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ABSTRACT 26 

The study aimed to examine the occurrence of five azo food dyes, tartrazine, sunset 27 

yellow, carmoisine, allura red, and ponceau 4R in the food supply chain of Singapore and 28 

their effects on the in vitro synthesis of leukotriene B4 and F2-isoprostanes. The names of 29 

foods and beverages sold in a local supermarket which contained at least one of the five azo 30 

dyes were recorded by trained personnel. The occurrence of the azo dyes in the local food 31 

supply was computed. The synthesis of leukotriene B4 and F2-isoprostanes from freshly 32 

isolated blood neutrophils were measured using gas chromatography-mass spectrometry. 33 

11.54% of the 1681 processed food items contained at least one of the five azo dyes. 34 

Tartrazine was most prevalently present in food and beverage products sold in Singapore, 35 

followed by allura red, sunset yellow, ponceau 4R, and carmoisine. The five azo dyes 36 

augmented the in vitro synthesis of leukotriene B4 and F2-isoprostanes from blood 37 

neutrophils. Tartrazine was significantly more potent in increasing leukotriene B4 synthesis 38 

than the other dyes, which exhibited similar potencies. The five food dyes increased the 39 

formation of F2-isoprostanes from blood neutrophils at all tested concentrations. The high 40 

prevalence of azo dyes in the food supply of Singapore and their ability on eliciting pro-41 

inflammatory responses in vitro suggest potential health detrimental risk to the local 42 

population. 43 

 44 

Keywords: azo dyes, occurrence in food, leukotriene B4, F2-isopprostanes 45 

 46 
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Introduction 48 

Colourants are often added to foods and beverages during processing to improve the 49 

sensory attributes of the final products. Food colourants are usually divided into pigments 50 

from natural origins and artificially synthesised dyes. Azo dyes, tartrazine (E102, TZ), sunset 51 

yellow (E110, SY), carmoisine (E122, CS), ponceau 4R (E124, PR) and allura red (E129, 52 

AR) are common food additives approved for use in Singapore by the Agri & Veterinary 53 

Authority of Singapore. They have been receiving significant amounts of attention as they are 54 

thought to elicit pro-inflammatory responses [1-3]. Coincidentally, the five tested dyes are 55 

aryl azo compounds, bearing the Ar-N=N-Ar in which the Ar is the aromatic group [4]. These 56 

aryl azo molecules may be reductively cleaved to form aromatic amines, which may be toxic, 57 

mutagenic, and carcinogenic [5]. The acceptable daily intakes (ADI) of TZ, SY, CS, PR, and 58 

AR were established by the World Health Organisation as 7.5 [6], 2.5 [6], 4.0 [7], 4.0 [7], and 59 

7.0 [7] mg kg-1 body weight, respectively. The Singapore food regulation does not have ADI 60 

or permissible upper limits for food colourants [8][8][6]. There is, at present, limited data 61 

about the occurrence of these five azo food dyes in the food supply chain of Singapore.  62 

Arachidonic acid (20:4 n-6) (AA) or all cis-5,8,11,14-eicosatetraenoic acid is a 20-63 

carbon polyunsaturated fatty acid, found in mammalian tissues. AA can be converted via 64 

enzymatic or non-enzymatic pathways, to a range of oxygenated metabolites, collectively 65 

known as eicosanoids, which are involved in inflammatory and allergic processes [9]. AA 66 

may be oxygenated by 5-lipoxygenase (5-LO) to form leukotriene B4 (LTB4) [10]. LTB4 is a 67 

potent chemoattractant capable to recruiting leukocytes, neutrophils, monocytes to the sites of 68 

inflammation and amplifying the inflammatory responses [10]. LTB4 upregulation has been 69 

reported in various inflammatory and allergic diseases [11-17]. AA can also undergo non-70 

enzymatic free radical-initiated peroxidation to form F2-isoprostanes, which has been 71 

established as the stable in vivo marker of oxidative stress [18]. At present, limited data are 72 
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available on the effects of azo dye on the 5-LO-catalysed and free radical-initiated conversion 73 

of AA. 74 

The study examined the occurrences of the five azo dyes in processed foods and 75 

beverages sold in Singapore. In vitro experiments were conducted to evaluate the effects of 76 

these azo dyes on AA metabolism via their effects on LTB4 and F2-isoprostanes synthesis 77 

from human blood neutrophils. 78 

  79 
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Materials and Methods 80 

Chemicals & Materials 81 

Leukotriene B4-d4, F2-isoprostanes-d4, and AA were purchased from Cayman Chemical 82 

