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Food safety is related to nutritional risk in children. This study is to determine the types of artificial food
color additives (AFCAs) daily intake by school children aged 6 to 17 years for ten AFCAs. Sunset Yellow
(E110), Tartrazine (E102), Carmoisine (E122), Brilliant Blue (E133), Allura Red (E129), Black PN (E151),
Indigo Carmine (E132), and Fast Green (E143) were identified using 24 h food consumption question-
naire, including the two unapproved AFCAs, Red 2G (E128) and Erythrosine (E127) in 839 food products.
These food products are distributed into nine categories, containing juices and drinks, ice cream, cakes,
jelly, chocolates, candy, chips, biscuits, and chewing gum. Results showed that the artificial food colors,
Carmoisine (32.3 %) and Sunset Yellow (30.1 %) were the most highly consumed AFCAs by school chil-
dren, whereas Erythrosine (0.05 %) was consumed the least. Therefore, Sunset Yellow was highly con-
sumed (30.1 %) and detected in high amounts by high performance liquid chromatography, (HPLC)
34.2 %. The average daily intake (ADI) of AFCAs decreased with age to varying degrees in both sexes.
In comparison to the Food and Agriculture Organization and World Health Organization, acceptable daily
intakes, most permitted colors exceeded their acceptable daily intakes (ADIs) in the 6–11 years of age
groups, and most permitted colors were within the recommended ADIs in the 12–17 years of age group.
The average daily intake of AFCAs by school children decreased with age. Therefore, further studies are
required to gain information about the possible negative health effects of high intake of these AFCAs
on the test population.
� 2023 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Food color is the substance added to various foods or drinks and
has been a common practice for many centuries, serving many
technical purposes. For example, to compensate the color loss
caused by thermal/temporal processing state, the production pro-
cess, packaging, storage, or distribution and to enhance naturally
occurring colors, to ensure batch to consolidate batch, thereby pre-
serving food identity, and to protect vitamins and flavors, which
might be sunlight-sensitive while being stored (Ghorpade et al.,
1995; Stich, 2016). Color has generally been added to make quality
visually attractive, to promote flavor recognition, and to meet con-
sumer prospects. Foods products like biscuits, cakes, pastries, ice
cream, cured meats, soft drinks, cheese, margarine, confectionery,
and candy, are still manufactured with color added. Before the
1950 s, manufacturers used natural pigments from plants and veg-
etables, minerals, microalgae, and pigment-producing microorgan-
isms, such as beets (bright red), chlorophyll (green), to color the
candy and food, which was a quick and easy process and extracts
from other spices and plants (Dikshit and Tallapragada, 2018;
Shamina et al., 2008). Due to improved cooperation in the food
industry, the chemical industry experienced a boom after the
World War II. This led to the inclusion of synthetic petroleum-
based ingredients as AFCAs sources, which became increasingly
popular among food manufacturers due to manufacturing advan-
tages such as lower cost, longer shelf life, improved appearance,
high color intensity, greater color stability, and uniformity (Dey
and Nagababu, 2022).
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The safety of a chemical compound is used to calculate the
amount required to kill 50 % of the test animals. The risk to humans
is then calculated using extrapolated data. Unfortunately, when
the first synthetic color additive was used in foods, no toxicological
studies were conducted. To assess the possible negative effects of a
chemical substance on people’s health, toxicological studies are
essential (Drakvik et al., 2020).

In general, AFCAs have become more widely used in recent
years due to concerns about their safety (FAO/WHO, 2007). A vari-
ety of disorders, diseases, and mutations in humans can be caused
by most chemicals used in synthetic color sources.

There are now issues about the long-term effects of some AFCAs
due to increased public awareness. Some food dyes are legal in one
country but banned in another, for example, Red 2 (Amaranth) is
legal in Japan, EU and China but illegal in the United States (US)
and India. Similarly, the use of Red 40 (Allura Red) is prohibited
in India but permitted in Japan, EU, China, and the US (Mishra,
2020).

