Cancer Research Journal

2014; 2(6-1): 42-48

Published online December 26, 2014 (http://wwwrsogpublishinggroup.com/j/crj)
doi: 10.11648/j.crj.s.2014020601.15

ISSN: 2330-8192 (Print); ISSN: 2330-8214 (Online)

Scelenee* G

Science Publishing Group

Colorful, cute, attractive and carcinogenic: The dangers of
dyes

Durinézio José de Almeida *, Gabriela Datsch Bennemanfy Camila Cristina Bianchi®,
Guilherme Barroso L. de Freitag"®

!Department of Biology, Post-graduate Program in Coatjpe Biology, State University of Maringa (UEM),aving4, Brazil

2Department of Agronomy, State University of Midwg@dNICENTRO), Guarapuava, Brazil

3Department of Nutrition, Faculdade Campo real, Guaasa, Brazil

‘Department of Pharmacy, State University of Midw&stICENTRO), Guarapuava, Brazil

Department of Clinical Patology, Post-Degree Prograimternal Medicine and Health Sciences, Feddraversity of Parana (UFPR),
Curitiba, Brazil

Email address:
durinezio@gmail.com (D. J. de Almeida), prof.gbao@yahoo.com.br (G. B. L. de Freitas)

To cite this article:
Durinézio José de Almeida, Gabriela Datsch Bennepfaamila Cristina Bianchi, Guilherme Barroso L. de fa®iColorful, Cute, Attractive
and Carcinogenic: The Dangers of Dy@ancer Research Journalol. 2, No. 6-1, 2014, pp. 42-48. doi: 10.11648jjs.2014020601.15

Abstract: Azo dyes and their derivatives have been linkezhges of bladder, prostate, esophagus, rectumastoand ovary

cancer. These dyes are quite common on food, howse&eeral countries have revised its use and esssd what are the
acceptable concentrations of these pigments. ThtiNgllow and Tartrazine are two azo dyes allowedomd in many countries
around the world, they are used for the preparaifogelatins, cake, juices, ready soft drinks, ¢@sdchewing gum, snacks,
crackers and etc. Among children and adolescérgs;dnsumption of these foods is common, whicheaah to high dye levels
in the body. This study examined the concentratibfwilight Yellow and Tartrazine dyes in food camsed by children in

Brazilian schools. The results indicated that heghsumption of sweets tends to exceed the acceptidily intake of dyes.

Moreover, many products have levels above the akbly the Brazilian legislation, which increases sk of cancer.
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1. Introduction

A series of epidemiological studies about themalignant neoplasms especially in the esophagusashr
carcinogenicity of azo dyes and their derivativasehbeen rectum, stomach and ovary [3]. Other harmful efect
carried out since the 1979 when these dyes have lbded observed are allergic reactions, which can genesitgple
to bladder cancer in Shanghai workers [1]. Curyetiiese allergies up to severe asthma and bronchitis [ditHermore,
dyes are related to cases of bladder, prostatghegas, the scientific literature attests that 13% to 22%eople with
rectum, stomach and ovarian cancers mainly by thallergies to aspirin also exhibit the same reastiafter eating
formation of active metabolites (aromatic amineftgrathe the E102 [5].
action of intestinal microflora. The intake recommendations of these dyes in foed ar

The Tartrazine Yellow dye, also known as E102, rhay particular to each country. The reference of consion
used alone or in combination with the E133 (Brilti&lue) used in Brazil is based on scientific studies arideio
or E142 (Green S) dyes. In the food industry, algiothis countries legislation. The Brazilian National Haalt

colorant is widely used in many foods especiallpsth
targeted at children (biscuits and sweets, for elema
greater control is still necessary [2].

Studies show that ingestion of artificial pigmestgeh as
Tartrazine and Erythrosin associated with a rigt @ trans
fats, nitrites, nitrates and low fiber intake amdated to

Surveillance Agency (ANVISA) [6] determined thaetHrug
description leaflet of medicines, which contain E16hould
have a warning for consumers. However, for food ASIY
requires only the introduction in the list of indrents,
without any warning [3]. This somewhat underestesathe
harmful effects of dyes.



