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Executive Summary

The U.S. Food and Drug Administration (FDA) and the U.S. Department of Health and Human Services recently
announced the elimination of six petroleum-based synthetic dyes — Red 40, Yellow 5, Yellow 6, Blue 1, Blue 2, and
Green 3 from the nation’s food supply chain by the end of 2026 [1].

Analysis of more than 441,000 branded food products included in the Global Branded Food Products Database
(GBFPD) 1 [2] published by the U.S. Department of Agriculture (USDA) provides estimates of the prevalence of these
dyes. The GBFPD is processed using Large Language Model (LLM)-based pipeline to allow search for the presence of
ingredients and additives, as well as nutritional values.

1 Red 40

Red 40 (common name Allura Red AC) is a synthetic red azo dye officially listed in the U.S. as FD&C Red No.40 and
labeled as E129 in Europe. Red 40 is widely used as a color additive in beverages, candies, baked products, chewing gum,
etc.

Health Impact. Multiple studies in the past several decades asserted that Red 40 may cause hyperactivity issues for
children [3], as well as having toxicity and carcinogenic effects [4] [5] [6]. A well-known UK clinical trial published in The
Lancet [3] found that a mix of food colorings (including Red 40, Yellow 5 and Yellow 6) increased hyperactive behavior
in children. In a 2001 animal study [4], the authors reported colon DNA damage in mice at a low dose of Red 40 intake.
Recently, a study [5] shows that Red 40 causes DNA damage in vitro and in vivo in mice, supporting the hypothesis
that it disrupts key biological processes involved in early-onset colorectal cancer (EOCRC). Another recent animal study
published in Nature Communications [6] also found that chronic Red 40 exposure exacerbates colitis in mice.

Regulatory Status. While Red 40 was banned in several Western and Northern Europe countries [7] prior to the 2008
harmonization of food additive approvals [8] , currently, no countries or regions strictly prohibit the use of Red 40 as a
food additive [EU, UK, Canada, China, Israel, Australia, New Zealand, Japan and Singapore investigated] [9] [10] [11]
[12] [13] [14] [15] [16]. In 2009, the European Food Safety Authority (EFSA) re-evaluated Red 40 as a food additive, but
chose to continue using the Acceptable Daily Intake (ADI) of 7 mg/kg body weight per day, citing a lack of sufficient
evidence in the studies suggesting its potential carcinogenic and behavioral impacts [17]. EU did, however, require that all
foods sold in the region containing Red 40 (as well as Yellow 5 and Yellow 6) must display a warning label stating ’[Name
or E number of the colour]: may have an adverse effect on activity and attention in children’ [18]. This requirement is
still in effect today.

Prevalence. Red 40 appears in 37,771 unique branded foods in the GBFPD dataset, which equates to 8.6% of the
441,466 foods. The table below presents the nine major categories of branded foods within which Red 40 appears in more
than 20% of products (prevalence ≥ 20%) registered in the dataset. The categories are arranged in descending order
based on the number of branded foods listing Red 40 among their ingredients.

Table 1: Percentage of Branded Foods Containing Red 40 by categories

Category with Red 40 Total Branded Foods Percentage (%)
Candy 13,168 22,728 57.9
Cakes, Cupcakes, Snack Cakes 2,608 9,389 27.8
Baking Decorations & Dessert Toppings 1,691 4,114 41.1
Soda 1,690 7,940 21.3
Powdered Drinks 991 4,280 23.2
Croissants, Sweet Rolls, Muffins & Other Pastries 575 2,805 20.5
Chewing Gum & Mints 544 1,672 32.5
Gelatin, Gels, Pectins & Desserts 506 885 57.2
Liquid Water Enhancer 318 774 41.1

1The Global Branded Food Products Database (GBFPD), published by the U.S. Department of Agriculture (USDA), contains the ingredient
list and nutrition label information of approximately 441,000 branded sold in the U.S. The product information in the GBFPD is voluntarily
submitted by food industry organizations and manufacturers, while the USDA and its partner institutions reformat and standardize the data.
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2 Yellow 5

Yellow 5 (common name Tartrazine) is a synthetic lemon-yellow azo dye officially listed in the U.S. as FD&C Yellow No.5
and labeled as E102 in Europe. Yellow 5 is widely used as color additive in candies, baked products, desserts, etc.

Health Impact. Past studies suggest a potential link between Yellow 5 and allergic reactions [19], hyperactivity in
children [3] [20], and potential genotoxicity (damage to DNA that may lead to mutations and possibly cancer) [21].
Less than 0.12% of the general population are estimated to be intolerant to Yellow 5. However, the risk of allergic
reactions to tartrazine is much higher among individuals with asthma, allergies, and sensitivity to acetylsalicylic acid
(aspirin) [19]. Yellow 5 was also linked with hyperactivity in sensitive children in the 2007 UK study [3] mentioned
above. More recently, after reviewing related past studies and clinical trials, California Office of Environmental Health
Hazard Assessment (OEHHA) also concluded that Yellow 5 may contribute to adverse neurobehavioral effects including
inattentiveness and hyperactivity in sensitive children [20]. The famous 2002 animal study by a Japanese research team
[21] reported DNA damage in gastrointestinal organs of mice after moderate Yellow 5 intake. The authors thus suggested
regulatory bodies to re-assess the use of dyes as food additives.

