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Abstract: Gas chromatography-olfactometry/mass spectrometry coupled with headspace-solid 15 
phase microextraction (HS-SPME/GC-O/MS) was applied for the characterization of volatile 16 
compounds in Tom Yum soup and its individual ingredients. Using HS-SPME with a 50/30 µm 17 
DVB/CAR/PDMS fiber and an extraction temperature of 40 °C for 50 min along with an HP-5MS 18 
capillary column, 101 peaks in the HS-SPME/GC-MS chromatogram of Tom Yum soup were 19 
detected, and 96 compounds were identified including alcohols, aldehydes, esters, ethers, and 20 
terpenes. These findings are based on the comparison of MS spectra with the NIST library as well 21 
as experimental and literature retention index data. In comparison with the compound profiles of 22 
each individual ingredient of Tom Yum soup (both before and after cooking), five extra volatile 23 
compounds in Tom Yum soup were found after the cooking process. Furthermore, odor 24 
descriptions of the eighteen aroma compounds in Tom Yum soup, along with the odor ingredient 25 
sources, were also obtained.  26 

Keywords: GC-MS; SPME; Tom Yum soup; volatile compounds; extra volatile compounds; aroma 27 
compounds; sniffing analysis 28 

 29 

1. Introduction 30 

Tom Yum, a spicy and sour soup, is an authentic Thai dish that is well-known worldwide. Its main 31 
ingredients typically include lemongrass, kaffir lime leaf, chili, galangal and lime juice, and the soup 32 
exhibits an impressive aroma and flavor along with possessing known health benefits [1]. Currently, 33 
several additional ingredients are also added into Tom Yum soup to enhance the flavor and color [1]. 34 
The mix of main ingredients in cooked Tom Yum soup results in the release of many volatile 35 
compounds, such as alcohols, aldehydes, esters, ethers, ketones and terpenes [2], which are mostly 36 
due to the spices, such as lemongrass [3], galangal [4], or kaffir lime leaf [5], with the different aromas 37 
due to their various volatile compound profiles. The characteristic flavor of Tom Yum thus depends 38 
on the volatile profiles. Most volatiles may be found in the individual ingredients; whilst, a few of 39 
them may be produced from chemical reactions during Tom Yum cooking process. 40 

 41 
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Gas chromatography-mass spectrometry (GC-MS) has been widely used to obtain profiles of volatile 42 
and semi-volatile organic compounds in food samples. Compounds are often identified according to 43 
MS library match and retention index data [6]. GC-MS allows for the precise identification of 44 
compounds by comparison of their mass spectra with available libraries as well as accurate 45 
quantitative analysis. This technique is often applied together with sensory analysis, including GC-46 
olfactometry (GC-O) [7], to correlate chemical compositions with the characteristic flavors of food. 47 

 48 

Sample preparation techniques that are conventionally applied for the extraction of volatile 49 
compounds in spices include simultaneous distillation extraction and hydrodistillation, which extract 50 
volatile analytes into a liquid phase. Although these techniques are efficient, they can be lengthy and 51 
involve several preparation steps with the risk of sample loss and side reactions during the extraction. 52 
Alternatively, headspace solid phase microextraction (HS-SPME) can be applied, offering a simple 53 
and fast extraction process where volatile compounds in the sample headspace can be adsorbed onto 54 
the SPME materials, e.g., divinylbenzene-based fibers for spice analysis [8], and directly injected into 55 
the GC inlet.  56 

 57 

Lemongrass, Cymbopogon citratus (DC.) Stapf, has a characteristic lemony smell [9]. The HS-SPME-58 
GC-MS analysis revealed volatile compounds in this spice, and the major components are two 59 
isomers of citral, neral and geranial (19.7 and 23.9% area, respectively) [3]. The extracted lemongrass 60 
oil was also found to contain two citral isomers as the major compounds (65-80%) as well as other 61 
compounds such as limonene, citronellal, β-myrcene and geraniol [10, 11]. 62 

 63 

Kaffir lime leaf, Citrus hystrix (DC.), has a characteristic citrus odor [5]. Using an HS-SPME-GC-MS 64 
analysis, the major compounds include citronellal (48.20%) as well as citronellol, citronelly acetate 65 
and linalool (14.3, 7.8 and 5.13%, respectively) [12]. Citronellal is also the most abundant compound 66 
in the extracted oil from the kaffir lime leaf and other extracted compounds include α-pinene, 67 
camphene, β-pinene, sabinene, myrcene, limonene, trans-ocimene, γ-terpinene, p-cymeme, 68 
terpinolene, copaene, linalool, β-cubebene, isopulegol, caryophyllene, citronelly acetate, citronellol, 69 
geranyl acetate and δ-cadiene [5]. 70 

 71 

Using the HS-SPME-GC-MS analysis, chili, Capsicum frutescens L., was found to contain 83 72 
compounds comprised of mostly esters (40%) such as 2-methylpentyl hexanoate, hexyl 2,2-dimethyl 73 
propanoate and hexyl 3-methyl butanoate [13]. In addition, chili essential oil primarily contains esters 74 
including isohexyl isohexanoate, isohexyl isovalerate, isohexyl 2-methylbutyrate and hexyl 75 
isovalerate [14]. 76 

 77 

Lime, Citrus aurantifolia (Christm.) Swingle, exhibits a characteristic citrus smell. The essential lime 78 
oil was found to contain 32 compounds, primarily limonene (37%) and other compounds such as β-79 
pinene (16%), γ-terpinene (9.5%), nerolidol (7.1%) and α-terpineol (6.7%). Aldehydes (neral, geranial, 80 
dodecanal, tetradecanal) and esters constituted the minor components including neryl acetate and 81 
geranyl acetate [15, 16]. 82 
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Another ingredient that may be added to Tom Yum soup is galangal, Alpinia galangal (L.). Its essential 83 
oil primarily contains 1,8-cineol (63.4%) and α-terpineol (2.8%) with various other compounds 84 
contributing less than 2% [4]. 85 

