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Abstract
High-performance liquid chromatography was used to determine the important taste compounds in 20 pungent spices com-
monly used in food, including seventeen free amino acids, four 5′-nucleotides and twelve organic acids. The equivalent umami 
concentration (EUC) and taste activity value (TAV) of the analyzed samples were calculated. The results showed that the 
content of total free amino acids ranged from 0.57 to 46.67 g/kg in 20 pungent spices. The content of total free amino acids 
in horseradish was the highest. The content of total 5′-nucleotides ranged from 0.80 to 4.30 g/kg, and chive contains the 
highest 5′-nucleotide content. Inosine 5′-monophosphate was detected in all 20 pungent spices. The content of total organic 
acids ranged from 9.37 to 339.58 g/kg. The total organic acids content of fieldmint was the highest (339.58 g/kg). Oxalic 
acid was detected in 18 pungent spices, except white pepper and chilli. The EUC of fieldmint (37.1 g MSG/100 g) was the 
highest in all 20 pungent spices, followed with peppermint (24.5 g MSG/100 g), and horseradish (18.4 g MSG/100 g). The 
TAVs of malic acid, lactic acid and 5′-AMP were higher than 1 in more than 10 spices. Lactic acid were higher than 1 in 13 
spices, implying these compounds contributed greater to the flavor of pungent spices. The results of this work will provide 
references for the application value of pungent spices.
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Introduction

Spices are plant roots, leaves, stems, buds, seeds, or their 
extracts with stimulating fragrance that endow food with 
flavor, enhance appetite, and help food digestion and absorp-
tion [1]. GB/T 21725–2017 is a national standard made by 
China, which was released in November 2017. This national 
standard includes the classification method and definition of 
the spices. Spices are classified into three categories accord-
ing to their characteristic flavor: strong fragrance, pungent, 
and elegant spices. Pungent spices are natural spice prod-
ucts with acrid taste and pungent odor. Their major flavor 
components include sulfur or amide compounds. Spices, 

with strong flavor characteristics, are widely used in the 
food industry, especially the Chinese cuisine. Adding spice 
can also change the food texture property and further affect 
the flavor perception during oral processing [2, 3]. Accord-
ing to acceptability scores of consumers, the addition of 
spice-complexs, ginger and nutmeg can lower the scores 
of descriptors, such as rancid and off-flavor/odor [4]. The 
addition of spices can improve the overall taste of foods. 
Moreover, different spices have variable flavor characteris-
tics and functional properties due to their differential flavor 
compounds.

Currently, many studies have been conducted to explore 
the importance of spices to dishes. Wang et al. [5] deter-
mined the taste components of beef soup with the addi-
tion of spices. The results showed that spices were benefi-
cial for the release of flavor amino acids and increased its 
equivalent umami concentration (EUC). The EUC (154.5 
gMSG/100 g) of fried beef packaged with spices was signifi-
cantly higher than that of normal packaged fried beef (124.3 
gMSG/100 g) [6]. Spices had a strong flavor enhancement 
effect, which was closely related to the flavor components 
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in the spices. Yoshihisa et al. [7] detected sulfur compounds 
in seven Allium spices by HPLC, and the results suggested 
that isoalliin was the major flavor precursor. Zhang et al. 
[8] studied the flavor of allium after frying, and found the 
contents of furans and furanones, sulfur-containing com-
pounds, aldehydes and alcohols increased sharply according 
to SAFE-GC–MS analysis. Therefore, gaining a deep under-
standing of the chemical compositions and the taste-active 
compounds in spices will make a meaningful contribution 
and could provide guidance for the standardization of spices 
application and further processing. In our previous work, 
the taste components of strong fragrance spices and elegant 
spices have been detected [9, 10]. Therefore, the taste com-
ponents of pungent spices should be studied to complete the 
taste database of spices.

The sample pretreatment and detection technology are 
very important for taste compounds research in pungent 
spices. Recently, several sample pretreatment techniques 
for the determination of organic and inorganic compounds 
have been developed, such as microextraction based on deep 
eutectic solvents [11–14], continuous sample drop flow-
based microextraction [15], dispersive liquid–liquid micro-
extraction based on the solidification of the floating organic 
drop [16–18], and solid phase extraction combined with 
dispersive liquid–liquid microextraction [19]. Among them, 
liquid–liquid extraction is a convenient and widely used pre-
treatment method. Taste compounds determine the flavor 
and taste of food, such as free amino acids, 5′-nucleotides, 
and organic acids are ingredients used during food process-
ing. [20]. And they were usually determined by  high-per-
formance liquid chromatography (HPLC) [21, 22].Organic 
acids play an essential role in many important reactions in 
organisms. Fujita et al. [23] studied the effects of organic 
acids on the flavor characteristics of Tricholoma giganteum 
and detected the presence of acetic, succinic, oxalic, malic, 
pyroglutamic, and fumaric acids in Tricholoma gigan-
teum samples. Moreover, succinic and oxalic acids were 
the predominant organic acids in Tricholoma giganteum 
and accounted for 63.8% of its total organic acid content. 
According to the statistical analysis of literature, HPLC was 
the mainstream analysis method for taste compounds. Based 
on previous researchs, in this study, the quantitative analysis 
of main taste compounds of 20 pungent spice was carried 
out by HPLC. For the sample pretreatment, organic solvent 
combined with ultrasonic method were used.

