

  ijerph-21-00682




ijerph-21-00682







Int. J. Environ. Res. Public Health 2024, 21(6), 682; doi:10.3390/ijerph21060682




Review



Synthetic Colors in Food: A Warning for Children’s Health



Zandleme Birino de Oliveira 1,2,*, Darlene Vitória Silva da Costa 2, Ana Caroline da Silva dos Santos 2, Antônio Quaresma da Silva Júnior 3, Amanda de Lima Silva 2, Raphael Carlos Ferrer de Santana 2, Isabella Cristhina Gonçalves Costa 2, Sara Freitas de Sousa Ramos 2, Gabriel Padilla 4 and Silvia Katrine Rabelo da Silva 1,2,5





1



Programa de Pós-Graduação em Recursos Naturais da Amazônia, Universidade Federal do Oeste do Pará, Santarém 68040-255, PA, Brazil






2



Laboratório de Microbiologia, Instituto de Saúde Coletiva, Universidade Federal do Oeste do Pará, Santarém 68040-255, PA, Brazil






3



Programa de Pós-Graduação em Biodiversidade e Biotecnologia da Rede Bionorte, Universidade Federal do Oeste do Pará, Santarém 68040-255, PA, Brazil






4



Departamento de Microbiologia, Instituto de Ciências Biomédicas, Universidade de São Paulo, São Paulo 05508-000, SP, Brazil






5



Programa de Pós-Graduação em Ciências da Saúde, Universidade Federal do Oeste do Pará, Santarém 68040-255, PA, Brazil









*



Correspondence: zandlemenutri@outlook.com; Tel.: +55-93-992281408







Citation: de Oliveira, Z.B.; Silva da Costa, D.V.; da Silva dos Santos, A.C.; da Silva Júnior, A.Q.; de Lima Silva, A.; de Santana, R.C.F.; Costa, I.C.G.; de Sousa Ramos, S.F.; Padilla, G.; da Silva, S.K.R. Synthetic Colors in Food: A Warning for Children’s Health. Int. J. Environ. Res. Public Health 2024, 21, 682. https://doi.org/10.3390/ijerph21060682



Academic Editors: Nicola Magnavita and Li-Tung Huang



Received: 8 March 2024 / Revised: 18 April 2024 / Accepted: 24 April 2024 / Published: 27 May 2024



Abstract

:

This study addressed the harmful effects of artificial colors in pediatric populations, including children diagnosed with Autism Spectrum Disorder (ASD) and Attention Deficit Hyperactivity Disorder (ADHD), as well as those without behavioral disorders. There is a consensus that synthetic food colorings have several impacts on consumers, especially pediatrics, due to their influence on sensory appeal, which can encourage preference for certain foods. The results revealed that these color additives are directly linked to a series of health problems, with a greater impact on children, including a predisposition to pathological conditions such as carcinogenic, allergenic, mutagenic, cytotoxic, and clastogenic activities, as well as gastrointestinal and respiratory problems, in addition to behavioral changes in children with and without diagnosed disorders. The harms of synthetic dyes in children with or without comorbidities are worrying and require a careful and proactive approach from parents, caregivers and public authorities.
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1. Introduction


The coloring present in food has several impacts on consumers. A more vibrant color sharpens the sensorial appeal and encourages preference for a certain food, as this attribute is directly linked to the excellence of the product, its vitality and even its nutritional composition [1]. However, the artificial colors used for these purposes are designed for the unique purpose of boosting sales, and they are devoid of any nutritional benefit.



Many studies indicate that artificial colors are directly associated with various pathological conditions, such as cancer, food allergies, and gastrointestinal and respiratory problems. Furthermore, behavioral changes in children are described, with the group of children with Autism Spectrum Disorder (ASD) being one of the most impacted by these adversities [2,3].



Autism is a neurodevelopmental disorder that affects communication and social behavior and causes restricted and repetitive interest patterns in terms of eating and activities [3]. It is characterized by difficulties in social interaction, as well as difficulties in verbal and non-verbal communication. Autism is considered a complex disorder, influenced by genetic, environmental and neurobiological factors [4].



A child’s neurodevelopment has a direct influence on several behavioral aspects throughout their life, covering their social interaction, language, hearing, vision, behavior and posture. Essentially, the proper functioning of this development is crucial to ensuring satisfactory performance in the school environment. When neurodevelopment occurs regularly, the child is expected to achieve significant academic performance. However, if there are irregularities in this process, it is likely that the child will need more attention to follow their peers in academic activities [5].



The group of people with Autism Spectrum Disorder is more vulnerable to the negative effects of food additives due to the behavioral pattern known as Avoidant/Restrictive Food Intake Disorder (ARFID). This disorder manifests through a range of eating behaviors, including overeating, severe restrictions and even the complete avoidance of certain foods by the affected person, especially children, since their interests, for the most part, are stereotyped and they tend to maintain repetitive eating patterns, often based on colors, accepting some and rejecting others [6,7].



Sensitivity to color additives is not exclusive to the ASD group. Children without behavioral disorders may also manifest neurobehavioral abnormalities when consuming synthetic dyes [8]. Therefore, children diagnosed with Attention Deficit Hyperactivity Disorder (ADHD) also experience changes in behavior. According to Rambler et al. [2], children exposed daily to synthetic dyes face significant consequences, presenting statistical changes in symptoms.



We present in this document an updated review based on research evidence about the harm of artificial colors in pediatric populations diagnosed with ASD and ADHD and in children without behavioral disorders.




2. Materials and Methods


This study consists of a comprehensive analysis of the literature, in which a search for bibliographic references was conducted, including articles published between 2020 and 2023, following the approach outlined by Braga and Melo [9]. The findings were debated among the work’s collaborators and unanimously chosen to be incorporated into this review. The evaluation considered criteria such as the methodological quality of the articles, taking into account the characteristics of the sample, the type of intervention and comparator, in addition to the follow-up time, level of evidence (LE) and strength of recommendation (SR). To achieve this objective, searches were carried out in electronically indexed databases, including the National Library of Medicine of the United States—National Institutes of Health (PubMed), Web of Science, Scopus, Lilacs and Medline.



To consult scientific articles and delve deeper into the topic, the following descriptors were used: Synthetic food coloring, Behavior, Processed foods, Food additives, Toxicity, Artificial food coloring, Attention deficit hyperactivity disorder, Behavioral problems in childhood, Autism spectrum disorder, Avoidant/restrictive food intake disorder, Behavioral disorders, Neurobehavioral abnormalities. The methodology for preparing this work can be seen in detail in Figure 1.




