
Adverse reactions to tartrazine 

R.H LOBU.Y and .�.R. SJ.-V-4/.V 

Adverse reactions to tartrazine may cause symptoms involving the skin (urticaria and 
angioedema, eczema). gastrointestinal tract, respiratory tract and/or central nervous system. 
Susceptibility appears to be familial, and more widespread than is generally appreciated. There 
is strong circumstantial evidence that reactions are pharmacological in nature rather than 
immunological. and specific sensitisation by ingestion is therefore unlikely. Reactions appear to 
be dose-related. and sensitive patients may exhibit withdrawal reactions and supersensitivity, as 
well as tachyphylaxis and tolerance after reintroduction. There is extensive cross-reactivity 
between tartrazine and other dyes we have tested, and also between azo-dyes and other food 
chemicals. These include not only various preservatives and flavourings. but also natural 
compounds such as salicylates and amines. Overall, natural salicylates are the single commonest 
substance to produce reactions when tested by double-blind oral challenge. Most patients are 
sensitive to multiple substances (between 2 and 10 commonly). and the effects can be additive. 
it is not known as yet whether there is synergy between specific compounds. 

Adverse reactions to tartrazme were first documented in the late 
1950s. and are currently recogmsed as being capable of provoking 
asthma. urticaria. ang10edema and systemic anaphylactoid 
reactions 1n sensitive patients ( MacCara 1982). The incidence of 
such reactions is not known with precisiOn. but recent estimates 
range between I: I 000 and I: I 0 000 (Anon. 1980. Juhlin 1980). 
Public Interest was stimulated during the 1970s by Feingold's 
claims that 'hvperactivitv· in children were commonly precipi
tated by tartrazine and other food additives (Feingold 1975): this 
together with continuing case reports in the medical literature has 
led to the introduction of legislation a1med at Improving the 
labelling of processed foods. 

It has also been recognised that there is a degree of cross
reactivity between aspirin and tartrazine in up to 20% of patients 
wJth asp1nn intolerance. which has led to speculations that 
tartrazine may act by the mhibition of cyclo-oxygenase and 
prostaglandin formation. However. recent studies have failed to 
support this hypothesis (Gerber et al. I 979. Moneret-Vautrin & 
Martin 1985) and at present the mechanism of adverse reactions 
is uncertain. 

Thus. a review of the recent literature shows that despite 
recognition over 25 years ago. there is still no clear understanding 
of the epidemiology. clinical spectrum. range of cross-reactivity 
or mechanism of tartrazine intolerance. The purpose of the 
present communication is to put adverse reactions to tartrazine 
into perspective against the broader problem of food intolerance 
in its many gu1ses so as to provide a sound clinical basis for 
future research. 

Patients 
An dim1nation diet and challenge program for the investigation 
of patients w1th food Intolerance has been in operation at the 
. .i.llergy Clinic at Roval Prince Alfred Hospital. Sydnev. since 
1977. This was in1tially designed to assist in the management of 
patients with chronic idiopathic urticaria and angioedema. and 
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the results in 76 patients have been published prevwuslv (Gibson 
& Clancy 1980). Since that time the elimination diet

. 
has been 

modified as a result of clinical experience and extensive 
laboratory analyses of food salicylate levels (Swa1n. Dutton & 
Truswell 1985). The challenge battery has been expanded and 
made double-blind to allow more extensive and objective 
investigation of patients presenting with more subjective 
symptoms such as migraine. irritable bowel and central nervous 
system symptoms (Alien C't al. 1984). Over 2000 patients with 
varying manifestations of food intolerance have now been 
investigated with this modified protocol: the results will be 
reported elsewhere. 

