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利用GC-IMS分析不同核桃品种

叶片中挥发性物质的指纹差异
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摘 要：【目的】探索不同核桃品种叶片的挥发性有机物特征，比较各核桃叶片之间的差异，构建不同种核桃叶片的挥

发性有机物气味指纹图谱。【方法】采用气相色谱-离子迁移谱技术（gas chromatography ion mobility spectrometry GC-

IMS）分析美国东部黑核桃、美国比尔黑核桃、温185、新新2、纸皮、美国红核桃、紫金和山核桃等8个核桃品种叶片气

味指纹图谱，利用主成分分析法（principal component analysis，PCA），分析其挥发性物质（volatile organic compounds，

VOCs）气味指纹图谱差异。【结果】8个核桃品种叶片中含有的挥发性有机物主要包括萜烯类、酯类、醛类、醇类和少量

酮类等物质。不同属及不同品种核桃叶片中的挥发性有机物差异很大，温185、新新2、纸皮、紫金、美国红核桃的亲缘

关系较近，属于胡桃属；美国东部黑核桃和美国比尔黑核桃作为黑核桃品种资源，属于核桃属；山核桃为山核桃属，与

其他核桃叶片区分开。在胡桃属中甲硫醚和β-石竹烯等的含量在温185中高于其他核桃叶片；乙酸异戊酯含量在新

新2中高于其他核桃叶片；乙偶姻含量在美国红核桃叶中高于其他核桃叶片，可以用于区分温185、新新2、纸皮和美国

红核桃；其中两种美国黑核桃叶片中的挥发性有机物比较相似，但庚醛含量在美国东部黑核桃叶片中高于美国比尔黑

核桃叶片；可以将核桃属内两种美国黑核桃叶片区分开。丙醇含量在山核桃叶片中高于其他属。【结论】美国东部黑核

桃、美国比尔黑核桃、温185、新新2、纸皮、美国红核桃、紫金和山核桃虽都为核桃，但他们的挥发性有机物所呈现的指

纹图谱差异明显。通过PCA和指纹图谱分析，可很好地区分8个不同核桃品种的差异。
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Abstract:【Objective】To explore the volatile organic characteristics of different walnut varieties, the

experiment was undertaken to compare the differences among the walnut leaves, and construct a vola-

tile organic odor fingerprint pattern for different kinds of walnut leaves.【Methods】Gas chromatogra-

phy Mobility Technology (Gas chromatography Mobility Spectrometrygc- IMS) was used to analyze

Black walnut of the eastern United States, American Bill black walnut, Wen 185, Xinxin 2, leatheroid

walnut, American Red walnut, Zijin walnut and Carya, etc. Eight walnut leaf odor fingerprints, using

the main component analysis method (PCA), were systematically analyzed based on the three-dimen-

sional and two-dimensional map of the walnut leaves, and the volatiles (Volatile Organic Compounds,

VOCS) odor fingerprint pattern differences were compared. Gas chromatography- Ionmobility Spec-

trometrygc- IMS is a detection technology that combines both gas chromatography and ion migration



，等：叶片中挥发性物质的指纹差异第11期

spectra. This detection technique overcomes the limitations of ion migration spectrum technology sepa-

ration degree, so that ion migration spectral signal response after the quality of the gas phase pre-separa-

tion is significantly improved, and the ion migration spectrum is further enriched by the drift time infor-

mation, which makes the chemical information obtained after the gas chromatography is more abun-

dant. Ion migration spectrum (IMS) has recently been an effective analytical testing tool, with high sen-

sitivity, rapid response, easy operation, etc., attracting extensive attention to researchers in different

fields. IMS can detect multi-compound compounds, including alcohols, aldehydes, aromatic, amines, es-

ters, ketones, etc., typically in combination with other detection methods, like gas chromatography or

mass spectrometry. It not only increases the selectivity of IMS, but also make up for the shortcomings

of poor IMS separation. In the IMS field, gas chromatography-ion migration spectrum (Gas chromatog-

raphy Mobility Spectrometry GC- IMS) is the most commonly used technique. It has applications in

drug monitoring, hazardous chemical testing, respiratory analysis, biological analysis, and food testing.