Several researches have been conducted to investigate the car-
cinogenic effects of flavors and AFCAs. However, rare researches
have examined how eating foods with AFCAs on children affects
their behavior (Arnold et al., 2012; Trasande et al., 2018). Recently,
Reading (2004) reported that 3-year-old boys exhibited undesir-
able behavior, as assessed by parental ratings, after consuming a
mixture of four AFCAs and sodium benzoate. An earlier study found
that a combination of AFCAs and the protective sodium benzoate in
food groups risen hyperactivity in 3, 8, and 9 year-old children
(Hashimoto, 2008).

Some AFCAs, like Tartrazine (E102), was already linked to
asthma, allergies, and hyperactivity in kids (Kamal and Fawzia,
2018; Sharma and Choudhary, 2020). The UK Food Standards
Agency and the European Food Safety Authority have ordered that
all dietary groups comprising Sunset Yellow (E110), Carmoisine
(E122), Tartrazine (E102), Quinoline Yellow (E104), Allura Red
(E129), and Ponceau 4R (E124) be labeled ‘‘May impair activity
and attention in children” as of July 20, 2010 (Scotter, 2011).

Several states and regions have their own rules regarding the
kind, use, purity, and quantity of AFCAs allowed in the food man-
ufacturing (Corradini, 2019; Silva et al., 2022). Nutritional model-
ing is a crucial step in the risk assessment procedure and a
useful tool for identifying the presence of chemicals in the diet
(Keener, 2022). Consumption data and concentrations are used to
estimate the exposure to AFCAs, and compare the outcomes to
established health benchmarks. For numerous years, food stan-
dards agencies around the world have used dietary models as por-
tion of the risk assessment manner to identify unacceptable public
health risks. The accuracy of dietary exposure estimates depends
on the quality of the food levels and food intake data used in nutri-
tive modeling (Keener, 2022; Kettler et al., 2015).

The United States Food and Drug Administration (FDA) has
approved the use of nine AFCAs (USFDA, 2017). Many nations have
strategy to make to limit the quantity, quality, purity, and use of
permitted AFCAs to limit their misuse. The Food and Agriculture
Organization (FAO) and the World Health Organization’s (WHO)
Joint Expert Committee on Food Additives (JECFA) strongly advise
governments to regularly monitor the total intake of each food
additive, especially when their use is being exploited and/or the
total intake exceeds the permitted levels. National nutritional
studies determine the allowable levels of each synthetic color addi-
tive. Regrettably, no studies have been carried out in Saudi Arabia
on the total intake of AFCAs consumed by school going children.
The purpose of this research was to assess the dietary intake of
AFCAs by school going children.
2

2. Materials and methods

2.1. Twenty-four hours food consumption data

Before conducting the survey, a total of 839 food items that are
frequently consumed by school children were bought from various
hypermarkets in Riyadh, Saudi Arabia. These products were dis-
tributed into 9 kinds, biscuits, juices and drinks, cakes, chips,
chocolates, ice cream, jelly, candy, and chewing gum.

School-age children aged 6–17 years old Saudi and non-Saudi
enrolled in public, private, international primary and secondary
schools were the target population, because they are considered
to be the major consumers of synthetic food color additives among
Saudi Arabia’s various population groups.

The total enrolled student population of Riyadh region schools
was obtained from the Saudi Ministry of Education’s statistical
department and divided into several strata. This includes national-
ity as well as other population characteristics such as gender, edu-
cational level, governorate, school sector, age group. Each sample
was taken at random from each stratum, which was treated as a
separate population.

The study team conducted individual interviews with children
at their schools and instructed them to use photographs of food
products to recognize the kinds and amounts of food groups they
consumed during and between meals in the previous 24 h.

The questions were created to gather the information required
to evaluate how much food school-going children 6 (6–17 years
old) consume. The survey was distributed into five parts: student,
parent, school, child weight and height, and food consumed in the
previous 24 h.

The 24 h dietary recall field survey data were entered into a
database using Microsoft Excel. The Statistical Analysis System
(SAS) Version 9.1.3 was used to perform statistical analysis on
the stored data (SAS, 2010). A descriptive statistics SAS program
was used on the stored data to generate summaries of average
daily food intake by age group for each parameter based on gender,
nationality, education level, and school sector.