 86 

Although the chemical compositions of the individual ingredients have been profiled, 87 
characterization of their compositions inside the complex matrix of Tom Yum soup is still a challenge.   88 

 89 

In this study, optimization of HS-SPME was performed, and suitable conditions were applied for the 90 
extraction of Tom Yum soup and related samples. The extracted samples were analyzed using GC-91 
O/MS for the separation and identification of volatile compounds and their odor descriptions. The 92 
objective of this work is to identify the volatile compounds of Tom Yum soup and its individual 93 
ingredients as well as their odor descriptions. To the best of our knowledge, there have been no 94 
reports on the analysis of Tom Yum soup using HS-SPME-GC-O/MS. Therefore, the volatile 95 
compounds in Tom Yum soup and its individual ingredients, as well as their odor descriptions, were 96 
characterized using optimized HS-SPME-GC-O/MS.  97 

 98 

2. Results and Discussion 99 

2.1 Optimization of HS-SPME  100 

SPME is an equilibrium process between the vapor and fiber phases [19]. The two main factors 101 
affecting the extraction performance, extraction temperature and extraction time were studied.  102 

Extraction temperatures of 40, 60 and 80 °C were investigated with an extraction time of 45 min using 103 
the total peak area of all the volatile compounds detected [20] and the individual peak areas of 104 
selected aroma compounds [21], as shown in Figure S1 (Supplementary materials 1) and Figure 1. 105 
The results demonstrated that a suitable temperature was obtained in the range of 40-60 °C, as shown 106 
by the high peak areas. To avoid off-flavor effects from the high temperatures of HS-SPME [22], 40 107 
°C was selected as the temperature for further analyses.  108 

 109 

 110 
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 111 

Figure 1. Average peak areas of selected aroma compounds, D-limonene (solid line), geranial (dotted 112 
line) and neral (dashed line), in the extracted Tom Yum soup at various HS-SPME extraction 113 
temperatures. 114 

 115 

The effect of the extraction time (30, 45 and 60 min) on the extraction efficiency was determined at 40 116 
°C. According to Figure S2 (Supplementary materials 1), which shows the total peak area of all the 117 
volatile compounds detected, and Figure 2, which shows the individual peak areas of selected aroma 118 
compounds, a longer extraction time of 45 to 60 min increases the extraction performance. Moving 119 
forward, an HS-SPME extraction time of 50 min was selected to best fit the total GC-MS separation 120 
time. 121 

 122 

Figure 2. Average peak areas of selected aroma compounds, D-limonene (solid line), geranial (dotted 123 
line) and neral (dashed line), in the extracted Tom Yum soup at various HS-SPME extraction times. 124 

 125 

 126 

 127 
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The intraday and interday precision in the %area normalization were evaluated, using an HS-SPME 128 
extraction temperature of 40 °C and extraction time of 50 min, for the extracted Tom Yum soup on 129 
each day for three consecutive days. The following 13 aroma compounds were analyzed in triplicate: 130 
α-pinene, 6-methyl-5-hepten-2-one, β-linalool, unknown (I = 1165, MS of 152), nerol, β-citral, geraniol, 131 
geranial, 4-methylpentyl 4-methylpentanoate, citronellyl acetate, geranyl acetate and dodecanal. 132 
From ANOVA with a single factor analysis at a 95% confidence level, acceptable %RSD values for 133 
intraday and interday precision were less than 15% and 25%, respectively, for most of the aroma 134 
compounds with the exception of 4-methylpentyl 4-methylpentanoate, citronellyl acetate and geranyl 135 
acetate which had %RSD values for interday in a range of 35-65, possibly due to the small amount of 136 
the %area normalization, i.e., less than 0.2. In this work, the %RSD is calculated using equations from 137 
the literature [23]. 138 

 139 

2.2 GC-MS analysis of Tom Yum soup and compound identification 140 

An example of the GC-MS results (total ion chromatogram, TIC) for Tom Yum soup is shown in 141 
Figure 3 with the corresponding results for the individual raw and boiled ingredients shown in 142 
Figure 4 and Table 1.  143 

 144 

 145 

Figure 3. GC-MS chromatogram of Tom Yum soup. 146 
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 147 

Figure 4. GC-MS chromatograms of volatile compounds in individual ingredients of Tom Yum soup: 148 
lemongrass (A), fish sauce (B), kaffir lime leaves (C), chili (D) and lime juice (E), where 1 and 2 refer 149 
to raw or boiled ingredients, respectively. 150 

 151 

 152 
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Table 1. Tentative volatile compounds in Tom Yum soup and its individual ingredients. 153 

 
Peak 
no. 

 
RT 

(min) 

 
Tentative compound 

 
Tom Yum 

soup 

% Average area normalization (n = 3) 

Lemongrass Fish sauce Kaffir lime leaf Chili Lime juice 
Raw Boiled Raw Boiled Raw Boiled Raw Boiled Raw Boiled 

8 3.70 1-Methylpyrrole - - - - - - - 1.66 
±0.90 

0.81 
±0.03 

- - 

9 4.49 

 
Butanoic acid - - - 26.13 

±0.56 
- - - - - - - 

12 5.93 2-Methylbutanoic acid - - - 14.83 
±0.90 

- - - - - - - 

13 6.26 3-Methylbutanoic acid - - - 14.72 
±0.24 

- - - - - - - 

15 7.32 3-(Methylthio)propanal - - - 1.27 
±0.09 

3.9 
±1.3 

- - - - - - 

24 9.00 4-Methylpentanoic acid - - - 13.1 
±1.3 

- - - - - - - 

25 9.16 Benzaldehyde - - - 3.40 
±0.60 

5.95 
±0.57 

- - - - - - 

28 9.84 Phenol - - - 8.50 
±0.38 

- - - - - - - 

45 13.50 p-Mentha-3,8-diene 0.021 
±0.004 

- - - - - - - - - - 

50 14.85 Isopentyl 2-methylbutanoate - - - - - - - 0.082 
±0.025 

2.28 
±0.34 

- - 

55 15.37 2-Methylpentyl isobutyrate - - - - - - - 0.61 
±0.21 

0.91 
±0.16 

- - 
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57 15.80 α-Cyclocitral 0.024 
±0.002 