The aims of this work were to identify the flavor compo-
nents in 20 pungent spices and provide a theoretical basis 
for the applications of these spices. The high-performance 
liquid chromatography was used to determine free amino 
acids,  5′- nucleotides, and organic acids in 20 pungent 
spices. The equivalent umami concentration (EUC) and 
taste activity value (TAV) of the analyzed samples were 
calculated. The EUC based on cluster analysis was used to 

classify 20 pungent spices to distinguish their umami lev-
els. The results of this work will provide references for the 
application value of pungent spices when they are added to 
various raw materials as auxiliary ingredients during food 
processing.

Materials and methods

Reagents

Analytical grade inosine 5 ′-monophosphate (5 ′-
IMP), adenosine 5ʹ-monophosphate (5ʹ-AMP), guano-
sine 5 ʹ-monophosphate (5 ʹ-GMP), and cytidine 
5ʹ-monophosphate (5ʹ-CMP) were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Analytical grade malic, 
citric, lactic, succinic, oxalic, tartaric, formic, acetic, pro-
pionic, pyruvic, ascorbic, and pyroglutamic acids were 
acquired from Sinopharm Chemical Reagent Co. (Shang-
hai, China). Analytical grade monopotassium phosphate 
(KH2PO4), sodium dihydrogen phosphate dodecahy-
drate (Na2HPO4·12H2O), and sodium borate decahydrate 
(Na2B4O7·10H2O) mobile phase buffer salts were purchased 
from Alfa Aesar (Ward Hill, MA, USA). HPLC-grade meth-
anol and acetonitrile (ACN) were procured from Fisher 
Scientific (Shanghai, China), Durashell AA analytical kits 
were obtained from Tianjin Bona Agel Technology Co., Ltd. 
(Tianjin, China), ultra-pure water was supplied by Hangzhou 
Wahaha Group Co., Ltd. (Hangzhou, China), and analyti-
cal reagent grade sulfosalicylic acid was from Biochemical 
Technology Co., Ltd. (Shanghai, China).

Pungent spices

All the 20 pungent spices in Table 1 were purchased from 
Yonghui Supermarket (Beijing, China). Fresh garlic, welsh 
onion, chive, ginger, onion, peppermint, and fieldmint sam-
ples were immediately crushed into mud and store at − 20 
℃ for use. The other 13 samples including white mustard, 
white pepper, litsea, prickly ash, asafoetida, lemongrass, 
villosum, winter leek, greater galanga, long pepper, black 
mustard, chilli and horseradish were placed on the table, 
dried naturally, powdered subsequently, and then the powder 
was finally obtained. Samples (5 g) were added to 15 mL 
of solvent (50% ethanol and 50% ultra-pure water) and 
ultrasonicated at 40 W for 15 min, and then centrifuged at 
10,000 rpm for 10 min at 4 °C. The supernatant was filtered 
through filter paper (No. 4), and the residue was re-extracted 
twice by following the aforementioned steps. Subsequently, 
the supernatant was mixed and diluted to 50 mL to obtain 
test solution I, which was used to detect organic acids and 
5′-nucleotides [9, 10]. Test solution I (2 mL) was added to 
1 mL of sulfosalicylic acid, and then diluted to 5 mL with 
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0.01 M HCl to obtain test solution II, which was used to 
detect free amino acids [9, 10].

Detection conditions

A Thermo U3000 (Thermo Scientific, Waltham, MA, USA) 
ultra-performance liquid chromatography (UPLC) system 
was employed to detect the content of organic acids in the 
samples. The detection conditions were as follows: chro-
matographic column, VenusilMP C18 (4.6 mm × 250 mm, 
5 µm); column temperature, 25 °C; diode array detector; 
detection wavelength, 205 nm; mobile phase, buffer salt I 
(0.01 M KH2PO4, pH 2.8). The mobile phase consisted of 
methanol:buffer salt I (5:95, (v/v)) with equivalent elution. 
The injection volume and flow rate were 20 µL and 1.0 mL/
min, respectively [24].

A Thermo U3000 UPLC system was employed to detect 
the content of 5′-nucleotide in the samples. The detec-
tion conditions were as follows: chromatographic column, 
VenusilMPC18 (4.6 mm × 250 mm, 5 µm); column tem-
perature, 25 °C; diode array detector; detection wavelength, 
254 nm; mobile phase, buffer salt II (0.05 M KH2PO4). The 
mobile phase consisted of methanol:buffer salt II (5:95, 
(v/v)) with equivalent elution. The injection volume and 
flow rate were 20 µL and 1.0 mL/min, respectively.

