatile aroma 
compounds (VACs)
	 The stock standards of each of volatile 
aroma compounds (2-methylbutyraldehyde, 
3-methyl-1-butanol, sec-butyl acetate, 1-octen-3-
one and trans,trans-2,4-decadienal) were accurately 
prepared by dissolving in dichloromethane and 
stored at 4oC. Their working standard solutions of 
lower concentrations were daily prepared by an 
appropriate step dilution in the same solvent.

Instrumentation
	 Single drop microextraction was performed 
in a 10 mL glass vial (2.0×4.5 cm, Thailand) that 
tightly closed with septum inside the cap. The 
glass vial with a small magnetic bar (10.0×6.0 mm, 
Unionscience, Thailand) was placed in a beaker (100 
mL, Pyrex, USA) with a big magnetic bar (30.0×7.0 
mm, Unionscience, Thailand), which placed on a 
magnetic stirring  hotplate (MR 3001, Heidolph, 
Germany) maintaining at  a desirable temperature 
and stirring rate.

	 The volatile aroma compounds in various 
tomato samples were analyzed by GC-FID (Trace 
GC, Thermo Finnigan, Italy). A capillary column 
DB-5, 30.0 m, 250 µm ID, 0.25 µm film thickness 
was employed. Helium was used as carrier gas at 
a flow rate of 1 mL min-1. The injector temperature 
was set at 260 oC. The injection volume was 1 µL 
and all injections were made in split mode (split ratio, 
50:1). The detector temperature was maintained at 
300 oC.

Optimization of GC conditions
	 The optimum chromatographic separation 
of the five target VACs including an internal standard 
used was studied by simply varying the temperature 
gradient program of the GC oven.

Optimization of HS-SDME
	 Various parameters in HS-SDME affecting 
to the extraction efficiency, including the extraction 
solvent, extraction temperature, enrichment time, 
extraction time and sample volume were optimized 
in details.

HS-SDME procedure
	 Sample solution was added into a 10 mL 
septum sealed vial and small magnetic stir bar was 
introduced in the vial. Then, the vial was placed in 
100 mL beaker with bigger magnetic stir bar and 
water. It was placed on magnetic stirring hotplate 
previously programmed at a desirable temperature 
and was maintained under magnetic stirring at 700 
rpm. The analytes was transferred from solution 
to the headspace phase due to the gas-liquid 
distribution equilibrium at which this procedure was 
“extraction step” and the stirring time of this period 
was called “extraction time”. After extraction step, the 
stirrer was turned off. Then, a 1 µL single drop solvent 
containing 100 µg mL-1 of tert-butanol used as an 
internal standard was withdrawn into a microsyringe, 
the microsyringe needle was passed through the vial 
septum and the end of needle was located about 1 
cm above the surface of the solution. Mass transfer 
of analytes from gas phase to the suspended single 
drop solvent continued until the enrichment was 
completed, indicating “enrichment step”. The time lag 
of this period was so-called the “enrichment time”. 
After the enrichment, the extract was withdrawn into 
the microsyringe, the microsyringe was removed 
from the vial and the extract was injected into the 
GC for analysis.
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Real sample analysis
	 Tomato sample (3 mL for tomato juice and 
3 g for tomato paste and tomato fruit) was placed 
into conical centrifuge tube and firstly extracted by 
2 mL dichloromethane. The mixture portion was 
thoroughly vortexed for 5 min, and then centrifuged 
for 10 min. The extracted solution was removed using 
a syringe (5 mL, Nipro, Thailand) and injected into 5 
mL volumetric flask for dilution in dichloromethane. 
Then a 3 mL mixture solution was added into 10 mL 
glass vial. The solution was stirred with a magnetic 
stir bar for 20 min. In HS-SDME, using GC syringe 
(10 µL, Hamilton, USA) was fixed through its 
septum of the headspace vial, and the needle tip 
appeared 1 cm over the surface of solution. A 1 µL 
suspended microdrop of hexadecane containing 
100 mg mL-1 of tert-butanol (as IS) was withdrawn 
into a microsyringe and then was suspended at the 
needle tip of microsyringe for 15 min. After extraction, 
1.0 µL of the resulting extract was retracted into the 
microsyringe and was immediately injected into the 
GC for analysis.