3. Results


After a thorough search for relevant articles, which was carried out in scientific databases, 83 studies were initially identified that could contribute to the review. After removing duplicates and excluding articles with a publication date greater than 5 years, 15 studies remained. The studies were selected for the review, as they were aligned with the objective of the work, focused on the harm of artificial dyes in pediatric populations diagnosed with Autism Spectrum Disorder (ASD) and Attention Deficit Hyperactivity Disorder (ADHD) and in children without behavioral disorders. The selected studies were organized in a format that allowed for a more accurate clinical view of the effects of artificial colors in pediatric populations. The results of these studies are summarized and presented in Table 1.



According to the literature data, the first synthetic dyes were developed in 1771 by the Irish chemist Peter Woulfe [1]. Since then, over the following years, there has been a significant increase in the variety of colors available for foods, resulting in a gradual transition from natural-origin dyes, such as plants, flowers and root extracts, to synthetic ones [10]. This broad spectrum of colors has had a direct impact on the food industry, providing a diverse range of colors to foods, which has increasingly attracted consumers. This phenomenon resulted in increasing profits, in addition to influencing customers’ perception, as they began to associate the new colors with the quality of the products [11]. Furthermore, a significant increase in the use of these additives has been observed, with estimates indicating that more than 8 million tons of more than 2000 types of synthetic dyes are used annually across the world [12].



Brazil is one of the world leaders in terms of the use of synthetic dyes, with a total of 11 types allowed by the Health Surveillance Agency (ANVISA) for daily use in the food industry. In comparison, the United States regulates only seven synthetic dyes released by the Food and Drug Administration (FDA), which means that Brazil regulates almost double the number of these additives. However, since the 1960s, research has showed that some of the dyes considered safe for consumption by the ANVISA already showed signs of toxicity after human consumption [1]. An example is Tartrazine, which has carcinogenic activity and genotoxic potential, and whose toxic effects had already been reported since the 1990s by Giri et al. [13] and in the 2000s by Mpountoukas et al. [14].



Several studies by different researchers and in different countries have associated problems related to mutagenic activities with the chronic use of several of the dyes consumed daily by the Brazilian population, including Sunset Yellow, Amaranth, Erythrosine and Indigotine Blue [15,16,17,18]. A single dye, Red 40, has been observed to be harmful to health in several respects, with side effects including kidney, stomach and lung diseases and anemia [19]. In addition to the mutagenic effects, other studies also reported allergenic activities associated with the consumption of these substances, especially in pediatric populations [20].



A warning has been issued about the use of synthetic dyes, especially aimed at parents and caregivers of children with ASD and ADHD. The basis for this concern lies in studies that suggest these children are more sensitive to these additives and tend to have repetitive eating behavior, which makes them more likely to opt for processed foods, influenced by the vibrant colors absent in natural foods. Given that childhood is a crucial phase of ongoing development, this food selectivity can result in growth delays, malnutrition, degenerative problems, dependence on dietary supplements and difficulties in social interactions, putting them at greater risk compared to non-autistic children [5].



Studies with specific population groups highlight that the antagonistic activity of synthetic additives can be considered a public health problem, which requires increased attention from public authorities. This concern is attributed to research results by authors such as Basu et al. [21], who discovered how the dye known as Patent Blue V was able to alter the secondary structure of human hemoglobin. Furthermore, in other studies, numerous activities that are not beneficial to human health associated with exposure to color additives have been reported, including cytotoxic and clastogenic activities and cytostatic potential [14,16].





 





Table 1. List of the main problems caused in children by the toxicity of artificial colors.
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	Number
	Diagnosis
	Main Results
	Study





	1
	ASD
	The association between food dyes and hyperactive behavior in children, as well as the correlation between yellow dye and sleep disorders. Zinc (Zn) deficiency. Mercury accumulation and increased oxidative stress.
	[22]



	2
	ADHD
	Results obtained: Discovery of the mechanisms and molecular targets behind the neurodevelopmental processes linked to Attention Deficit Hyperactivity Disorder (ADHD), in addition to other symptoms linked to neurological development (such as cognitive function, learning and memory disorders, among others). Decreased synaptogenesis, decreased neuronal network function, neuroinflammation, and neurodegeneration.
	[23]



	3
	Without behavioral disorders and with ADHD
	Studies support the relationship between exposure to food dyes and adverse behavioral outcomes in children. Additionally, the animal toxicology literature provides additional support for behavioral effects.
	[7]



	4
	ADHD
	Possible mechanisms include artificial food additives that can cause nutritional deficiencies, trigger allergic reactions or interfere with neurotransmitter levels.
	[8]



	5
	No behavioral disorders
	The results and the literature corroborate the rarity of hypersensitivity to food additives when this diagnosis is suspected by parents. Of 23 patients with suspected food allergies, only 1 had a formally confirmed allergy to the mixture of dyes E120 and E124.
	[24]



	6
	ASD, ADHD
	The literature indicates that exposure to heavy metals and poor diet are crucial epigenetic factors behind the epidemics of autism and Attention Deficit Hyperactivity Disorder in the US.
	[25]



	7
	No behavioral disorders
	According to the findings of this study, prolonged use of foods containing sodium benzoate, aspartame, tartrazine, carrageenan and potassium benzoate resulted in teratogenicity and the emergence of other allergens.
	[26]



	8
	ADHD
	A growing body of evidence suggests that the behavioral symptoms of subgroups of children with ADHD may improve with the elimination of certain foods.
	[27]



	9
	No behavioral disorders
	The finding is that food additives have a greater toxic potential in children due to their lower body weight compared to adults, as evidenced by the available literature.
	[28]



	10
	No behavioral disorders
	In the population of school-age children in Saudi Arabia, the artificial food colorings Brilliant Blue (E133) and Tartrazine (E102) were the most consumed. The high intake of these additives may be related to nutritional risk and associated with food safety.
	[29]



	11
	No behavioral disorders
	A substantial proportion of parents reported observing child hyperactivity after consuming certain types of foods and drinks, and although they were aware of the presence of colorings in foods regularly consumed by their children, they did not demonstrate great awareness about the long-term harmful effects of these additives.
	[30]



	12
	No behavioral disorders
	Additives most commonly found in foods consumed by children include bisphenols, phthalates, perfluoroalkyl chemicals, perchlorates, pesticides, nitrates, nitrites, artificial food coloring, monosodium glutamate, and aspartame.
	[31]



	13
	No behavioral disorders
	The intake of FD&C Red No. 40 is twice the US FDA Acceptable Daily Intake (ADI) in some children’s analgesic syrups and nearly three times the US FDA ADI in some cough, cold and allergy syrups.
	[32]



	14
	No behavioral disorders
	The presence of FD&C Red No. 40 in a children’s cold, cough and allergy syrup results in twice the usual daily exposure to this food additive for children ages 12 to 16.
	[5]



	15
	No behavioral disorders
	Considerable intra- and inter-batch variability across all the FD&C dyes. Red No. 40 was the most prevalent colorant identified across all the food categories. Azo dyes contribute 10–22% of the maximum Acceptable Daily Intake (ADI) in beverages, while FD&C Red No. 40 contributes 7–9% of the maximum ADI in beverages.
	[33]







Source: Prepared by the authors (2024).