- - - - - - - - - - 

63 17.23 Iso-isopulegol 0.06  
±0.02 

- - - - - - - - - - 

65 17.52 Unknown 1 0.034  
±0.006 

- - - - - - - - - - 

68 17.70 p-Mentha-1,5-dien-8-ol 0.032  
±0.010 

- - - - - - - - - - 

70 18.10 Rose furan oxide  - 0.026 
±0.002 

0.014 
±0.002 

- - - - - - - - 

72 18.32 2-Isobutyl-3-methoxypyrazine - - - - - - - 0.049 
±0.014 

0.76 
±0.03 

- - 

74 18.60 (Z)-3-Hexenyl butanoate - - - - - 0.15 
±0.04 

- - - - - 

81 19.97 Carveol 0.012  
±0.003 

- 0.031 
±0.002 

- - - - - - - - 

82 20.01 γ-Isogeraniol - 0.019 
±0.005 

- - - - - - - - - 

84 20.51 β-Citronellol - - - - - 47.7 
±1.1 

2.65 
±0.21 

- - - - 

107 26.17 Neric acid - 0.32 
±0.20 

- - - - - - - - - 

112 26.92 (Z)-3-Hexenyl hexanoate - - - - - 0.042 
±0.013 

- - - - - 

138 30.19 2-Methyltetradecane - - - - - - - 7.40 
±2.63 

3.09 
±0.21 

- - 
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163 32.12 β-Bisabolene - - - - - - - - - 1.70 
±0.14 

5.62 
±0.24 

171 33.18 Hexyl benzoate - - - - - - - 0.091 
±0.030 

4.03 
±0.63 

- - 

173 33.53 Hedycaryol - - - - - 0.057 
±0.010 

- - - - - 

154 
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All compounds detected in the GC-MS chromatograms were identified according to a comparison of 155 
their mass spectra with those from the NIST library with match scores of >650 as well as experimental 156 
and literature values of the linear retention index. The tentative volatile compound profiles with their 157 
normalized peak areas for various samples are summarized in Supplementary materials 2. 158 

As shown in Supplementary materials 2, the three major volatile compounds found in raw 159 
lemongrass (with the %area normalization in parentheses) are geraniol (39.7%), nerol (13.1%) and β-160 
myrcene (8.15%). Other compounds found include geranial (7.15%) and β-citral (2.81%). However, 161 
the three major volatile compounds found in boiled lemongrass (Figure. 4A2) are geranial (69.1%), β-162 
citral (24.8%), geraniol (2.89%), β-myrcene (0.40%) and nerol (0.31%). It should be noted that these 163 
five compounds are also bioactive marker compounds in the essential oil of lemongrass [11, 24] and 164 
exhibit strong lemony and floral perceptions [9]. In addition, we also observed carveol (0.03%) in 165 
boiled lemongrass, but not in raw lemongrass, in this work. This may be caused by a D-limonene 166 
transformation via a reaction with water molecules induced by heating [25]. As a result, D-limonene 167 
could be oxidized into its oxide forms including p-mentha-2,8-dienols, hydroperoxides, carveols, L-168 
carvone and carvone oxide. 169 

In fish sauce (Figure 4B1), organic acids such as butanoic acid (26.1%), 3-methylbutanoic acid (14.7%), 170 
2-methylbutanoic acid (14.8%) and 4-methylpentanoic acid (13.1%) are the main volatile compounds 171 
present while the minor compounds are acetic acid (1.81%), 1-dodecanol (0.67%), and 3-172 
methylbutanal (0.59%). In contrast, 1-dodecanol (34.6%), acetic acid (17.6%) and 3-methylbutanal 173 
(13.0%) are the main compounds found in boiled fish sauce (Figure 4B2), while 3-methylbutanoic 174 
acid, 2-methylbutanoic acid and 4-methylpentanoic acid were not detected under the HS-SPME-GC-175 
MS conditions used in this work. 3-Methylbutanoic acid and 4-methylpentanoic acid exhibit cheesy 176 
and sweaty aromas [26]. 177 

The major volatile compounds found in raw kaffir lime leaf (Figure 4C1) are β-citronellol (47.7%) and 178 
caryophyllene (16.9%), while the minor compounds are copaene (4.66%), β-citronellal (3.90%), 179 
citronellyl acetate (2.49%), and β-linalool (1.09%).  The major volatile compounds of boiled kaffir 180 
lime leaf (Figure 4C2) are β-citronellal (93.9%) and β-citronellol (2.65%), while the minor compounds 181 
are β-linalool (1.80%), caryophyllene (0.15%), citronellyl acetate (0.09%) and copaene (0.04%). Among 182 
these compounds, β-citronellal is considered the key odorant of kaffir lime leaf because of its high 183 
flavor dilution factor [5].  184 

The dominant volatile compounds in raw chili (Figure 4D1) are 4-methylpentyl 4-methylpentanoate 185 
(45.3%), 4-methylpentyl 2-methylbutanoate (14.7%), 4-methylpentyl 3-methylbutanoate (11.0%) and 186 
δ-guaiene (0.12%). However, in boiled chili (Figure 4D2), 4-methylpentyl 4-methylpentanoate (53.4%) 187 
is the dominant volatile compound along with δ-guaiene (9.1%), 4-methylpentyl 3-methylbutanoate 188 
(5.59%) and 4-methylpentyl 2-methylbutanoate (3.96%). It should be noted that 4-methylpentyl 4-189 
methylpentanoate exhibits soapy and weak fruity aromas [27], and 4-methylpentyl 3-190 
methylbutanoate exhibits fruity and peach aromas [27]. 191 