GC- IMS is widely used in the food sector. It can achieve research on food traceability, authenticity,

quality grading, and flavor consistency. And it can also be applied in the trace analysis of the drug resi-

due, classifying food level and origin and test food adulteration fake. GC-IMS has multiple advantages

compared to traditional analytical techniques, and the application is increasing.【Results】The volatile

organic compounds contained in eight varieties of walnut leaves mainly included substances such as ter-

pene, esters, aldehydes, alcohols, and small ketones. Volatile organic matter in different genus and dif-

ferent kinds of walnut leaves was very large, Wen 185, Xinxin 2, leatheroid walnut, Zijin walnut, Ameri-

can Red walnut were relatively close, belonged to the pecan; Black walnut of the eastern United States

and American Bill black walnuts as black walnut variety resources belonged to the walnut; Carya were

the pecans and other walnut leaves. The contents of Metolane and β- stone benne ether in the walnut

were much higher than the other walnut leaves; the content of isoamate in the Xinxin 2 was much high-

er than the other walnut leaves; the group was married in the American Red walnut. The content of wal-

nut leaves was much higher than other walnut leaves, which can be used in the district Wen 185, Xinxin

2, leatheroid walnut and American Red Walnut; two of the volatile organics were found in black walnut

leaves, but hepthal was in the black walnut in the United States. The content in the black walnut of east-

ern United States leaves was much higher than that in the American Bill black walnut nuclear leaf blan-

ket; two American black walnut leaves can be distinguished from the two US black walnut leaves. The

content of propanol in the Carya blades was much higher than that in others.【Conclusion】American

Bill black walnut, Wen 185, Xinxin 2, leatheroid walnut, American Red walnut, Zijin walnut and Carya

were all pecans, but their 8 volatile organic matters referred to different fingerprints. The difference in

the pattern was obvious. Through PCA and fingerprint analysis, it was very good to distinguish among

eight different varieties of walnuts. The later studies should also choose Black walnut of the eastern

United States, American Bill black walnut, Wen 185, Xinxin 2, leatheroid walnut, American Red Wal-

nut, Zijin walnut, Carya, etc. Eight walnut leaves samples, using gas chromatography- ion Mobilized

spectrum (GC-IMS) technology, were studied to determine different kinds of volatile organic smell of

volatile organic matter released during different growth periods, and the three-dimensional and two-di-

mensional map and PCA analysis of the walnut leaves were systematically analyzed, by comparing the

main components of volatile organics at different periods, the difference in the relative content, the ef-

fective utilization of walnut leaf volatile organic matter and the late extraction of the volatile organic

substance in the walnut blade, which was a walnut blade resource. Experiments showed that the walnut

leaf extract has developed a new type of pollution-free plant growth regulator and seed germination ac-

celerator, which is used in agricultural production and aerial sowing afforestation. Walnut extracts have

anti- parasforma and aversion, and gas chromatography- ion mobility spectrum (GC- IMS) technology
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核桃属于被子植物门双子叶植物纲胡桃科植