Cancer Research Journal 2014; 2(6-1): 42-48

43

According to the Joint FAO / WHO Expert Committe® o 2.1. Assessment of Dietary | ntake of Foodswith E102 and

Food Additives [7] the acceptable daily intake (ADBf E102
is 7.5 mg per kilogram per day. This value is used
reference value in Brazil. This means, for examphat a

child who weighs 30 kg should consume at most 225 m

daily to avoid toxic symptoms [8].

The artificial coloring Twilight Yellow, also knowras
Sunset Yellow FCF or E110, belongs to the group
azo-compound [9, 10]. It is widely used in fermahfeods,

soft drinks, jams, juices, fruit cream, jelliesxes for sauces,

snacks, energy drinks, some medications and mosepsed
foods yellowish, reddish or mixtures of other djEk. E110
is often used together with E123 (Amaranth) to d/iel
chocolate brown and caramels colorations [11]. s is a
sulphonated Sudan | dye analog, which has carcimog
potential, and is often present as an impurityoiodf colored
with E123 [12].

Because of many reports of side effects, sevetaliesd
claim that the azo dyes should be banned from f¢b@ls In
September 2008, the European Union ruled that oloelsf
and beverages that have any of the artificial agesdnust
contain warnings [8], however, the domestic law®ofway
and Finland have banned the use of E110 in fooH [13

In 2009, the European Food Safety Authority (EFSIA)
has changed the acceptable daily intake (ADI) fai of
2.5 to 1.0 mg/kg body weight per day. Due to thedpction
of carcinogenic aromatic amines and the major tefiects
caused by acute dye exposure at concentration®frigikg
it was necessary to reduce the ADI to increasadlfiety [15].

E110 Dyes

There are many foods containing E102 and E110 dyes
its normal composition. In order to analyze whianoag
these foods was the most commonly consumed by riside
two tools were used, i.e. one 24-hour recall an&oad
drrequency Questionnaire - FFQ [18]. In additionthese
potential harmful foods to health, fruits and vedpds were
also listed in the questionnaire to check if thees a balance
between the consumption of processed and healthgisfo
This nutritional equilibrium is essential to ass#ss risk of
onset and progression of tumor cells.

2.2. Side Effects Related to Food
e

Some symptoms caused by azo dyes intoxication are

characteristic, for example, vomiting, nausea, rtia,
swelling of the mouth, itching, headaches and diffy to
breathe. Aiming to identify and quantify the symptafter
ingestion of the foods, the parents filled out &sjionnaire
reporting the side effects or even if the child bame allergy
to any analyzed food.

2.3. Quantification of Azo Dyes

Patterns of E102 and E110 dye were used to edtathks
absorbance curve (Figure 1). The calibration cuwes
carried out with reference interval of 0.005 - 0.40
(interval of 0.005 g/l) using a spectrophotometér S 22
model in wavelength of 450 nm [19].

This same concern led to the reduction of the marim

permitted concentration in beverages of 50 mg/RQmg/L
[8]. According to JECFA, the ADI to Sunset Yellowedin
Brazil is 2.5 mg/kg body weight, concentration mahan
double the recommended by EFSA [13].

However, as in some countries e.g. Brazil, it ist no

necessary to discriminate the amount of these olyésods
and drinks, only its presence among the ingrediethts
supervision and control of possible poisoning megularities
become difficult [16, 17].

The aim of this study was to evaluate the amourdazaf
dye commonly ingested in the diet of students @thit and
adolescents) aimed at creating greater control
information, avoiding possible conditions of poisanand
reducing the risk of cancer.

This study was approved by the research ethics dtheam
of the Midwestern State University (UNICENTRO)

2. Methodology
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Figure 1. Spectrophotometric curves obtained for the exastremalyzes
and its respective tendency curves, being it lifeathe Yellow Tartrazine
dye. Different colors represent distinct repetisofor the establishment of
the curve.

This study was undertaken from September 2012 tg Ma

of 2013, in order to assess the daily intake ofdyms. It was
carried out a questionnaire with children and ast®ets
(ages from 4 to 12 years old) of both genders uhlic
school in Candoi, Brazil. This questionnaire wasuaport
for choosing which foods would be quantitativelyaksated
for the presence of azo dyes (E102 and E110).