In lime juice (Figure 4E1), the major volatile compounds are D-limonene (49.9%), β-pinene (19.9%) 192 
and γ-terpinene (9.21%). D-limonene (42.9%) is also a main compound in boiled lime juice (Figure 193 
4E2) followed by γ-terpinene (10.0%) and β-pinene (6.92%). D-limonene is usually found in many 194 
essential oils of aromatic plants and herbs [25]. 195 

 196 

As seen in Figure 3 and Supplementary materials 2, a total of 96 volatile compounds were identified 197 
from various volatile classes in Tom Yum soup. The major components are D-limonene (26.6%) and 198 
geranial (25.4%) from both the lime juice and lemongrass. Other compounds are α-muurolene 199 
(6.27%), β-pinene (4.79%) and γ-terpinene (4.46%), which are from the lime juice. In comparison with 200 
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the individual raw and boiled ingredients, Tom Yum soup contains the following five extra volatile 201 
compounds: p-mentha-3,8-diene, α-cyclocitral, iso-isopulegol, p-mentha-1,5-dien-8-ol and decyl 202 
acetate. This implies that significant chemical reactions between the ingredient components generate 203 
volatile compounds in the Tom Yum soup during the cooking process.  204 

According to an explanation in a previous work [28], p-mentha-3,8-diene may be a product of β-205 
citronellal since the latter compound can be cyclized to result in isopulegol with byproducts including 206 
menthone, pulegol, and other cyclic hydrocarbons such as α-terpinene, p-mentha-3,8-diene and 207 
terpinolene.  208 

Citrals are acyclic terpenes without an asymmetric center that are generally converted to cyclic 209 
terpenes including α-cyclocitral [29]. Moreover, p-mentha-1,5-dien-8-ol may come from citral under 210 
acidic conditions, and the mechanism of p-mentha-1,5-dien-8-ol is described in the literature [30]. 211 

Iso-isopulegol may occur as a result of cyclization of β-citronellal with three asymmetrical centers, 212 
which can result in four stereoisomers of isopulegol, and each isomer occurs as a pair of enantiomers: 213 
(±)-isopulegol, (±)-neoisopulegol, (±)-iso-isopulegol and (±)-neoiso-isopulegol [31]. 214 

Interestingly, decyl acetate, a long-chain ester, has a floral (orange-rose) odor and a characteristic 215 
flavor. This compound has been found in orange, lemon, melon, apple, citrus peel oils, orange juice, 216 
strawberry fruit, blue cheese, cognac, plums and cardamom [32]. 217 

 218 

2.3 Correlation with the olfactory analysis of Tom Yum soup 219 

According to the HS-SPME-GC-O/MS analysis of Tom Yum soup detailed in Section 3.5, the odor 220 
descriptions for the aroma compounds from our experiment were compared with literature sources 221 
and summarized in Table 2. 222 

 223 
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Table 2. Aroma compounds in Tom Yum soup detected by GC-O. 224 

 
 

 
 

RT 
(min) 

 
LRI 

 
 

Aroma compound 

 
 Ingredient source 

 
Sensory evaluation 

Expa Litb Expc Ref.d Odor 
description 

Detecting 
compound 

Average  
odor 

intensity  
(n = 18, 

Maximum 
value = 4) 

Ref. 

No. of  

panelist 
Trial 

1 2.61 <700 624±23 
 (n = 3) 

Acetic acid  
 

Fish sauce [5] Sour 3 5 0.50 [5] 

9 4.49 789 789±10 
(n = 13) 

Butanoic acid Fish sauce [5] Cheesy 2 4 0.28 [5] 

13 6.26 866 859±19 
(n = 15) 

3-Methylbutanoic acid Fish sauce [3] Vomit-like, 

cheesy, sweaty 
4 8 0.78 [3] 

15 7.32 906 909±5 
(n = 12) 

3-(Methylthio)propanal Fish sauce [5] Potato 5 13 1.5 [5] 

20 8.25 933 935±6 
(n = 26) 

α-Pinene  

 
Lime juice [6] Pine, woody 2 4 0.22 [6] 

29 10.19 988 983±7 
(n = 18) 

6-Methyl-5-hepten-2-one 

 
Lemongrass [7] Lemon leaf-like, 

green, citrusy 
2 3 0.17 [7] 

49 14.78 1101 1099±5 
(n = 26) 

β-Linalool 

 
Lemongrass, 

kaffir lime 
leaf, lime 

juice 

[4, 6, 7] Flower, 
lavender 

5 13 1.72 [1] 

66 17.63 1165 - Unknown 2 (MS of 152) Lemongrass - Green 3 5 0.44  
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72 18.32 1181 1183±6 
(n = 4) 

2-Isobutyl-3-

methoxypyrazine 
Chili [2] Paprika, green, 

earthy 
5 13 1.4 [2] 

 
 

75 18.73 1191 1189±5 
(n = 29) 

α-Terpineol 

 
Lime juice, 

lemongrass, 
kaffir lime 

leaf 

[4, 6, 9] Piney/floral 3 6 0.39 [4] 

 
83 

 
20.40 

 
1230 

 
1227±3 

(n = 8) 

 
Nerol 
 

 
Lemongrass,  

 
[9] 

 

 
Sweet 

 
5 

 
11 

 
0.94 

 
[1] 

88 20.99 1242 1239±3 
(n = 8) 

β-Citral 

 
Lemongrass, 

lime juice  
[4, 6, 9] Citrus 5 13 2.0 [8] 

91 21.53 1258 1254±4 
(n = 10) 

Geraniol 
 

Lemongrass, 
kaffir lime 
leaf, lime 

juice 

[4, 9, 10] Floral 4 12 1.3 [4] 

93 22.33 1272 1273±13 
(n = 2) 

Geranial 
 

Lemongrass, 
kaffir lime 
leaf, lime 

juice 

[6, 9, 11] Floral/citrus 5 11 1.8 [4] 

100 24.12 1317 1315 
(n = 1) 

4-Methylpentyl 4-

methylpentanoate 
 

Chili [2] Soapy, weak 
fruity 

2 3 0.28 [2] 

