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 ABSTRACT 
This study aimed at detecting synthesized colorants in sports drink to ensure 
the health of consumers. Synthesized colorants which are unbeneficial to 
human body in commonly seen sports drinks were taken as research 
subjects; detection and analysis method was used. First, the study discussed 
over the current research status using literature data method, expert 
interview method, interdisciplinarity method and experimental method. Then 
the pre-processed sports drink was detected using high pressure liquid 
chromatography (HPLC) and ultra-high pressure liquid chromatography 
(UPLC). Finally, the results obtained by detection based on HPLC and 
UPLC were compared and analyzed. Research results demonstrated that, the 
value of the linear correlation coefficient R for the detection of the pre-
processed sports drink samples using HPLC was between 0.9906 and 
0.9995, and the average recycling rate was between 80.5% and 97.1%. The 
linear correlation coefficient R for the detection of the pre-processed sports 
drink samples using UPLC was between 0.9909 and 0.9999, and the average 
recycling rate was between 71.3% and 113.5%. Compared to HPLC, UPLC 
was more sensitive. UPLC makes up the blank of multi-group detection of 
colorants and provides a technical support for the detection of colorants in 
sports drink. 

 
1. Introduction 

Food additives is a kind of material that can 
improve the color, favor and taste of food. The 
synthesized colorant, one kind of food 
additives, is able to control the color change of 
food and drink. Revision on the National food 
safety standard-standards for uses of food 
additives (GB 2760�2011) (Wang et al., 2011) 
includes 11 water-soluble artificially 
synthesized colorants (Liao et al., 2012; Cong 
et al., 2015) including quinoline yellow, 
brilliant blue, lemon yellow, sunset yellow, 
acid red, amaranth, new red, carmine, allura 
red, indigo blue and erythrosine. There are only 
5 international standards for water-soluble 
artificially synthesized colorants in the current 
stage in China; besides, the components which 
require detection account for a small proportion 
and only cover a small part of foods in China. 

Globally, many countries pay much 
attention to the application of colorants in food 

and drink. In 1960, American parliament 
passed Federal Food, Drug, and Cosmetic 
(FD&C) Act (Casadevall et al., 2014), 
emphasizing the importance of isolating 
colorants for management. The regulation 
claims that, colorants used in food, drugs and 
cosmetics must be approved by the Food and 
Drug Administration of America before 
entering into the market and samples of every 
batch produced by domestic or foreign 
producers should be strictly inspected for 
purification to confirm whether the colorants 
satisfy relevant limit standard. The European 
Union released 89/107/EEC which was related 
to food colorants (Türküler Isiksel, 2010). 
94/36/EC which was proposed to normalize the 
use of food colorants gave a definition of 
colorants, and moreover the appendix exhibited 
the lists of colorants which were licensed to be 
used, forbidden to be used, limited to be used in 
usage and can be used in a moderate amount. 
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China also proposed the Edible Synthesized 
Dye Management Method (Wedge, 2013) in 
1960 to temporarily monitor the application of 
food colorants in China. GBN 50-1977 The 
Applied Sanitary Standard of Food Additives 
(Sato, 2010) was formulated and put into trial 
use from 1973 to 1977. In 1980, Revision on 
the National Food Safety Standard-Standards 
for Uses of Food additives (GB 2760�2011) 
was released; afterwards, it was supplemented 
and amended for several times. Currently, GB 
2760-2014 The Applied Sanitary Standards of 
Food Additives is taken as the national 
standard, and moreover the synthesized 
colorants allowed for use, the ones allowed for 
use within a limited quantity and those allowed 
for use in food according to the production 
needs. 