(MO, USA). Glucose, TZ, SY, CS, PR, AR, dextran 500, phorbol 12-myristate 13-acetate 83 

(PMA), lipopolysaccharide (LPS), calcium ionophore A23187, MK-886, trypan blue, 84 

isooctane, Hank's balanced salt solution (HBSS), pyridine, toluene, isooctane, phosphate-85 

buffered saline (PBS), 2,3,4,5,6-pentafluorophenylbromide (PFPBr), 86 

bis(trimethylsilyl)trifluoroacetamide (BSTFA), guaiacol and hydrogen peroxide were 87 

purchased from Sigma-Aldrich (MO, USA.; Acetonitrile, ethyl acetate, methanol, ethanol and 88 

sulfuric acid were from Tedia (OH, USA). Ficoll-paque was from GE Healthcare (Uppsala, 89 

Sweden). 90 

 91 

Occurrence data collection 92 

All the processed food and beverage items on the shelves of a local supermarket were 93 

included in this study. The items are categorised according to the supermarket shelf labels. 94 

For foods: baking needs, biscuits, breads, butter, cakes, canned fruits, canned meat, canned 95 

seafood, canned vegetables, cereals, cheese, chips, coconut products, crackers, chocolates, 96 

dairy products, dried food, fish and seafood, frozen meat, frozen snacks, ice cream, instant 97 

noodles, jellies, margarine, nuts, pre-packed noodles, puddings, sauces, soups, spreads, 98 

sweeteners, sweets, and tofu; and for beverages: Asian drinks, coffee drinks, dairy-based 99 

products, energy drinks, fruit juices, health beneficial beverages, juice drinks, soft drinks, 100 

soy-based beverages, sports beverages, syrups or fruit cordials, and tea. The name of each 101 

food or beverage item and the added azo dyes used in its production were recorded by trained 102 

research personnels. The presence of added food dyes should be listed on the ingredient list 103 

printed on the item's packaging as regulated by the Singapore Food Regulations.  104 
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 105 

Isolation of peripheral blood neutrophils 106 

Blood neutrophils were isolated from the neutrophil/ erythrocyte pellet of fresh human 107 

whole blood after Ficoll-Paque gradient centrifugation and dextran sedimentation of red cells 108 

as previously described [19]. The whole human blood was obtained in kind by the study 109 

researchers, as such human ethics approval is not required. Cell viability was assessed using 110 

trypan blue exclusion and was typically >98%. The freshly isolated neutrophils were 111 

resuspended in HBSS at a concentration of 5 × 106 cells mL-1. 112 

 113 

Effects on leukotriene B4 synthesis 114 

The effects of TZ, SY, CS, PR and AR on the production of LTB4 from freshly isolated 115 

blood neutrophils were examined. Briefly, the neutrophil suspension (5 × 106 cells mL-1 in 116 

HBSS, 1 mL) was incubated with either TZ, SY, CS, PR or AR (final concentrations, 0, 10, 117 

20, 50, and 100 µmol L-1) and AA (final concentration, 10 µmol L-1) at 37 °C for 5 min prior 118 

to 5-LOstimulation. TZ, SY, CS, PR, and AR were added using ethanol as vehicle. The cells 119 

were stimulated with calcium ionophore A23187 (final concentration, 2.5 µg mL-1) at 37 °C 120 

for 15 min. Untreated cells with AA in ethanol vehicle were used as positive controls while 121 

untreated cells incubated with the leukotriene biosynthesis inhibitor MK886 (300 nmol L-1) in 122 

ethanol vehicle served as negative controls [20]. The supernatant from the cell suspension 123 

was collected and stored at -80 °C before LTB4 extraction and analysis. The release of LTB4 124 

from stimulated neutrophils was measured by stable isotope labelled gas chromatography-125 

mass spectrometry (GC-MS) [19]. 126 

 127 

Effects on F2-isoprostanes synthesis 128 
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The effects of TZ, SY, CS, PR and AR on the production of F2-isoprostanes from 129 

freshly isolated blood neutrophils were examined. Briefly, the freshly isolated neutrophils (5 130 

× 106 cells mL-1 in HBSS, 1 mL) were incubated with either TZ, SY, CS, PR or AR (final 131 

concentrations, 0, 10, 20, 50, and 100 µmol L-1) and AA (final concentration, 10 µmol L-1) at 132 