An Agilent 1260 (Agilent Corp., Karlsruhe, Germany) 
HPLC system was employed to determine the content of free 

amino acid in the samples. The detection conditions were 
as follows: chromatographic column, Venusil Durashell AA 
(4.6 mm × 150 mm, 3 µm); column temperature, 45 °C; UV 
detector; detection wavelengths, 338 and 262 nm; mobile 
phases: mobile phase A (0.03  M Na2HPO4·12H2O and 
0.02 M Na2B4O7·10H2O; pH was adjusted to 8.2) and mobile 
phase B (45% methanol, 45% acetonitrile, and 10% ultrapure 
water); the elution gradient was as follows: 0–6 min 6–10% 
B, 6–8 min 10% B, 8–10 min 10–16% B, 10–23 min 16–40% 
B, 23–30 min 40–50% B, 30–31 min 50–100% B, 31–34 min 
100% B, 35–38 min 6% B; the flow rate, injection volume, 
and detection time were 1.6 mL/min, 20 µL, and 38 min, 
respectively.

Quantitative analysis of the standard curve

The external standard method was used for the quantita-
tive analysis of 5ʹ-nucleotides. The standard curves of the 
5ʹ-nucleotides are presented in Table 2. First, 0.010 g of 
5′-AMP, 5′-IMP, 5′-GMP, and 5′-CMP were weighed and 
subsequently dissolved in ultra-pure water, and then trans-
fer the mixture to a 100 mL capacity bottle to obtain the 
standard reserve solutions with concentrations of 0.100 mg/
mL. Afterward, the standard solutions were diluted to 0.100, 
0.050, 0.020, 0.010, 0.005, 0.002, and 0.001 mg/mL gradi-
ent standard solutions. The standard curve of each flavor 

Table 1   Information of 20 pungent spices

Number Name Moisture content Botanical name Part Place of origin

1 Garlic 64.57 ± 1.63 Allium sativum L. bulb Shandong Province
2 Welsh onion 86.93 ± 2.79 Allium fistulosum L. plant Shandong Province
3 Chive 91.57 ± 0.92 Allium schoenopasum L. leaf Shandong Province
4 White mustard 5.63 ± 0.09 Sinapis alba L. seed Jiangsu Province
5 White pepper 11.04 ± 0.01 Piper nigrum L. fruit Guangxi Province
6 Litsea 7.08 ± 0.04 Litsea pungens Hemsl. fruit Guizhou Province
7 Prickly ash 7.93 ± 0.01 Zanthoxylum bungeanum Maxim. fruit Gansu Province
8 Asafoetida 6.28 ± 0.35 Ferula assa-foetida L. rhizome Xinjiang Province
9 Ginger 9.36 ± 0.01 Gingiber officinale Roscoe. rhizome Guangxi Province
10 Onion 89.05 ± 0.53 Allium cepa L. bulb Shandong Province
11 Lemongrass 5.31 ± 0.02 Cymbopogon citrates (DC.) Stapf. leaf Guangxi Province
12 Villosum 9.62 ± 0.13 Amomum villosum Lour. fruit Guangxi Province
13 Winter leek 6.70 ± 0.12 Allium porrum L. leaf, bulb Jiangsu Province
14 Greater galanga 8.09 ± 0.14 Alpinia galanga (L.) Willd. rhizome Guangxi Province
15 Long pepper 10.03 ± 0.06 Piper longum L. fruit Guangxi Province
16 Black mustard 4.75 ± 0.18 Brassica nigra (L.) W.D.J.Koch. seed India Country
17 Peppermint 8.97 ± 0.25 Mentha × piperita L. leaf, bud Turkey Country
18 Chilli 5.99 ± 0.10 Capsicum frutescens L. fruit Chongqing City
19 Horseradish 3.73 ± 0.11 Armoracia rusticana P.Gaertn.B.Meyei 

et Scherb.
root Shandong Province

20 Fieldmint 87.91 ± 1.07 Mentha arvensis L. leaf, bud Shanghai City
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nucleotide was obtained by plotting its chromatographic 
peak area vs. its concentration.

The external standard method was used for the quantita-
tive analysis of the organic acids. The standard curves of 
the organic acids are depicted in Table 2. Twelve standard 
acids, viz. malic, citric, lactic, succinic, oxalic, pyruvic, tar-
taric, formic, acetic, propionic, ascorbic, and pyroglutamic, 
were dissolved in ultra-pure, and then transfer the mixture 
to a capacity bottle to obtain the standard reserve solutions 
with concentrations of 4 mg/mL. These solutions were sub-
sequently diluted to 2.00, 0.80, 0.40, 0.20, 0.08, 0.02 and 
0.01 mg/mL. The standard curves of the organic acids were 
obtained by plotting the concentrations of the organic acids 
vs. the areas of their chromatographic peaks.

