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The present objective is to detect three food colourants (FCs) viz. Sunset Yellow, Tartrazine and Allura Red in the 
commonly consumed beverages and foods with the help of spectrophotometric analysis. Moreover, water and ethanol 
reference indicated that yellow coloured soft drink containing Tartrazine and orange coloured energy drink containing 
Sunset Yellow have similar absorbance (290 and 479 nm). Pinkish red coloured energy drink and fruit juice containing 
Allura Red (510 and 505 nm) have similar absorbance (300 nm) for both solvent, same absorbance for deep yellow coloured 
food as powder form containing Tartrazine (300 nm), grey coloured and light brown dry food containing Allura red (310 and 
300 nm), yellow and light-yellow coloured soft drinks containing Tartrazine has similar absorbance (440 and 470 nm) for 
both solvents. The mixture of synthetic dye, deep red coloured containing Tartrazine, Sunset Yellow and Allura red shows 
absorbance at 480 nm. In conclusion, the concentration of these three FCs is easily detected through time-of-flight mass 
spectrometric analysis, which could be suitable measurement to detect the presence of dyes in the food products prior to 
quantitative assessment for food industry. 
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Introduction 
To date, major attentions have been concerned to 

evaluate the food colourants (FCs) as synthetic dyes 
in foods, beverages and drugs1-3. It is necessary to 
control the concentration of FCs due to health hazards 
to children and adults as this pose toxicity1,3,4. Almost 
all of them are not harmless and have varying degrees 
of toxicity associated with allergic, carcinogenic, and 
mutagenic effects4,5. According to Lehto et al.6, the 
maximum accepted levels of food dyes are 
progressively decreased and now have reached 0.01 g 
of a dye per 100 g of a food products. Therefore, it is 
mandatory to monitor the dye content in food 
products as per strict regulation. 

As per earlier studies, several methods such as UV-
visible spectrophotometry7-10, high performance liquid 
chromatography or HPLC11, mass-spectrometry12 and 
digital image analysis13 have been established for the 
detection of food dyes. Time-of-flight mass 
spectrometry analysis for dyes in foods and beverages 
are common to know the illegal mixing of synthetic 
dyes as colouring agent14. Al Tamim et al.15 evaluated 

18 types of FCs in different food samples by using 
liquid chromatography/tandem mass spectrometry 
(LC-MS/MS) technique.  

It was mentioned that there are some advantages of 
these methods for directly detecting coloured dyes in 
the samples of food products, but these techniques are 
considered laborious, expensive, and time-
consuming7. Moreover, few studies have reported 
multicomponent analysis of FCs suitable by using 
spectrophotometry where the majority of results 
explored on binary mixture analysis and did not 
encompass the partial least squares (PLS) approach 
nor structured experimental designs16-18. It was 
reported that there exists some problems related to 
analysis of samples containing a mixture of dyes, 
especially of Sunset Yellow and Tartrazine (TAR, 
food additive E102) in which absorption maxima at 
427 and 484 nm, respectively, recorded10. 

Generally, beverages contain a mixture of two dyes 
such as Sunset Yellow and Tartrazine19. Tartrazine is 
a synthetic lemon-yellow azo dye used as a food 
colourant (E102), which is called as “Cl food yellow 
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4”20. The food colouring Sunset Yellow FCF (E110), 
called as “orange-yellow S” or “Cl food yellow Cl 3” 
(European Commission, 2013). Allura red AC, called 
as “CL Food Red 17”, is a synthetic red azo food 
colourant dye (E129)20. 

Generally, spectrometric analysis could be faster, 
less chemical and reagent usage as well as higher 
solubility in water. Moreover, it is easy to analyse all 
the FCs in foods and beverages prior to be consumed 
by children and adults because beyond the permissible 
limit may pose toxicity after consumption1,3,4,21. 
According to Robert et al.22, the mean recovery 
ranged between 93.8- 115.2% and the precision of the 
analysis was also found satisfactory for all test 
compounds in both within-laboratory repeatability 
(0.8-7.7%) and within-laboratory reproducibility  
(1.6-7.7%) studies for liquid chromatography-tandem 
quadrupole mass spectrometry. 

In the present study, we attempted to detect these 
three FCs in the commonly consumed beverages and 
foods with the help of spectrophotometric and time-
of-flight mass spectrometry analysis. 
 
Experimental Section 
 

Materials and methods 
Food colouring dyes viz. Tartrazine, Sunset Yellow 

and Allura Red as pure compounds were purchased 
from Sigma-Aldrich, USA. The food samples like 
beverages and foods were purchased from local market. 
The ethanol was purchased as analytical grade. 

UV-visible spectrophotometer (Model: Labtronics 
LT 2201) and Quadrupoletime-of-flight mass 
spectrometry (Model: Waters XEVO-G2 Xs-QT) 
were used to perform spectrophotometric analyses in 
the wavelength range of 300-550 nm. 

