
简介

在亚洲，人参属植物（又称作人参）的根

用作草药已有超过2000年的历史，传说

其具有各种各样有益于健康的功效，包括

（但不仅限于）抗氧化、抗癌、抗炎症、

抗糖尿病、抗高血压的作用。追溯人参的

药理活性化合物是皂苷。虽然皂苷潜在的

使用配备PDA检测器
的PerkinElmer Flexar 
FX-15系统检测
人参根中的皂苷

应 用 文 章

作用基里尚未完全阐明，但其作用类似于类固醇激素。人参的品种数目繁

多，每个品种都有其自身特定的皂苷。实际上已经有超过40种的皂苷单体

被鉴定。皂苷是一个多样组的甾体皂苷，该甾体皂苷由四个环状甾体及糖

基构成（图1），该结构的皂苷被认为是人参属植物中独有的，且以较高的

浓度存在于根部。皂苷有两个主要的基团：一个主要基团是，人参二醇基

团或者Rb1基团包括Rb1,Rb2,Rc,Rd,Rg3,Rh2和Rh3；另一个主要基团是人参

二醇基团或者Rg基团包括Rg1,Re,Rf,Rg2和Rh1。
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图1 皂苷的分子结构
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Qualitative and quantitative analytical techniques for the 
analysis of ginsenosides are in demand to ensure quality 
control in ginseng root processing, as well as for the study 
of their metabolism and bioavailability. This application note 
presents a robust liquid chromatography method to simul-
taneously test seven ginsenosides. Method conditions and 
performance data including precision, accuracy and linearity 
are presented. The method is applied to a panax ginseng 
(Korean Ginseng) root capsules and the types of ginsen-
osides are confirmed. 

Ginsenoside R3 R2 R1

Rb1 group -O-Glc(2-1)Glc -H -O-Glc(6-1)Glc

Rg1 group -OH -O-Glc -O-Glc

Glc Glucopyranoside (b-D-Glucose). 
Subscripts indicate the carbon in the glucose rings linking 
the two carbohydrates.

Experimental

Seven stock standard solutions of each ginsenoside at  
1 mg/mL concentration were prepared by dilution with 
70:30 methanol/water (diluent), followed by one minute  
vortex. A working standard of 0.14 mg/mL was prepared  
by mixing together 0.5 mL of each of the stock solution.

Precision was evaluated with eight injections of the working 
standard. Linearity was determined across a range of 7 µg/
mL to 140 µg/mL. To assess the accuracy of the method, 
purified water was spiked with the working standard to 
obtain a solution with 7 µg/mL ginsenosides. About 3 g of 
a panax ginseng powder from a popular brand capsules was 
transferred into 50 mL volumetric flask, 30 mL of diluent 
was added followed by about a minute vortexing and 30 min. 
sonication. The solution was then centrifuged at 5000 RPM 
for 10 min. and the supernatant was collected and set aside. 
15 mL of diluent was added in the remaining precipitate  
followed by vortexing, sonication and centrifugation similar 
to that described above. This latter supernatant was collected 

Figure 1.  Molecular structure of ginsenosides.

and added to the first collected supernatant in a 50 mL 
volumetric flask; the solution was brought volume with  
diluent, mixed well and filtered with a 0.2 µm nylon  
membrane prior to testing.

A PerkinElmer® Flexar™ FX-15 UHPLC system fitted with a 
Flexar FX PDA photodiode array detector served as a platform 
for this experiment. The separation was achieved using 
a PerkinElmer Brownlee SPP C-18, 50 x 2.1 mm, 2.7 µm 
(superficially porous particles) column.

Table 1.  Detailed UHPLC system and chromatographic  
conditions.