105 25.75 1355 1352±3 
(n = 5) 

Citronellyl acetate 
 

Kaffir lime 
leaf, Lime 

juice 

[4, 6] Berry/fragrant 2 3 0.28 [4] 
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113 27.01 1385 1378±8 
(n = 9) 

Geranyl acetate 
 

Lime juice, 
Kaffir lime 

leaf, 
Lemongrass 

[4, 9,11] Floral 3 4 0.22 [4] 

118 28.01 1410 1404±3 
(n = 3) 

Dodecanal 
 

Lime juice [4,11] Waxy 3 6 0.44 [4] 

a Exp = linear retention indices are determined using n-alkanes (C8-C20) on an HP-5 column 225 
b Ref = linear retention indices of reference compounds from http://webbook.nist.gov/ 226 
c Exp = aroma compounds found in the raw and boiled ingredients from the experiment 227 
d Ref = aroma compounds found in the ingredients from the literature 228 
Number of panelists detecting compound = 6 panelists 229 
[1] = http://www.flavornet.org/flavornet.html, [2] = (Rodriguez-Burruezo et al., 2010), [3] = (Wichaphon et al., 2012), [4] = (Chisholm, Wilson, & Gaskey, 2003), [5] = 230 
(Lapsongphon, Yongsawatdigul, & Cadwallader, 2015), [6] = (Jirapakkul et al., 2013), [7] = (Kamath et al., 2001), [8] = (Marković, Vahčić, Ganić, & Banović, 2007), 231 
[9] = (Bossou et al., 2015), [10] = (Wongpornchai, 2012) and [11] = (Yadav et al., 2004) 232 
 233 

 234 
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From the triplicate evaluations of the six panelists (n = 18), eighteen aroma compounds in Tom Yum 235 
soup were detected and described by at least two of the panelists. Taking into account that aromas 236 
are only active if at least half of the total sniffing trials detected a similar odor quality and retention 237 
time [18], the seven dominant aroma compounds were β-citral (13), geranial (11), β-linalool (13), 238 
geraniol (12), nerol (11), 3-(methylthio)propanal (13) and 2-isobutyl-3-methoxypyrazine (13). 239 
According to the aroma compounds found in both the raw and boiled ingredients, the first four 240 
aromas detected in Tom Yum soup were from the lemongrass, kaffir lime leaf, and lime juice; the 241 
nerol is from lemongrass; the 3-(methylthio)propanal is from fish sauce and the 2-isobutyl-3-242 
methoxypyrazine is from chili. There were eleven minor aroma compounds that had medium and 243 
small perception levels, including 3-methylbutanoic acid, acetic acid, dodecanal, unknown 2 (I of 244 
1165, MS of 152), α-terpineol, butanoic acid, 4-methylpentyl 4-methylpentanoate, citronellyl acetate, 245 
geranyl acetate, α-pinene and 6-methyl-5-hepten-2-one. It should be noted that the seven active 246 
aromas found in Tom Yum soup also showed the stronger odor perceptions with an average odor 247 
intensity of > 0.9 compared to those of the latter eleven aromas. In addition, acetic acid and four other 248 
aroma compounds with I values near 789, 866, 906 and 1181 were perceived from sniffing GC-O, 249 
where the two latter aromas were particularly strong but were not detected by an MS detector. Using 250 
individual raw and boiled ingredients, along with a comparison of the I values and odor description, 251 
these four aroma compounds should be butanoic acid, 3-methylbutanoic acid and 3-252 
(methylthio)propanal from fish sauce and 2-isobutyl-3-methoxypyrazine from chili. 253 

 254 
 255 
 256 
 257 
 258 
 259 
 260 
 261 
 262 
 263 
 264 
 265 
 266 
 267 
 268 
 269 
 270 
 271 
 272 
 273 
 274 
 275 
 276 
 277 
 278 
 279 
 280 
 281 
 282 
 283 
 284 
 285 
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3. Materials and Methods  286 

3.1 Recipe and raw ingredients 287 

The selected recipe for Tom Yum soup is from Suan Dusit University (Thailand). Lemongrass, kaffir 288 
lime leaf, chili and lime were purchased from a local supermarket in Bangkok, Thailand and then 289 
kept in a refrigerator at 4 °C prior to use. Fish sauce was purchased from a local supermarket in 290 
Bangkok, Thailand.  291 

 292 

3.2 Chemicals 293 

A mixture of n-alkanes (C8-C20) purchased from Sigma Aldrich (St. Louis, MO) was used as a 294 
reference to calculate the linear retention index (LRI) of the compounds. 295 

 296 

3.3 Sample preparation  297 

All raw ingredients were cleaned with deionized water and dried with air under atmospheric 298 
conditions. According to the recipe for Tom Yum soup, the lemongrass was chopped into thin slices 299 
(15.0 g), the kaffir lime leaf was torn into medium pieces (2.0 g), the chili was crushed (3.0 g), and the 300 
lime was squeezed to collect the juice (21.0 g). The raw ingredients were progressively added into 301 
boiled water (300 mL) at 100 °C. The lemongrass was cooked for 1 min; the fish sauce (19.0 g) was 302 
cooked for a few seconds; the kaffir lime leaf was cooked for 1 min; the crushed chili was cooked for 303 
0.5 min; and the lime juice was cooked for 0.5 min. For the analyses of individual ingredients, each 304 
raw ingredient was divided into two portions. One was boiled in water (300 mL) at 100 °C while the 305 
other was prepared from raw ingredients without boiling to create the corresponding control 306 
samples.      307 

3.4 HS-SPME 308 

An SPME 50/30 µm DVB/CAR/PDMS fiber and holder were purchased from Supelco (Sigma-Aldrich, 309 
Bellefonte, PA). The fiber was conditioned at 270 °C for 1 hour via insertion into the GC injection port. 310 
Prior to the real sample analysis, the blank fiber was injected to check the background signal from 311 
the fiber. Each of the extracted raw ingredients and the Tom Yum soup sample (2 mL) were 312 
transferred into 20 mL glass vials closed with an aluminum cap with a sealed PTFE/silicone septum. 313 
The vials were heated in a water bath at 40 °C unless otherwise stated for an equilibrium time of 5 314 
min. The SPME fiber was then exposed inside the vial to extract volatile compounds in the headspace 315 
of the sample with an extraction time of 50 min unless otherwise stated. All samples were performed 316 
in triplicate.  317 