2.2. Food sample analysis

Dry foods (such as chips and biscuits), decomposable food and
ice cream samples were stored at room temperature, 4 �C and
�20 �C, respectively, until analyzed. Analysis of all food samples
were carried out in triplicate. The AFCAs were extracted and ana-
lyzed by HPLC using method described by Ahmed et al. (2021).

2.3. Estimation of dietary intake (EDI) of AFCAs based on food
consumption

Assessment of the dietary intakes of AFCAs were carried out
using monitoring data and food consumption data. The monitoring
data were obtained in this study by analyzing the AFCAs in sam-
ples. Food consumption data were given by the individual food
intakes of school children in 24 h food consumption survey. The
EDI of the AFCAs were calculated using the following equation:

EDI mgkg� 1BWday� 1ð Þ ¼
Xn
i¼1

Ci xCDi
BW

� �

Where Ci is the mean concentration or the positive mean con-
centration of AFCAs in i food (mean, mg kg�1); CDi is the consump-
tion data of i food (g day�1); n is number of tested samples; and BW
is average body weight (kg).



Table 2
Content of artificial food color additives in different food categories (mg kg�1).

Food color Food category Range

Tartrazine Juices and drinks 0–26.26
Ice cream 0–0.19
Candy 0–19.67
Jelly 0–5.8

Sunset Y Chocolates 0–217.06
Juices and drinks 0–224.62
Ice cream 0–4.98
Candy 0–46.5
Jelly 0–14.31
Chewing gum 0–8.19

Carmoisine Juices and drinks 0–114.03
Candy 0–12.27
Jelly 0–5.14
Chewing gum 0–15.89

Erythrosine Candy 0–1.1
Jelly 0–0.2

Red 2G Juices and drinks 0–109.36
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3. Results

3.1. Average daily intake of AFCAs in food groups commonly consumed
by school children

The levels of AFCAs in food groups (Table 1) consumed by 6–
17 years old Saudi Arabian school children were examined and
the range of concentrations found is shown in Table 2. Eight
approved AFCAs, containing Sunset Yellow (E110), Tartrazine
(E102), Fast Green (E143), Carmoisine (E122), Allura Red (E129),
Brilliant Blue (E-133), Indigo Carmine (E132), and Black PN
(E151), and two unapproved additives, Red 2G (E128) and Ery-
throsine (E127), were examined in 839 food categories commonly
consumed by Saudi school boys and Saudi school girls aged 6 to 17.

As shown in Table 3, both boys and girls consumed more AFCAs,
including Carmoisine (33.4, 31.1 %) and Sunset Yellow (30.5,
29.6 %). Daily consumption of other AFCAs by boys and girls are
Table 1
List of artificial food color additives analyzed in terms of ADI consumed by students at
school.

FD&C Name Common
name

E-
Number

Chemical structure

FD&C Yellow
5

Tartrazine E-102

FD&C Yellow
6

Sunset Yellow E-110

FD&C Red 5 Carmoisine E-122

FD&C Red 3 Erythrosine E-127

FD&C Red 11 Red 2G E-128

FD&C Red 40 Allura Red E-129

FD&C Blue 2 Indigo Carmine E-132

FD&C Blue 1 Brilliant Blue E-133

FD&C Green 3 Fast Green FCF E-143

FD&C Black 1 Black PN E-151

E number: International numbering system.

Candy 0–49.7
Jelly 0–26.25

Allura Red Ice cream 0–2.8
Candy 0–76.26
Jelly 0–42.8

Indigo Carmine Candy 0–59.31
Brilliant Blue Juices and drinks 0–5.12

Candy 0–193.21
Jelly 0–33.24
Chewing gum 0–0.57

Fast Green Candy 0–5.58
Jelly 0–11.92

Black PN Jelly 0–175.3

3

less, including Tartrazine (4.97, 4.62 %), Brilliant Blue (2.62,
2.50 %), Indigo Carmine (2.61, 2.01 %), Allura Red (1.84, 2.38 %), Fast
Green (0.35, 0.49 %), and Black PN (5.75, 10.58 %). From the two
unapproved AFCAs, Red 2G (17.9, 16.7 %) was consumed more fre-
quently than Erythrosine (0.05 % each) by 6–17 years old boys and
girls school children in Saudi Arabia.