Autosampler: Flexar FX UHPLC

Setting:  50 µL loop and 15 µL needle volume, partial  
 loop mode

 350 µL mixer volume; injector wash and  
 carrier: water

Injection: 2 µL  

PDA Detector: Scanned from 190-400 nm, recording setting  
 203 nm

UHPLC Column: PerkinElmer Brownlee SPP C-18, 50 x  
 2.1 mm, 2.7 µm (superficially porous  
 particles) at 45 °C, Part No. N9308402 

Mobile Phase: A: water 

 B: acetonitrile

 Time Flow rate B % Curve 
 (min) (mL/min)

 2.5 0.4 30-35 1

 3.5 0.4 35-50 1

 3 minutes equilibration after each run

 (HPLC grade solvent and ACS grade reagent)

Sampling Rate: 5 pt/s

Software: Chromera® Version 3.0

Results and Discussion

The optimal flow rate of this method was determined to  
be 0.4 mL/min. at 45 °C, the pressure stabilized around 
5150 PSI (355 bar) and all the peaks eluted within six  
minutes. A representative chromatogram of the standards 
solution and the Korean ginseng tested are in Figure 2 and 3.  
Excellent method performance was achieved: the linearity  
of the analysis had a R-squared of not less than 0.997 for 
each ginsenoside and a precision (relative standard deviation 
%RSD) with values ranging from 0.6% to1.2%. The spiked 
purified water tested had an average recovery of 99.9% with 
values ranging from 91.2% to108.0% (Figure 4). Details of 
the method performance and results of the panax ginseng 
and spiked sample tested are presented in Table 2. 