Challenges 
In the course of investigating 140 children with hyperactivity 
(Swain et al. 1985) it was noted that parents frequentlv 
incriminated red ice-blocks and green cordials as precip1tat1ng 
factors. and we dec1ded to modify our routine challenge battery 
in order to compare the effects of different dyes and to determine 
whether they might have more potent effects in combination 
with preservatives. Four colouring challenges were included in 
the standard battery as follows: tartrazine (30 mg). erythrosine 
(30 mg). ·green' colour (tartrazine 24 mg. brilliant blue 6 mg) and 
·cordial' ('green' colour 28 mg. sodium benzoate 80 mg. sod1um 
metab1sulphite 23 mg). These and !I other standard challenge 
compounds (including placebos) were taken at 48 h Intervals 
after a minimum of two weeks' strict elimination and tive 
consecutive symptom-free days. Only those patients who 
experienced complete or substantial relief of symptoms on the 
elimination d1et were tested bv oral provocation: the protocol has 
been described in detail bv . .\lien C'l al. ( 1984) . . -\ total of iS 
consecutive patients wnh 

·
urticaria. migraine. irritable bowel 

syndrome. hyperactivity or systemic symptoms were tested wi1h 
all four of the above colour challenges (adm1n1stered in a random 
order) and symptoms were recorded in a diary. These chalknges 
were not strictlv double blind. s1nce the coloured compounds 
were taken in �!ear gelatin capsules. However. m prev1ouslv 
administered challenge batches we controlled for the vellow 
colour by us1ng �-carotene as a placebo. or concealed the colour 
by plac1ng the tartrazine cap�ule 1nto a larger capsule tilled w1th 
starch. and 1n both these situations there was no s1gn1ticant 
difference m the frequency of pos1tive reactions to tartrazine. In 
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Table I. Response to tartrazine challenge 

Syndrume R""ponse rate ( 0'o) 

L'rt1cJna 20 
Eu�ma 19 
M1gra1n� J.C 
lrntable bowel 23 
··H,·pcra.cm 11\ .. 33 
Syst('mtc 33 

Table 2. Colouring challenge reactions (%) 

Tanraz1 ne alone 8 
Er,thros1ne alone c7 
Both 18 
Ncnhcr 47 

Table 3. Urticaria: challenge reactions 

Patient Tartrazine Erythrosine ·Green' ·Cordial' 

E.L. + + + + 

MW 
L. ,..,,, 
A.H. + 

C.F 
C. G. + + + + 

R.H. 
A.M. + 

M.M. + + 
H.M. + 
Y.S. 
J.D. + 

B.B. 

Tow/ 4 5 3 4 

patients wtth urticaria no positive reactions were recorded with 
placebo challenges (Alien ei al. 1984) and the placebo reaction 
rate tn all other groups was less than I 0%. 

Results 
Significant improvement of symptoms on the elimination diet 
occurred in between 43% and 70% of patients tested. depending 
on the presenting syndrome. Those who did not respond were 
allowed to resume a normal diet. The overall response rate to 
tartraZine challenge in each group is shown in Table I: results are 
expressed as a proportion(%) of the total number of pauents seen 
tn each group. regardless of their response to the elimination diet. 
Symptoms provoked by challenges in those tested were generally 
those with which the individual patients originally presented. 
and there was no tendency for any particular challenge 
compound to produce any characteristic symptom or combin
ation of symptoms. 

In all patient groups there was a consistently higher response 
rate wtth >alicylate challenges (up to 45%): this frequently co
existed wtth tartrazine reactions. confirming the previously 
reponed htgh degree of cross-reactivtty between these two 
compounds. Furthermore. most patients reacted to several other 
challenge compounds with the >ame symptoms. e.g. preserv
atives. antioxtdants. amtnes. MSG. brewer's yeast. the pattern 
varytng from one tndividual to another. The extent of reactivity 
varied with each group. patients with unicana for example 
reacting on average to between 2 and 5 challenge compounds. 
whilst those wtth trritable bowel syndrome commonly reacted to 
between 4 and I 0 challenges. 