The free amino acids were quantified using the inter-
nal standard method. The standards, solvents for washing 
the needles, and derivative reagents were included in the 
Durashell AA reagent analysis kits. The calibration curves 
were obtained by comparing the amino acid peak areas with 
the norvaline (Nva) and sarcosine (Sar) peak areas of the 
internal standard solution. The concentration of the Cys–Cys 
standard solution was 0.014–0.341 M and those of the other 
amino acids ranged from 0.027 to 0.682 M.

The 20 pungent spices including fresh and dried spices, 
and the moisture content were measured. The content of dry 
weight basis was transformed based on the moisture content 
and the sample weight content. Each sample was conducted 
in triplicate.

Statistical analysis

Statistical analysis of the data was performed using the 
Microsoft Excel and SPSS (version 19.0, SPSS Inc., 

Chicago, IL, USA) software. All data were presented as 
average values ± standard deviations.

Results and analysis

Analysis of free amino acids

Free amino acids play important roles in the growth and 
development of organisms [25, 26] and improve food flavor 
[27, 28]. According to Kim et al. [29], free amino acids can 
be divided into four categories: umami (aspartic acid (Asp), 
glutamic acid (Glu)), sweet (serine (Ser), alanine (Ala), 
glycine (Gly), threonine (Thr)), bitterness (arginine (Arg), 
histidine (His), tyrosine (Tyr), leucine (Leu), valine (Val), 
methionine (Met), isoleucine (Ile), phenylalanine (Phe), 
lysine (Lys), proline (Pro)), and tasteless (cysteine (Cys)).

The proportion of three types of free amino acids 
(umami, sweet, and bitter) in 20 pungent spices were 
shown in Fig. 1 and the content of taste compounds were 
shown in Table 3. The content of bitter free amino acids 
in eight spices were more than 50.0%. The proportion of 
bitter amino acids in litsea (88.7%) was the highest among 
20 pungent spices, followed by horseradish (86.3%) and 
garlic (82.9%). Horseradish has highest content of total 
free amino acids (46.67 g/kg) because of its higher total 
bitter amino acids content (40.26 g/kg), especially with 
the content of Arg (24.84 g/kg). The bitter free amino 
acids are rich in pungent spices, which is similar to strong 
fragrance spices [9] and elegant spices [10]. The propor-
tion of umami free amino acids in 3 spices were more 
than 50%, including white mustard (58.7%), black mus-
tard (67.6%), and peppermint (75.1%). The total content 

Table 2   Standard curves of 
organic acids and nucleotides in 
20 pungent spices

Compounds Standard curve R2 LOD (μg/mL) LOQ (μg/mL)

Malic acid y = 0.100x + 0.052 0.999 0.020 0.050
Citric acid y = 0.067x + 0.079 0.999 0.004 0.006
Lactic acid y = 0.248x + 0.108 0.995 0.001 0.007
Succinic acid y = 0.185x − 0.080 0.997 0.008 0.015
Oxalic acid y = 0.017x − 0.052 0.996 0.001 0.003
Tartaric acid y = 0.058x − 0.142 0.993 0.010 0.033
Formic acid y = 0.066x − 0.272 0.998 0.005 0.016
Acetic acid y = 0.182x − 0.007 0.999 0.005 0.016
Propionic acid y = 0.386x − 3.305 0.996 0.006 0.019
Pyruvic acid y = 0.019x − 0.003 0.998 0.002 0.005
Ascorbic acid y = 0.048x − 0.051 0.994 0.001 0.003
Pyroglutamic acid y = 0.009x − 0.041 0.991 0.002 0.005
5′-AMP y = 0.0091x − 0.0099 0.995 0.020 0.044
5′-IMP y = 0.0061x + 0.0020 0.999 0.050 0.200
5′-GMP y = 0.0074x + 0.0020 0.999 0.090 0.320
5′-CMP y = 0.0082x − 0.0034 0.993 0.060 0.210
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of umami amino acids in peppermint (7.87 g/kg) was the 
highest among 20 pungent spices with the content of Glu 
in 6.45 g/kg. Daniel et al. [30] reported that Glu content 
accounted for 89.0% of the umami components in duck 
sauce with the addition of spices. So we conclude the 
addition of spices contributes to the release of umami 
amino acids from meat. Also, the Asp and Glu are the 
main umami amino acids [31], which contributes to the 
main umami taste of food. Only Asp was detected in all 
20 pungent spices, and onion has the highest Asp con-
tent with 2.56 g/kg, fieldmint has the highest Glu content 
with 2.16 g/kg. The proportion of sweet free amino acids 
in chive (55.1%) was more than 50%. Eight free amino 
acids were widely found in 20 pungent spices. Three free 
amino acids including Ala, Arg, and Val were detected in 
19 pungent spices. Four free amino acids were detected in 
17 pungent spices, including Glu, Ser, Lys, and Pro. 

