
芥末是一种常见的调味品，被很多文学和烹饪借用

来提高用餐感受。它源于芥末种子，可以用作干香

料，粉料，或将干香料与水、醋或其他液体混合后

用作酱。磨碎的种子与液体混合后的酶反应产生了

异硫氰酸酯（ITCs），由此带来了芥末独特的辛辣

味道。本应用文献通过带捕集阱顶空气相色谱质谱

联用仪（GC/MS）对ITCs进行鉴定，并对不同芥末

产品的辛辣味原因进行定性描述。

带捕集阱顶空
Clarus SQ 8 GC/MS
分析芥末的
风味物质
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Results

The total ion chromatogram obtained from French and 
British mustard samples are given in Figure 1. These intensity 
locked spectra demonstrated the higher level of ITCs present  
in British mustard as indicated by the larger peaks for allyl 
isothiocyanate (RT = 21.00 min) and 4-isothiocyanato-1- 
butene (RT = 24.28 min). This difference is indicative of the 
sharp verses smooth taste between British and French mustard. 

The large presence of ITCs shown in Figure 1 is contrasted 
with the total ion chromatogram obtained from ground 
mustard seed given in Figure 2. In general ground mustard 
seed lacks volatile flavor compounds because the enzymatic 
activation with liquid has not been performed. Figure 3 
demonstrates this activation with a comparison between dry 
British mustard powder and a reconstituted sample. In these 
labeled total ion chromatograms the intensity scales are 
locked between the spectrum and it is clear that activation 
with water has drastically increased ITC level in the recon-
stituted paste. The component identities were established 
by performing mass spectral library searches with the best 
match presented here. Peaks labeled with a single asterisk 
indicate detector overloading while peaks labeled with a 
double asterisk indicate inconclusive compound identification 
due to structural similarities.

Method

The experimental conditions for this analysis are given in 
Tables 1 to 4. The vials used are the standard 22-mL vials 
with aluminum crimped caps with PTFE lined silicon septa.

Table 1.  GC Conditions.

Gas Chromatograph Clarus® 680

Column 60 m x 0.25 mm x 1.0 µm Elite-5MS

Oven 35 °C for 5 min, then 6 °C/min to 245 °C

Injector Programmable Split Splitless (PSS),  
 180 °C, Split OFF 

Carrier Gas Helium at 2.0 mL/min  
 (28.6 psig initial pressure), HS Mode ON

Table 2.  HS Trap Conditions.

Headspace System TurboMatrix™ 110 HS Trap

Vial Equilibration 80 °C for 20 minutes

Needle 120 °C

Transfer Line 140 °C, long, 0.25 mm i.d. fused silica

Carrier Gas Helium at 31 psig

Dry Purge 7 min

Trap CarboPack C, 25 °C to 260 °C, hold for 7 min

Extraction Cycles 1 @ 40 PSI

Table 3.  MS Conditions.

Mass Spectrometer Clarus® SQ 8S

Scan Range 35 to 350 Daltons

Scan Time 0.1 s

Interscan Delay 0.06 s

Source Temp 180 °C

Inlet Line temp 200 °C

Multiplier 1700V

Table 4.  Sample Details.

Sample Sample Weight (g)

Mustard Seed (ground) 0.50

British Mustard Powder (dry) 0.50

British Mustard Powder (reconstituted)* 1.00

British Mustard 1.00

French Mustard 1.00

*reconstituted per manufacturer instructions

Figure 1.  Full total ion chromatogram obtained from French (top) and British 
(bottom) mustards. 
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方法

该方法的分析条件见表1-4所示。样品瓶使用标准的

22mL顶空瓶，配有铝压瓶盖及PTFE隔垫。

结果

采集法国和英国两种芥末样品的总离子流色谱图见图

1。由目标化合物的谱峰强度发现，英国芥末中烯丙

基异硫氰酸酯（RT=21.00min）和4-异硫氰酸-1-丁烯

（RT=24.28）的峰强度高，由此可知英国芥末含有更

高的ITCs。这个差别也说明了英国和法国芥末分别辛

辣和温和的不同味道。

将显示有大量ITCs的图1和芥末粉的总离子色谱图的

图2作对比，芥末粉中没有挥发性的风味化合物，因

为没有与液体混合就未能发生酶反应。通过芥末干

粉和芥末混合制品的对比说明酶反应的作用，见图3

所示。在标记的总离子色谱图中，目标峰的强度清楚

地表明：在混合酱内，由于水的作用，ITC的含量大

大提高了。通过质谱谱库检索，提供匹配率最好的化

合物作为组分物质。用单星号标记的峰表示检测器过

载，用双星号标记的峰表示结构类似，无法鉴定。

表1 GC条件

气相色谱仪 Clarus® 680 

色谱柱 60 m x 0.25 mm x 1.0 μm Elite-5MS
炉温 35℃保持5min, 6℃/min到245℃

进样器 程序升温分流不分流 (PSS),

 180 °C, Split OFF
载气 He，2.0mL/min

 28.6psi柱前压，HS Mode ON

表2 带捕集阱顶空条件

顶空系统 TurboMatrix™ 110 HS Trap

样品瓶平衡 80℃保持20min
针温度 120℃

传输线 140 °C, 长，内径0.25mm，熔融石英

载气 He，31psi柱前压

干吹时间 7min
捕集阱 CarboPack C,25℃到260℃，保持7min
提取循环次数 1 @ 40 PSI

表3 质谱条件

质谱仪器 Clarus® SQ 8S

扫描范围 35至350Dltons
扫描时间 0.1s
扫描间隔延迟 0.06s
离子源温度 180℃

传输线温度 200℃

倍增电压 1700v

表4 样品信息

样品名称     样品称重（g）

Mustard Seed (ground)   0.50

British Mustard Powder (dry)    0.50

British Mustard Powder (reconstituted)*  1.00

British Mustard     1.00

French Mustard                          1.00

图1 英国（下）与法国（上）芥末的总离子流色谱图
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Conclusions

This system provides a very simple and convenient way of 
characterizing the volatile flavor components of mustard 
based products. A rapid comparison between production 
samples may be made to monitor the enzymatic activation 
process and help producers arrive at the correct sharpness 
in taste. The combination of HS Trap with GC/MS allows for 
component detection at low-level concentration combined 
with the mass spectral compound identification.

Figure 2.  Full Total Ion Chromatogram obtained from mustard seed sample.

Figure 3.  Full total ion chromatogram obtained from British mustard powder 
(bottom) and reconstituted British mustard powder (top).
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结论

该应用文献提供了一种非常简单和方便的方法来确

定芥末产品里的挥发性风味成分。通过产品间的快

速对比可用于监控酶反应过程，并帮助生产商达到

合适的辛辣味道。结合带捕集阱顶空和GC/MS可进

行相关化合物低浓度测定及质谱鉴定。

图2 芥末种子的总离子流色谱图

Conclusions

This system provides a very simple and convenient way of 
characterizing the volatile flavor components of mustard 
based products. A rapid comparison between production 
samples may be made to monitor the enzymatic activation 
process and help producers arrive at the correct sharpness 
in taste. The combination of HS Trap with GC/MS allows for 
component detection at low-level concentration combined 
with the mass spectral compound identification.

Figure 2.  Full Total Ion Chromatogram obtained from mustard seed sample.

Figure 3.  Full total ion chromatogram obtained from British mustard powder 
(bottom) and reconstituted British mustard powder (top).
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图3 英国的芥末粉（下）和再生英国芥末粉（上）总离子流色谱图