According to the frequency of consumption questionnaire, Ery-
throsine and Fast Green were consumed frequently. Male school
children of all ages consumed the following food products
containing AFCAs daily, Tartrazine 62–154 mg (5 %), Sunset Yellow
382–944 mg (31 %), Carmoisine 423–1101 mg (33 %), Red 2G
(226–567 mg (18 %), Allura Red 0–61 mg (2 %), Indigo Carmine
0–119 mg, (3 %), Brilliant Blue 32–75 mg (3 %), and Black PN
0–255 mg (6 %). However, among school going female children
who consume foods and drinks with AFCAs on the daily basis,
are Tartrazine 58–127 mg (5 %), Sunset Yellow 395–825 mg
(30 %), Carmoisine 396–855 mg (31 %), Red 2G 214–456 mg
(17 %), Allura Red 12–61 mg (2 %), Indigo Carmine 14–55 mg
(2 %), Brilliant Blue 24–65 mg (3 %), and Black PN 0–274 mg (11 %).

As shown in Fig. 1, the average daily intakes (ADI) of artificial
food colors decreased to varying degrees with increasing age in
both genders.

As shown in Fig. 2, the AFCAs were daily consumed among the
total population of study at concentrations ranging from 0.05 % for
Erythrosine up to 32.3 % for Carmoisine.

The artificial food colors in different analyzed food categories by
HPLC were detected at different percentages (Fig. 3). Sunset Yellow
(E110, 34.2 %), Brilliant Blue (E133, 15.4 %), Red 2G (E128, 12.3 %),
Black PN (E151, 11.6 %), Carmoisine (E122, 9.8 %), Allura Red (E129,
8.1 %), Indigo Carmine (E132, 3.9 %), Tartrazine (E102, 3.4 %), Fast
Green FCF (E143, 1.2 %), and Erythrosine (E127, 0.1 %). It was found
that the most commonly used AFCAs was Sunset Yellow (E110)
(34.2 %), which was detected at higher levels in Chocolates (0–
217 mg/kg), juices and drinks (0–225 mg/kg). Brilliant Blue (0.0–
193.21 mg/kg) and Carmoisine (0–114.03 mg/kg) were detected



Table 3
Average daily intake (ADI) and distribution (%) of artificial food color additives among school children in Saudi Arabia (mg kg�1 body weight day�1).

Age (Years) ADI*
(mg kg�1 BW)

6 to 7 8 to 9 10 to 11 12 to 13 14 to 15 16 to 17 Distribution
(%)

AFCAs Male Female Male Female Male Female Male Female Male Female Male Female Male Female

Tartrazine 75 154 127 109 99.9 87.2 89.3 82.8 70.9 62.2 58.4 79.3 59.2 4.97 4.62
Sunset Yellow 450 944 825 702 614 569 548 512 448 382 395 415 397 30.5 29.6
Carmoisine 460 1101 855 688 676 567 586 558 466 423 396 520 410 33.4 31.1
Erythrosine 0.93 0 1.23 2.31 0.93 1.44 1.34 0.81 1.04 0.58 0.53 1.2 0.3 0.05 0.05
Red 2G 258 567 456 381 362 311 321 298 255 226 214 282 214 17.9 16.7
Allura Red 44 0 60.9 56.8 48.9 60.5 56.7 36.3 45.1 26.6 36.7 31.6 11.5 1.84 2.38
Indigo Carmine 44 0 53.3 118.8 36.5 62.2 55.3 36.3 43.2 22.6 14.3 61.9 16.8 2.61 2.01
Brilliant Blue 45 50.1 65.1 75 51.6 56.6 55.8 42.3 43.7 32.3 31.9 46.3 24.3 2.62 2.5
Fast Green FCF 9.1 0 10.64 10.2 9.9 12.52 12.78 6.32 9.75 6.29 9.1 5.13 1 0.35 0.49
Black PN 205 0 216 99.3 222 255 274 121 207 142 235 46.5 0 5.75 10.58
(% Male) 24.4 19.4 17.2 14.7 11.5 12.9
(% Female) 24.5 19.5 18.3 14.6 12.7 10.4

* ADIs: Food and Agriculture Organization and World Health Organization acceptable daily intakes (ADIs) as set by the Joint-FAO/WHO-Expert-Committee (2002).