Regulatory Status. Currently, no countries or regions strictly prohibit the use of Yellow 5 as food additives. However,
decades ago, it was banned in several European countries, including Norway and Finland [22]. In the 2009 re-evaluation,
the EFSA continued to permit E102 (Yellow 5) as a food additive with unchanged ADI of 7.5 mg/kg bw/day after finding
lack of genotoxicity evidence in the concurrent studies [23]. Similar to Red 40, a warning ”may have an adverse effect
on activity and attention in children”, has also been required for foods containing Yellow 5 sold in the EU [18]. In 2012,
Canadian regulations also began to require that ’Tartrazine’ (Yellow 5) be explicitly named on labels (rather than just
“color”) because of its potential to cause allergic reactions [24].

Prevalence. Yellow 5 appears in 34,170 unique branded foods in the GBFPD dataset, with an overall prevalence of
7.7%. The table below presents the six major branded food categories within which Yellow 5 has a prevalence higher
than 20%. The categories are arranged in descending order based on the number of branded foods listing Yellow 5 among
their ingredients.

Table 2: Percentage of Branded Foods Containing Yellow 5 by categories

Category with Yellow 5 Total Branded Foods Percentage (%)
Candy 10,857 22,728 47.8
Cakes, Cupcakes, Snack Cakes 2,429 9,389 25.9
Baking Decorations & Dessert Toppings 1,550 4,114 37.7
Puddings & Custards 552 1,240 44.5
Chewing Gum & Mints 474 1,672 28.3
Gelatin, Gels, Pectins & Desserts 277 885 31.3

3 Yellow 6

Yellow 6 (common name Sunset Yellow FCF), is a synthetic yellow azo dye officially listed in the U.S. as FD&C Yellow
No.6 and labeled as E110 in Europe. Yellow 6 is commonly found in soft drinks, candies, gelatins and baked goods.

Heath Impact. Toxicological concerns about Yellow 6 have surfaced for decades, as several studies have reported
developmental toxicity, oxidative stress, DNA damage and allergic reactions [25]. Zebrafish model studies [26] [27]
suggested a possible link between Yellow 6 consumption and several birth defects. Other animal studies [28] [29] reported
liver and kidney damage, increased apoptosis (a type of cell death), and inflammation after high-dose exposure, while
genotoxic effects were also observed in human lymphocytes exposed to Yellow 6 [30]. In terms of allergies, Yellow 6 is
tolerated by most people, but on occasion it has been implicated in severe hypersensitivity [31]. As comparison, FDA
has not mandated special labeling for Yellow 6 in drugs (unlike Yellow 5) [32], reflecting its lower incidence of reactions.

Regulatory Status. While Yellow 6 remains approved in all major markets (it was previously banned in Norway), its
regulatory status has been under increasing scrutiny. In 2009, the EFSA temporarily lowered the Acceptable Daily Intake
(ADI) of Yellow 6 to 1 mg/kg bw/day, following concerns about reproductive and developmental toxicity [33]. However,
based on new data and alignment with the Joint FAO/WHO Expert Committee on Food Additives (JECFA)’s 2011
evaluation, the EFSA increased the ADI in 2014 to 4 mg/kg bw/day [34]. Nevertheless, the EU still mandates labeling
on foods containing E110 (Yellow 6), requiring the warning, ”may have an adverse effect on activity and attention in
children”, the same requirement that applies to Red 40 and Yellow 5 under Regulation (EC) No 1333/2008 [18].

Prevalence. Yellow 6 appears in 25,034 unique branded foods in the GBFPD dataset, with an overall prevalence of
5.7%. The table below presents the five major branded food categories within which Yellow 6 has a prevalence higher
than 20%. The categories are arranged in descending order based on the number of branded foods listing Yellow 6 among
their ingredients.
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Table 3: Percentage of Branded Foods Containing Yellow 6 by categories

Category with Yellow 6 Total Branded Foods Percentage (%)
Candy 7,595 22,728 33.4
Cakes, Cupcakes, Snack Cakes 1,886 9,389 20.1
Baking Decorations & Dessert Toppings 985 4,114 23.9
Puddings & Custards 419 1,240 33.8
Gelatin, Gels, Pectins & Desserts 256 885 28.9

4 Blue 1

Blue 1 (common name Brilliant Blue FCF), is a blue synthetic triarylmethane dye officially listed in the U.S. as FD&C
Blue No.1, and labeled as E133 in Europe. Blue 1 is widely used as a color additive in candies, baked goods, beverages,
desserts, etc.

Heath Impact. A small number of studies suggest the potential risk of cytotoxicity (cell damage) and genotoxicity [35]
[36], however, much less evidence exists on possible health impacts of Blue 1, especially at moderate doses, compared to
Red 40, Yellow 5 or Yellow 6.