Analysis of organic acids

The limit of detection and quantification were calculated 
as follows: LOD = 3.3 σ/b and LOQ = 10 σ/b, respectively, 
where σ is the y-intercept standard deviation and b is the 
slope of the linear regression [32]. The obtained LOD and 
LOQ values are summarized in Table 2.

The standard curves of 12 organic acids were shown in 
Table 2. The organic acid contents in 20 pungent spices were 
shown in Table 3. Organic acids appear to play an important 
role in taste. The content of total organic acids in fieldmint 
was the highest (339.58 g/kg) among 20 pungent spices. 
It is reported that organic acids and their sodium salt have 
effects of enhancing flavor, and sodium succinate has an 
excellent umami enhancement [24]. The succinic acid could 
increase the threshold of taste components by 30 times [33]. 
The content of succinic acid in welsh onion (83.53 g/kg) 

Fig. 1   The proportion of three types of free amino acids in 20 pungent spices
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Table 3   The content of free amino acids, 5′-nucleotides, organic acids in 20 pungent spices

Compounds Content (g/kg dry wt)

Garlic Welsh onion Chive White mustard White pepper Litsea Prickly ash

Free amino acids
 Umami
  Asp 1.67 ± 0.08 1.03 ± 0.22 0.84 ± 0.09 0.69 ± 0.00 0.22 ± 0.00 0.06 ± 0.00 1.24 ± 0.00
  Glu 0.17 ± 0.01 nd nd 1.95 ± 0.00 0.12 ± 0.00 nd 0.16 ± 0.00

 Total 1.84 ± 0.08 1.03 ± 0.22 0.84 ± 0.09 2.64 ± 0.00 0.35 ± 0.00 0.06 ± 0.00 1.4 ± 0.00
 Sweetness
  Ser 2.49 ± 0.11 1.26 ± 0.28 1.43 ± 0.06 0.26 ± 0.00 0.07 ± 0.00 nd 0.21 ± 0.00
  Ala 1.16 ± 0.05 2.21 ± 0.18 1.79 ± 0.20 0.59 ± 0.00 0.07 ± 0.00 nd 0.2 ± 0.00
  Gly 0.14 ± 0.01 0.16 ± 0.03 nd 0.04 ± 0.00 nd nd 0.17 ± 0.00
  Thr 0.65 ± 0.03 nd nd 0.07 ± 0.00 0.03 ± 0.00 nd nd

 Total 4.44 ± 0.20 3.63 ± 0.49 3.23 ± 0.26 0.97 ± 0.00 0.17 ± 0.00 nd 0.58 ± 0.00
 Bitterness
  Arg 14.56 ± 0.67 0.79 ± 0.07 0.60 ± 0.01 0.25 ± 0.00 0.10 ± 0.00 nd 2.38 ± 0.00
  His 2.97 ± 0.14 nd nd nd nd 0.06 ± 0.00 0.73 ± 0.00
  Tyr 2.06 ± 0.10 0.39 ± 0.04 0.36 ± 0.02 nd 0.06 ± 0.00 nd 0.02 ± 0.00
  Leu 1.72 ± 0.08 0.47 ± 0.10 0.36 ± 0.02 0.03 ± 0.00 0.19 ± 0.00 0.02 ± 0.00 nd
  Val 1.70 ± 0.08 0.24 ± 0.05 0.24 ± 0.03 0.02 ± 0.00 0.06 ± 0.00 0.02 ± 0.00 0.03 ± 0.00
  Met 0.08 ± 0.00 0.63 ± 0.04 nd 0.34 ± 0.00 0.06 ± 0.00 nd 0.11 ± 0.00
  Ile 0.51 ± 0.02 nd nd 0.04 ± 0.00 nd 0.37 ± 0.00 0.02 ± 0.00
  Phe 1.95 ± 0.09 0.24 ± 0.05 nd 0.10 ± 0.00 0.04 ± 0.00 nd 0.02 ± 0.00
  Lys 2.97 ± 0.14 0.39 ± 0.04 0.24 ± 0.03 0.03 ± 0.00 0.03 ± 0.00 0.03 ± 0.00 0.09 ± 0.00
  Pro 1.87 ± 0.09 1.11 ± 0.04 nd 0.06 ± 0.00 0.08 ± 0.00 nd 4.88 ± 0.00

 Total 30.38 ± 1.4 4.26 ± 0.43 1.79 ± 0.10 0.88 ± 0.00 0.62 ± 0.00 0.51 ± 0.00 8.28 ± 0.00
 Tasteless
  Cys-Cys 0.08 ± 0.00 0.39 ± 0.09 nd nd nd nd 0.09 ± 0.00