37 °C for 5 min prior to stimulation. TZ, SY, CS, PR, and AR were added using ethanol as 133 

the vehicle. The cells were stimulated with PMA (final concentration, 200 nmol L-1) at 37 °C 134 

for 15 min. Positive control experiments were performed by incubating neutrophils with AA 135 

before activating with PMA. Negative control experiments were carried out by incubating 136 

neutrophils with AA only. The supernatant from the cell suspension was collected and stored 137 

at -80 °C before F2-isoprostanes extraction and analysis. F2-isoprostanes was quantitated 138 

using stable isotope labelled GC-MS [21]. 139 

 140 

Statistical analysis 141 

Statistical analysis of the in vitro results (n=5 independent experiments using different 142 

batches of freshly isolated human neutrophils) was performed using SPSS version 23.0 143 

(SPSS Inc., Chicago, IL, USA). Between treatment differences were analysed using ANOVA 144 

of the area under the curve (AUC) in the concentration-response results. The results analysed 145 

were considered significantly different if p-value < 0.05 based on 95% confidence interval. 146 

Error bars in the figures were presented as standard deviations (SD).  147 
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Results 148 

Of the 1681 processed food items surveyed, 11.54% contained at least one of the five 149 

azo dyes (Table 1). TZ was the most prevalent of the five dyes and was added to 7.02% of the 150 

processed food items (Table 1). AR was used in 2.08% of the food items, followed by SY 151 

(1.19%), PR (0.71%) and CM (0.54%) (Table 1). The top three food items that contain at 152 

least one of the five dyes were puddings (100%), jellies (65.38%), and sweets (60.47%) 153 

(Table 1). Of the staple food items, pre-packed noodles (33.33%), dairy products (17.39%), 154 

bread (16.42%), fish and seafood (13.79%), frozen meat (10.87%), and biscuits (10.44%) 155 

contained at least one of the five food dyes (Table 1). Among the five food dyes, TZ was 156 

most commonly used in these staples: pre-packed noodles (100%), dairy products (10.87%), 157 

bread (11.94%), fish and seafood (10.34%), frozen meat (10.87%), and biscuits (7.14%) 158 

(Table 1). At least one of the five food dyes was added into 19.55% of the surveyed three 159 

hundred and fifty-eight beverages (Table 1). TZ (10.06%) was most commonly added, 160 

followed by SY (5.03%), E122 (3.63%), E124 (0.84%) and E129 (0.00%) (Table 1). The top 161 

three beverages that contained at least one of the five food dyes were syrups and fruit cordials 162 

(60.00%), health beneficial beverages (57.14%), and Asian drinks (35.29%) (Table 1). At 163 

least one of these food dyes was also added to popular beverages, like soft drinks (19.51%), 164 

energy drinks (16.67%), fruit juices (14.52%), and juice drinks (12.07%) (Table1). 165 

The five azo dyes augmented the production of LTB4 from blood neutrophils 166 

differentially at all tested concentrations (Figure 1a). TZ was significantly more potent in 167 

increasing LTB4 production (EC50 = 60 µmol L-1) than the other four dyes (p<0.05 using 168 

ANOVA of AUC, Figure 1a). SY, CM, PR and AR did not differ in their effects on LTB4 169 

production from blood neutrophils (EC50 = ~50 µmol L-1, Figure 1a). The five food dyes 170 

increased the formation of F2-isoprostanes from blood neutrophils at all tested concentrations 171 
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(Figure 1b). A significant difference in the effects was absent between the five food dyes 172 

(Figure 1b).  173 

 174 

Discussion 175 

More than 10% of the processed food and beverages in Singapore contained at least one 176 

of the five azo food dyes. To examine the amount of food dyes consumed from the typical 177 

diet, it is important not only to monitor the levels of their usage in food and beverages, but 178 

also just as crucial to examine their occurrence in the food supply chain. TZ was the most 179 

common azo dye added to the food and beverage products sold in Singapore. It was added to 180 

more than 50% of the processed food and beverage items surveyed in the study. The study 181 

added to the limited data available on the occurrence of TZ and the other four food dyes in 182 

food and beverage products sold in developed Asian countries such as Singapore. In most 183 

developed countries, approved azo dyes are added to enhance the colours and thereby 184 

promoting the consumers’ perception and acceptance of the final food products [22]. In most 185 

cases, azo dyes do not contribute to the overall nutritive quality of the final food products 186 

[22]. As TZ confers a universal beige-to-yellow colour and can be combined with Brilliant 187 

Blue (E133) or Green S (E142) to produce various green shades, it is widely employed in 188 

food and beverage products all over the world [23]. From the study results, TZ was 189 

commonly added to stapled foods and beverages such aspre-packed noodles, dairy products, 190 

bread, fish and seafood products, frozen meat products, biscuits, fruit cordial, health 191 

beneficial beverages, and Asian drinks. The wide prevalence of TZ in foods and beverages  in 192 

the loical food supply may become a health concern if its intake confers biological responses 193 

in vivo.  194 

The five aryl azo dyes exerted pro-inflammatory influences via the augmentation of 195 