Regulatory Status. Toxicological evaluations by EFSA and JECFA established an ADI of 6 mg/kg bw/day [37] [38]
based on a No-observed-adverse-effect level (NOAEL) of 631 mg/kg in chronic rat studies, applying an uncertainty factor
of 100. At dietary exposure levels, Blue 1 is poorly absorbed and there is limited evidence linking it to hyperactivity or
adverse behavioral effects [39] — so no jurisdiction requires special warning labels for E133 (Blue 1) in EU. All major
markets currently still allow the use of Blue 1 as a food additive.

Prevalence. Blue 1 appears in 29,587 unique branded foods in the GBFPD dataset, with an overall prevalence of
6.7%. The table below presents the six major branded food categories within which Blue 1 has a prevalence higher than
20%. The categories are arranged in descending order based on the number of branded foods listing Blue 1 among their
ingredients.

Table 4: Percentage of Branded Foods Containing Blue 1 by categories

Category with Blue 1 Total Branded Foods Percentage (%)
Candy 11,389 22,728 50.1
Baking Decorations & Dessert Toppings 1,484 4,114 36.1
Chewing Gum & Mints 656 1,672 39.2
Gelatin, Gels, Pectins & Desserts 413 885 46.7
Liquid Water Enhancer 195 774 25.2
Sport Drinks 161 750 21.5

5 Blue 2

Blue 2 (common name Indigo carmine), is a dark blue synthetic dye officially listed in the U.S. as FD&C Blue No.2 and
labeled as E132 in Europe. Blue 2 is widely used as a color additive in candies, baked goods, desserts, etc.

Health Impact. Toxicological evaluations of Blue 2 have consistently found little risk of health impacts because the dye
is poorly absorbed [40]. Long term animal studies also reported no evidence of toxicity at tested doses [41]. Blue 2 is not
capable of inducing genetic mutations [42], and not classified as carcinogenic by the International Agency for Reasearch
on Cancer (IARC) [43]. Similar to Blue 1, there is limited evidence linking Blue 2 to hyperactivity or adverse behavioral
effects [39]. However, several recent in vitro studies suggest that Blue 2 is capable of penetrating human fibroblast cells
(important for wound healing and tissue repair) and demonstrating toxic effects [44] [45].

Regulatory Status. Blue 2 remains approved by EFSA and JECFA, with an ADI of 5 mg/kg bw/day [46] [42]. No
major market in the world currently prohibit the use of Blue 2 as a color additive and EU does not require a special
warning label for E132 (Blue 2) either.

Prevalence. Blue 2 appears in 6,729 unique branded foods in the GBFPD dataset, with an overall prevalence of 1.5%.
The table below presents the seven major branded food categories within which Blue 2 has a prevalence higher than
5%. The categories are arranged in descending order based on the number of branded foods listing Blue 2 among their
ingredients.

6 Green 3

Green 3, with the common name Fast Green FCF, is a green synthetic dye officially listed in the U.S. as FD&C Green
No.3.
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Table 5: Percentage of Branded Foods Containing Blue 2 by categories

Category with Blue 2 Total Branded Foods Percentage (%)
Candy 2,323 22,728 10.2
Cookies & Biscuits 1,046 13,297 7.9
Cakes, Cupcakes, Snack Cakes 534 9,389 5.7
Baking Decorations & Dessert Toppings 275 4,114 6.7
Chewing Gum & Mints 87 1,672 5.2
Frozen Pancakes, Waffles, French Toast & Crepes 73 926 7.9
Sweet Bakery Products 32 570 5.6

Health Impact. JECFA concluded that Green 3 has low toxicity and is not carcinogenic or genotoxic in its 2017 food
additive re-evaluation report [47].
Regulatory Status. Multiple regions and countries prohibit the use of Green 3 as food additive, including EU, UK
and China. Instead, Green S (E142) — another green synthetic dye is usually served as alternative to Green 3 in these
countries and regions.
Prevalence. Green 3 only appears in 195 unique branded foods in the GBFPD dataset, with an overall prevalence of
0.04%.

7 Summary

There are 54,780 unique branded foods in the GBPFD dataset containing at least one of the six above additives, with
an overall prevalence of 12.4%. The table below presents the major branded food categories within which synthetic dyes
have a prevalence higher than 20%. The categories are arranged in descending order based on the number of branded
foods listing at least one of the six petroleum-based color additives among their ingredients.

Table 6: Percentage of Branded Foods Containing any of the six color additives by categories

Category with color additive Total Branded Foods Percentage (%)
Candy 15,380 22,728 67.7
Cakes, Cupcakes, Snack Cakes 3,650 9,389 38.9
Cookies & Biscuits 3,160 13,297 23.8
Soda 2,586 7,940 32.6
Baking Decorations & Dessert Toppings 2,329 4,144 56.6
Powdered Drinks 1,292 4,280 30.2
Chewing Gum & Mints 1,032 1,672 61.7
Gelatin, Gels, Pectins & Desserts 770 885 87.0
Croissants, Sweet Rolls, Muffins & Other Pastries 744 2,805 26.5
Cake, Cookie & Cupcake Mixes 699 3406 20.5
Puddings & Custards 607 1,240 49.0
Liquid Water Enhancer 440 774 56.8
Sport Drinks 341 750 45.5
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