Fig. 1. Average daily intake (ADI) of artificial food colors (g kg-1 BW day-1) by male
and female school children aged 6–17 years in Saudi Arabia.

Fig. 2. Distribution of average daily intake (ADI) o
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in juices and drinks, jelly, chewing gum, and candy. Black PN was
identified in jelly in the range of 0–175.3 mg/kg, Fast Green FCF
was found in jelly and candy in the range of 0–11.92 mg/kg, while
Indigo Carmine was found in candy with the range 0–59.31 mg/kg.
Allura Red was identified in jelly, candy, and ice cream in the range
of 0–76.26 mg/kg. Tartrazine was found in candy, juices and drinks,
jelly, and ice cream in the range of 0–26.26 mg/kg. In juices and
drinks, candy, and jelly Red 2G was in the range of 0.0–
109.36 mg/kg and 0.2–1.1 mg/kg for Erythrosine.
3.2. Consumption pattern of food products

The percentage distribution of food consumption during the
24 h food consumption survey questionnaire are depicted in
Fig. 4. Among the nine food products, ice cream (44 %) as well as
juices and drinks (30 %) were highly consumed by students.
According to the 24 h dietary survey, chewing gum was consumed
by 0.5 % of the population (0.3 % in boys and 0.2 % in girls).
f AFCAs (%) in the total population of study.



Fig. 3. Artificial food color additives percentage observed by HPLC in the different food studied.

Fig. 4. Average daily intake (ADI) of food products (% distribution).
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Daily consumption of ice cream was higher in boys
(1064.17 mL, 58.1 %) than in girls (768.92 mL, 41.9 %). Saudi boys
were the highest consumer of ice cream (35.32 %) compared to
Saudi girls (22.74 %), Non-Saudi boys (22.73 %), and Non-Saudi girls
(19.20 %) (Table 4). Daily consumption of juices and drinks was
higher in boys (52.6 %) than in girls (47.4 %). Saudi boys were the
highest consumer of juices and drinks (28.15 %) compared to Saudi
5

girls (24.36 %), Non-Saudi boys (24.84 %), and Non-Saudi girls
(23.01 %) (Table 4).

Daily consumption of AFCAs for male students in Saudi and
Non-Saudi nationality are biscuits 50–55 g, cakes 53–58 g, choco-
lates 44–50 g, chips 39–54 g, ice cream 417–648 mL, juices and
drinks 308–354 mL, candy 26–36 g, jelly 44–45 g, and chewing
gum 5–6 g. Girls school going children, consumed AFCAs in the



Table 4
Average daily food intake (ADI; g & %) of various food groups Saudi and Non-Saudi boys and girls.

Food Group ADI (g) ADI (%)

Saudi Non-Saudi Whole population Saudi Non-Saudi Whole
population

Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls Boys Girls

Biscuits 49.48 39.98 54.56 42.29 104.04 82.27 26.56 21.46 29.28 22.70 55.8 44.2
Cakes 58.35 55.23 53.47 51.95 111.82 107.18 26.64 25.22 24.42 23.72 51.1 48.9
Chocolates 43.95 43.24 49.83 41.19 93.78 84.43 24.66 24.26 27.96 23.11 52.6 47.4
Chips 39 54.1 36.75 50.63 75.75 104.73 21.61 29.98 20.36 28.05 42.0 58.0
Ice cream 647.5 416.92 416.67 352 1064.17 768.92 35.32 22.74 22.73 19.20 58.1 41.9
Juices & Drinks 353.89 306.31 307.74 289.35 661.63 595.66 28.15 24.36 24.48 23.01 52.6 47.4
Candy 35.9 28.41 25.78 24.14 61.68 52.55 31.43 24.87 22.57 21.13 54.0 46.0
Jelly 44.47 56.07 43.94 48.27 88.41 104.34 23.07 29.09 22.80 25.04 45.9 54.1
Chewing gum 5.94 4.47 4.94 4.37 10.88 8.84 30.12 22.67 25.05 22.16 55.2 44.8
%Whole population 30.58 24.03 23.77 21.63 54.3 54.3
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following amounts on a daily basis, biscuits 40–42 g, cakes 52–
55 g, chocolates 41–43 g, chips 51–54 g, ice cream 352–417 mL,
juices and drinks 289–306 mL, candy 24–28 mL, jelly 48–56 g,
and chewing gum 4.4–5.5 g.