The accuracy of the curves was evaluated in tapdic
through the recovery test. The results showed aaltin
regression (R2), varying from 0.94 - 0.96 with afidence
interval of 0.0001 and a standard deviation of 8.0%he
curves established presented an average relialdlityve
95%, with mean prediction residue of 0.005.

After reviewing the questionnaire, it became pdssiio
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select which foods should be included in this st(ithble 1).
The products were prepared according to the metbfod
preparation of packaging, and then were analyzedbgrone
in triplicate, being evaluated the amount of dyesoading to
the methodology described by Santos [19]. In ortter
increase the reliability of the tests, at lease¢hdifferent
brands were selected.

Table 1. Selected foods through of the questionnaires.

Products Number of different trademarks

(&)]

Ready juices
Soft drink
Isoelectronic
Popsicle
Powdered soft drink
Gelatin
Puddings
Snacks
Candies
Lollipops
Gums

QL o101 010101 © 01w a

2.4. Anthropometrical Evaluation

The weight was measured following the guidelineshef
World Health Organization, using a scale with maxim
capacity of 150 kg and a sensitivity of 0.1 kg [20{vo
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amongst the ten major risk factors for diseaseddmdde.
According to the organization, approximately 2.7lliom
deaths can be attributed to the low intake of $rudind
vegetables. OMS defines as adequate a minimumeinbak
400 grams per day of these foods (equivalent te @aily
portions). It can be noted that the students whosgme
fruits and vegetables do not reach 50% of the etatl
During the adolescence the eating habits are bedogired
and consolidated, the ones adopted in this peffidifechave
a great influence on the growth and developmergatiecly
reflecting on the individuals’ health, 50% of thaudents
analyzed present eating habits that increase thle of
diseases.

In India, a study conducted by Rao and collabosafp2]
demonstrated that between children and adolescéeinés,
average ingestion of industrialized foods with dyess of
17.2mg/day/person. The same authors report thidieituSA
this mean achieves indexes of average consume crolh
mg/day/person. The Husaine and collaborators’ reeg23]
describes that four out of nine dyes allowed in Kilvwexceed
the IDA for children between two to eight yearscldact is
highly relevant, mainly for the infant health, ortbe IDA is
the measure related to the corporal mass, in wiiehdyes
are source of increase in mutagenicity. Elhkime duisl
collaborators [24] performed a systematic revision

measurements were made through the calculationhef tprance with the objective of assessing a safe lef/@itake

arithmetic mean between them. The classificationthof
nutritional status was performed according to tididator of
body mass index for age (BMI /A) [20, 21]. The dbilag of
the anthropometric assessment enabled to cladwfy tby
categories, i. e., thinness, normal weight, risloeérweight
and obesity.

2.5. Katistical Analysis

The spectrophotometric curves were analyzed in YXIST
2012.6.02 for linear regression, with 95% of coaefide
interval and a Tolerance equal to 0.0001. It wagopmed
goodness of fit test for all variables and theseeveribjected
to analysis of variance.

3. Results

A total of 79 students with average age of 7.8 & 2.

participated for the research analysis, among t6Br6% (n
= 44) were girls and 44.3% (n = 35) boys.

Through the analysis of the completed questionsaae
24-hour recall and Food Frequency Questionnairayas

of the Tartrazine dye, their results showed thatttieoretical
maximum intake of Tartrazine must be of 14.5% foifdren
and 32.2% for adults, although there is no glolzabmeter,
because each country deals with the subject inalig the
French parameter can be used as level of compauisiilnt
is established a global index, it is noteworthyt #aaen if it is
set a safety index, in the intake case, the phygicdl
individuality still must be observed. In the resdar
performed by Sasaki and his collaborators [25],
experimental study with Wistar mice, was made aalyeis
of the damage in DNA caused from the intake of kel
(dyes and conservators), the researchers concthdédrom
the concentration of 10mg/kg was observed damaghdan
DNA of the stomach cells, this represents a peaggntof
10% for the IDA of the animal, well below the edisied in
the research in France.