皂苷定性、定量的分析技术需要确保人参根前处理程

序的质量控制，以及其新陈代谢及生物药效的研究。

本应用文献介绍了一种同时测定七种皂苷的高效液相

色谱法，文章介绍了方法的操作条件及性能数据，包

括精密度、准确度、线性。该方法可应用于人参（高

丽参）根胶囊及各种类型的皂苷鉴定。

试验

分别称取7中皂苷单体的标准物质适量，70:30的甲醇/

水溶液（稀释溶液）溶解，涡旋1min，从而制备皂苷

的标准储备溶液，各皂苷单体的浓度均为1mg/mL。分

别移取7种皂苷单体的标准储备溶液各0.5m L，混匀，

制备浓度为0.14mg/mL的工作标准。

工作标准连续进样8次以评估精密度。线性范围为7µg/

mL-140µg/mL。为了评价方法的准确度，在纯水中加

入适量的工作标准制备各皂苷单体浓度均为7µg/mL的

溶液，测定回收率。从一种著名品牌的胶囊中取大约

3g的人参粉末转移至50mL的容量瓶中，加入30mL的

稀释溶液，涡旋1min后超声30min，然后5000rpm离

心10min，收集上层的离心溶液待用。继续在沉淀物

中加入15mL的稀释溶液，重复上述涡旋、超声、离心

的步骤。收集第二次的上层离心溶液与第一次的上层

离心溶液合并于50mL的容量瓶中，稀释溶液定容至刻

度，充分混匀，进样之前用0.2µm尼龙滤膜过滤。

一台配有Flexar FX PDA光电二极管阵列检测器的

PerkinElmer® Flexar™ FX-15 UHPLC为本实验的检测

设备，使用PE Brownlee SPP C-18, 50 x 2.1 mm, 2.7 

μm（表面多孔颗粒）的色谱柱进行分离。

结果与讨论

该方法的测定最佳流速为0.4mL/min，45℃平衡压力

为5150psi(355bar)，6min钟内所有的色谱峰流出色谱

柱。皂苷标准溶液及高丽参的测定色谱图见图2和图3

所示。方法获得优越的性能：每种皂苷的线性相关系

数的平方（R2）不小于0.997，精密度（相对标准偏差

RSD%）范围从0.6%至1.2%。纯水的加标回收率范围

从91.2%-108.0%，平均值为99.9%（图4）。详细的

方法性能、人参样品测定结果和加标样品的测定结果

见表2所示。

表1 ＵＨＰＬＣ系统及色谱条件

自动进样器 Flexar FX UHPLC 
设置 ５０µＬ采用环和１５µＬ进样针，局部循环模式

 ３５０µＬ混合器体积；进样器清洗：水 
进样体积 ２µＬ 
ＰＤＡ检测器 扫描范围１９０－４００ｎｍ，记录设置为 

 ２０３ｎｍ 

UHPLC色谱柱 PE Brownlee SPP C-18, 50 x 2.1 mm, 2.7 μm 

 （表面多孔颗粒）

 柱温45℃，部件号：Ｎ９３０８４０２ 
流动相 Ａ：水　　

 Ｂ：乙腈

        时间　            流速　           Ｂ％　　curve　

   （ｍｉｎ） （ｍＬ／ｍｉｎ）　　　　

          2.5                 0.4                   30-35               1

          3.5                 0.4                   35-50                1

   每个梯度运行完成，平衡3min

  （HPLC级的溶剂和ACS级的试剂） 
采样率：  5pt/s 

software:  Chromera® Version 3.0



Table 2. Precision, linearity, accuracy and samples.

    Korean 7 ppm 
Com- %RSD r2 Range Ginseng Spiked  
pound n = 8  (µg/mL)  (mg/g) Water 

Rg1 0.9 0.9997 7 - 140 13 97.5

Rf 0.6 0.9971 7 - 140 1 91.2

Rg2 1.2 0.9983 7 - 140 1 98.7

Rb1 1.1 1 7 - 140 10 102.1

Rc 1.2 0.9994 7 - 140 10 100.3

Rb2 1.0 0.9996 7 - 140 7 101.4

Rd 1.2 0.9997 7 - 140 4 108.0

Avg/Tot. 1.0/NA 0.9988/NA NA NA/46 99.9/NA

NA = Not Applicable

Conclusion

The seven ginsenosides were well resolved within six minutes. 
The method was shown to be linear with R-squared ≥ 0.997, 
precise with %RSD ≤1.2 and accurate with a recovery  
averaging 99.9%. The Korean ginseng capsule tested has  
46 mg/g of ginsenosides. PerkinElmer’s Flexar FX PDA detector  
provides rugged and accurate detection over a range of  
190 nm to 700 nm, encompassing UV and visible wave-
lengths. PerkinElmer’s Chromera software offers many data 
acquisition and processing features: spectral library creation, 
and peak purity, spectra 3-D and contour maps, which are 
powerful tools that give insight to the information content  
of a 3-D photodiode array chromatogram. The spectra 
library search function allowed the storage of standard 
peaks spectra that could later be used for peak identification 
confirmation in the sample.
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Figure 2.  Chromatogram from the analysis of a standard. 

Figure 3. Chromatogram from the analyses of panax ginseng.

Figure 4.  Chromatogram from the analyses of 7 ppm ginsenosides in water.
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结论

7种皂苷在6min内被很好的分离，方法的线性相关

系数R2≥ 0.997，精密度RSD%≤1.2%，回收率的

平均值为99.9%。高丽参的皂苷测定结果为46mg/

mL。Flexar FX PDA检测器能够稳定和准确的测定的波长

范围是190nm-700nm,包含紫外及可见光的波长。PE的

Chromera软件提供了多种数据采集和处理的功能，包括

创建谱库，峰纯度，三维谱图和等高线图，该软件是一

款解析三维光电二级管阵列色谱信息强有力的工具。谱

库搜索功能允许储存标准色谱峰，以用于后续实际样品

中峰的鉴定、确认。
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表2 精密度，线性，准确度和样品测定含量

化合物 RSD% r2  范围 高丽参 7ppm 

 （n=8）  （µg/mL） （mg/g） 水加标

Rg1 0.9 0.9997 7-140 13 97.5 

Rf  0.6 0.9971 7-140  1 91.2 

Rg2 1.2 0.9983  7-140  1  98.7 

Rb1 1.1  1 7-140 10 102.1 

Rc 1.2 0.9994 7-140 10 100.3 

Rb1 1.0 0.9996 7-140 7 101.4 

Rd 1.2 0.9997  7-140 4  108.0 

Avg/Tot.   1.0/NA  0.9988/NA NA  NA/46 99.9/NA 

NA=不适用图2 皂苷工作标准的分析色谱图

图3 人参样品的分析色谱图

图4 7ppm皂苷水溶液的分析色谱图

注：本应用文献如有更改，恕不另行通知。
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