Daily consumption of juices and drinks was the highest 234.8,
234.3, and 230.4 g in International, Private, and Governmental
schools, respectively, compared to other food product. In addition,
daily consumption of ice cream was 211.5, 196.1, and 145 g in Pri-
vate, Governmental, and International schools, respectively (Fig. 5).

4. Discussion

In this study, AFCAs were found in various percentages in vari-
ous food groups, mainly ice cream (44 %) and Juices and drinkers
(30 %). Carmoisine (E122) (32.3 %) and Sunset Yellow (E110)
(30.1 %) are the most common, in these food products. Interest-
ingly, the other AFCAs, especially Erythrosine (0.05 %), were rarely
used in food products. Kist-van Holthe et al. (2015) observed that
3
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Brilliant Blue (E133) (Number of times encountered, 41 times)
was the most commonly consumed artificial color additive in
foods, while Sunset Yellow (E110) (Number of times encountered,
8 times) and Carmoisine (E122) were the least commonly used
artificial food color among children in Amsterdam. The much
higher intakes of the dyes Carmoisine and Sunset Yellow among
school-going children in Saudi Arabia could be due to high con-
sumption of juices and drinks, followed by chocolates, and the high
levels of these AFCAs in these food products. In agreement with
Husain et al. (2006) age had a significant effect on the ADI of
AFCAs, especially among children 6–7 years old, they showed sig-
nificantly higher ADI of AFCAs than the other age groups This indi-
cated that the content of AFCAs increased in young children and
decreased to different degrees in both sexes. Since the ADI is calcu-
lated based on body weight, and children at these age groups have
lower body weights than children in the other age groups, one
might postulate that the intake of AFCAs tends to be more visible
in children 5–8 years old than in older children, in addition to
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the fact that AFCAs such as Carmoisine and Sunset Yellow are more
highly favored by younger children than the older ones. Nationality
influenced ADI of AFCAs, Saudi children consumed more AFCAs
than non-Saudi children, particularly those found in ice cream
and juices and drinks. Furthermore, the type of school had a similar
effect on ADI of AFCAs, with the exception of that found in ice
cream, which decreased in children attending an international
school. Gender had effect on ADI of AFCAs, with boys consuming
more than girls in all studied AFCAs except Fast Green, Allura
Red, and Black PN, where girls consumed more than boys.

In a comparison to acceptable daily intakes (ADIs) values of
Food and Agriculture Organization and World Health Organization,
the ADI of AFCAs exceeded in the 6–11 years age group, with the
exception of Indigo Carmine in the female age 8–9 years and Black
PN in the male age 8–9 years. Furthermore, Erythrosine, Allura Red,
Indigo Carmine, Fast Green FCF, and Black PN were not consumed
by males aged 6–7 years. On the other hand, the ADI of AFCAs for
12–17 years old groups, within the recommended ADIs, with the
exception of Sunset Yellow, Carmoisine, and Black PN for 12–
13 years in girls and Black PN for 14–15 years in girls, as well as
Tartrazine, Carmoisine, Red 2G, Indigo Carmine, and Brilliant Blue
for 16–17 years boys. This indicated that most AFCAs exceeded
their acceptable daily intakes (ADIs) in the 6–11 years old age
groups, but were within the recommended ADIs in the 12–17 years
old age group. Younger school-age children (6–11 years age
groups) consumed higher levels of AFCAs that exceeded their ADIs,
whereas older school-age children (12–17 years age groups) con-
sumed suitable levels of AFCAs that were within the recommended
ADIs. This could be attributed to higher purchasing power, con-
sumption of AFCAs, and lack of awareness in younger age groups.