Artificially synthesized coloring matters 
refer to organic coloring matters prepared using 
artificial chemical synthesis method. Most of 
the synthesized coloring matters that are 
allowed to be used globally are water-soluble 
coloring matters (Dupuy and Stéphanie, 2014). 
But the recent studies suggested that, nearly all 
the synthesized coloring matters could not 
provide human body with nutritional 
substances and some of them might even 
threaten the health of human body for its 
carcinogenicity (Verhagen et al., 2011; Boobis 
et al., 2013). In this study, synthesized 
colorants in sports drink were detected using 
high pressure liquid chromatography (HPLC) 
and ultra-high pressure liquid chromatography 
(UPLC). This work provides relevant 
departments with a reference and some 
suggestions in the aspect of the detection of 
synthesized colorants. 

 
2. Study of detection methods for artificially 
synthesized colorants in sports drink 

The intake of artificially synthesized 
colorants can block the absorption of vitamins, 
which can thereby damage nervous system and 
induce a series of symptoms such as the 
absence of mind. Moreover, artificially 
synthesized colorants are not easy to be 

oxidized and eliminated when accumulating in 
human body. Some colorants can affect liver 
functions as well and they will combine with 
target cells in human body to form tumor cells 
after decomposition. Therefore, the detection of 
colorants in sports drink is especially 
important. 
 
2.1. Referable instrument method  

With the development of science and 
technology, more and more novel instruments 
and methods have been developed. The 
detection methods of artificially synthesized 
coloring in sports drink include HPLC (Svec 
and Frechet, 2012), high-performance liquid 
chromatography-mass spectrometry 
(HPLC/ES-MS) (Vicente et al., 2015), 
electrochemical analysis method (Mattsson, 
2015), capillary electrophoresis, fluorescence 
analytical method (Gostishchev et al., 2012), 
thin-layer chromatography and polyamide 
adsorption method. In this study, HPLC, 
HPLC-EC-MS, electrochemical analysis 
method and fluorescence analytical method 
were used. 

 HPLC adopts a novel infusion pump 
including a high-sensitive detector and a high 
efficiency particle stationary phase. It operates 
to elute and isolate solutes with different 
absorption capacity and molecular size through 
their multiple exchanges between stationary 
phase and moving phase. Combining the 
advantages of both HPLC and MS, HPLC/ES-
MS not only has the high efficient isolation 
ability of liquid chromatography, but also can 
provide structural information like MS. 
Electrochemical analysis method is applied for 
analyzing the electrochemical properties of 
substances in solution which is also usually 
used for isolating and identifying substances 
such as protein, nucleic acid and amino acid. 
Fluorescence analytical method is established 
based on different absorption wavelengths of 
substances under electromagnetic radiation. It 
is featured by high sensitivity, less sampling 
volume and convenient use, but there are many 
interference factors. 



Chen. Carpathian Journal of Food Science and Technology 2016, 8(3), 175-183 
 

 

177 
 

2.2. Referable pre-processing method 
Through looking up relevant literature data 

and interviewing experts, we found that, the 
preprocessing of sports drink before experiment 
was in certain relationship with the detection of 
some physiological indexes. In this study, the 
adopted methods included polyamide 
absorption method, liquid-liquid extraction 
method, direct sample introduction method, 
microwave assisted extraction method and solid 
phase extraction. 

Polyamide absorption method completes 
the extraction of coloring matters through 
optimizing the dose of polyamide adsorbent, 
apparatus and eluent. Liquid-liquid extraction 
method purifies the samples by making use of 
the characteristic that the detected components 
and impurities are incompatible. Though it is 
easy to be operated, poor repeatability, low 
recycling rate and emulsification can frequently 
occur. Direct sample introduction method 
simplifies the complex preprocessing process, 
which can significantly improve working 
efficiency (Tokita et al., 2014) and save cost, 
and moreover, more microelements which are 
difficult to be detected can be detected using 
the method (Gomes, et al., 2015). Microwave 

assisted extraction method is featured by short 
extraction time, high extraction precision, high 
extraction efficacy and small dose of 
extractants. When solid phase extraction is 
used, substances in detected samples which 
have influence on target chemical are isolated 
effectively using non-liquid adsorbing agents at 
first and then the absorption of target chemical 
is relieved using eluent. The method can isolate 
target chemicals effectively (Behbahani et al., 
2013). 
 