 Total free amino acids 36.74 ± 1.32 9.32 ± 1.24 5.86 ± 0.45 4.49 ± 0.00 1.14 ± 0.00 0.57 ± 0.00 10.34 ± 0.00
5′-Nucleotides
 5′-CMP 0.54 ± 0.02 0.08 ± 0.02 0.84 ± 0.09 0.01 ± 0.00 0.22 ± 0.00 0.16 ± 0.00 nd
 5′-GMP 0.23 ± 0.01 nd nd 0.12 ± 0.00 0.29 ± 0.00 nd 0.47 ± 0.00
 5′-IMP 0.20 ± 0.01 0.24 ± 0.05 0.84 ± 0.09 0.36 ± 0.00 0.17 ± 0.00 0.04 ± 0.00 0.14 ± 0.00
 5′-AMP nd nd 2.63 ± 0.29 0.03 ± 0.00 0.04 ± 0.00 0.51 ± 0.00 nd
 Total 5´-nucleotides 0.96 ± 0.04 0.32 ± 0.07 4.30 ± 0.47 0.52 ± 0.00 0.73 ± 0.00 0.71 ± 0.00 0.61 ± 0.00

Organic acids
 Malic acid 25.69 ± 1.18 20.76 ± 4.53 nd 6.36 ± 0.01 nd nd 8.44 ± 0.00
 Citric acid nd 21.95 ± 1.79 nd nd nd nd nd
 Lactic acid 29.23 ± 1.35 42.24 ± 2.22 112.28 ± 12.33 nd 9.94 ± 0.00 5.8 ± 0.00 nd
 Succinic acid nd 83.53 ± 5.24 nd 5.56 ± 0.01 6.92 ± 0.00 5.38 ± 0.00 10.00 ± 0.00
 Oxalic acid 27.19 ± 1.25 10.03 ± 2.19 137.51 ± 15.10 0.59 ± 0.00 nd 4.41 ± 0.00 5.43 ± 0.00
 Tartaric acid nd nd nd 9.13 ± 0.01 nd nd 18.08 ± 0.00
 Formic acid 7.94 ± 0.37 42.79 ± 2.35 nd nd nd nd 1.98 ± 0.00
 Acetic acid nd nd nd 9.82 ± 0.01 5.11 ± 0.00 nd 7.09 ± 0.00
 Propionic acid nd nd nd nd nd nd nd
 Pyruvic acid nd nd nd nd nd nd nd
 Ascorbic acid nd nd nd nd nd nd 10.94 ± 0.00
 Pyroglutamic acid nd nd nd nd nd 2.49 ± 0.00 nd
 Total organic acids 90.05 ± 4.15 221.29 ± 18.33 249.80 ± 27.42 31.47 ± 0.03 21.98 ± 0.00 18.08 ± 0.01 61.96 ± 0.01
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Table 3   (continued)

Compounds Asafoetida Ginger Onion Lemongrass Villosum Winter leek Greater galanga

Free amino acids
 Umami
 Asp 0.23 ± 0.00 0.71 ± 0.00 2.56 ± 0.12 0.15 ± 0.00 0.27 ± 0.00 0.21 ± 0.00 0.91 ± 0.00
 Glu 0.14 ± 0.00 0.38 ± 0.00 0.37 ± 0.02 0.10 ± 0.00 0.18 ± 0.00 0.57 ± 0.00 0.08 ± 0.00
 Total 0.37 ± 0.00 1.08 ± 0.00 2.93 ± 0.14 0.24 ± 0.00 0.44 ± 0.00 0.78 ± 0.00 0.99 ± 0.00
 Sweetness
  Ser 0.05 ± 0.00 0.67 ± 0.00 2.29 ± 0.11 nd 0.11 ± 0.00 0.24 ± 0.00 0.49 ± 0.00
  Ala 0.28 ± 0.00 1.39 ± 0.00 0.46 ± 0.02 0.02 ± 0.00 0.03 ± 0.00 0.94 ± 0.00 0.17 ± 0.00
  Gly 0.11 ± 0.00 0.11 ± 0.00 nd nd nd 0.03 ± 0.00 0.01 ± 0.00
  Thr 0.04 ± 0.00 0.26 ± 0.00 0.64 ± 0.03 nd nd 0.26 ± 0.00 0.02 ± 0.00