4. Discussion


Most synthetic dyes permitted for use in foods in Brazil have similar chemical structures, based on functional groups characterized by azo, indigoid, triphenylmethane, and xanthine. Six of the eleven dyes used in Brazil belong to the azo class, namely Ponceau 4R, Red 40, Azorubin, Tartrazine and Twilight Yellow. These compounds have the azo group bond (-N=N-) and at least one sulfonated group (SO3−) to increase solubility in water. These dyes have an acidic character, and their properties are very similar to each other. Chemically, they are easily reducible by strong reducing agents and are therefore not very sensitive to oxidizing agents. As Tartrazine and Carmoisine are nitrous derivatives (azo class), they can be reduced in the body to an aromatic amine that is highly sensitizing [34].



The main metabolite identified to date is sulfanilic acid. Studies have indicated that these dyes may have several toxic properties for the body. Azo dyes such as Tartrazine and Carmoisine can adversely affect and alter biochemical markers in vital organs, for example, the liver and kidney, not only at higher doses but also at low doses. Tartrazine and Carmoisine not only cause changes in liver and kidney parameters, but their effect also becomes riskier at higher doses, because they can induce oxidative stress through the formation of free radicals, radicals that can cause irreversible damage to the DNA of healthy cells, leading to atypical neurodevelopment in children [34].



The origin of Attention Deficit Hyperactivity Disorder has not yet been completely clarified and, to date, genetic predisposition has been identified as one of the main triggering factors [35]. However, studies indicate that environmental elements, such as daily exposure to food additives, can influence the manifestation of symptoms of this disorder [8]. In this context, research conducted by Chappell et al. [23] investigated the potential impact of seven synthetic dyes approved by the United States Food and Drug Administration (FDA), which are used in food coloring, on the symptoms of ADHD. The results revealed that Erythrosine (Red No. 3), one of the dyes released by the FDA, showed evidence of interference with children’s neurodevelopment.



According to Chappell et al. [23], this dye directly amplifies ADHD symptoms and encompasses other related symptoms, such as impaired cognitive function, learning disorders, and memory problems. The research results indicate that Erythrosine acts antagonistically on neurodevelopmental pathways, causing a specific loss in neurotransmitter activity. This change is associated not only with ADHD but also with other behavioral outcomes in children, including characteristic anxiety symptoms. According to the authors, this behavioral change is attributed to several factors associated with the consumption of these industrial dyes, including the hypothesis of dopamine release, nutritional deficiencies and histamine release, all identified as triggers for changes in behavior. Data from the ToxCast/Tox21 high-throughput screening (HTS) program also support these issues related to the food toxicology of the synthetic dye Erythrosine.



The study conducted by Bakthavachalu et al. [22] aimed to understand how artificial food colors can alter zinc (Zn) metabolism in children diagnosed with Autism Spectrum Disorder. The researchers’ concern regarding artificial colorings is due to the ability of these food additives to compromise the functions of Zn in the human body. According to the authors, zinc plays a crucial role in the formation of the nucleic acids responsible for maintaining health; however, they emphasize that children with ASD often have nutritional deficiencies in this element and that a lack of zinc is associated with several pathological conditions, including delayed growth, compromised immunity, as well as neurodegenerative diseases and neurodevelopmental disorders.



As highlighted by Bakthavachalu et al. [22], the lack of zinc, when associated with exposure to mercury, influences the behavior of children with autism due to an increase in oxidative stress. The researchers explain that the decrease in zinc levels in the body in the ASD group occurs due to the presence of neurotoxic chemicals often found in artificial dyes, such as petroleum, formaldehyde, aniline, hydroxides and sulfuric acids. These components found in artificial additives end up hindering the elimination of heavy metals. According to the authors and the literature data, for this process to occur efficiently, the expression of the metallothionein (MT) gene responsible for the synthesis of the metal-binding protein metallothionein, which is a zinc-dependent function, is essential.



A meta-analysis was conducted by Miller et al. [8] in the State of California under the auspices of the California Office of Environmental Health Hazard Assessment (OEHHA). The primary objective of this study was to elucidate the influence of food dyes on children, both those with behavioral disorders and those without. To achieve this objective, the research incorporated a total of 27 studies from the literature, also covering experiments on animals that focused on the toxic effects of synthetic dyes. The results reveal that 64% of the analyzed studies indicate the presence of neurobehavioral changes in the studied children. Among these results, 52% highlight statistically significant effects. It is crucial to highlight that such behavioral effects were not only observed by children’s caregivers but were also identified by teachers who interact daily with students.



Miller et al. [8] also observed that the consumption of dyes, such as Yellow No. 5 (Tartrazine), in the amount of 50 mg/day can induce behavioral changes in children. In addition to this finding, the research revealed that approximately 8% of children with Attention Deficit Hyperactivity Disorder experience an increase in behavioral symptoms when exposed to synthetic dyes. Other research also supports this issue. Additional results coming from the work of Dos Santos et al. [36] corroborate these findings, identifying a series of adverse health effects associated with Tartrazine consumption. These include cytotoxicity in fibroblasts and human gastric cells, together with evidence of the mutagenic effects of food dyes in eukaryotic cells.



Furthermore, animal studies show that rodents exposed to synthetic dyes at different stages of life, from prenatal to adulthood, showed behavioral changes that support the clinical trials carried out in humans in this meta-analysis [8]. This coherence between the results obtained in animal models and clinical studies highlights the robustness of the conclusions, reinforcing the importance of the potential impacts of food dyes on behavioral health. The findings of this study have significant implications for the health and well-being of children, as well as for the formulation of food coloring regulation policies. There is, evidently, a need for a more cautious approach to the use of these additives, especially in products intended for children’s consumption. Furthermore, the results highlight the importance of greater investment in the production of natural dyes, aiming to develop preventive and interventionist strategies.