	 For liquid-liquid extraction (LLE), tomato 
sample (3 mL for tomato juice and 3 g for tomato paste 
and tomato fruit) was placed into conical centrifuge 
tube and extracted by 2 mL dichloromethane. The 
mixture portion was thoroughly vortexed for 5 min, 
and then centrifuged for 10 min. The clear extract 
was removed using a syringe (3 mL, Nipro, Thailand) 

and injected into 5 mL volumetric flask for dilution in 
dichloromethane. Then, 1.0 µL of the resulting extract 
was injected into the GC.

The recovery study
	 To focus on an accuracy of the method, 
the recovery study was carried out by spiking of 
known concentrations (3-10 µg mL–1) of the mixed 
VACs standard into the samples prior to sample 
pretreatment and extraction by LLE and HS-
SDME. All experiments were performed with five 
replicates.

RESULTS AND DISCUSSION

Optimization of GC conditions
	 The oven temperature program started at 
40 oC with 1 min holding time, then increased up to 
220 oC with a ramp rate of 10 oC min-1 and held at 
this temperature for 1 min.

Chromatographic separation and analytical 
performance
	 Several temperature programs were tested 
in order to obtain the best separation of target volatile 
compounds in shortest analysis time. Under the 
adequate GC conditions, separation of five VACs was 
achieved within 20 min, with the following order of 
the separation: 2-methylbutyraldehyde (tR 4.75 min), 
3-methyl-1-butanol (tR 5.72 min), sec-butyl acetate (tR 

Fig. 2: Effect of hexadecane and 1-octanol as the extraction solvents on the peak area of the 
VACs. Other experimental conditions: 100 µg mL-1 VACs concentration; 3 mL sample volume; 40 

oC extraction temperature; 20 min extraction time; 10 min enrichment time
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Fig. 3: Effect of the extraction temperature on the peak area of the VACs. Other experimental 
conditions: 100 µg mL-1 VACs concentration; 1 µL of hexadecane drop was exposed to 3 mL 

sample solution; 20 min extraction time; 10 min enrichment time
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Fig. 4: Effect of the enrichment time on the peak area of the VACs. Other experimental conditions: 
100 µg mL-1 VACs concentration; 1 µL of hexadecane drop was exposed to 3 mL sample solution; 

45 oC extraction temperature; 20 min extraction time
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6.04 min), tert-butanol (as IS) (tR 6.16 min), 1-octen-
3-one (tR 9.98 min), and trans,trans-2,4-decadienal  
(tR 14.73 min).

Optimization of HS-SDME
	 To achieve highest extraction performance, 
the experimental parameters including extraction 
solvent, extraction temperature, enrichment time, 
extraction time and sample volume were optimized. 

When one parameter was changed, other parameters 
were fixed at their optimal values.

Effect of the type of extraction solvent
	 The suspended extraction solvents were 
the first step in optimization procedure of HS-SDME. 
The characteristic requirements of the suspended 
solvent in HS-SDME are good chromatographic 
behavior, high boiling point, low vapor pressure and 
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Fig. 5: Effect of the extraction time on the peak area of the VACs. Other experimental conditions: 
100 µg mL-1 VACs concentration; 1 µL of hexadecane drop was exposed to 3 mL sample solution; 

45 oC extraction temperature; 15 min enrichment time
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Fig. 6: Effect of the sample volume on the peak area of the VACs. Other experimental conditions: 
100 µg mL-1 VACs concentration; hexadecane as an extraction solvent; 45 oC extraction 

temperature; 15 min enrichment time; 20 min extraction time
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low volatility in order to minimize any evaporation 
during the extraction process, rather high viscosity, 
polarity similar to VACs, and low toxicity. Both 
1-octanol and hexadecane were chosen to study in 
order to select the best solvent for the extraction of 
the VACs from tomato and their fruit products.

	 Figure 2 presents the maximum peak 
area of target VACs which was obtained by using 
hexadecane as the single drop extraction solvent. 

In fact, the suspended solvents used were different 
in their polarity and boiling point. Hexadecane is a 
very stable suspended solvent because it has higher 
boiling point than 1-octanol. In addition, the non-
polar long chain hydrocarbon of hexadecane was 
reasonably satisfied to be the extraction solvent for 
all hydrophobic VACs by HS-SDME. By comparing 
between the two solvents, it was shown that 
hexadecane resulted in a more efficient extraction 
of VACs. Thus, 1 µL of hexadecane containing 100 
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Table 1: Analytical performance for determination of volatile aroma compounds (VACs) by liquid-
liquid extraction (LLE) and the headspace single drop microextraction (HS-SDME) methods