In our study we based on the data obtained from the

guestionnaires distributed to the students, it passible to
develop a hypothetical menu (Table 2) composedéydod
products with greater frequency of intake whichtaomazo
dyes and its comparisons with the IDA.

observed that artificial juices, chewing gum ande th According to the Brazilian legislation, the limiorf an

“geladinho” are the foods consumed by most of todents,
75.9%, 44.3% and 68.3%, respectively. It is asoerththat
the frequency of daily intake of fruits was of 3%Zn=31)
and 34.1% (n=27) weekly, vegetables were of 25.842Q)
daily and 49.3%
Organization (WHO) published a report considerirgp t
importance of alimentation in the prevention of atic
diseases [21], in this report, they state thatitisaifficient
consumption of fruits, legumes and vegetables atend

acceptable daily intake of dyes, for children vath average
weight of 28 Kg, is of 210mg/day for the Tartraziaad
70mg/day for the Twilight. The eighth column pre®ehin
Table 5 shows the results which exceed the vallmsed by

(n=39) weekly. The World Healththe legislation. Two distinct studies [26], alspoeed that

the overconsumption of foods with dyes is an insiregly
common practice during the childhood, being thaéritds to
continue over the years. Nogueira and collaborafa§
observed excessive intake of soda pop on the mgarh
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9.242.4 years for girls and 11.4+2.4 for boys. Qlata
revealed an overconsumption of dyes in many foad®ng
these there are the soft drinks and industrialjeézks. This
consumption of beverages combined to the substitudif
water intake can result in physiological effectiated to the
conversion of azo dyes into aromatic amines, whaih have
direct relation with the prevalence of bladder @nc
Moreover, these drinks present high quantity of asug

45

elevating the risk of diabetes and resistance salim, risk
factors for several types of cancer.

Another aspect for taking into consideration is plossible
variation in the concentration of dyes describedhanlabel
(when described) and the real concentration inpitoeluct,
which would worsen the already existing situatiofi o
overconsumption.

Table 2. Frequency of foods with dyes and Hypothetical Mera school which tends towards sweets, with theyaed student presenting a body weight of
28kg, according to the 50th percentile (WHO, 20@8ference values according to the legislation. iltaxn dose (mg of dye to students with approximately

28kQ).
Product consume Dyes Acceptable Maximum Ceiling in 100g  Total consumed % Excessive dye intake
diary Daily Intake dose of product dye compared to the IDA
Refreshment  300ml E110 25 70 10 30 42.9
E102 7.5 210 10 30 14.3
Gelatin 1009 E110 25 70 10 10 14.3
E102 7.5 210 15 15 7.1
Chewable 54 E110 25 70 10 3 43
sweets
E102 7.5 210 30 9 4.3
Fried chips 609 E110 2.5 70 10 6 51
E102 7.5 210 10 18 1.7
Ice Cream 1009 E110 2.5 70 10 3.6 14.3
E102 7.5 210 10 3.6 4.8
“Geladinho”  300ml E110 25 70 10 10 42.9
E102 7.5 210 15 10 21.4
lollipop 2un FCF 25 70 10 3 4.3
E102 7.5 210 15 9 4.3

In this study, the quantitative analysis of foodsified that
most of the studied foods have high levels of agesd
(values above the allowed by the local legislatigrijure 2).
Side effects due to the excess of azo dyes aretegh
several scientific studies, for example, bronchespa
urticaria, angioedema and hyperkinesia in hyperacti
patients. The Twilight yellow dye in special can tee
responsible for causing allergic reactions in peoplith
intolerance to aspirins, bringing various symptosisch as
diarrhea, vomiting, urticaria, gastrointestinal Ipems,
swallows on the skin and migraines [12].

In Figure 2 it is possible to observe the meaneslf azo
dyes between the major brands of liquid food preéslu€our
out of five brands of ready juices which were mooasumed
by our voluntaries surpassed the reference valoeshie
intake of Twilight Yellow.

