
简介

食品添加剂是天然或人工合成的添加进食品、

饮料和医药制品中的一类物质，该类物质是为

了杀菌、防腐和调味。在这些常用的添加剂

中，苯甲酸及其盐类物质被广泛的用作饮料和

食物的防腐剂。在热量意识很强的现在社会，

人工合成的甜味剂被广泛的用作代糖物质，它

们的摄入不会产生热量，且可以帮助抵制肥胖

及相关疾病。
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在许多国家，添加剂的使用是被监管的。在美国，虽然FDA已经建立了各添加剂

的最大摄入量（ADI），绝大多数的添加剂仍然是一般公认安全（GRAS）的组

成部分。，为了有助于消费者做出饮食选择和控制食物过敏，食品企业生产的

各种产品的标签被要求标明其中每个组份的种类及含量，这都需要分析技术来

鉴定和定量分析添加剂。

本应用文献提供了一种快速、耐用的高效液相色谱仪同时测定九种广泛使用添

加剂的方法。测定的九种添加剂为：防腐剂（苯甲酸，山梨酸，脱氢乙酸，对

羟基苯甲酸甲酯），人工合成甜味剂（醋磺内酯钾，糖精，阿巴斯甜），调味

剂（奎宁）和一种兴奋剂（咖啡因）。本应用文献提供了方法条件和性能参数

包括精密度、准确度和线性关系，该方法可应用于漱口水和苏打水中添加剂类

型和含量的确定。
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试验

用水稀释后，经过1min涡旋，5min超声，制备得到浓度为

1mg/mL的九种添加剂的储备溶液。移取九种添加剂储备

溶液各1mL于10mL的容量瓶中，用水稀释至刻度，充分混

匀后制备得到0.1mg/mL的工作标准溶液。

精密度试验根据运行5次工作溶液的结果计算得到，线性

测定范围为2.5-100mg/mL，通过在纯水中加入工作标准溶

液，使各添加剂的浓度为0.005 mg/mL，进行加标回收试

验计算方法准确度。用水作为稀释剂，制备浓度约为0.25g/

mL的大众的漱口水和0.5g/mL的苏打水作为试验的样品。

样品在进样之前经过充分混匀，0.2μm尼龙膜过滤。

该实验使用配有Flexar FX PDA（二极管阵列检测器）的

PerkinElmer® Flexar™ FX-15 UHPLC系统进行分析。使

用50 x 2.1 mm，2.7um（表面多孔颗粒）的PerkinElmer 

Brownlee SPP C-18色谱柱进行分离。

结果和讨论

优化的流动相流速为0.4mL/min，柱温为45°C，平衡压力

为5500PSI，所有的化合物在7min之内全部流出色谱柱。

在运行样品之前，先进一针工作标准溶液，以确定各个峰

的最大测定波长和波长优化设置（见图1,2）。大众的漱口

水样品测定色谱图见图3所示。获得了优越的方法性能：每

一种添加剂测定的线性关系r2不小于0.997，精密度的相对

标准偏差（%RSD）测定范围为：0.47%至1.37%，平均值是

0.84%。纯水加标回收率的范围是91.3%至108.7%，平均

值是97.1%。详细的方法性能测定结果及样品测定结果见

表2所示。

虽然高效液相色谱常规是通过保留时间来鉴定色谱峰，但

是Chromera软件具有收集和储存光谱的功能（图4），该

软件通过将色谱峰的光谱与数据库中储存的光谱进行匹

配来鉴定化合物。Chromera软件的该功能另外增加了分

析的信心水平，因为相同的相对保留时间，其成分并不一

定相同。确认苏打水样品中含有阿巴斯甜和奎宁见图5所

示，在该谱图中，色谱峰顶端的光谱与储存在数据库中的

光谱进行匹配，当匹配完成后，相应陪陪的化合物名称就

出现在色谱峰的上，以进行化合物的鉴定确认。
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Results And Discussion

The optimal flow rate of this method was determined to 
be 0.4 mL/min. at 45 °C and the pressure stabilized around 
5500 PSI. All the peaks eluted within seven minutes. Prior 
to running the samples, from one injection of the working 
standard solution, the maximum wavelength of each peak 
was determined and the wavelength setting was optimized 
(see Figure 1, 2). The chromatogram of a popular mouth-
wash tested is presented in Figure 3. Excellent method  
performance was achieved: the linearity of the analysis 
shows a R-squared of not less than 0.997 for each additive, 
and a precision relative standard deviation (%RSD) average 
of 0.84% with values ranging from 0.47% to 1.37%. The 
spiked purified water tested has an average recovery of 97.1% 
with value ranging from 91.3% to 108.7%. Details of the 
method performance and results of the samples tested are 
presented in Table 2. 

Although in liquid chromatography peak identification is 
usually based on the retention time, Chromera’s ability to 
collect and store spectra (Figure 4) offers another way of 
identification by matching any peak spectrum to spectra 
stored in its library. This feature of Chromera adds another 
level of confidence in the analysis as the same relative  
retention time does not necessarily mean the components 
are the same. Confirmation of the presence of aspartame 
and quinine in the tonic soda sample is shown in Figure 5. 
In that figure, spectra at the peak apexes are compared to 
the spectra stored in the library. When a match is made, the 
name of the matching spectrum appears on each peak in 
question, confirming its identity.

Figure 1.  Chromatogram from the analyses of the standard solution with the 
maximum absorbance for each peak.

Experimental

Nine stock standard solutions of each additive at 1 mg/mL 
concentration were prepared by dilution with water,  
followed by one minute vortex and five minutes sonication. 
A working standard of 0.1 mg/mL was prepared by transferring 
one mL of each of the stock solution into 10 mL volumetric 
flask. The solution was brought to volume with water and 
mixed well.