Excursion to restrictive diets is a common practice in clinical studies when it is suspected that a certain food may trigger or worsen psychic behaviors, gastric discomfort, allergies or other symptoms. In this context, the restrictive diet operates by temporarily excluding the food in question from the participants’ diet, and any changes in behavior after this exclusion are carefully recorded and analyzed. Rambler et al. [2] performed research in this format that sought to associate an increase or decrease in hyperactivity in children diagnosed with ADHD after the consumption and exclusion of artificial dyes Blue No. 1 and Blue No. 2, and they found that the consumption of these additives can increase hyperactivity in children with ADHD.



According to Rambler et al. [2], one-third (33%) of children diagnosed with ADHD could potentially benefit from dietary interventions where synthetic dyes are excluded from the diet. The researchers report that in addition to studies in children, mice and rats were exposed to an amount of Blue No. 1 and Blue No. 2 recommended by the United States Food and Drug Administration, and even so, these animals showed hyperactive behaviors after consuming the Blue No. 1. The researchers’ hypothesis for this mechanism of action is that artificial food colorings can induce nutritional deficiencies, which could result in impaired neuronal development. Researchers such as Ke et al. [37] associate it with the accumulation of heavy metals such as mercury in the bodies of these children due to the ability of synthetic dyes to modify the levels of zinc and manganese.



In a data analysis covering the period from 2006 to 2021, Dufault et al. [25] found a significant increase in the number of children in the United States who required tutoring in specialized education due to learning difficulties. There was a 242% increase in cases of autism and 184% in developmental delays, as well as other health problems. These data raise doubts among researchers about whether the diet of this population was impacting epigenetic inheritance. One of the central concerns refers to synthetic dyes, which the authors attribute to the individual manufacturing processes of these additives, due to the results presented in 2022 by the United States Food and Drug Administration. According to the agency, some of the dyes are derived from petroleum and have low levels of elements such as mercury, arsenic, lead and cadmium in their formulations [38]. However, even though the controller ensures that these levels are safe, the authors took into account research such as that by Dufault [39], which suggests that many of these dyes are exempt from certification, which implies the absence of control over the levels of these elements. It is important to highlight that these components, combined with the presence of Tartrazine (Yellow 5), demonstrate the ability to interfere with zinc absorption in children [40].



As discussed previously, zinc plays a crucial role in the production of metallothionein (MT). These cytosolic proteins have the ability to capture and, consequently, prevent the dissemination of metals throughout the body, thus preventing the toxicological effects associated with them. Based on this understanding, Dufault et al. [25] suggest that deficiency or alteration in the function of metallothionein may be one of the factors contributing to the increase in disorders such as Autism Spectrum Disorder observed in children in the United States population. Understanding the relationship between zinc availability, metallothionein production and the presence of synthetic dyes in the diet is crucial to better understanding and addressing this health problem related to learning and the high demand for specialized education.



The restrictive dietary regime known as the oligoantigenic diet was studied by Lange et al. [27]. In their conclusion, the authors highlight the beneficial effects of this approach in the management of ADHD. The results are considered convincing, as several studies have indicated that this strategy can significantly reduce ADHD symptoms in children. A meta-analysis included in the study by Lange et al. [27] revealed that artificial colors and preservatives trigger symptoms of hyperactivity, in addition to other related symptoms, in approximately 79% of the children analyzed. In this study, a total of 302 children were tested and divided into 2 groups: 153 children aged 3 years old and 149 children aged between 8 and 9 years old. The study, conducted in a double-blind and placebo-controlled manner, followed the following protocol: over the course of 1 day, children consumed mixed fruit juice in quantities of 300 mL/day for 3-year-old children (mixture A) and 625 mL/day for children aged 8/9 years (mixture B).



The mixtures differed both in the quantity and in the addition of additives. The specific measures for each group followed the average permitted daily consumption of these additives by children in these age groups in the United Kingdom. The drinks were enriched with artificial food colors, including Sunset Yellow [E110], Carmoisine [E122], Tartrazine [E102], Ponceau [4R] and sodium benzoate. Consequently, as described by Lange et al. [27], the authors of this study were able to observe that 79% of children experienced behavioral changes, showing an increase in hyperactivity after consuming at least 85% of the drink. The results, as reported by the authors, were based on the z-scores and the sum of the behavioral changes reported in parent and teacher assessments, and they included a computerized observational test for the 8- and 9-year-old group.



The study conducted by Lange et al. [27] encompasses a variety of meta-analyses, each with distinct approaches, but converging on the conclusion that the elimination of artificial colorings proves to be a beneficial strategy in treating the symptoms of Attention Deficit Hyperactivity Disorder, providing improvements in general. Continuing this theoretical path raised by the researchers, another point observed that reinforces the concern related to color additives is, precisely during the reintroduction of foods phase into the oligoantigenic diet, an integral part of the observational process of children’s behavior that occurs immediately after the restriction period, a notable increase in patients’ hyperactivity was identified, especially when reintroducing foods containing color additives. This finding suggests that the presence of these additives in the diet can trigger hyperactive behaviors, highlighting the importance of raising awareness and considering the influence of artificial colors in the context of ADHD.



Concern about the effects of synthetic dyes has led researchers around the world to try to understand the extent to which children can be harmed by daily exposure to these additives. Case reports linking these dyes to allergies and other health problems, such as asthma, Attention Deficit Hyperactivity Disorder, heart problems, cancer and obesity, are being associated with the consumption of synthetic additives [41]. An example is the study carried out by Sambu et al. [26], who highlight the teratogenic effect of Tartrazine, one of the most common food colorings in the food industry, during the critical period of fetal development in rats, which ranges from the sixth to the fifteenth day of gestation. These pregnant rats were exposed to this dye, resulting in a range of symptoms in the fetuses, including fetal resorptions, mortality, cardiomegaly, hepatorenal damage, and splenic pigmentation. Furthermore, skeletal malformations were observed, such as the absence of coccygeal vertebrae, sternebrae and hind limbs, as well as unequal ribs, as a consequence of the treatment.



Kraemer et al. [28] highlight that the toxic effects of synthetic additives are especially worrying in children due to their body proportions, which make them more susceptible to side effects. The authors also emphasize the importance of updated studies on artificial colors approved by the food regulatory agencies in each country. This is due to the fact that results considered outdated for these additives may be used as parameters to keep them considered safe for food consumption. In this sense, in the discussion, the authors cite the issue related to a widely debated topic surrounding the dye titanium dioxide, which was previously approved and considered safe by regulatory agencies but is now banned in some countries due to its toxic effects on human health. Since 2021, this dye has been the subject of studies on its safety, as mentioned by Younes et al. [42]. In Brazil, the ANVISA has also carried out investigations into the consumption of titanium dioxide [43].