For the analysis of soft drinks, it were selectkd four
main brands consumed by the students, and all efth
presented values above the allowed for E102. Alsege out
of five of the products considered isotonic wereabthe
described on the label. In the assessment of fre@ds of
“geladinho”, all presented an excessive amount yaf, cin
average around 279.6% of the value establishedaagmam
for 100g of the product. These results emphasieended of
a more present monitoring and correct informatioriabels.

For the analysis of soft drinks, it were selecthd four
main brands consumed by the students, and all efth
presented values above the allowed for E102. Alsege out
of five of the products considered isotonic were\abthe
described on the label. In the assessment of fre@ds of

“geladinho”, all presented an excessive amount yaf, cin
average around 279.6% of the value establishedaagmam
for 100g of the product. These results emphasigentied of
a more present monitoring and correct informatioabels.

Lollipop
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Figure 2. Average quantity of mg/100g of Twilight Yellow EjCand

Tartrazine yellow (E102) found (red and blue baespectively) according
to the chemical analysis. The yellow column represse¢he limit of FCF
while the orange represents the limit for the El8&0ording to the Brazilian
legislation.

For the analysis of soft drinks, it were selected tour
main brands consumed by the students, and all efth
presented values above the allowed for E102. Alsege out
of five of the products considered isotonic wer@abthe
described on the label. In the assessment of fraads of
“geladinho”, all presented an excessive amount ya&f, cin
average around 279.6% of the value establishedaagmm
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for 100g of the product. These results emphasieended of
a more present monitoring and correct informatioriabels.

We also assessed dehydrated artificial juices,tigsla
puddings, seasoning for pasta, snacks, candiesoHipdps.
Again were found irregularities as for the concatidn in
each of these products, specifically in candiesgrertit was
found a dye concentration of 45% above the allofeedhe
Twilight and 89% for the Tartrazine.

From the nutritional point of view, the sweets analy
empty calories, i. e. do not add to health any irtgrd and
adequate nutrient for the nutritional needs of dghowand
development of the child and the adolescent [2&hadigh
there is a metabolic difference associated to @adikidual,
the overconsumption of sweets with dye excess asg®
even more the risk of harmful effects to healthwéf add the
direct risk of cancer development with the increase
overweight probability, it can be measured a waomgyievel

Colorful, Cute, Attractive and Carcinogenic: Tharigers of Dyes

of factors that can lead to the onset of cancerthia
voluntaries.

In the Sorensem and Price [29] study about obasity
Denmark, it can be noted that exists an increasurgber of
the obesity rate which has been following the ceesy
likewise in the US, Dietz and his collaborators ,[Z1]
observes this increase in children and adolescentthe
range between 6 to 14 years old and discusseslbestty is
an effect of the relation host environment in whéetists a
direct correlation between life and food habits #me onset
of the disease. Obesity has direct relation withcea for
altering factors of transcription, cytokines andterdd
estrogen production [32]. In order to best undecstéhe
influence of alimentation on the corporal developiaf the
students, and the possible risks of chronic disgas®
anthropometric assessment was carried out (Table 3)

Table 3. Anthropometric classification of the students adog to the curves of the OMS 2006 — 2007.

Gender Thinness Normal weight Risk of overweight Obesity

n % n % n % n %
Masculine 0 0 22 62.8 13 37.1 0 0
Feminine 06 13.6 28 63.3 04 9.09 06 13.6

The BMI data revealed prevalence of the eutrophithere was an increase of 18% of food allergiesidis K39].

nutritional status, adequate for the age. Howeaevprrying

The manifestation of food hypersensitivity variescarding

number of boys (37.1%) and girls (22.7%) are foundo the culture and type of population, for exampléspanic

overweighing. Apparently, caloric foods in excessaxiated
to the lack of physical exercises are the main ofact
responsible for these data, which can be alreadgidered a
world situation.

Another constant report about the relation dyesi$oare
the allergies. Studies have related allergic probBléo other
harms to health through the intake of foods whiakiehdyes
in their composition [33]. The main consequencesiyés
use among children are: allergies, attention deflsorder,
mental retardation, asthma, skin lesions and ggstablems.
In our results the main symptoms cited after tlgeation of

children have low indexes of foods allergies whempared
to the Caucasian or non-Hispanic black children].[40
Portugal, there are no data available about thdeegiblogy.
Nevertheless, a Portuguese study carried out witldren
followed in the Immunoallergology consulta-tiontire Dona
Estefania Hospital identified a prevalence of 8.6#4ood
allergy between the ages of 0 to 18, being the ey, fish
and crustaceans the main allergens [41]. Howewethdr
researches about the effects of dyes are still few.