3.5 GC-O/MS 318 

The determination of volatile compounds was performed using GC-MS (7890A-7000, Agilent 319 
technologies Inc.) combined with an olfactory detection port (ODP3; Gerstel). Volatile compounds 320 
were separated on an HP-5 MS capillary column (30 m × 0.25 mm i.d., 0.25 µm film thickness; J&W 321 
Scientific, USA) using ultra-high purity helium (99.999%) as the carrier gas with a flow rate of 2 322 
mL/min. The extracted sample was injected at 250 °C (desorption temperature) with a split ratio of 323 
1:10. The GC oven temperature was programmed to increase from 50 to 200 °C at a rate of 3 °C/min. 324 
At the analytical column outlet, the column effluent was divided by a T-junction with a ratio of 1:4 325 
between the MS and ODP. The temperature of the ion source in the MS was set at 230 °C. The electron 326 
ionization voltage was -70 eV. The mass spectra were acquired over the mass range of 35–300 Da with 327 
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a scan time of 100 ms. Six panelists (aged 25-35, 2 male and 4 female) were trained for at least 20 h 328 
over a period of one month were assigned for the olfactory analysis and description of the aroma 329 
compounds in the extracted Tom Yum soup (triplicate per person). The panelists recorded their 330 
responses by pressing an olfactory intensity device (with intensity scale scoring from 0 to 4 where 331 
“1” and “4” corresponded to “slight” and “extreme” aroma intensity, respectively) when they 332 
perceived the aroma compounds. During the sniffing analysis of the effluents from the sniffing mask, 333 
the panelists recorded the perceived aromas with the corresponding retention times, intensities and 334 
aroma descriptors. A peak was considered aroma active only if at least half of the total sniffing trials 335 
found a similar odor quality at the same retention time. The average odor intensity was evaluated by 336 
18 analyses with six panelists in triplicate for each sample. When a panelist could not detect an aroma 337 
compound, the intensity was recorded as zero, and zero is also taken into account in calculation of 338 
the average values [17, 18].  339 

 340 

3.6 Data processing 341 

The chromatographic peak and MS data of each extracted raw ingredient, boiled ingredient and Tom 342 
Yum soup were identified using Agilent MassHunter software. The data processing and presentation 343 
were further performed using Microsoft Excel. Compounds were tentatively identified by the 344 
comparison of their MS spectra with those obtained from the NIST library. The identification criteria 345 
were selected with a match score of > 65 and a difference of 20 units between the calculated retention 346 
index (I) and the I data from the literature for the same (or a similar) stationary phase.  347 

The experimental I value for each peak in the chromatograms relative to the alkane retention time 348 
data was obtained by injection of an alkane mixture under the same experimental conditions used 349 
for the sample separation. I values for the temperature-programmed separation were calculated 350 
according to the literature [8].  351 

 352 

4. Conclusions 353 
The chemical composition of Tom Yum soup and its individual ingredient samples were profiled 354 
with HS-SPME-GC-O/MS. The optimization of HS-SPME was applied for the selection of the most 355 
suitable method to allow the detection of 101 volatile compounds in the Tom Yum soup headspace. 356 
Ninety-six peaks were identified representing various volatile classes. In comparison with the volatile 357 
profiles of the individual raw and boiled ingredients, Tom Yum soup was found to produce five extra 358 
volatile compounds including p-mentha-3,8-diene, α-cyclocitral, iso-isopulegol, p-mentha-1,5-dien-359 
8-ol and decyl acetate, possibly due to chemical reactions (such as cyclization) among the compounds 360 
in the mixed ingredients in Tom Yum soup. In addition, eighteen aroma compounds that contribute 361 
to the impressive aroma of Tom Yum soup were characterized by HS-SPME-GC-O/MS and originated 362 
from the following ingredients: fish sauce (acetic acid, butanoic acid, 3-methylbutanoic acid, and 3-363 
(methylthio)propanal), lime juice (α-pinene and dodecanal), lemongrass (6-methyl-5-hepten-2-one, 364 
unknown with I of 1,165, MS of 152 and nerol), and chili (2-isobutyl-3-methoxypyrazine and 4-365 
methylpentyl 4-methylpentanoate). β-linalool, α-terpineol, geraniol, β-citral, geranial, citronellyl 366 
acetate and geranyl acetate are derived from lime juice, lemongrass and kaffir lime leaf. 367 
 368 
Supplementary Materials 369 
Supplementary materials associated with this article can be found in the online version. Figure S1:  370 
Average total peak area and extraction temperature. Figure S2: Average total peak area and extraction 371 
time. Table S1: Tentative volatile compounds in Tom Yum soup and individual ingredient. 372 
 373 
 374 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 July 2018                   doi:10.20944/preprints201807.0562.v1

http://dx.doi.org/10.20944/preprints201807.0562.v1


 

Acknowledgements 375 
The authors gratefully acknowledge the financial support from the Chulalongkorn University’s 376 
Ratchadapisek Sompot Fund (GCURP_59_02_23_01) for the research project and the Chulalongkorn 377 
Academic Advancement into Its 2nd Century Project for instruments used in CMSS.  378 

 379 
Author Contributions 380 
Author Pannipa Janta performed all the experiments, data curation, investigation, methodology and 381 
writing original draft. Author Chadin Kulsing provided formal analysis and writing original draft. 382 
Author Thumnoon Nhujak designed conceptualization, formal analysis, funding acquisition, project 383 
administration, supervision, validation and writing review & editing. 384 
 385 
Conflicts of Interest 386 
The authors declare no conflict of interest. 387 