 
Analytical procedure 
 

UV-Vis spectrophotometric analysis 
All the food and beverages samples were dissolved 

in distilled water, which was also used as a blank for 
the analyses of prepared mixtures and blank in the 
first set of samples. Moreover, all the food and 
beverages samples were dissolved in ethanol, which 
was also used as water blank for the analyses of 
prepared mixtures and ethanol blank in the second set 
of samples. The standard curve was prepared for  
each food colourant separately. The sample was 
prepared after taking 1 mL of liquid sample or 1 g of 
solid sample and the volume was made up of 10 mL 
using distilled water/ethanol. For measurements, the 

prepared samples were diluted 40 times with the 
respective solvents, which were taken as references. 
 
Time-of-flight mass spectrometric analysis 

 

All the food and beverages samples were dissolved 
in distilled water (10 mL was prepared after 
dissolving 1 g of powder and 1 mL of liquid was used 
to made 10 mL of solution). Each solution was 
analysed by using above-mentioned instrument and 
the results were expressed in m/z unit. 
 
Results and Discussion 
 

Absorption Spectrometry for dyes in foods and beverages 
The absorbance was estimated as per the standard 

curve of each synthetic dye viz. Tartrazine (Fig. 1a), 

 

Fig. 1 — Standard curve for (a) Tartrazine, (b) Sunset Yellow and
(c) Allura Red 
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Sunset Yellow (Fig. 1b) and Allura Red (Fig. 1c) in 
which the R2 was found to be 99.0%, 99.0% and 
96%, respectively. 

Table 1 evaluates spectrophotometric analysis of 
dyes in food products as per water reference. In 
sample 1 yellow coloured beverage (soft drink) 
containing Tartrazine, the peak was observed at 290 
nm (Fig. 2). In sample 2 as beverage (energy drink), 
orange coloured containing Sunset yellow, the peak 
was observed at 479 nm (Fig. 3). In sample 3 as 
beverage (energy drink), red coloured containing 
Allura Red, the peak was observed at 510 nm  
(Fig. 4a). In sample 4 as beverage (fruit juice), 
pinkish red coloured containing Allura Red, the peak 
was observed at 300 nm (Fig. 4b). In sample 5 as food 
(in powder form), deep yellow coloured containing 
Tartrazine, the peak was observed at 300 nm (Fig. 5). 
In sample 6 as food (dry food), grey coloured 
containing Allura red, the peak was observed at  

Table 1 — Spectrophotometric analysis of dyes in  
food products as per water reference 

Sample  
No 

Food products Colour Peak observed 
(nm) 

1 Beverage (soft drink) Yellow 290 
2 Beverage (energy drink) Orange 479 
3 Beverage (energy drink) Red 510 
4 Beverage (fruit juice) Pinkish red 300 
5 Beverage (food) Deep yellow 420 
6 Food (dry food) Grey 310 
7 Food (dry food) Light brown 300 
8 Mixture of SY, T, AR Deep red 480 
9 Beverage (soft drink) Yellow 440 
10 Beverage (soft drink) Light yellow 470 

 
 

Fig. 2 — Peak observed in sample 1 as beverage (soft drink) presence of Tartrazine 
 

 
 

Fig. 3 — Peak observed in sample 2 as beverage (energy drink) presence of Sunset Yellow 
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310 nm (Fig. 6). In sample 7 as food (dry food), light 
brown coloured containing Allura red, the peak was 
observed at 300 nm (Fig. 7). In sample 8 as mixture of 
synthetic dye, deep red coloured containing 
Tartrazine, Sunset Yellow and Allura red, the peak 
was observed at 480 nm (Fig. 8). In sample 9 (Fig. 9a) 
and 10 (Fig. 9b) as beverage (soft drink), yellow and 
light-yellow coloured containing Tartrazine, the peaks 
were observed at 440 nm and 470 nm, respectively.  

Table 2 evaluates spectrophotometric analysis of 
dyes in food products as per ethanol reference. In 
sample 1 as beverage (soft drink), yellow coloured 

containing Tartrazine in which the peak was observed 
at 290 nm. In sample 2 as orange coloured beverage 
(energy drink) containing Sunset Yellow, the peak 
was observed at 479 nm. In sample 3 as beverage 
(energy drink), red coloured containing Allura Red in 
which the peak was observed at 505 nm. In sample 4 
as beverage (fruit juice), pinkish red coloured 
containing Allura Red, the peak was observed at 300 
nm. In sample 5 as food (in powder form), deep 
yellow coloured containing Tartrazine, the peak was 
observed at 480 nm. In sample 6 as food (dry food), 
grey coloured containing Allura red in which the peak 

 
 

Fig. 4 — Peak observed in (a) sample 3 as beverage (energy drink) and (b) sample 4 as beverage (fruit juice) presence of Allura Red 
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was observed at 310 nm. In sample 7 as food (dry food), 
light brown coloured containing Allura red in which the 
peak was observed at 300 nm. In sample 8 as mixture of 
synthetic dye, deep red coloured containing Tartrazine, 
Sunset Yellow and Allura red in which the peak was 
observed at 480 nm. In sample 9 and 10 as  
beverage (soft drink), yellow and light-yellow  
coloured containing Tartrazine in which the peaks  
were observed at 440 nm and 470 nm. Similar  
peaks were observed as like water reference for  
common dye.  
 

