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Food additives are the most common substances that are used in food 
industries. Different bioassays are required for the determination of mixtures of 
food additives. In this study, the toxicity of three common synthetic food dyes 
such as Carmoisine, Sunset Yellow, and Brilliant Blue in combination of 
aspartame was screened against the larvae of Artemia salina. At first, lethal dose 
50 (LD50) of each food additives was calculated and then the combinations of 
them were assayed. Results showed that the toxicity of Sunset Yellow with 
aspartame (LD50 = 42 µg/ml) is more than other dyes and the combination of 
Carmoisine with aspartame (LD50 = 88.25) is the safer than others. 

 

1. Intoduction1 

People all over the world are exposed to food dyes 
by eating food so color is indispensable to the modern 
day consumer. The safety of synthetic colorants 
commonly used in foods is still questioned. Synthetic 
colorants are divided into five classes: the azo 
compounds (such as amaranth and tartrazine), the 
chinophthalon derivatives of quinoline yellow, the 
triarylmethane group, xanthenes (like erythrosine) 
and the indigo colorants. So that safety and acceptable 
daily intake (ADI) of food dyes are evaluated 
constantly by Food and Drug Association and World 
Health Organization (WHO) (1). Over 800,000 tons of 
dyestuffs are annually produced throughout the 
World, of which 60–70% is azo dyes. At least 3000 azo 
dyes were in use in the 1990s, produced by the 
diazotization of aromatic amines, and used to provide 
color in products manufactured by the textile, leather, 
printing, paper, food, and cosmetic industries (2). 
Considering the importance of carcinogenic effects of 
azo dyes (3,4,5) because of extensive use and the 
absence of reliable carcinogenicity data for some azo 
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dyes, there would be a great need for further in vivo 
genotoxicity studies for the estimation of the risk 
posed by azo dyes to humans. Joint FAO/WHO 
Expert Committee on Food Additives (JECFA) were 
evaluated food dyes and food sweeteners separately 
and had determined ADI to avoid unhealthy effects. It 
has been estimated that 10–15% of the total amount of 
dyes are released into the environment during 
manufacturing (6), such a discharge being undesirable 
for esthetic reasons and also because many azo dyes 
and their breakdown products are toxic, mutagenic 
and carcinogenic to both humans and aquatic life (1). 
It is noteworthy that azo dyes potential for human 
exposure and toxicology has been the focus of 
considerable researches. Sunset Yellow is known as 
FD&C Yellow #6 is a synthetic yellow azo dye that 
manufactured from aromatic hydrocarbons from 
petroleum. It is also denoted by E Number E110 and 
may be found in orange sodas, citrus marmalade, 
sweets, lemon curd, beverage mix, and other products 
with artificial yellow, orange or red colors.  

There are several methods for performing 
toxicological tests. In this study, Artemia salina test 
were used. Artemia spp. (crustacea, anostraca), also 
known as brine shrimp, are typical inhabitants of 
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extreme saline biotopes. Artemia populations are 
found in about 500 natural salt lakes scattered 
throughout the tropical, subtropical and temperate 
climatic zones, along coastlines as well as inland 
(7,8). We use the brine shrimp A. salina lethality test 
to study the effects of synthetic food dyes and 
aspartame.The brine shrimp bioassay is an 
inexpensive test and without ethical constraints 
(9,10). The brine shrimp lethality test is also used to 
evaluate different pharmacological activities of 
natural remedies, taking into account the basic 
premise that pharmacology is simply toxicology at a 
lower dose (11). It is worth noting that the combined 
effects of food additives are under review. Toxicity 
tests have not been carried out for assessing of the 
combination of three common food dyes with 
aspartame. Hence in this study we used the test to 
evaluate the toxicity of combination of common food 
dyes with aspartame. 

 

2. Materials and methods 
2.1 Cyst preparation and larvae hatch 

Some cysts of A. salina were prepared from a 
Veterinary laboratory. The larveas were hatched 
from cyst of A. salina at 26–28 °C in the cone-shaped 
container following by continues aeration in artificial 
seawater (200 mg cyst in 15/g/L salt solution). A 60 
W light bulb was used for lighting and hatching in 24 
h. The nauplii can survive for 48 h because of their 
yolk. In our experiments, the survival rates of nauplii 
was more than of the use of 24-h-old instead 48-h-
old. Therefore, 24-h-old nauplii were chosen. 