A study carried out in Saudi Arabia involved 5000 children between the ages of 6 and 17 and revealed a high consumption of products containing synthetic food colorings, including some not permitted in the country [29]. Initially, the researchers used 24 h food frequency questionnaires to identify the products most consumed by the group. A total of 839 products were noted, such as cookies, cakes, chocolates, snacks, ice cream, juices and drinks, sweets, jellies and chewing gum. The results revealed a greater consumption of juices and drinks, ice cream and cakes among the foods studied. During the analysis, the researchers observed the presence of ten different types of synthetic dyes, two of which were not allowed: Erythrosine (E127) and Red 2G (E128). The collected foods were subjected to high-performance liquid chromatography together with a diode array detector.



Mohammed et al. [29] also observed that the food colorings most consumed by this population were Brilliant Blue (E133) and Tartrazine (E102), with significant consumption percentages of 54.1% and 42.3%, respectively. Furthermore, high percentages of Sunset Yellow (E110) outside the permitted limits were detected in chocolates, as well as Tartrazine in two drinks. The authors expressed concern about the high consumption of ultra-processed foods in this population due to the associated nutritional risks, which are directly linked to food safety. The authors’ narrative is similar to other researchers’ concerns in different countries, because studies indicate the presence of petroleum-based ingredients in the formulation of these products [44]. Another point raised in the research to date is the lack of understanding about the potential risks associated with mixing different types of synthetic dyes. Furthermore, there are no studies that clearly demonstrate the possible long-term side effects of consuming these dyes.



Even children without behavioral disorders can suffer some type of change when they consume synthetic food additives daily, says Miller et al. [8]. However, few caregivers know this information. A group of parents, after undergoing a study on food containing synthetic dyes in the city of Jazan, Saudi Arabia, observed altered behavior in their children immediately after consuming foods and drinks containing these substances. A total of 88.9% reported hyperactivity, in addition to associating the condition with specific food groups such as soft drinks (35.61%), chocolates (31.82%) and sweets and candies (30.3%) [30]. The authors’ objective was to investigate the perception of this population in relation to the dyes present in foods and drinks, and the relationship with the behavior of their children. In the study, 387 people were interviewed, with more than 75% of the group being young and more than 60% having a higher level of education. Surprisingly, only a small percentage, less than 3% of participants, reported being aware of the harms of color additives for children.



Returning to what was previously discussed, in the study conducted by Makeen et al. [30], titled “Parents’ perception of the role of colored food additives on children’s behavior in the Jazan region of Saudi Arabia”, the authors presented significant data on the relationship between food additives and hyperactivity in children. However, they did not address the possible relationships with the sugars present in these foods. It is important to note that food groups such as soft drinks, candies and chocolates are often associated with hyperactive behaviors, as they contain high levels of sugar. Researchers like Johnson et al. [45] and Del-Ponte et al. [46] have already demonstrated correlations between sugar consumption and symptoms related to ADHD. Furthermore, the analysis carried out by Paglia et al. [47] suggests that physiologically, in children, sugar is rapidly absorbed into the bloodstream, resulting in rapid fluctuations in glucose levels and initiating the production of adrenaline.



The aforementioned findings reveal a significant gap in the knowledge of parents, caregivers and the general population about the potential adverse effects of synthetic dyes found in food. As new research is completed and unprecedented discoveries about the possible harm to health related to these color additives are presented, the view of many researchers that this topic needs to be more widely debated and clarified to consumers in general is reinforced. Furthermore, following research models, such as the study carried out by Mohammed et al. [29], which used high-performance liquid chromatography, can reveal the unsuitability of certain foods produced by the food industry. This type of approach can be crucial for identifying and remedying problems in food composition and safety, thus contributing to the promotion of public health.



The findings of Savin et al. [31] on the effects of synthetic dyes included symptoms of hypersensitivity, behavioral disturbances, and attention deficits in children, as well as a decline in learning performance. An intriguing aspect highlighted in this research is the variability in children’s sensitivity to food dyes, with some being more sensitive than others. The finding is based on the conclusions of Miller et al. [8]. Researchers have identified that children with certain genetic variations in genes involved in metabolizing histamine have more severe reactions to synthetic color additives. This is because histamine works as a neurotransmitter, playing a vital role in alertness and in triggering hypersensitivity reactions.



Due to these concerns, Lehmkuhler et al. [32], Thilakaratne et al. [33] and Lehmkuhler et al. [48] converge on a common concern: the presence and levels of synthetic food coloring in over-the-counter foods, medications, and vitamins intended for pediatrics and pregnant women in the United States, in addition to what is permitted by the FDA, Food Drug and Cosmetic (FD&C), and the World Health Organization (WHO). All the authors used high-performance liquid chromatography with a diode array photometric detector (HPLC-PDA) to investigate the levels of these additives in products that included infant and prenatal vitamins in the form of gums and tablets, cough, colds and allergies syrups, and painkiller tablets. Lehmkuhler et al. [48], in particular, also examined coloring levels in 10 food categories that included juices, cereals, desserts, ice cream cones, soft drinks, toppings, salty snacks, and fruit jams, among others.



In 2020, Lehmkuhler et al. [32] identified a significant gap in the research, noting the absence of studies evaluating the dye levels in medications and vitamin supplements in the United States. This is especially worrying, considering that the color additives used for this purpose are the same as those used in foods, and several previous studies have already suggested a possible association between the consumption of these dyes and changes in the neurobehavioral behavior of children. Another factor that drove this investigation was the lack of transparency regarding the amount of dyes used in pharmaceuticals, which is often protected by patents. This made it challenging to estimate children’s exposure to dyes through dietary intake. Given this scenario, the researchers decided to evaluate the levels of FD&C Red No. 40, Yellow No. 5, Yellow No. 6, Blue No. 1 and Blue No. 2 dyes.



According to the evidence presented by Lehmkuhler et al. [32], there are considerable variations in the additive levels between different manufacturers. Notably, the highest concentrations of dyes were found in painkillers and cough, cold, and allergy syrups. This high concentration in syrups can be attributed to the strategy of making products more attractive to children, using vibrant colors to encourage consumption. However, it is concerning to note that, especially in syrups, the acceptable daily intake of FD&C Red No. 40 dye is almost three times the limit established by the US FDA. Furthermore, in vitamins in the form of chewing gum, the intake of Red No. 40, Blue No. 1 and Yellow No. 6 dyes is about twice as high as allowed.