 388 
 389 
 390 
 391 
 392 
 393 
 394 
 395 
 396 
 397 
 398 
 399 
 400 
 401 
 402 
 403 
 404 
 405 
 406 
 407 
 408 
 409 
 410 
 411 
 412 
 413 
 414 
 415 
 416 

 417 
 418 
 419 
 420 
 421 
 422 
 423 
 424 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 July 2018                   doi:10.20944/preprints201807.0562.v1

http://dx.doi.org/10.20944/preprints201807.0562.v1


 

References 425 
1. Kitsawad, K.; Tuntisripreecha, N. Sensory characterization of instant Tom Yum soup. 426 
KMUTNB Int. J. Appl. Sci. Technol. 2016, 9, 1-8. 427 
2. Zachariah, T.J.; Leela, N.K.; Shamina, A. Methods of analysis of herbs and spices. In Handbook 428 
of Herbs and Spices, 2nd ed. Woodhead Publishing, 2012, pp. 89-117. 429 
3. Bossou, A. D.; Ahoussi, E.; Ruysbergh, E.; Adams, A.; Smagghe, G.; De Kimpe, N.; Avlessi, F.; 430 
Sohounhloue, D. C. K.; Mangelinckx, S. Characterization of volatile compounds from three 431 
Cymbopogon species and Eucalyptus citriodora from Benin and their insecticidal activities against 432 
Tribolium castaneum. Ind. Crops. Prod. 2015, 76, 306-317. 433 
4. Raina, A.P.; Verma, S.K.; Abraham Z. Volatile constituents of essential oils isolated from 434 
Alpinia galanga Willd. (L.) and A. officinarum Hance rhizomes from North East India. J. Essent. Oil 435 
Res. 2013, 26, 24-28. 436 
5. Jirapakkul, W.; Tinchan, P.; Chaiseri, S. Effect of drying temperature on key odourants in kaffir 437 
lime (Citrus hystrixD.C., Rutaceae) leaves. Int. J. Food Sci. Technol. 2013, 48, 143-149. 438 
6. Nolvachai, Y.; Kulsing C.; Marriott, P.J. Multidimensional gas chromatography in food 439 
analysis. Trends Analyt. Chem. 2017, 96, 124-137. 440 
7. Wardencki, W.; Chmiel, T.; Dymerski, T. Gas chromatography-olfactometry (GC-O), electronic 441 
noses (e-noses) and electronic tongues (e-tongues) for in vivo food flavour measurement. In 442 
Instrumental Assessment of Food Sensory Quality. Woodhead Publishing, 2013, pp. 195-229. 443 
8. Jiang, M.; Kulsing, C.; Nolvachai, Y.; Marriott, P. J. Two-dimensional retention indices improve 444 
component identification in comprehensive two-dimensional gas chromatography of saffron. Anal. 445 
Chem. 2015, 87, 5753-5761. 446 
9. Kamath, A.; Asha, M. R.; Ravi, R.; Narasimhan, S.; Rajalakshmi, D. Comparative study of 447 
odour and GC-olfactometric profiles of selected essential oils. Flavour Fragr. J. 2001, 16, 401-407. 448 
10. Kumar, V.; Tewari, R.; Singh, K. Comparative studies of drying methods on yield and 449 
composition of the essential oil of Cymbopogon citratus. J. Essent. Oil Bear. Pl. 2015, 18, 744-750. 450 
11. Schaneberg, B.T.; Khan, I.A. Comparison of extraction methods for marker compounds in the 451 
essential oil of lemon grass by GC. J. Agric. Food Chem. 2002, 50, 1345-1349. 452 
12. Wongpornchai, S. Kaffir lime leaf. In Handbook of Herbs and Spices, 2nd ed. Woodhead 453 
Publishing. 2012, pp. 319-328. 454 
13. Bogusz , S. J.; Tavares, A. M.; Filho, J. T.; Zini, C. A.; Godoy, H. T. Analysis of the volatile 455 
compounds of Brazilian chilli peppers (Capsicum spp.) at two stages of maturity by solid phase 456 
micro-extraction and gas chromatography-mass spectrometry. Food Res. Int. 2012, 48, 98-107. 457 
14. Quijano, C.E.; Pino, J.A. Volatile compounds of Capsicum frutescens L. cultivars from 458 
Colombia. J. Essent. Oil Res. 2010, 22, 503-506. 459 
15. Cruz-Valenzuela, M. R.; Tapia-Rodríguez, M. R.; Vazquez-Armenta, F. J.; Silva-Espinoza, B. A.; 460 
Ayala-Zavala, J. F. Lime (Citrus aurantifolia) oils. In Essential Oils in Food Preservation, Flavor and 461 
Safety. Academic Press: San Diego, 2016, pp. 531-537. 462 
16. Yadav, A. R.; Chauhan, A. S.; Rekha, M. N.; Rao, L. J. M.; Ramteke, R. S. Flavour quality of 463 
dehydrated lime [Citrus aurantifolia (Christm.) Swingle]. Food Chem. 2004, 85, 59-62. 464 
17. Fan, W.; Qian, M.C. Identification of aroma compounds in Chinese ‘Yanghe Daqu’ liquor by 465 
normal phase chromatography fractionation followed by gas chromatography[sol ] olfactometry. 466 
Flavour Fragr. J. 2006, 21, 333-342. 467 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 July 2018                   doi:10.20944/preprints201807.0562.v1

http://dx.doi.org/10.20944/preprints201807.0562.v1


 