2.3. Sample processing and condition 
optimization 

Before HPLC and UPLC, the samples were 
pre-processed according to the national 
standard (Chang et al., 2013). The samples 
were scanned when the detection wavelength of 
HPLC was set as 500 nm and 20 mmol of 
ammonium acetate solution (A), acetonitrile 
(B) and methyl alcohol (C) were taken as flow 
phase and when the detection wavelength of 
UPLC was set as 260, 312, 300, 400, 427, 500, 
540 and 634 nm respectively and 20 mmol of 
ammonium acetate solution (A) and methyl 
alcohol (B) were taken as flow phase. The set 
of elution procedures are shown in Table 1. 

 
Table 1.  Gradient elution procedures 

  HPLC UPLC 

Time 
Flow speed 

mL/min 

A 
Ammonium 
acetate (%) 

B 
Acetonitrile 

(%) 

C 
Methyl alcohol 

(%) 

A Ammonium 
acetate 

(%) 

B 
Methyl alcohol 

(%) 
0 1 90 0 10 90 10 
8 1 75 6 24 75 25 

11 1 70 5 25 70 30 
13 1 43 0 57 68 32 
30 1 38 4 59 55 45 
38 1 18 2 80 0 80 
42 1 18 2 80 0 100 
50 1 90 0 10 90 10 

 
2.4. Two liquid chromatography methods 
2.4.1 The detection of colorants using UPLC 

The working principle of HPLC (Nugroho, 
2011) is basically the same with that of general 
traditional detection methods; its characteristic 
lies on the application of infusion pump with 
relatively large pressure. In this study, the 

commonly seen sports drinks were taken as 
research subjects; five kinds of colorants, i.e., 
acid orange 10, acid red 1, acid red 14, acid 
black 1 and acid yellow 2 were detected using 
HPLC. 
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2.4.2 The detection of colorants using HPLC 
Compared to HPLC, UPLC (Hung et al., 

2011) can analyze compounds which are finite 
or exist in complex matrix, thus to achieve 
better isolation effect; the isolation of 
substances which is difficult to be realized 
using high performance liquid chromatograph 
in short time can be realized using ultra-high 
performance liquid chromatograph; besides, 
UPLC improves resolution and sensitivity, 
shortens time taken for analysis, reduces the 
dose of solvent and lowers analysis cost, which 
can effectively save cost and realize the 
optimization of time benefit. 
 
3. Results and discussions 
 
3.1. Chromatogram of HPLC and UPLC 

The subjects of this study were all polar 
substances which are soluble in water or methyl 
alcohol. Therefore, reversed-phase 
chromatography was selected for separation 
and detection. A spectrogram was obtained 
based on the above chromatographic 
conditions, as shown in Figure 1. 
 

 
Figure 1.  High performance liquid 

chromatograph of samples 
 
As shown in Figure 1, 1 represents acid 

orange 10, 2 represents acid red 1, 3 represents 
acid red 14, 4 represents acid black 1, and 5 
represents acid orange 2. 

 

 
Figure 2. Ultra-high performance liquid 

chromatograph of samples 
 
As shown in Figure 2, 1 represents acid 

yellow 23, 2 represents acid red 18, 3 
represents acid purple 7, 4 represents acid 
orange 10, 5 represents acid red 35, 6 
represents acid red 14, 7 represents acid green 
5, 8 represents acid red 73, 9 represents acid 
black 1, and 10 represents acid orange 7. The 
experimental results demonstrated that, UPLC 
was applicable to the quantitative and 
qualitative detection and analysis of drink as it 
could detect multiple kinds of colorants. 