 Total 0.48 ± 0.00 2.44 ± 0.00 3.38 ± 0.16 0.02 ± 0.00 0.14 ± 0.00 1.47 ± 0.00 0.70 ± 0.00
 Bitterness
  Arg 0.27 ± 0.00 0.60 ± 0.00 8.96 ± 0.43 0.03 ± 0.00 0.03 ± 0.00 0.38 ± 0.00 0.05 ± 0.00
  His nd 0.11 ± 0.00 0.91 ± 0.04 nd nd nd 0.04 ± 0.00
  Tyr 0.03 ± 0.00 0.30 ± 0.00 0.73 ± 0.04 0.30 ± 0.00 nd 0.13 ± 0.00 0.01 ± 0.00
  Leu 0.05 ± 0.00 0.45 ± 0.00 0.91 ± 0.04 nd 0.02 ± 0.00 0.29 ± 0.00 0.03 ± 0.00
  Val nd 0.41 ± 0.00 0.46 ± 0.02 0.23 ± 0.00 0.01 ± 0.00 0.24 ± 0.00 0.02 ± 0.00
  Met nd 0.18 ± 0.00 0.73 ± 0.04 0.21 ± 0.00 0.10 ± 0.00 0.06 ± 0.00 0.50 ± 0.00
  Ile 0.03 ± 0.00 0.21 ± 0.00 0.18 ± 0.01 nd 0.15 ± 0.00 0.17 ± 0.00 0.01 ± 0.00
  Phe 0.03 ± 0.00 0.22 ± 0.00 0.37 ± 0.02 nd nd 0.15 ± 0.00 0.02 ± 0.00
  Lys 0.05 ± 0.00 0.26 ± 0.00 1.46 ± 0.07 nd nd 0.24 ± 0.00 0.02 ± 0.00
  Pro 0.05 ± 0.00 0.12 ± 0.00 3.20 ± 0.16 0.08 ± 0.00 0.50 ± 0.00 0.14 ± 0.00 0.10 ± 0.00

 Total 0.52 ± 0.00 2.86 ± 0.00 17.93 ± 0.87 0.86 ± 0.00 0.82 ± 0.00 1.79 ± 0.00 0.82 ± 0.00
 Tasteless
  Cys-Cys nd 0.10 ± 0.00 nd nd nd 0.05 ± 0.00 0.28 ± 0.00

 Total free amino acids 1.38 ± 0.00 6.48 ± 0.00 24.24 ± 1.17 1.12 ± 0.00 1.41 ± 0.00 4.09 ± 0.00 2.79 ± 0.00
5′-Nucleotides
 5′-CMP 0.10 ± 0.00 0.04 ± 0.00 nd 0.33 ± 0.00 0.02 ± 0.00 0.18 ± 0.00 0.17 ± 0.00
 5′-GMP 0.14 ± 0.00 0.09 ± 0.00 nd 0.06 ± 0.00 nd nd 0.07 ± 0.00
 5′-IMP 0.12 ± 0.00 0.15 ± 0.00 0.18 ± 0.01 0.11 ± 0.00 0.06 ± 0.00 0.79 ± 0.00 0.07 ± 0.00
 5′-AMP nd 0.50 ± 0.00 nd 0.02 ± 0.00 nd 0.61 ± 0.00 0.07 ± 0.00
 Total 5′-nucleotides 0.35 ± 0.00 0.78 ± 0.00 0.18 ± 0.01 0.52 ± 0.00 0.08 ± 0.00 1.59 ± 0.00 0.37 ± 0.00

Organic acids
 Malic acid nd nd 21.68 ± 1.05 nd 3.25 ± 0.00 21.09 ± 0.03 6.67 ± 0.01
 Citric acid 10.36 ± 0.04 nd nd nd nd nd nd
 Lactic acid nd nd 101.44 ± 4.92 10.22 ± 0.00 nd nd nd
 Succinic acid nd nd 51.22 ± 2.48 10.54 ± 0.00 2.17 ± 0.00 nd nd
 Oxalic acid 0.29 ± 0.00 4.34 ± 0.00 9.15 ± 0.44 5.47 ± 0.00 3.44 ± 0.00 4.35 ± 0.01 4.30 ± 0.01
 Tartaric acid nd 5.83 ± 0.00 nd nd nd nd 0.45 ± 0.00
 Formic acid nd nd 47.56 ± 2.30 nd nd nd nd
 Acetic acid nd 6.77 ± 0.00 nd nd 1.85 ± 0.00 13.69 ± 0.02 5.12 ± 0.01
 Propionic acid nd nd nd nd nd nd 4.54 ± 0.01
 Pyruvic acid nd nd nd nd nd nd nd
 Ascorbic acid nd nd nd nd 0.04 ± 0.00 7.31 ± 0.01 0.70 ± 0.00
 Pyroglutamic acid 0.27 ± 0.00 nd nd nd nd 2.65 ± 0.00 nd
 Total organic acids 10.92 ± 0.04 16.94 ± 0.00 231.05 ± 11.20 26.23 ± 0.01 10.75 ± 0.02 49.09 ± 0.06 21.77 ± 0.03

nd not detected; the content was mean ± standard deviation (n = 3)
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was the highest in 20 pungent spices, followed by onion 
(51.22 g/kg).

Analysis of 5′‑nucleotides

The standard curves of four 5ʹ-nucleotides were shown in 
Table 2. The 5ʹ-nucleotide contents in 20 pungent spices 
were shown in Table 3. The content of 5′- nucleotide was 
more than 1 g/kg, including 5´-AMP in chive (2.63 g/kg) and 
black mustard (1.36 g/kg), 5′-IMP in chilli (1.07 g/kg). The 
5′-GMP content (0.47 g/kg) of prickly ash was the highest 
among 20 pungent spices, which accounted for 77.1% of the 
total 5′-nucleotide content in prickly ash.