物，乔木落叶果树，是世界四大干果（扁桃、核桃、开

心果及榛子）之一[1]。核桃在新疆种植面积达 40.13

万hm2，且资源丰富，目前研究多集中在品种选育和

栽培管理等方面，药学研究则仅涉及根或果皮或叶

的粗提物抗肿瘤活性研究[2-5]。核桃的枝、叶、根皮、

外果皮、坚果内隔及果仁可入药，对疾病疗效很

高[6]。核桃叶片中含有多种营养物质，如除含有维

生素B、C、D、E及胡萝卜素外，还含有丰富的核桃

醌、黄酮等生物活性物质，核桃叶片提取物对油脂的

氧化有一定的抑制作用[7]。核桃叶片取材容易，价

格便宜，对环境无污染，目前对核桃叶片挥发性有机

物气味方面的研究还较少。对核桃叶片的挥发性化

合物的传统检测方法最常用的是气相色谱-质谱联

（GC-MS）法[8]，但其耗时长、灵敏性低[9]。气相色谱-

离子迁移谱（GC-IMS）是一种用于分析样品中挥发

性化合物的检测方法，GC-IMS首先利用气相色谱

对样品进行预分离，然后通过 IMS检测器进行挥发

性组分的分析，该方法具有简单、快速、灵敏且对检

测样品无损的优点，目前已成功应用于食品、生物和

水产气味分析、品质检测等多个领域[9]。目前利用

GC-IMS技术对核桃叶片挥发性有机物成分气味的

研究还鲜有报道。

笔者以 8个不同品种的核桃叶片为试验材料，

利用GC-IMS技术采集其气味指纹，采用主成分分

析法分析不同核桃品种叶片的挥发性物质气味指纹

图谱差异，以可视化的形式展示不同品种核桃叶片

的特征挥发性成分，旨在为核桃叶片的挥发性气味

及有机物成分研究提供参考数据。

1 材料和方法

1.1 材料

试验样品采集于新疆佳木果树学国家长期科

研基地（新疆温宿佳木镇），收集 8个核桃品种树上

的叶片为实验材料，具体品种见表 1。实验地土质

壤砂土，土壤 pH为 8.2，肥力中等、管理良好、光照

充足。采样树龄为 9 a，株行距为 4 m×6 m，生长健

壮、无病虫害。于 2020 年 6 月 30 日采摘相同部位

且采摘的叶片完整，每个树种选 3 株样树，树形为

开心形，从核桃树的东、西、南、北四个方位进行收

集，每个采样点随机取叶片 20枚，每品种采样共 80

枚叶片，样品采摘大小相似。收集的叶片进行筛

选，去除灰尘及其他杂质。按照样本编号进行称

重，后分别按照样本号进行标注，立即进行液氮处

理后磨样。

表 1 核桃叶片样品

Table 1 Walnut leaf samples

序号 Serial number

1

2

3

4

5

6

7

8

品种 Variety

温185
Wen 185

新新2
Xinxin 2

纸皮核桃

Leatheroid

美国红核桃

American Red walnut

紫金核桃

Zijin walnut

山核桃

Carya

美国东部黑核桃

Black walnut of eastern United States

美国比尔黑核桃

American Bill black walnut

1.2 GC-IMS测定条件

1.2.1 顶空进样条件 顶空孵化温度：60 ℃；孵化

时间：20 min；加热方式：振荡加热；顶空进样针温

度：85 ℃；进样量：1000 μL，不分流模式；载气：高

纯氮气（纯度>99.999%，清洗进样针）；清洗时间：

0.50 min。

1.2.2 GC条件 色谱柱温度：60℃；运行时间：50 min；

载气：高纯N2；流速：初始5.0 mL·min-1，保持10 min

后在5 min内线性增至150 mL·min-1。漂移管长度：

5 cm；管内线性电压：400 V·cm-1。

1.2.3 IMS条件 漂移管温度：40 ℃；漂移气（高纯

N2）；流速：150 mL·min-1；IMS探测器温度：45 ℃。

每个品种取 20枚核桃叶片，取 5.0 g样品，放入

20.0 mL顶空进样瓶中 45 ℃孵化 15.0 min，经顶空

can be used to rapidly identify and extract volatile organics as a mosquito repellent, and of course, this

is also a valuable resource.

Key words: Walnut leaves; Gas chromatographyion mobility spectrometry GC-IMS; Principal compo-

nent analysis; Odor fingerprints; Volatile substances

1932
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进样用 FlavourSpec®风味分析仪进行测试，每个品