Precision was evaluated with five injections of the working 
standard. Linearity was determined across a range of 2.5 – 
100 µg/mL. To assess accuracy, purified water was spiked 
with the working standard to obtain a 0.005 mg/mL  
solution. About 0.25 g/mL of a popular mouthwash and  
0.5 g/mL of a tonic soda was prepared by dilution with 
water. The solutions were thoroughly mixed 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 particle) 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 

 Injection: 2 µL; injector wash and carrier:  
 water

PDA Detector: Scanned from 190 – 400 nm, recording  
 setting 214 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: 20 mM sodium acetate in water adjusted  
 to pH 4.57 with acetic acid 

 B: acetonitrile

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

 6 0.4 5-30 1

 1 0.4 40 1

  3 minutes equilibration after each run  
 (HPLC grade solvent and ACS grade reagent)

Sampling Rate: 5 pts/s

Software: Chromera® Version 3.0

表1 ＵＨＰＬＣ系统及色谱条件

自动进样器 Flexar FX UHPLC 

设置 ５０µＬ定量环和１５µＬ进样针，部分定量环

 ３５０µＬ混合器

 进样体积： ２µＬ；进样针清洗：水

PDA检测器     扫描范围190-700nm，记录214nm  

UHPLC色谱柱   PE Brownlee SPP C18, 50 x2.1mm, 2.7 μm  
 （表面多孔颗粒）

               部件号：N9308402  柱温45 °C 

流动相         A：20mM的醋酸钠的水溶液，醋酸调节  
 PH4.57

 B: 乙腈

 时间（min）    流速（mL/min）   B%     曲线

            6                            0.4                 5-30        1

            1                            0.4                  40           1

 每次运行完成后平衡3min

               HPLC 级试剂和ACS级试剂 

采样率：     5pt/s  

software:      Chromera® Version 3.0 

图1 标准溶液的分析色谱图中每个峰的最大吸收值



Table 1. Precision, linearity, accuracy and samples.

   Range Mouthwash Tonic Soda Spiked 
Compound %RSD r2 (µg/mL) (mg/12 oz) (mg/12 oz) Recovery %

Acesulfame K 1.33 0.9997 2.5 – 100 ND ND 108.7

Saccharine 0.88 0.9999 2.5 – 100 151 ND 94.1

Benzoic Acid 1.12 1 5.0 – 100 177 ND 93.1

Caffeine 0.57 0.9994 2.5 – 100 ND ND 97.0

Sorbic Acid 0.80 0.9991 2.5 – 100 ND ND 94.6

Aspartame  1.14 0.9965 5.0 – 100 ND 117 94.9

Dehydroacetic Acid 0.76 0.9994 5.0 – 100 ND ND 99.5

Methylparaben 0.54 0.9999 2.5 – 100 ND ND 100.3

Quinine 0.47 0.9967 5.0 – 100 ND 69 91.3

Average 0.85 0.9990 NA NA NA 97.1

ND = None detected              NA = Not applicable
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Figure 2.  Chromatogram from the analysis of the standard 
solution.

Figure 3.  Chromatogram from the analyses of a popular 
mouthwash.

Figure 4.  Spectra of the additives from the standard solution analysis.
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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（µg/mL） 漱口水(mg/12 oz)  苏打水(mg/12 oz) 加标回收率%

醋磺内酯钾   1.33    0.9997   2.5 -100            ND               ND           108.7

糖精         0.88   0.9999   2.5 -100            151                ND          94.1

苯甲酸      1.12       1    2.5-100             177                ND            93.1

咖啡因     0.57   0.9994   2.5-100             ND              ND    97.0

山梨酸       0.80    0.9991   2.5-100             ND               ND            94.6

阿巴斯甜     1.14   0.9965   2.5-100             ND           117           94.9

脱氢乙酸    0.76    0.9994  2.5-100     ND               ND            99.5

对羟基苯甲酸甲酯  0.54  0.9999  2.5-100        ND               ND           100.3

奎宁        0.47   0.9967   2.5-100             ND               69           91.3

平均值      0.85    0.9990     NA                NA          NA               97.1

ND=没有检测 NA=不适用

图2 标准溶液的分析色谱图 图3 大众的漱口水样品的分析色谱图

图4 标准添加剂溶液的光谱图
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Conclusion

The application of UHPLC to the analysis of nine additives 
resolves the nine components’ peak within seven minutes. 
The method was shown to be linear with r² ≥0.997, precise 
with %RSD ≤1.33; and accurate with an average recovery  
of 97.1%. The mouthwash tested is sweetened with 151 mg/ 
12 oz saccharine and has 178 mg/12 oz of benzoic acid. The 
tonic soda is sweetened with 117 mg/12 oz of aspartame 
and has 69 mg/12 oz of benzoic acid. PerkinElemer’s Flexar FX 
PDA detector provides rugged and accurate detection over a 
range of 190 nm to 700 nm, encompassing UV and visible 
wavelengths. 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 were later used for peak identification 
confirmation in the samples.

Figure 5.  Peak identification in the tonic soda sample using Chromera spectral library.
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结论

应用UHPLC分析九种添加剂，在7min之内解决了其分离。该

方法的线性关系r2≥0.997，精密度%RSD≤1.33，准确度的加

标回收率平均值为97.1%。漱口水样品测定结果是甜味剂糖

精的含量为151mg/12 oz，苯甲酸的含量为178mg/12 oz。

苏打水样品中含有甜味剂阿巴斯甜117 mg/12 oz和苯甲酸

69 mg/12 oz。

PerkinElemer的Flexar FX PDA 检测器能够准确的测

定波长范围为190nm至700nm，包括紫外和可见的波

长。PerkinElemer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。

图5 利用Chromera软件光谱数据库进行苏打水样品的峰鉴定
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