After the study carried out in 2020 on medicines, Lehmkuhler et al. [48] conducted an analysis in 2023, using HPLC, of the levels of synthetic dyes in foods consumed predominantly by children and young people in the ten categories previously identified. Once again, FD&C Red No. 40 was widely detected. According to the authors, all the foods analyzed contained this dye, but its presence did not exceed the limits established by the FDA.



However, it was observed that FD&C Red No. 40 represented between 7% and 9% of the maximum Acceptable Daily Intake (ADI) in the United States, specifically in the beverage categories per serving. For context, recommendations suggest that a child between 6 and 10 years of age should not exceed 10% of the ADI in each serving throughout the day. Therefore, the presence of FD&C Red No. 40 at levels between 7% and 9% of the maximum ADI value in drinks per serving suggests an exposure close to or even above the recommended limit for this age group.



The study carried out by Lehmkuhler et al. [46] appears to corroborate the findings of Thilakaratne et al. [47], despite being carried out three years apart. Both studies adopted similar methodologies in analyzing over-the-counter medications intended for children and pregnant women in the United States. Both studies found concerning levels of FD&C Red No. 40 in the cough, cold and allergy syrup class, which exceed the limits considered safe by FD&C. Thilakaratne et al. state that, if a child between 12 and 16 years of age consumed these medications in the doses recommended by the leaflet, they would be ingesting 0.221 mg/kg/day of the dye, which represents twice the recommended exposure for this age group. These findings highlight the importance of greater surveillance and regulation of dyes used in medicines intended for sensitive groups, such as children and pregnant women, in order to ensure safety and minimize health risks.



The choice of the high-performance liquid chromatography technique allows for a precise and sensitive analysis of dyes, guaranteeing reliable results to support regulatory decisions and clinical practices. The finding that these dyes often exceed the limits considered safe by the FDA raises serious concerns about potential health impacts, especially in children. Excessive exposure to these dyes may not only be associated with changes in neurobehavioral behavior, as suggested by previous studies, but may also pose long-term health risks. Therefore, these research findings highlight the urgent need for stricter regulation and greater transparency in the food and pharmaceutical industry, aiming to protect public health and ensure that consumers, especially the most vulnerable, are not exposed to unnecessary risks.



When comparing the results obtained in this study with other research in the same line of investigation, a significant connection is noted between the intake of food coloring and adverse behaviors in children. This article also reinforces literary data that highlight the influence of epigenetic factors, such as exposure to heavy metals and unbalanced diets, on the etiology of neurodevelopmental disorders such as autism and ADHD, specifically highlighting the accumulation of mercury and its association with oxidative stress and neurodegenerative damage. The main insights arising from the comparison between studies concern the association of two or more food additives, such as sodium benzoate and tartrazine, which together are associated with teratogenicity and the development of allergies, although in some studies the effects are attributed only to tartrazine.



At the same time, we observed a gap in most studies that failed to mention the effects of the sugar content present in most pigmented foods used mainly in double-blind studies. The authors barely mentioned the contribution of this additive to the increase in hyperactivity, as indicated by studies by Johnson et al. [42] and Del-Ponte et al. [43]. Another point to be highlighted is regarding the presence of dyes in children’s medicines. We found three studies that analyzed the content of dyes in medications, but we found reviews in the literature raising concerns about excessive exposure in pharmaceuticals, highlighting the importance of stricter regulations and continued surveillance to ensure food safety and children’s health.



The limitations of studies regarding the effects of synthetic dyes can be varied and comprehensive. One of them is the lack of comprehensive and specific research on the long-term effects of these dyes in different populations, especially in children and individuals with food sensitivities. Additionally, the diversity of synthetic dyes used in the food industry hampers the generalization of results. The lack of standardization in the methods used to assess the effects can also compromise the validity and comparability of studies. Another common limitation is the difficulty of isolating the effects of synthetic dyes from other food components, making the attribution of causes and effects complex. Furthermore, the influence of individual factors, such as diet and lifestyle, is often not fully controlled in studies, which can affect the interpretation of results. These limitations highlight the need for a more comprehensive and rigorous approach when investigating the effects of synthetic dyes on human health.



Given this scenario, there has been growing interest in replacing synthetic dyes with more natural and sustainable options. A promising alternative is the use of natural dyes, derived from plant and animal sources. These dyes are generally considered safe for human consumption, in addition to having antioxidant and nutritional properties [1]. Another growing category comprises organic dyes, which are obtained from organic compounds and offer a more eco-friendly option, often produced using biotechnological methods. From this perspective, Chatragadda et al. [49] has explored the potential of microbial dyes, produced by bacteria, as a viable alternative to synthetic dyes. These emerging options have the potential to not only reduce the environmental impacts associated with dye production but also offer a healthier and more sustainable choice for consumers concerned about their health and the environment.




5. Conclusions


The harms of synthetic dyes in children, both with and without comorbidities, are worrying and require a careful and proactive approach. The studies presented in this review demonstrate an association between the consumption of these additives and a variety of adverse health effects, ranging from hyperactivity and behavioral disorders to allergic reactions and more serious health problems. For children with comorbidities such as Autism Spectrum Disorder and Attention Deficit Hyperactivity Disorder, exposure to synthetic dyes can worsen existing symptoms and complicate management of the condition. Furthermore, even in children without comorbidities, synthetic dyes can pose a health risk by affecting their cognitive, behavioral, metabolic and nutritional development. Given these facts, educational approaches for parents, caregivers and health professionals are essential so that they are aware of the potential risks associated with the consumption of synthetic dyes and adopt measures to reduce children’s exposure to these additives. Raising awareness through campaigns and better food labeling informing about the types of dyes present in each specific product, as well as the formulation of stricter policies to control the recommended quantity, are ways of mitigating the possible toxicity levels of these additives. Another way is to promote a more natural and balanced diet and search for dyes from completely natural sources.







Author Contributions


Z.B.d.O. was responsible for developing the concept and hypotheses of this research, searching for data on research platforms and writing the manuscript. A.Q.d.S.J., D.V.S.d.C. and A.C.d.S.d.S. were responsible for researching and selecting articles for inclusion in the review and assisted in discussing the data. A.d.L.S. was responsible for translating the manuscript. S.K.R.d.S., R.C.F.d.S., G.P., I.C.G.C. and S.F.d.S.R. assisted with final editing of the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no funding.




Data Availability Statement


The data associated with this study have not been deposited in a publicly available repository; however, the data can be provided upon request.




Acknowledgments


The authors would like to thank the Universidade Federal do Oeste do Pará for the financial support, through the granting of research grants to postgraduate and undergraduate students, as well as to thank the grant funding agency Fundação Amazônia Paraense de Amparo à Pesquisa (FAPESPA/FIAM).