In a study of 100 families in Abu Dhabi, the consumption of sun-
set Yellow by children under the age of seven exceeded their ADI of
2.5 mg/kg body weight (Marei and Hassan, 1995). Husain et al.
(2006) reported that four approved AFCAs (Sunset Yellow, Tar-
trazine, Allura Red, and Carmoisine) were found to be significantly
exceeded the acceptable daily intakes (ADIs) values of Food and
Agriculture Organization and World Health Organization by the
factors of 2–8 times, especially in young children. In contrary that
the consumption of artificial food colorings was considerably lower
than the ADI (Additives and Food, 2010; Kist-van Holthe et al.,
2015). This indicates that these AFCAs may have adverse health
effects. The most common food bio-colorants are flavonoids, caro-
tenoids, anthocyanidins, betalain, chlorophyll, and crocin (Kaya
et al., 2021). Although there are numerous benefits to adding
AFCAs to foods, there is growing concern about the human health
safety consequences of including AFCAs in human diets. Long-term
exposure to AFCAs, in particular, can result in allergies, nausea,
attention deficit hyperactivity disorder, and heart disease (Kaya
et al., 2021). The safety of these AFCAs, has resulted in numerous
studies, conducted by individual researchers, corporate organiza-
tions, and even government agencies, to validate the benefits or
risks associated with the use of AFCAs. Therefore, toxicological
studies have linked AFCAs to the development of allergy and
hyperactivity symptoms in children. Furthermore, the risk of
cumulative AFCAs consumption from various types of food prod-
ucts consumed throughout the day is questioned. Using the AFCAs
found in food products as an example, the risk of toxicity from Sun-
set Yellow colors appears to be high when a child consumes one or
more Chocolates, juices, and drinks during the day. When other
AFCAs are consumed and ingested on a daily basis, the risk of tox-
icity increases.

Tartrazine (E102), a synthetic lemon-yellow azo dye; C16H9N4-
Na3O9S2, has the highest rate of intolerance and allergic reactions
of any azo dye, as well as childhood hyperactivity, migraine head-
aches, skin rashes, and may contain carcinogen residues (Tuormaa
7

1994, Inetianbor et al., 2015). Sunset Yellow (E110) can cause
health issues, particularly allergic reactions, in people who are sen-
sitive to acetylsalicylic acid. It is also suspected of having hyperki-
nesia and potentially carcinogenic substance residues (Additives
and Food 2014, Silva et al., 2022). Carmoisine (E122) Azorubine
C20H12N2Na2O7S2, has no histopathological evidence of carcino-
genic, mutagenic, or teratogenic properties but it appears to cause
skin and respiratory allergic reactions in rare cases (Malczyk et al.,
2015, Silva et al., 2022). The use of Erythrosine (C20H6I4Na2O5�H2-
O), which contains high levels of bound iodine, has been linked
to allergic reactions and cancer (Inetianbor et al., 2015, Silva
et al., 2022). Studies on humans revealed that only a small amount
of erythrosine is absorbed and that it is almost completely excreted
via feces (Joint and Organization 2017). Although several in vitro
studies revealed positive genotoxicity findings, there are negative
in vivo genotoxicity investigations (Joint and Organization 2017).
Brilliant black PN (E151), C28H17N5Na4O14S4, has been linked to
human health risks similar to those linked to other azo food colors.
Although free sulfonated aromatic amines may enter the systemic
circulation after azo reduction in the gastrointestinal tract, con-
cerns about genotoxicity remain (Additives and Food 2010, Silva
et al., 2022). Indigo Carmine (E132) (C16H8Na2O8S2), has no adverse
effects in subacute, chronic, reproduction, or developmental toxic-
ity studies, nor have changes in hematological and biological
parameters been identified in chronic toxicity studies at lower
doses (Joint and Organization 2017). Furthermore, human health
effects related to allergy issues, as well as the possible presence
of residues of potentially carcinogenic substances, have been
reported (Silva et al., 2022). Brilliant Blue (E133) only about 5 %
of E133 is absorbed from the gastrointestinal tract, with the
remainder excreted. It can, however, be absorbed directly into
the bloodstream via the tongue or shaved skin (Joint and
Organization 2017). In terms of human health effects, Silva et al.,
(2022) reported that high doses can cause deposits in the kidneys
and lymphatic vessels, as well as residues of potentially carcino-
genic substances. In terms of potential side effects, Allura Red
may produce allergens that cause asthma, rhinitis (including hay
fever), or ‘‘urticarial” hives (Inetianbor et al., 2015). Allura Red is
suspected of causing hyperkinesia and may contain carcinogenic
residues (Silva et al., 2022).