2.2 Food dye solution preparation 

In this study, it was prepared three concentrations 
of 10, 100, and 1000 ppm for three food dyes 
(Carmoisine, Sunset Yellow, and Brilliant Blue) and 
they were investigated for toxicity test in combination 
with aspartame against Artema salina larvaes. 

2.3 Larvae toxicity 
2.3.1 Single of food additive toxicity evaluation 

After hatching, the larvae were used for toxicity 
test. For each food additives three different dose 
levels and five replicates per dose were performed. In 
the first stage, we added 0.5 cc food dye and 
aspartame separately to 4.5 cc larvae’s solution for 24 
h exposure. Lethal dose 50 (LD50) was calculated. 
2.3.2 Mixture of food additive toxicity evaluation 

In the next step, ½ LD50 of each food dye were  

mixed with ½ LD50 of aspartame. The number of 
death larvae was counted after 24 h exposure. Larvae 
were considered dead if no internal or external 
movement was observed during 30s (12). A control 
group was also used for each toxicity test. 

2.4 Statistical analysis 

In the second stage, formula was used to calculate 
LD50 in combination of synthetic food dye and 
aspartame (13). There is a question of whether the 
mortality data was achieved from component activity 
or not in the brine shrimp toxicity test. Therefore, 
Schneider-Orelli’s formula in this regards was 
recommended. This formula is: 

Corrected amount = (Percent of responded − 
Percent of responded in control)/(100 − Percent of 
responded in control). 

Percent of corrected = (Percent of mortality in 
treated plot − Percent of mortality in the control plot) 
× 100/100 − Percent of mortality in the control plot. 

 
3. Results  

In the present study, the artemia salina toxicity 
test was used to evaluate the toxicity of the 
combination of common food dyes with aspartame. 
The results about the combination of examined food 
dyes with aspartame are shown in Table 1. Results 
showed that the percentages of larvae death for 
mixture of aspartame with carmosine, brilliant blue, 
and sunset yellow are 91, 75.1, and 55.4, respectively.  
The high LD50 obtained for carmosine and the low 
LD50 was for sunset yellow. 

The percentage of death and LD50 of Aremia 
salina after 18 hours of treatment with synthetic food 
dyes and aspartame are shown in table 2. LD50 for 
sunset yellow, carmosine, brilliant blue, and 
aspartame are 81, 40.1, 70.1, and 68.8 µg/ml, 
respectively. 

Figure 1 shows data based on exposure of 
Artemia salina to aspartame in different 
concentrations. Regression curve obtained for 
aspartame shows that increasing the aspartame 
concentration in solution can be the cause of the high 
death rate of larvae. Data based on exposure of 
Artemia salina to carmoisine in different 
concentrations are shown in figure 2. More than 50% 
of deaths have occurred in 1000ppm concentration of 
carmoisine. Data based on exposure of Artemia 
salina to sunset yellow in different concentrations are 
shown in figure 3. The regression curve shows that 

 
Table 1. Effect of synthetic food dye mixture with aspartame 

Combination Percentage of death in 1000 ppm concentration* LD50 (µg/ml) 

Carmoisine with aspartame 91.0 88.25 
Brilliant Blue with aspartame 75.1 68.50 
Sunset Yellow with aspartame 55.4 42.00 

*The percentage of death in control group was 23.4. 
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Table 2. The percentage of death* and LD50 of Artemia salina at 18 h by treatment with synthetic food dyes and aspartame 

Food additive 
Concentration (ppm) 

LD50 (µg/ml) 
10 100 1000 

Sunset Yellow 81.0 81.4 83.4 81.0 
Carmoisine 39.0 43.0 52.0 40.1 
Brilliant Blue 68.2 74.2 88.1 70.1 
Aspartame 68.0 71.0 78.0 68.8 

*The percentage of death in control group = 24.4. 

 

 
Figure 1. Data base on exposure of Artemia salina to Carmoisine in 
different concentrations 
 

 
Figure 2. Data base on exposure of Artemia salina to Sunset 
Yellow in different concentrations 
 
 

 
Figure 3. Data base on exposure of Artemia salina to Brilliant Blue 
in different concentrations 

increasing the concentration of sunset yellow in 
solution can cause high death rates in larvae. Figure 4 
presents data based on exposure of Artemia salina to 
brilliant blue in different concentrations. 
 