Extraction	 VACs	 Linear 	 R2	 LOD	 LOQ	 Intra-day 	 Inter-day
method		  range		  (µg mL-1)	 ( µg mL-1)	 (n = 5),	 (n=3×5),
		  (µg mL-1)				    %RSD	 %RSD

LLE	 2-Methylbutyraldehyde	 1-20	 0.9961	 0.5	 1.5	 3.01	 1.56
	 3-Methyl-1-butanol	 0.1-7	 0.9947	 1	 2.5	 2.38	 4.28
	 sec-Butyl acetate	 1-20	 0.9984	 1.5	 2.5	 1.29	 3.20
	 1-Octen-3-one	 1-20	 0.9957	 0.5	 1.5	 3.19	 4.66
	 trans,trans-2,4-Decadienal	 1-7	 0.9981	 1.5	 2	 3.23	 4.53
							     
HS-SDME	 2-Methylbutyraldehyde	 2.5-20	 0.9983	 1	 2.5	 0.57	 1.56
	 3-Methyl-1-butanol	 1-5	 0.9957	 0.5	 1	 1.81	 2.77
	 sec-Butyl acetate	 3-20	 0.9927	 1	 3	 0.75	 1.46
	 1-Octen-3-one	 0.3-10	 0.9944	 0.5	 1.5	 2.95	 3.39
	 trans,trans-2,4-Decadienal	 1.5-7	 0.9950	 1.5	 2	 2.72	 3.29

µg mL-1 tert-butanol was chosen as the extraction 
solvent for further study.

Effect of extraction temperature
	 For volatile analytes, the total extraction 
efficiency is described which is a compromise 
between mass transfer of the analytes from the 
sample solution to the headspace and then from 
the headspace to the extraction solvent. Higher 
temperatures lead to higher vapor pressure of the 
analyte and hence its concentration in headspace 
increase35. The experimental results show that the 
extraction efficiency increased as an increasing of 
temperature, (Fig. 3).

	 This reveals that at higher temperatures, 
the vapor pressure of the analytes and their 
concentrations in the headspace increase. The 
amounts of the extracted analytes decrease above 
45 oC, probably due to the decreasing of the partition 
coefficients of analytes between headspace and the 
extraction phase. Conversely, high temperatures are 
due to the solvent drop damage and decrease the 
reproducibility of the extraction procedure36,37. In this 
study, it was found that if the extraction temperature 
is higher than 49 oC, the suspended microdrop is 
rather unstable. Thus, the extraction temperature of 
45 oC was the most suitable conditions.

Effect of enrichment time
	 An enrichment time is the exposure time of 
the suspended extraction solvent in the headspace. 
The amount of the target analytes will be saturated 
in the microdrop until their dynamic equilibrium 
state is established. The effect of enrichment time 
was studied in the range of 1-20 min. From Fig. 4, 
it is shown that the longer the enrichment time, the 
lower stability of the suspended microdrop, leading 
to low extraction efficiency of VACs. However, the 
peak areas of target analytes firstly increase with 
increasing enrichment time and then decrease 
when the time is no longer than 15 min. The reason 
may be accounted by the back-extraction from the 
microdrop into the headspace. The HS-SDME is not 
an exhaustive extraction method, and the extraction 
efficiency does not always increase with the increase 
of enrichment time38. The analytes are distributed 
among the sample solution phase, the headspace 
and the suspended microdrop. Hence, the amount of 
the analyte transferred into the suspended microdrop 
reaches its maximum when the dynamic equilibrium 
state is established39. As soon as the concentration 
of the analytes in headspace is lower than the 
equilibrium value, the analyte molecules begin to 
diffuse from the suspended microdrop into the gas 
phase. The experiment did not conduct after 20 min 
because of loss of the extraction solvent volume at 
longer times. Therefore, an enrichment time of 15 
min was chosen for the present work.
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Effect of extraction time
	 Extraction time is the time for agitation of 
the sample solution by magnetic stir bar. The effect 
of extraction time at a range of 5 to 40 min was 
investigated and the experimental results are shown 
in Fig. 5. It was found that the peak area of these 
VACs increase with the increase of the extraction 
time from 5 to 20 min. Beyond 20 min the peak area 
decreased. This is due to the decomposition and 
back-extraction of analytes caused the by overlong 
extraction time. The result shows that extraction time 
for 20 min, peak area of all analytes are the highest40. 
Thus, compromise time of 20 min was chosen.