As for the association of intake of azo dyes andeesk

effects to health, the pathogenic mechanisms aile st

foods with dyes were diarrhea 44.3%, vomiting 48.1%nsufficiently studied. With this, it is evident éhneed of

itching 29.1%. Allergic reactions are unusual reses of the
immunological system and represent reactivity amaltered
antigen, usually a xenobiotic [34]. The reactionzear
quickly, arising within two hours after the ingestj varying
according to the quantity of the allergen absordednay
manifest as abdominal pain, nausea, vomiting, oy
gastrointestinal bleeding, itching in the mouthtloroat. It
can also appear skin disorders, such as redndissyia, cold
sores and swelling [35]. The incidence of food raleis
elevated amongst pediatric patients, due to thakéntof
foods which contain dyes in its composition. lteitimated
that these foods reactions occur in 6% to 8% ofcthiklren
under three years old and in 2% to 3% of the ad@&% In
Australia, an average of 6% of the children witbsléhan
five years has some kind of food allergy, comparariiy 1%
to 2% of the adults [37].

In the USA, 6% of the children have food allergyvee|
as 3% to 4% of the adults [38]. According to thentee for
Disease Control (CDC) in the USA, between 1999 20@9

greater attention to the effects of these foodsinimahe

chronic and sub chronic. Chung [42, 43] reports tha use
of dyes is associated to the industrialization degof the
country, the more industrialized a country is, mdyes are
being consumed by the population, in highly indafifred

countries, there is a high prevalence of intestiaalcer, and
the author rises the hypothesis that there may pesaible
link between the increase of intestinal cancer tweduse of
azo dyes. Chung [42, 44] also emphasizes thatzbedges

can be reduced to aromatic amines by the intestinal

microflora. According to the Brazilian Society ofrdlogy,
around 20% of the bladder cancer cases are asbdémthe
occupational exposure to aromatic amines, which adse
present in the smoke of cigarettes and its metasoli
excreted in the urine of smokers are responsibieafmut
50% of the bladder cancer cases [45]. For Weliky ldminer
[4], a common requisite for the chemically inducabbrgy
and carcinogenesis in the liver is the capacitthefproduct
in reacting to form covalent conjugates, as oceuth the
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aromatic amines, the propensity of an individuactmvert
normally innocuous chemical products to form reacti
forms under the physiological conditions, can prtipoate
an indicator of risk of developing cancer. Yahagida
collaborators (1975) tested the mutagenicity of dyes and
its derivates in Salmonella typhimurium (TA100 an&i98.
Mix S-9), obtained in a culture enriched with micer [47].
Their results suggest that the carcinogenic effettzo dyes
depend that the enzymes present in the liver amgribduced
sub products promote a modification on the DNA aétieria.
On the other hand, more recent studies statelbadting of
the liver enzymes is irrelevant for modification afo dyes
into aromatic amines [48]. Up to this moment, ibiieved
that the intestinal microflora and a wide variefyaaaerobic
bacteria are the main responsible for cleavingahe bond
and induce the production of aromatic amines [44].

4. Conclusion

The overconsumption of candies and industrializexti foy
schoolchildren tends to surpass the AcceptableyDathke
(IDA) for azo dyes. Moreover, many products presemtents
above the allowed by the Brazilian legislation, ethincreases
the risk of neoplasms in this type of consumer.otigh this
study it is possible to notice the need of some édiate
actions, i. e. greater control by the regulatorgreges, the
readjustment of labels indicating the amount ofsdire the
food, nutritional education of the students andnigafurther
studies about the effects of dyes intake in shaftlang term.
Cancers of gastrointestinal tract are directly teglato
alimentation, so, low ingestion of healthy foodsd @mcrease of
sweets associated to high concentration of dyesilcghioe
considered a problem for the public health.
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