 
Figure 4. Data base on exposure of Artemia salina to aspartame in 
different concentrations 

 
4. Discussion 

The brine shrimp assay is one of the rapid 
biological and toxicological assays and evaluation of 
biological components activity. In this research, the 
best equation of fit curve was determined by 
preliminary comparison of R squares achieved by 
linear regression analysis. LD50 (lethal dose 50) was 
experimentally determined concentration of the food 
additive that killed fifty percent of the larvae. In our 
experiment sunset yellow has shown toxicity 
comparable to carmosine and brilliant blue. Sunset 
Yellow is a sulfonated form of Sudan I. It usually 
used in soft drink and sweets. Sunset Yellow has 
been previously evaluated by JECFA. This committee 
established an Acceptable Daily Intake (ADI) of 0-2.5 
mgkg-1 bw/day. But, this color is generally 
considered mutagenic based on various in vitro and 
in vivo tests and is carcinogenic in the rat. 
Implantation of paraffin wax pellets containing 
Sudan I resulted in slightly increased incidence of 
bladder tumors in mice, compared with control 
animals (14). Sensitivity reactions may occur when 
Sunset Yellow FCF is mixed with other synthetic 
colors (15). 

Carmoisine (E122, Food Red 3) is is an azo dye 
allowed to use in jams, yoghurts, jellies, 
breadcrumbs, and cheesecake mixes. Carmoisine has 
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previously been evaluated by JECFA in 1983. This 
committee established an Acceptable Daily Intake 
(ADI) of 0-4 mgkg-1 bw/day. Azo dyes generally 
have been known to be carcinogenic for over 60 years 
(16) and are linked particularly to bladder cancer. 
Bladder cancer may be caused by azo dyes based on 
carcinogenic aromatic amines (17). New studies 
included a study reporting alterations in the 
morphology of somatic chromosomes in Secale 
cereale (rye) and studies has shown that exposure to 
mixtures including Azorubine/Carmoisine does not 
contain a structural alert, that there is no concern 
with respect to genotoxicity (18). 

Brilliant Blue FCF (FD&C Blue No.1) is denoted 

by E number E133. It is a synthetic dye produced 

using aromatic hydrocarbons from petroleum (19). 

As a blue color, Brilliant Blue FCF is often found in 

ice cream, canned processed peas, packet soups, 

bottled food colorings, icings, ice pops, blue 

raspberry flavored products, dairy products, sweets. 

In the mammalian liver, azo compounds are 

enzymatically cleaved by cytosolic and microsomal 

enzymes to the corresponding amines. Some 

aromatic amines can be metabolically activated to 

DNA binding intermediates that are mutagenic and 

carcinogenic (20). 

 Sweeteners are paid special attention among food 
additives as their use enables a sharp reduction in 
sugar consumption and a significant decrease in 
caloric intake while maintaining the desirable 
palatability of foods and soft drinks (21). 

Aspartame is used as a sweetener in food 

products including dry beverage mixes, chewable 

multi-vitamins, breakfast cereals, chewing gum, 

puddings and fillings, carbonated beverages, 

refrigerated and non-refrigerated ready to drink 

beverages, yogurt type products and 

pharmaceuticals (22). Long term consumption of 

aspartame leads to hepatocellular injury and 

alterations in liver antioxidant status mainly through 

glutathione dependent system (23).  

 
5. Conclusion 

In this study, mortality in three common synthetic 
food dyes solution from high to low is Carmoisine, 
Brilliant Blue, and Sunset Yellow respect. As for our 
experiments, the mortality rates obtained for the 
combination food color and aspartame, the 
combination of Sunset Yellow with aspartame, toxic 
effects were more than other dyes that are used in this 
study. The available information is indicative of that 
in comparison between combination of three food 
dyes with aspartame LD50 = 88.25 µg/ml in 
Carmoisine with aspartame is more than other dyes, 
so this combination is the safe one. Although this test 

is inadequate in the elucidation of mechanism, but it 
is a useful method for assessing the toxicity 
components. Therefore, using a combination of 
Carmoisine with aspartame between of three 
synthetic food dyes was recommended. 
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