Conflicts of Interest


The authors declare that there are no conflicts of interest.




References


	



Castro, T.A.; Leite, B.S.; Assunção, L.S.; de Jesus Freitas, T.; Colauto, N.B.; Linde, G.A.; Otero, D.M.; Machado, B.A.S.; Ferreira Ribeiro, C.D. Red Tomato Products as an Alternative to Reduce Synthetic Dyes in the Food Industry: A Review. Molecules 2021, 26, 7125. [Google Scholar] [CrossRef] [PubMed]

	



Rambler, R.M.; Rinehart, E.; Boehmler, W.; Gait, P.; Moore, J.; Schlenker, M.; Kashyap, R. A Review of the Association of Blue Food Coloring with Attention Deficit Hyperactivity Disorder Symptoms in Children. Cureus 2022, 14, e29241. [Google Scholar] [CrossRef] [PubMed]

	



Chen, N.; Watanabe, K.; Kobayakawa, T.; Wada, M. Relationships between autistic traits, taste preference, taste perception, and eating behaviour. Eur. Eat. Disord. Rev. 2022, 30, 628–640. [Google Scholar] [CrossRef] [PubMed]

	



Petitpierre, G.; Luisier, A.C.; Bensafi, M. Eating behavior in autism: Senses as a window towards food acceptance. Curr. Opin. Food Sci. 2021, 41, 210–216. [Google Scholar] [CrossRef]

	



Cruz, S.; Lifter, K.; Barros, C.; Vieira, R.; Sampaio, A. Neural and psychophysiological correlates of social communication development: Evidence from sensory processing, motor, cognitive, language and emotional behavioral milestones across infancy. Appl. Neuropsychol. Child. 2022, 11, 158–177. [Google Scholar] [CrossRef]

	



Bourne, L.; Mandy, W.; Bryant-Waugh, R. Avoidant/restrictive food intake disorder and severe food selectivity in children and young people with autism: A scoping review. Dev. Med. Child. Neurol. 2022, 64, 691–700. [Google Scholar] [CrossRef] [PubMed]

	



Strand, M. Eggs, sugar, grated bones: Colour-based food preferences in autism, eating disorders, and beyond. Med. Humanit. 2021, 47, 87–94. [Google Scholar] [CrossRef]

	



Miller, M.D.; Steinmaus, C.; Golub, M.S.; Castorina, R.; Thilakartne, R.; Bradman, A.; Marty, M.A. Potential impacts of synthetic food dyes on activity and attention in children: A review of the human and animal evidence. Environ. Health 2022, 21, 45. [Google Scholar] [CrossRef]

	



Braga, R.; Melo, M. Como fazer uma revisão baseada na evidência. Rev. Port. De Med. Geral E Fam. 2009, 25, 660–666. [Google Scholar] [CrossRef]

	



Carneiro, P.A.; Zanoni, M.V.B. Uma breve revisão histórica—Do passado ao futuro colorindo a vida. In Corantes: Caracterização Química, Toxicológica, Métodos de Detecção, 1st ed.; Cultura Acadêmica: São Paulo, Brasil, 2016; pp. 14–16. [Google Scholar]

	



Retondo, C.G.; Faria, P. Editora Átomo. In Química das Sensações, 3rd ed.; Átomo: Campinas, Brasil, 2009. [Google Scholar]

	



Export-Import Bank of India—EIBI. The EU market for natural colours, flavours and thickeners. Agric. Export. Advant. 2010, 24, 4–8. [Google Scholar]

	



Giri, A.K.; Das, S.K.; Talukder, G.; Sharma, A. Sister chromatid exchange and chromosome aberrations induced by curcumin and tartrazine on mammalian cells in vivo. Cytobios 1990, 62, 111–117. [Google Scholar] [PubMed]

	



Mpountoukas, P.; Pantazaki, A.; Kostareli, E.; Christodoulou, P.; Kareli, D.; Poliliou, S.; Mourelatos, C.; Lambropoulou, V.; Lialiaris, T. Cytogenetic evaluation and DNA interaction studies of the food colorants amaranth, erythrosine and tartrazine. Food Chem. Toxicol. 2010, 48, 2934–2944. [Google Scholar] [CrossRef] [PubMed]

	



Sayed, H.M.; Fouad, D.; Ataya, F.S.; Hassan, N.H.A.; Fahmy, M.A. The modifying effect of selenium and vitamins A, C, and E on the genotoxicity induced by sunset yellow in male mice. Mutat. Res. Genet. Toxicol. Environ. Mutagen. 2012, 15, 145–153. [Google Scholar] [CrossRef] [PubMed]

	



Checker, F.M.D.; Venâncio, V.P.; Bianchi, M.L.P.; Antunes, L.M.G. Genotoxic and mutagenic effects of erythrosine B, a xanthene food dye, on HepG2 cells. Food Chem. Toxicol. 2012, 50, 3447–3451. [Google Scholar] [CrossRef] [PubMed]

	



Ozaki, A.; Kitano, M.; Itoh, N.; Kuroda, K.; Furusawa, N.; Masuda, T.; Yamaguchi, H. Mutagenicity and DNA-damaging activity of decomposed products of food colours under UV irradiation. Food Chem. Toxicol. 1998, 36, 811–817. [Google Scholar] [CrossRef] [PubMed]

	



Ishidate, M.; Odashima, S. Chromosome tests with 134 compounds on Chinese hamster cells in vitro—A screening for chemical carcinogens. Mutat. Res. Fundam. Mol. Mech. Mutagen. 1977, 48, 337–353. [Google Scholar] [CrossRef] [PubMed]

	



Ali, B.H.; Marrif, H.; Noureldayem, S.A.; Bakheit, A.O.; Blunden, G. Some biological properties of curcumin: A review. Nat. Prod. Comum. 2006, 1, 509–521. [Google Scholar] [CrossRef]

	



Maranhão, M.V.M.; Nóbrega, D.K.A.; Anunciação, C.E.C.; Maia, B.A.B.; Mariano, P.V.D. Reação alérgica ao corante azul patente em cirurgia de mama—Relato de caso. Rev. Bras. Anestesiol. 2016, 66, 433–436. [Google Scholar] [CrossRef] [PubMed]

	



Basu, A.; Kumar, G.S. Binding of carmoisine, a food colorant, with hemoglobin: Spectroscopic and calorimetric studies. Aliment. Res. Int. 2015, 72, 54–61. [Google Scholar] [CrossRef]

	



Bakthavachalu, P.; Kannan, S.M.; Qoronfleh, M.W. Food Color and Autism: A Meta-Analysis. Adv. Neurobiol. 2020, 24, 481–504. [Google Scholar]