LTB4 production. Up-regulation of the circulating LTB4 has been reported in asthma [12] and 196 
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rheumatoid arthritis [13]. Various studies showed that LTB4 may mediate in specific 197 

inflammatory diseases, such as severe persistent asthma [14], exercise- and aspirin-induced 198 

asthma [15]. LTB4 concentrations in the sputum, blood plasma, and bronchoalveolar lavage 199 

fluid were augmented in asthmatic patients, but not in healthy subjects [14]. Increased 200 

expressions of 5-LO and leukotriene A4 hydrolase were suggested to contribute to the 201 

increased LTB4 production in asthmatic patients [24, 25]. LTB4 receptor-1 is required for 202 

allergen-mediated recruitment of CD8+ T cells and was involved in the development of 203 

airway hyperresponsiveness [12, 26]. Azo food dyes, especially TZ, may aggrevate asthmatic 204 

episodes via the upregulation of LTB4 expression. Population-based studies are needed to 205 

ascertain if azo dye intake is associated to leukotriene B4 – induced inflammation. 206 

Many observations indicated the presence of oxidative stress in the pathogenesis of 207 

inflammatory diseases. Exhaled breath of asthmatic patients contained significantly higher 208 

concentrations of hydrogen peroxide [27] and F2-isoprostanes [28]. Recent finding suggesting 209 

that S-nitrosoglutathione relaxed the airway smooth muscles [29] associates oxidative stress 210 

and asthma. House dust exposure induced the production of hydrogen peroxide from nasal 211 

eosinophils [30]. TZ and CM had been reported to increase malondialdehyde production and 212 

down-regulate the expressions of glutathione, superoxide dismutase, and catalase in rats [1]. 213 

TZ increased the levels of hydrogen peroxide in the testes of Wistar rats [31]. Reduced 214 

activities of catalase, glutathione peroxidase, and superoxide dismutase, as well as increased 215 

level of malondialdehyde, were observed in the brain of TZ-treated rats [32]. A similar 216 

reduction in antioxidant enzyme activities was reported in the blood and livers of rats fed 217 

with TZ or CM [33]. Our results added to these previous findings that all five azo dyes were 218 

equally capable of elevating the level of oxidative stress in vitro, as measured by the 219 

increased synthesis of F2-isoprostanes in human neutrophils. This finding is significant as 220 
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oxidative damage has been implicated in the pathogenesis of atherosclerosis [34] and stroke 221 

[35].  222 

 223 

Conclusion 224 

11.54% of the 1681 processed food items contained tartrazine, allura red, sunset 225 

yellow, ponceau 4R or carmoisine. These five azo dyes augmented the in vitro synthesis of 226 

leukotriene B4 and F2-isoprostanes from blood neutrophils. The relatively high prevalence of 227 

azo dyes in the Singapore food supply and their potency on promoting pro-inflammatory 228 

responses in vitro suggest potential health risk to its local population. 229 
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Tables 

Table 1. (a) Food and (b) beverage categories sold in a local Singapore supermarket that contain added Tartrazine, Sunset Yellow, 

Carmoisine, Ponceau 4R, and/ or Allura Red and their occurrences in each category. 

 Total number 

of items 

Items 

containing at 

least one of the 

five food dyes 

(%) 

Items 

containing 

Tartrazine (%) 

Items 

containing 

Sunset Yellow 

(%) 

Items 

containing 

Carmoisine 

(%) 

Items 

containing 

Ponceau 4R 

(%) 

Items 

containing 

Allura Red (%) 

(a) Food items  
      

baking needs 55 3.64 0.00 0.00 0.00 3.64 0.00 

biscuits  182 10.44 7.14 2.20 0.00 0.00 1.10 

breads 67 16.42 11.94 2.99 1.49 0.00 0.00 

butter 12 0.00 0.00 0.00 0.00 0.00 0.00 

cake  35 22.86 14.29 0.00 0.00 2.86 5.71 

canned fruits 44 0.00 0.00 0.00 0.00 0.00 0.00 

canned meat  40 0.00 0.00 0.00 0.00 0.00 0.00 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

15 

 