Effect of sample volume
	 Sample volume relates directly to the 
magnitude of the headspace, and may relate to an 
extraction efficiency. The effect of sample volume on 
the extraction efficiency was studied in range of 1-7 
mL. According to this observation, the highest peak 
area occurred at 3 mL (Fig. 6). By increasing the 
sample volume up to 3 mL, the extraction efficiency 
increased and the peak area of the target analytes 
decreased above 3 mL with some fluctuation 
between 5 mL and 7 mL. This phenomenon could 
be attributed to the fact that an increasing of the 
sample volume can lead to the decrease of the 
headspace volume, which accelerates the diffusion 
of the analytes into the suspended solvent until 
they reach their equilibrium saturation. Under fixed 
stirring speed with a large volume, the convection is 
not as good in the sample solution, resulting in less 
extraction. Thus, 3 mL of the sample volume was 
chosen.

Method validation
	 To evaluate the optimized extraction 
conditions of the HS-SDME method, the dynamic 
linear range, limit of detection (LOD), limit of 
quantification (LOQ), accuracy and precision were 
investigated, and comparison of the HS-SDME with 
LLE method were also carried out41,42.

	 The precision of the proposed method was 
presented as the relative standard deviations of the 
peak area. The intra-day precision was deduced 
from five replicates in one day (n=5) and inter-day 
precision was calculated from the experiments 
carried out in 3 days (n=3×5).

Analytical figures of merit
	 The calibration curves were made by 
plotting peak area ratios versus the concentrations 
of the analytes under the optimum conditions. The 
dynamic linear range, correlation coefficients, the 
LOD and LOQ, based on signal to noise ratio of 3 
and 10, respectively, were obtained. Both LOD and 
LOQ were performed with five replicates and were 
calculated by using peak height. The analytical 
results of the validated methods for both HS-SDME 
and GC-FID are shown in Table 1.

Application to real samples
	 The developed HS-SDME procedure has 
been applied for the determination of target VACs in 
numerous different tomato juices, tomato paste and 
tomato fruits. The comparison between LLE method 
and HS-SDME method for quantitative analysis was 
carried out using tert-butanol as an internal standard 
as shown in Table 2. It was found that the contents of 
VACs in tomato samples determined by HS-SDME 
were higher than those of LLE. It is, thus, indicated 
that the HS-SDME has also been developed for the 
preconcentration of VACs in tomato samples followed 
by GC analysis. 2-Methylbutyraldehyde and 1-octen-
3-one were only found in tomato juices studied. It 
is indicated that the two volatile compounds are 
possibly occurred during a production process. 
Furthermore, trans,trans-2,4-decadienal was found 
in some tomato samples whereas 3-methyl-1-butanol 
was found in all samples studied. More broadly, the 
results suggest that 3-methyl-1-butanol is considered 
as chemical marker, so it can be sensed for tomato’s 
aroma volatile odor in the processed foods. The 
method recoveries were found in the ranges of 
81.1-90.6% and 80.3-90.1% for LLE and HS-SDME, 
respectively (Table 3). The obtained results support 
that the proposed method has been proven to be 
suitable for the determination of the VACs in tomato 
samples.

CONCLUSION

	 In the present study, the results revealed 
that the dynamic linear ranges were found to be 
0.1-20 µg mL-1 and 0.3-20 µg mL-1 for LLE and HS-
SDME, respectively. The LODs were ranged from 
0.5-1.5 µg mL-1 for LLE and 0.5-1.5 µg mL-1 for HS-
SDME. The LOQs were in the ranges of 1.5-2.5 and 
1.0-3.0 ìg mL–1 for LLE and HS-SDME, respectively. 
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The intra-day RSDs of peak area were less than 3.23 
and 2.95% for LLE and HS-SDME, respectively. For 
inter-day experiments, the RSD values were below 
4.66% (LLE) and 3.39% (HS-SDME) in terms of 
peak area. The applicability of the developed method 
was finally examined for the determination of the 
target volatile aroma compounds in different tomato 
samples. The results indicated that 3-methyl-1-
butanol could be considered as a chemical marker for 
this case study. The method recoveries were obtained 
in the ranges of 81.06-90.55 % and 80.26-90.09 % 
for LLE and HS-SDME, respectively, satisfactorily 
subjecting for their dynamic extraction efficiency. The 
advantages of the proposed method gain much more 
benefits as quick, easy to operate and inexpensive 
procedure. In addition, the microextraction process 

consumes little volume of solvent, so it is considered 
as an environmentally friendly approach for green 
chemistry. Good analytical performances of the 
method have been successfully obtained for the 
determination of VACs in various tomato samples.
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