	



Chappell, G.A.; Britt, J.K.; Borghoff, S.J. Systematic assessment of mechanistic data for FDA-certified food colors and neurodevelopmental processes. Food Chem. Toxicol. 2020, 140, 111310. [Google Scholar] [CrossRef] [PubMed]

	



Lemoine, A.; Pauliat-Desbordes, S.; Challier, P.; Tounian, P. Adverse reactions to food additives in children: A retrospective study and a prospective survey. Arch. Pédiatrie 2020, 27, 368–371. [Google Scholar] [CrossRef] [PubMed]

	



Dufault, R.J.; Crider, R.A.; Deth, R.C.; Schnoll, R.; Gilbert, S.G.; Lukiw, W.J.; Hitt, A.L. Higher rates of autism and attention deficit/hyperactivity disorder in American children: Are food quality issues im-pacting epigenetic inheritance? World J. Clin. Pediatr. 2023, 12, 25–37. [Google Scholar] [CrossRef] [PubMed]

	



Ali, M.Y.; Hassan, G.M.; Hassan, A.M.S.; Mohamed, Z.A.; Ramadan, M.F. In vivo genotoxicity assessment of sunset yellow and sodium benzoate in female rats. Drug Chem. Toxicol. 2020, 43, 504–513. [Google Scholar] [CrossRef] [PubMed]

	



Lange, K.W.; Reissmann, A.; Nakamura, Y.; Lange, K.M. Food intolerance and oligoantigenic diet in children with attention-deficit hyperactivity disorder. Food Sci. Hum. Wellness 2023, 13, 9250146. [Google Scholar] [CrossRef]

	



Kraemer, M.V.D.S.; Fernandes, A.C.; Chaddad, M.C.C.; Uggioni, P.L.; Rodrigues, V.M.; Bernardo, G.L.; Proença, R.P.D.C. Food additives in childhood: A review on consumption and health consequences. Rev. Saude Publica 2022, 56, 32. [Google Scholar] [CrossRef] [PubMed]

	



Ahmed, M.A.; Al-Khalifa, A.S.; Al-Nouri, D.M.; El-Din, M.F.S. Dietary intake of artificial food color additives containing food products by school-going children. Saudi J. Biol. Sci. 2021, 28, 27–34. [Google Scholar] [CrossRef] [PubMed]

	



Makeen, H.; Alqahtani, S.; Alam, N.; Menachery, S.; Ageeli, R.; Kadumi, Y.; Jerah, A. Parental Perception of the Role of Color Additives in Food on Children’s Behavior in Jazan Region of Saudi Arabia. Curr. Top. Nutraceutical Res. 2020, 19, 308–311. [Google Scholar] [CrossRef]

	



Savin, M.; Vrkatić, A.; Dedić, D.; Vlaški, T.; Vorgučin, I.; Bjelanović, J.; Jevtic, M. Additives in Children’s Nutrition-A Review of Current Events. Int. J. Environ. Res. Public Health 2022, 19, 13452. [Google Scholar] [CrossRef]

	



Lehmkuhler, A.L.; Miller, M.D.; Bradman, A.; Castroina, R.; Mitchell, A.E. Certified food dyes in over the counter medicines and supplements marketed for children and pregnant women. Food Chem. Toxicol. 2020, 143, 111499. [Google Scholar] [CrossRef]

	



Thilakaratne, R.; Castorina, R.; Gillan, M.; Han, D.; Pattabhiraman, T.; Nirula, A.; Miller, M.D.; Marty, M.; Lehmkuhler, A.; Mitchell, A.; et al. Exposures to FD&C synthetic color additives from over-the-counter medications and vitamins in United States children and pregnant women. J. Expo. Sci. Environ. Epidemiol. 2023, 33, 787–793. [Google Scholar] [PubMed]

	



Amin, K.A.; Abdel Hameid, H., 2nd; Abd Elsttar, A.H. Effect of food azo dyes tartrazine and carmoisine on biochemical parameters related to renal, hepatic function and oxidative stress biomarkers in young male rats. Food Chem. Toxicol. Int. J. Publ. Br. Ind. Biol. Res. Assoc. 2010, 48, 2994–2999. [Google Scholar] [CrossRef] [PubMed]

	



Jerome, D.; Jerome, L. Approach to diagnosis and management of childhood attention deficit hyperactivity disorder. Can. Fam. Physician 2020, 66, 732–736. [Google Scholar] [PubMed]

	



Santos, J.R.; Sousa, S.L.; Soares, B.M.; Gomes, F.M.; Oliveira, V.A.; Sousa, N.A.B.; Negreiros, H.A.; Silva, F.C.C.; Peron, A.P.; Pacheco, A.C.L.; et al. Cytotoxic and mutagenic effects of the food additive tartrazine on eukaryotic cells. BMC Pharmacol. Toxicol. 2022, 23, 95. [Google Scholar] [CrossRef] [PubMed]

	



Ke, T.; Tinkov, A.A.; Skalny, A.V.; Bowman, A.B.; Rocha, J.B.T.; Santamaria, A.; Aschner, M. Developmental exposure to methylmercury and ADHD, a literature review of epigenetic studies. Environ. Epigenetics 2021, 7, dvab014. [Google Scholar] [CrossRef] [PubMed]

	



United States Food and Drug Administration. Color Additives History. Available online: https://www.fda.gov/industry/color-additives/color-additives-history (accessed on 3 November 2022).

	



Dufault, R.J. Unsafe in Any Meal: What the FDA Doesn’t Want You to Know about the Foods You Eat; Square One Pub: Parque Garden City, NY, USA, 2017; pp. 59–75. [Google Scholar]

	



Meguid, N.A.; Bjørklund, G.; Gebril, O.H.; Doşa, M.D.; Anwar, M.; Elsaeid, A.; Gaber, A.; Chirumbolo, S. The role of zinc supplementation on the metallothionein system in children with autism spectrum disorder. Acta Neurol. Belg. 2019, 119, 577–583. [Google Scholar] [CrossRef] [PubMed]

	



Griffiths, J.C. Coloring foods & beverages. Food Technol. 2005, 5, 38–44. [Google Scholar]

	



EFSA Panel on Food Additives and Flavourings (FAF); Younes, M.; Aquilina, G.; Castle, L.; Engel, K.H.; Fowler, P.; Fernandez, M.J.F.; Fürst, P.; Gundert-Remy, U.; Gürtler, R.; et al. Safety assessment of titanium dioxide (E171) as a food additive. EFSA J. 2021, 19, e6585. [Google Scholar]

	