18. He, C.; Guo, X.; Yang, Y.; Xie, Y.; Ju, F.; Guo, W. Characterization of the aromatic profile in 468 
“zijuan” and “pu-erh” green teas by headspace solid-phase microextraction coupled with GC-O 469 
and GC-MS. Anal. Methods. 2016, 8, 4727-4735. 470 
19. Tankiewicz, M.; Morrison, C.; Biziuk, M. Application and optimization of headspace solid-471 
phase microextraction (HS-SPME) coupled with gas chromatography-flame-ionization detector 472 
(GC-FID) to determine products of the petroleum industry in aqueous samples. Microchem. J. 2013, 473 
108, 117-123. 474 
20. Liu, G.; Xu, S.; Wang, X.; Jin, Q.; Xu, X.; Shen, Y.; Xu, G.; Zhang, H. Analysis of the volatile 475 
components of tea seed oil (Camellia sinensis O. Ktze) from China using HS-SPME-GC/MS. Int. J. 476 
Food Sci. Technol. 2016, 51, 2591-2602. 477 
21. Feng, Y.; Su, G.; Sun-Waterhouse, D.; Cai, Y.; Zhao, H.; Cui, C.; Zhao, M. Optimization of 478 
headspace solid-phase micro-extraction (HS-SPME) for analyzing soy sauce aroma compounds via 479 
coupling with direct GC-olfactometry (D-GC-O) and gas chromatography-mass spectrometry (GC-480 
MS). Food Anal. Method. 2017, 10, 713-726. 481 
22. Zhu, J.; Chen, F.; Wang, L.; Niu, Y.; Yu, D.; Shu, C.; Chen, H.; Wang, H.; Xiao, Z. Comparison 482 
of aroma-active volatiles in Oolong tea infusions using GC-olfactometry, GC-FPD, and GC-MS. J. 483 
Agric. Food Chem. 2015, 63, 7499-7510. 484 
23. Ermer, J.; Arth, C.; De Raeve, P.; Dill, D.; Friedel, H. D.; Hower-Fritzen, H.; Kleinschmidt, G.; 485 
Koller, G.; Koppel, H.; Kramer, M.; Maegerlein, M.; Schepers, U.; Watzig, H. Precision from drug 486 
stability studies investigation of reliable repeatability and intermediate precision of HPLC assay 487 
procedures. J. Pharm. Biomed. Anal. 2005, 38, 653-663. 488 
24. Ranade, S.S.; Thiagarajan, P. Lemon grass. Int. J. Pharm. Sci. Rev. Res. 2015, 35, 162-167. 489 
25. Li, L. J.; Hong, P.; Jiang, Z. D.; Yang, Y. F.; Du, X. P.; Sun, H.; Wu, L. M.; Ni, H.; Chen, F. Water 490 
accelerated transformation of d-limonene induced by ultraviolet irradiation and air exposure. Food 491 
Chem. 2018, 239, 434-441. 492 
26. Wichaphon, J.; Thongthai, C.; Assavanig, A.; Lertsiri, S. Volatile aroma components of Thai fish 493 
sauce in relation to product categorization. Flavour Fragr. J. 2012, 27, 149-156. 494 
27. Rodriguez-Burruezo, A.; Kollmannsberger, H.; Gonzalez-Mas, M. C.; Nitz, S.; Fernando, N. 495 
HS-SPME comparative analysis of genotypic diversity in the volatile fraction and aroma-496 
contributing compounds of Capsicum fruits from the annuum-chinense-frutescens complex. J. 497 
Agric. Food Chem. 2010, 58, 4388-4400. 498 
28. Shieh, D. L.; Tsai, C. C.; Chen, C. W.; Ko, A. N. Vapor-phase reaction of citronellal over 499 
mesoporous molecular sieves MCM-41 and zeolites. J. Chin. Chem. Soc. 2003, 50, 853-860. 500 
29. Shibasaki, M.; Terashima, S.; Yamada, S. Stereochemical studies. XXXIV. A novel biogenetic-501 
type cyclization of citral to α-cyclocitral via an enamine. Chem. Pharm. Bull. 1975, 23, 272-278. 502 
30. Kimura, K.; Iwata, I.; Nishimura, H.; Mizutani, J. Deterioration mechansim of lemon flavor. 2. 503 
Formation mechanism of off-odor substances arising from citral. J. Agric. Food Chem. 1983, 31, 801-504 
804. 505 
31. Yongzhong, Z.; Yuntong, N.; Jaenicke, S.; Chuah, G. Cyclisation of citronellal over zirconium 506 
zeolite beta? a highly diastereoselective catalyst to (±)-isopulegol. J. Catal. 2005, 229, 404-413. 507 
32. Oliveira, M. V.; Rebocho, S. F.; Ribeiro, A. S.; Macedo, E. A.; Loureiro, J. M. Kinetic modelling 508 
of decyl acetate synthesis by immobilized lipase-catalysed transesterification of vinyl acetate with 509 
decanol in supercritical carbon dioxide. J. Supercrit. Fluids. 2009, 50, 138-145. 510 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 July 2018                   doi:10.20944/preprints201807.0562.v1

http://dx.doi.org/10.20944/preprints201807.0562.v1


 

33. Chisholm, M. G.; Wilson, M. A.; Gaskey, G. M. Characterization of aroma volatiles in key lime 511 
essential oils (Citrus aurantifolia Swingle). Flavour Fragr. J. 2003, 18, 106-115. 512 
34. Lapsongphon, N.; Yongsawatdigul, J.; Cadwallader, K. R. Identification and characterization of 513 
the aroma-impact components of Thai fish sauce. J. Agric. Food Chem. 2015, 63, 2628-2638. 514 

35. Marković, K.; Vahčić, N.; Ganić, K. K.; Banović, M. Aroma volatiles of tomatoes and tomato 515 
products evaluated by solid-phase microextraction. Flavour Fragr. J. 2007, 22, 395-400. 516 
36. Thammarat, P.; Kulsing, C.; Wongravee, K.; Leepipatpiboon, N.; Nhujak, T. Identification of 517 
volatile compounds and selection of discriminant markers for elephant dung coffee using static 518 
headspace gas chromatography–mass spectrometry and chemometrics. Preprints 2018, 2018070313 519 
(doi: 10.20944/preprints201807.0313.v1). 520 
 521 

Sample Availability: Samples of the compounds are not available from the authors. 522 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 July 2018                   doi:10.20944/preprints201807.0562.v1

http://dx.doi.org/10.20944/preprints201807.0562.v1