种设置 3个平行样品，经分析可给出样品中挥发性

有机物的差异谱图；软件内置的NIST数据库和 IMS

数据库可对物质进行定性分析。

1.3 数据分析

使用仪器配套的分析软件VOCal，用于查看分

析谱图和数据的定性定量，应用软件内置的NIST数

据库和 IMS 数据库可对物质进行定性分析。Re-

porter插件直接对比样品之间的谱图差异（三维谱

图、二维俯视图和差异谱图）；运用Gallery Plot插件

指纹图谱对比，直观且定量地比较不同样品之间的

挥发性有机物差异；运用Dynamic PCA插件进行动

态主成分分析，将样品聚类分析，以及快速确定未知

样品挥发物质的种类。

2 结果与分析

2.1 不同品种核桃叶片挥发性物质差异对比

图 1 为采用 GC-IMS 仪器 LAV 分析软件中的

Reporter插件程序生成的不同品种核桃叶片样品挥

发性成分三维对比图，由图 1可知，GC-IMS技术可

以很好地分离核桃叶片挥发性组分，且不同品种核

桃叶片样品中挥发性成分种类差异较大。图 2 为

GC-IMS分析不同品种核桃叶片样品的二维谱图，

二维GC-IMS谱图更加直观、易于阅读，可以准确地

提供一幅关于芳香化合物信息特征和强度的全面图

像，对深入的统计分析非常有用。

由图2可知，8个品种核桃叶片样品挥发性成分

可以通过GC-IMS技术得到较好的分离检测，挥发

性有机物种类差异很大，其含量也存在较大差异，如

图2中两种美国黑核桃叶片中的挥发性有机物比较

相似，标注的红色区域内挥发性物质在温185、新新

2和纸皮中含量较多，而在美国东部黑核桃和美国

比尔黑核桃中含量相对少；黄色区域内的挥发性物

质含量在美国东部黑核桃和美国比尔黑核桃中相对

较高，而在温 185、新新2、纸皮、美国红核桃、紫金和

山核桃中很低。

为了更加准确地观察这种差异，可采用差异对

比模式，选取其中一个样品的谱图（温185和美国东

部黑核桃）作为参比，其他样品的谱图扣减参比。如

果二者挥发性有机物一致，则扣减后的背景为白色，

而红色代表该物质的浓度高于参比，蓝色代表该物

质的浓度低于参比。如图3所示差异图中更容易看

出不同品种核桃叶片中挥发性有机物的差异，其中

温185、新新2、纸皮中的挥发性有机物较为相似，而

美国东部黑核桃和美国比尔黑核桃中的挥发性有机

物较相似。

1、2、3、4、5、6、7 和 8 代表核桃样品温 185、新新 2、纸皮、美国红核桃、紫金、山核桃、美国东部黑核桃和美国比尔黑核桃；GC-IMS 产生的数

据为三维数据，X，Y，Z 轴分别表示漂移时间、保留时间，峰强度，1 个峰代表 1 种挥发性物质。

1, 2, 3, 4, 5, 6, 7 and 8 in the figure represent walnut samples Wen 185, Xinxin 2, leatheroid, American Red walnut, Zijin walnut, carya, Black wal-

nut of the eastern United States, American Bill black walnut; The data generated by GC-IMS is data generated by the 3D data GC-IMS as 3D data, X,

Y, Z axis represents drift time, respectively,Retention time,Peak intensity,1 peak represents 1 volatile substance.

图 1 8 个品种核桃叶中挥发性有机物的 GC-IMS 三维谱图

Fig. 1 GC-IMS three-dimensional spectra of volatile organic compounds in eight varieties of walnut leaves

峰强度

Peak intensity/V

保留时间

Retention time/s

漂移时间

Drift time/ms

Z
Y

X
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2.2 不同品种核桃叶片挥发性物质气味指纹图谱

图4为不同品种核桃叶片的VOCs指纹图谱，从

图中可以看出每种样品的完整挥发性有机物信息以

及样品之间挥发性有机物的差异。将8种采集的挥

发性有机物指纹图谱划分成 4个不同颜色区域，不

同品种核桃叶片中的挥发性有机物差异很大，图 4

红框中的物质在一种核桃叶中的含量高于其他核桃

叶片，如甲硫醚和 β-石竹烯等在温 185叶片中的含

量高于其他核桃叶片；乙酸异戊酯等在新新 2叶片

中的含量高于其他核桃叶片；乙偶姻等在美国红核

桃叶片中的含量高于其他核桃叶片；丙醇在山核桃

叶片中的含量高于其他核桃叶片；庚醛在美国东部

黑核桃叶片中的含量高于其他核桃叶片。

图 4黄框中的物质，包括芳樟醇、麦芽酚、3-甲

基-1-戊醇、异丁醛和3-甲基丁醛等在温185、新新2、

纸皮中的含量远高于美国红核桃、紫金、山核桃、美

国东部黑核桃和美国比尔黑核桃；图 4橙框中的物

质在两种美国黑核桃叶片中的含量高于温 185、新

新2、纸皮、美国红核桃、紫金和山核桃，包括丙酸乙

酯和异丁酸乙酯等。

图 4绿框中的物质在 4-6种核桃叶片中的含量

高于其他核桃叶片，如顺-3-己烯-1-醇、反-3-己烯-1-

醇、6-甲基-5-庚烯-2-酮、反-2-己烯醛和反-2-戊烯醛

在温 185、新新 2、纸皮叶片以及美国红核桃叶片中

的含量高于紫金、山核桃和美国东部黑核桃和美国

比尔黑核桃叶片；罗勒烯、α-蒎烯、柠檬烯、β-蒎烯等

萜烯类物质和2-甲基丁醛、己醛的含量在温185、新

新2、纸皮叶片以及美国红核桃叶片、紫金叶片中的

含量较高，而在两种美国黑核桃叶片以及山核桃叶

片中的含量较低。而3-戊酮和1,8-桉树脑在两种美

国黑核桃叶片中的含量低于温185、新新2、纸皮、美

国红核桃、紫金和山核桃。

横坐标 1.0 处红色竖线为 RIP 峰（反应离子峰，经归一化处理），RIP 峰两侧的 1 个点代表 1 种挥发性有机物，以点的颜色和面积表示挥发

性成分量大小，点的颜色越深、面积越大表示该物质含量越高，白色表示浓度较低，红色表示浓度较高，颜色越深表示浓度越高。

Longitudinal coordinate represents the retention time of gas chromatography, The abscissa represents the ion migration time, The red vertical line

at abscissa 1.0 is the RIP peak (reaction ion peak, normalized), 1 point on both sides of the RIP peak represents 1 volatile organic matter, The color

and area of the point indicates the size of the volatile component, the deeper the color of the point, the higher the area, the higher the material content,

the white representation is low, the red represents high, the deeper color is deeper, the higher the concentration.

图 2 核桃叶片气相离子迁移谱

Fig. 2 Gas phase ion mobility spectrum of walnut leaves
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