The permissions for their use are regulated by the United States
FDA and the European Food Safety Authority (EFSA) in order to
provide safe food products to consumers (Martins et al., 2016).
Specific critical values illustrate the safe levels of additive expo-
sure. The highest concentration with no adverse effects under cer-
tain exposure conditions is referred to as the No observed adverse
effect level (NOAEL). The acceptable daily intakes are a criterion
that expresses the amount of substance that can be consumed
daily per kilogram of body weight without causing harm. A num-
bering system known as ‘‘E numbers” has been established to aid
in the identification, control and reduction of risk. The AFCAs clas-
sified under the E code and used based on their permitted amounts
(Kaya et al., 2021). An AFCAs in food products are strictly regulated
in Europe in accordance with Directive 94/35/EU (EC, 2001; Minioti
et al., 2007). The Saudi Food and Drug Authority is presently updat-
ing the GCC Food Color Guidelines 285/1999 that govern the use of
AFCAs in Saudi Arabia (SFDA). For Erythrosine, Brilliant black PN,
Carmoisine, Indigo Carmine, Brilliant Blue, Allura Red, Sunset Yel-
low FCF, and Tartrazine, committees established acceptable daily
intakes as 0.1, 1, 4, 5, 6, 7, 4, and 7.5 mg/kg body weight /day
(Additives and Food 2009, Additives and Food 2010, Lucová et al.,
2013, Additives and Food 2014, Malczyk et al., 2015, Joint and
Organization 2017, Silva et al., 2022). Therefore, AFCAs-
containing foods should be labeled with a warning that the food
‘‘may have an adverse effect on activity and attention in children”.
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5. Conclusions

In conclusion, in the different food categories studied, Car-
moisine (32.3 %) and Sunset Yellow (30.1 %) were the most gener-
ally consumed AFCAs by Saudi primary and secondary school
children. Sunset Yellow was detected in high concentrations
(34.2 %) by HPLC in food products. Ice cream (44 %) and juices
and drinks (30 %) were the most popular foods among Saudi 6–
17 years old boys and girls, while chewing gum (0.5 %) was the
least popular. Average daily intake of AFCAs decreased with the
age at different rates for both sexes. However, ten AFCAs exceeded
their acceptable daily intakes (ADIs) in 6–11 years of age groups
and within the recommended ADIs in 12–17 years of age group.
However, Indigo Carmine in the female age 8–9 years, Black PN
in the male age 8–9 years, and Erythrosine, Allura Red, Fast Green
FCF, Indigo Carmine, and Black PN in the male aged 6–7 years were
within the recommended ADIs. In addition, Tartrazine, Sunset Yel-
low, Carmoisine, and Red 2G for 12–13 years in male, Carmoisine,
Erythrosine, and Black PN for 12–13 years in girls, Black PN for 14–
15 years in girls, and Tartrazine, Carmoisine, Red 2G, Indigo Car-
mine, and Brilliant Blue for 16–17 years in boys were exceeded
their ADIs. Data on the content of AFCAs would be useful to under-
stand the eating habits of school going children and to choose suit-
able products to prevent the intake of excessive amounts of AFCAs
that can harm children’s health. Therefore, it is critical to conduct
follow-up research to evaluate the potential health effects of high
artificial color additives consumption in foods at younger ages.
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