 

canned seafood  58 0.00 0.00 0.00 0.00 0.00 0.00 

canned 

vegetables 

82 
1.22 1.22 0.00 0.00 0.00 0.00 

cereals 37 8.11 2.70 2.70 0.00 0.00 2.70 

cheese  45 0.00 0.00 0.00 0.00 0.00 0.00 

chips  73 15.07 12.33 0.00 0.00 0.00 2.74 

chocolate  82 20.73 7.32 6.10 0.00 0.00 7.32 

coconut 

products 

5 
0.00 0.00 0.00 0.00 0.00 0.00 

crackers  32 40.63 25.00 12.50 0.00 3.13 0.00 

dairy products 46 17.39 10.87 0.00 0.00 4.35 2.17 

dried foods 2 0.00 0.00 0.00 0.00 0.00 0.00 

fish and 

seafood 

29 
13.79 10.34 0.00 0.00 3.45 0.00 

frozen meat 46 10.87 10.87 0.00 0.00 0.00 0.00 

frozen snacks 62 6.45 4.84 0.00 0.00 0.00 1.61 
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ice cream  39 12.82 12.82 0.00 0.00 0.00 0.00 

instant noodles 79 5.06 5.06 0.00 0.00 0.00 0.00 

jellies 26 65.38 38.46 7.69 3.85 3.85 11.54 

margarine  19 0.00 0.00 0.00 0.00 0.00 0.00 

nuts 32 25.00 18.75 0.00 0.00 0.00 6.25 

prepacked 

noodles 

12 
33.33 33.33 0.00 0.00 0.00 0.00 

pudding 12 100.00 58.33 8.33 0.00 0.00 33.33 

sauces 124 2.42 0.00 0.00 0.00 0.81 1.61 

soups 76 0.00 0.00 0.00 0.00 0.00 0.00 

spreads  75 12.00 8.00 0.00 4.00 0.00 0.00 

sweeteners 13 0.00 0.00 0.00 0.00 0.00 0.00 

sweets  43 60.47 20.93 2.33 9.30 6.98 20.93 

tofu 21 0.00 0.00 0.00 0.00 0.00 0.00 

Overall 1681 11.54 7.02 1.19 0.54 0.71 2.08 

Beverages  
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Asian Drink 34 35.29 17.65 8.82 8.82 0.00 0.00 

Coffee Drink 6 0.00 0.00 0.00 0.00 0.00 0.00 

Dairy-based 

beverages 

28 
3.57 3.57 0.00 0.00 0.00 0.00 

Energy Drink 6 16.67 16.67 0.00 0.00 0.00 0.00 

Fruit Juices 62 14.52 8.06 6.45 0.00 0.00 0.00 

Health 

Beneficial 

Beverages 

7 

57.14 14.29 28.57 14.29 0.00 0.00 

Juice Drinks 58 12.07 3.45 3.45 3.45 1.72 0.00 

Soft Drinks 41 19.51 12.20 2.44 2.44 2.44 0.00 

Soy-based 

beverages 

22 
4.55 4.55 0.00 0.00 0.00 0.00 

Sports 

Beverages 

28 
25.00 14.29 7.14 3.57 0.00 0.00 

Syrups / Fruit 30 60.00 30.00 10.00 16.67 3.33 0.00 
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Cordials 

Tea 36 5.56 2.78 2.78 0.00 0.00 0.00 

Overall 358 19.55 10.06 5.03 3.63 0.84 0.00 

1 The presence of food dye in each processed food and beverage product category was computed as the percentage of the number of items 

which contain at least one of the five food dyes (Tartrazine, Sunset Yellow, Carmoisine, Ponceau 4R, and Allura Red) to the total number of 

the items in the same category.  

2 The occurrence of the specific food dye in each processed food and beverage product category was computed as the percentage of the 

number of items which contain the food dye to the total number of the items within the same category. 
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Figure Legends 1 

 2 

Figure 1. Change (%) in the (a) leukotriene B4 and (b) F2-isoprostanes production in freshly 3 

isolated human blood neutrophils by Tartrazine (■), Sunset Yellow (●), Carmoisine (♦), 4 

Ponceau 4R (▲) and Allura Red (▼) at concentrations up to 100 µmol L-1 (N=5). * p < 0.05 5 

vs all other food dye using the ANOVA comparison of the area under the curve. 6 

 7 

  8 
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Figures 9 

(a) 10 

 11 

 12 

(b) 13 

 14 

Figure 1 15 

 16 
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Highlights 

• 11.54% of processed food items contained at least one azo dye. 

• Tartrazine was the most prevalent dye present in the food and beverage products. 

• Azo dyes augmented in vitro synthesis of leukotriene B4 from blood neutrophils. 

• Azo dyes augmented in vitro synthesis of F2-isoprostanes from blood neutrophils. 