Time-of-flight Mass spectrometry for Dyes in Food and 
Beverages 

Fig. 10a exhibits Tartrazine (E102) at m/z 
475.3106 in a mixture as a standard sample. In 
specific sample of beverage (energy drink), the 

similar value (m/z 475.3195) was obtained and 
confirmed the presence of Tartrazine (Fig. 10b). 

Fig. 11a exhibits Sunset Yellow (E110) at m/z 
535.3192 in a mixture as a standard sample. In 
specific sample of beverage (soft drink), the similar 
value (m/z 535.2009) was obtained and confirmed 
the presence of Sunset Yellow (Fig. 11b). 

Fig. 12a exhibits Allura Red (E129) at  
m/z 495.3571 in a mixture as a standard sample.  
In specific sample of beverage (energy drink),  
the similar value (m/z 495.4071) was obtained  
and confirmed the presence of Allura Red  
(Fig. 12b). 

In this study, it is a suitable measurement by 
using spectrophotometer to detect the concentration 
of synthetic dyes in the beverages and foods. It is  

 
 

Fig. 5 — Peak observed in sample 5 as food (in powder form) presence of Tartrazine 
 

 
 

Fig. 6 — Peak observed in sample 6 as food presence of Allura Red 
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well-known fact that higher absorbance poses 
higher concentration of chemicals in the soluble 
sample as per Beer’s Law. These three  
FCs are utilized in the beverages and food samples 
detected through UV-visible spectrophotometer 
easily as per the concept of previous studies23,24. 

According to Hashem et al.24, the two reactions 
were monitored spectrophotometrically at 
maximum absorbance 350 and 610 nm, which is 
within the range of present study of Sunset Yellow. 
Thani25 reported the absorption spectra of Allura 
red at a range of 400-800 nm, which was 
comparatively higher absorption in food products. 
Gräb & Geidel26 estimated these three FCs in which 
absorption maxima at 428 nm, 482 nm and 502 nm 
for Tartrazine, Sunset Yellow and Allura Red  were  
 

obtained. Rukosueva et al.10 reported that the 
Sunset Yellow and Tartrazine (TAR, food additive  
 

 
 

Fig 7 — Peak observed in sample 7 as food presence of Allura Red 
 

 
 

Fig. 8 — Peak observed in sample 8 as mixture of Tartrazine, Sunset Yellow and Allura Red using water/alcohol as reference 

Table 2 — Spectrophotometric analysis of dyes in food products 
as per ethanol reference 

Sample 
No 

Food products Colour Peak observed 
(nm) 

1 Beverage (energy drink) Yellow 290 
2 Beverage (soft drink) Orange 485 
3 Beverage (energy drink) Red 505 
4 Beverage (fruit juice) Pinkish red 300 
5 Beverage (food) Deep yellow 420 
6 Food (dry food) Grey 310 
7 Food (dry food) Light brown 300 
8 Mixture of SY, T, AR Deep red 480 
9 Beverage (soft drink) Yellow 440 
10 Beverage (soft drink) Light yellow 470 
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Fig. 9 — Peak observed in (a) sample 9 and (b) sample 10 as beverage (soft drink) presence of Tartrazine 
 

 
 

Fig. 10 — Quadrapole-time of flight analysis of Tartrazine (E102) in (a) pure compound and (b) beverage 
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E102) recorded the absorption maxima at 427 and 
484 nm, respectively. 

Regarding Quadrapole-time of flight analysis, 
Nagappan et al.27 revealed that the ESI-Q-TOF 
spectrum obtained for Tartrazine at a molecular mass 
of 534 Da in which the molecule provided distinct 
signals corresponding to three negative pseudo 
molecular ions at m/z 511, m/z 489 and m/z 467, 
respectively. Moreover, Salivo28 stated that negative 
mode detection of sulfonated azo colourants in 
sweets/candies in which the negative ion molecular mass 
for Tartrazine (m/z 467.017), Sunset Yellow (m/z 
407.071) and Allura Red (m/z 451.008), respectively. 
 

Conclusion 
It is concluded that the higher absorbance 

confirmed the higher concentration of dyes in the 
food products (beverages and foods) as per 
spectrophotometric analysis. Moreover, an accurate 
molecular mass was obtained easily as per 
Quadrapole-time of flight analysis in the beverages 
for each FC, which could be suitable measurement to 
detect the presence of dyes in the food products prior 
to quantitative assessment for food industry. 
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