Different 5′-nucleotides present different effects on food. 
5′-IMP could increase the saltiness and acidity of products, 
whereas 5′-GMP could improve the smoothness and umami 
taste of products [34]. Mori et al. [35] reported that 5′-IMP 
and 5′-GMP were the main 5′-nucleotides. These findings 
were similar to those reported by Duan et al. [9] Moreover, 
5′-nucleotides could reduce the generation of unpleasant 
flavor during food processing [36]. Therefore, the amount 
of salt could be reduced by adding 5′-IMP and 5′-GMP or 
a mixture of them in food products, which will reduce the 
risk of diseases caused by excessive salt intake [37]. So the 
content of 5′-nucleotides have an important contribution to 
the taste of pungent spices.

Analysis of TAV

TAV is the ratio of the concentration of a flavoring substance 
in a sample (C) to its taste threshold (T).

It is considered that the substances with TAVs > 1 have 
contribution to the flavor of samples. Therefore, the TAV can 
be used to determine the main flavor-producing substances 
of food samples [13, 38].

The TAVs of the 20 spices in this study were shown in 
Table 4. There are fourteen compounds with TAVs > 1 in 
onion, twelve in garlic, eleven in prickly ash and horse-
radish respectively. However, only the TAVs of citric acid 
was greater than 1 in asafoetida and welsh onion. Although 
lactic acid has higher taste threshold (2.6 mg/g), but it has 
TAVs > 1 in 13 pungent spices because of its higher content.

Analysis of the EUC

Because of the synergistic effect of disodium nucleotides 
and sodium glutamate, Tsai et al. [ 39] and Phat et al. [40] 

(1)TAV = C∕T .

used the following formula to calculate the monosodium 
glutamate (MSG) equivalent of spices [27]:

where, ai (g/100 g) and aj (g/100 g) are the concentra-
tion of the flavor amino acids and nucleotides, respectively; 
bi and bj are the relative umami coefficients of the flavor 
amino acids and nucleotides, respectively; the 1218 coeffi-
cient was based on the synergistic constant of their concen-
tration. Using this formula, the taste of a 100 g sample can 
be expressed as an equivalent amount of sodium glutamate.

The flavor intensity of the mixed solution was converted 
into the equivalent MSG concentration, which was used to 
quantify the flavor intensity of the mixed solution [41].

The EUCs value of the 20 spices in this work were shown 
in Fig. 2. The EUCs of 14 pungent spices were more than 1, 
including garlic, chive, white mustard, white pepper, prickly 
ash, ginger, onion, winter leek, long pepper, black mustard, 
peppermint, chilli, horseradish, and fieldmint. The EUCs 
of fieldmint (37.1 g MSG/100 g) was the highest in all 20 
pungent spices, followed by peppermint (24.5 g MSG/100 g) 
and horseradish (18.4 g MSG/100 g). The EUCs of 12 ele-
gant spices were more than 1, and 7 strong fragrance spices 
with EUC > 1 [9, 10]. More than 30% spices had significant 
flavor with the EUC > 1.

Cluster analysis of the 20 pungent spices

Cluster analysis was performed to study the relationship 
between the taste compounds and different spices. The tree 
diagram of the 20 pungent spices was presented in Fig. 3. 
The ordinate is the number of samples, and the abscissa was 
the Euclidean distance, which is the relative distance of each 
category. When the squared Euclidian distance was 10–25, 
the 20 pungent spices in this work were classified into two 
categories: fieldmint and the other 19 spices, which have 
high reliability. It is similar to the cluster analysis result of 
29 elegant spices and 18 strong fragrance spices [9, 10]. 
When the squared Euclidian distance was > 25, the spices 
were in one category according to cluster analysis of the 
EUC in 3 spices.

Conclusion

The taste compounds including free amino acids, 5′-nucle-
otides and organic acids were determined by HPLC in 20 
pungent spices. According to the cluster analysis of EUC, 
the 20 pungent spices were divided into 2 categories. The 

(2)
EUC (gMSG∕l00 g) = Σai × bi + 1218

(

Σai × bi
)(

Σaj × bj
)

.
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fieldmint was one category, and the other 19 spices were 
another category. It means that the 20 pungent spices have 
similar umami taste. The total free amino acids of horse-
radish (46.67 g/kg) were significantly higher than other 19 
spices. Bitterness amino acids have higher content in 20 
pungent spices, especially in litsea (88.7%), horseradish 

(86.3%) and garlic (82.9%). The total content of organic 
acids (339.58 g/kg) in fieldmint was significantly higher 
than other 19 spices. 5′-IMP and 5′-GMP as the main 
umami 5′-nucleotides, have highest content in chilli (5′-
IMP) and prickly ash (5′-GMP).
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Fig. 2   The EUC of 20 pungent spices
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