 
3.2. Detection limit and linear range of 
colorants 

HPLC: Five kinds of colorants were diluted 
into 5.0 mg/L, 10 mg/L and 100.0 mg/mL 
respectively using methanol solution. Then a 
coordinate was established, taking mass 
concentration (mg/ml) as the horizontal 
coordinate and peak area as the vertical 
coordinate. A standard curve was drawn after 
relevant data were substituted; then the linear 
regression equation was calculated. The 
correlation coefficients and detection items are 
shown in Table 2. 
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Table 2. Linear regression equations, correlation coefficients and detection limits of five kinds of 
colorants 

Colorants 
Linear range 

(mg/L) 
Linear equation 

Correlation 
coefficient 

Detection limit (mg/kg) 

Acid orange 10 5~100 
y=19.7785x-

3.6885 
0.99995 0.016 

Acid red 1 5~100 
y=14.3568x-

8.6271 
0.99988 0.016 

Acid red 14 5~100 
y=18.8842x-

12.1968 
0.99995 0.061 

Acid black 1 5~100 
y=12.6795x-

21.9655 
0.99982 0.007 

Acid yellow 2 5~100 
y=41.5095x-

9.8566 
0.99996 0.092 

 
UPLC: Ten kinds of colorants were diluted 

into 5.0 mg/L, 10 mg/L, 20 mg/L, 40 mg/L and 
80 mg/L respectively using methanol solution. 
A coordinate was established, taking mass 
concentration (mg/mL) as the horizontal 

coordinate and peak area as the vertical 
coordinate. A standard curve was drawn after 
relevant data were substituted. The results are 
shown in Table 3. 

 
 
Table 3. Linear regression equations, correlation coefficients and detection limits of 10 kinds of 

colorants 
Colorants Linear range (mg/L) Linear equation Correlation coefficient R 

Acid yellow 23 5~50 y=25.0556x+33.2477 0.99096 
Acid red 18 5~50 y=11.8875x-17.0491 0.99468 

Acid purple 7 5~50 y=21.0102x-2.7975 0.99993 
Acid orange 10 5~50 y=19.2741x-6.3333 0.99973 

Acid red 35 5~50 y=5.51136x-2.0595 0.99952 
Acid red 14 5~50 y=18.9478x-4.9321 0.99951 
Acid green 5 5~50 y=68.1438x-2.4865 0.99968 
Acid red 73 5~50 y=28.0635x+3.8665 0.99963 
Acid black 1 5~50 y=20.3515x-32.1906 0.99536 

Acid orange 7 5~50 y=39.2795x+2.4155 0.99983 
 
3.3. Preciseness and recovery test 

To test the preciseness of HPLC, mixed 
standard solutions made of five kinds of 
colorants (0.05, 0.1 and 0.2 mg/L) were added 
into blank drink samples respectively. The 
detection was performed according to the test 
method. After six times of parallel detection, 
the average value was calculated. The results 
are shown in Table 4. Results demonstrated 
that, the average recovery rates were larger 
than 83.5% and the relative standard deviations 
(RSD) were smaller than 1.55%, suggesting 

HPLC was accurate and reliable. Seven kinds 
of acid industrial dyes were extracted using 
alkalescence solvent. The experimental results 
demonstrated that, the recovery rate was high. 
Besides, a detection and analysis method which 
could be used for detecting seven kinds of acid 
industrial dyes in functional drink, i.e., HPLC, 
was set up. The method was simple, high-
efficient and highly sensitive and moreover the 
RSD and recovery rate satisfied the 
requirements of relevant departments. 
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Table 4: The preciseness of adding standard recovery rate of HPLC 

Component 
Adding standard 
matter amount 

(mg/L) 

Measured 
value (mg/L) 

Relative 
standard 

deviation (%) 
Recovery rate (%) 

0.05 0.0416 0.33 83.6 
0.1 0.0806 1.58 80.4 Acid orange 10 
0.2 0.1733 0.26 86.6 
0.05 0.0405 0.45 81.3 
0.1 0.0829 0.27 82.6 Acid red 1 
0.2 0.1765 0.99 88.1 
0.05 0.0415 0.32 82.6 
0.1 0.0918 0.58 91.5 Acid red 14 
0.2 0.1964 0.40 98.3 
0.05 0.0407 0.52 81.1 
0.1 0.0901 1.25 89.8 Acid black 1 
0.2 0.1914 0.33 95.7 
0.05 0.0416 1.03 83.3 
0.1 0.0903 0.41 90.3 Acid orange 2 
0.2 0.1925 0.30 96.1 

 
In the process of new product development, 

effects of the concentration of organic solvent, 
the category of buffer solution, the 
concentration of buffer salt, the acid value of 
flow phase, controlled temperature and the PH 
value of flow phase on products should be paid 
attention to. 

In UPLC test, mixed standard solutions 
made of five kinds of colorants (5.0, 10.0 and 
20.0 mg/L) were added into blank drink 
samples respectively. Parallel detection was 
performed for 6 times. The results are shown in 
Table 5. 
 

Table 5. The preciseness of adding standard recovery rate of UPLC 

Component 
Adding standard 
matter amount 

(mg/L) 

Measured 
value (mg/L) 

Relative standard 
deviation (%) 

Recovery rate (%) 

5 5.24 3.26 106.5 
10 10.19 3.42 101.9 Acid yellow 23 
20 22.76 0.89 113.6 
5 4.88 1.86 102.5 
10 10.87 1.92 108.6 Acid red 18 
20 19.75 1.51 98.8 
5 5.026 1.72 100.5 
10 10.4 1.51 100.1 Acid purple 7 
20 19.72 1.45 98.6 
5 4.88 2.24 97.5 
10 9.88 2.36 98.6 Acid orange 10 
20 19.16 4.01 95.8 
5 5.01 2.09 100.2 Acid red 35 
10 10.68 2.55 106.8 
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20 19.58 3.77 98.0 
5 4.73 3.38 94.3 
10 9.75 1.59 97.5 Acid red 14 
20 17.51 5.18 87.6 
5 4.41 1.99 87.9 
10 9.43 1.02 94.3 Acid green 5 
20 17.42 4.42 87.2 
5 4.88 1.71 97.5 
10 9.91 1.38 98.8 Acid red 73 
20 19.56 3.62 97.8 
5 5.06 2.06 100.9 
10 10.55 7.51 105.2 Acid black 1 
20 20.81 1.05 103.8 
5 4.33 2.66 96.5 
10 9.39 0.82 93.9 Acid orange 7 
20 19.16 1.32 95.8 

 
Results demonstrated that, the average 

recovery rates were larger than 89.8% and the 
RSD was between 1.50% and 3.58% (n = 4), 
suggesting UPLC was accurate and reliable. 
With the assistance of ultrasonic wave, 10 
kinds of acid industrial colorants were 
extracted. Through optimization, the detection 
of sports drink became simpler. Compared to 
HPLC, UPLC is featured by simple operation, 
high efficacy, high sensitivity, high recovery 
rate and good repeatability, which provides 
relevant departments with a technical support 
in the aspect of the detection of sports drink. 
 

4. Conclusions 
In this study, HPLC and UPLC were 

applied to detect and analyze the artificially 
synthesized colorants in sports drink. The 
research results suggested that, the number of 
categories of synthesized colorants detected out 
by UPLC was more than that by HPLC; 
detecting colorants with UPLC was more 
sensitive than HPLC; moreover, the average 
recovery rate of samples detected by UPLC 
was larger. Thus, it can be concluded that, 
UPLC is more suitable for the detection and 
analysis of artificially synthesized colorants in 
sports drink. UPLC makes up the deficiency of 
colorant detection and provides relevant 
departments with a technical support in the 

aspect of colorants detection in sports drink, 
which can ensure the personal safety interest of 
consumers. 
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