Table 4. Migraine: challenge reactions 

Patient TartraLine Erythrosine ·Green' ·cordial' 

,,.�,, + 
PB + 
J. L. + 
J.M. + .,. 
K.S. + 
ST. 
FV + 
R.D. + 
D. D. + + 
D. B. + 
E. B. 
R.Z. + 

J.B. + 

Total 2 4 4 J 

Table 5. Hyperactivity: challenge reactions 

Patient Tartrazine Er)·throsine ·Green' ·Cordial' 

C.K. + + 
A.M. + + + 
A.B. 
M.B. .,. + + 
N.C. + 
L.D. + 
D.F + + + 

A. N. + + + 
A.S. + + + 

o.s. + 

A.S. 
HW. + + 
M.l. + + + 
J.l. .,. 

Total 6 8 11 ; 

Results in the 78 patients given the four separate colour 
challenges are shown in Table 2. Thus. 53% of patients reacted to 
one or more dye. Of those sensitive to tanrazine. 70% were also 
sensitive to erythrosine: overall. reactions to erythrosine were 
nearly twice as common as those to tanrazme. Furthermore. of 
the 37 patients not reacting to either tanrazine or erythrosine. I 0 
(27%) reacted to the combination of tanrazine + brilliant blue. 
Individual patterns of responsiveness in consecutive patients 
with urticaria. migraine and hyperactivity are shown in Tables 3. 
4 and 5. and demonstrate that there is a high degree of variability 
such that any permutation or combination may be observed. 
Moreover. there is also a high degree of cross-reactivity between 
azo-dyes and preservatives. as well as naturally occumng amines 
and >alicylates. as shown in Tables 6. 7 and 8. 

Discussion 

Several conclusiOns can be drawn from the results presented 
above. First. it is clear that the clinical spectrum of adverse 
reactions to tanrazine is much broader than has been hitherto 
recognised. Reactions appear to represent an indivtdual 
idiosyncracy, and the symptoms produced vary depending on the 
target organ susceptibtlity in each pattent. The propenstty to react 
to tanrazine and other natural as well as arttficial food chemtcals 
is probably genetically determmed. as a family history of similar 
or related symptoms is very common. Indeed. we have studied 
47 families in which two or more members (siblings. or one 
parent and one or more children) have undergone challenge 
testing. There is a strong tendency for family members to react 
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Table 7. Migraine: challenge reactions 
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to the same range of compounds. although the symptoms 
provoked may vary from one member to another. 

Second. the extent of cross-reactivitv between tanrazine and 
other dye�. and between tanraztne and a wtde range of other 
natural and anilictal food substances has not been fully 
apprectated. Th1s cames imponant Implications concern1ng the 
posstblc mechanism(s) of tanraztne intolerance. since many of 
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these substances may be expected to have quite different 
metabolic effects. and are structurally unrelated to one another. 

Finally. clinical observations in patients with documented 
food Intolerance suggest that reactions to each of the relevant 
substances. 1ncluding tanrazine. are dose-related. This has been 
confirmed recentlv in a double-blind studv of tanrazine reactions 
1n hyperactivity. ;_,here the Canners seal� was used to quantify 
the seventy of symptoms provoked 1n sensitive children ( K.S. 
Rowe. pers. commun.). Funhermore. the chem1cals incriminated 
commonly exhib1t phenomena such as withdrawal reactions 
followed by supersensitivity. tachyphylaxiS and tolerance. This. 
together with the lack of evidence of an underlying 
1mmunolog1cal mechanism. suggests that adverse reactions occur 
on a pharmacological rather than allerg1c basis. 

Since natural food chemicals provoke symptoms more 
frequently 'than anificial additives. we believe there is no 
rationale for banning the use of food additives. although 
minimis1ng the concentrations added to processed foods would 
be likely to reduce the frequency and severity of adverse reactions 
in sensitive individuals. 
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Future ILSI events 

ILSI Australia 
• D1ct and Behanour J/eetmg 
Monday 2 December 1985. Hilton Hotel. 259 Pitt Street. Sydney. 

For em1nent Nonh American speakers on: Diet and 
hrpcrsensitmt\', Sugar and behal'iour. D1et and cmmnal 
hehanour. and Food sensilll'itv 1n m/ants and children. 

Registration: Larool Secretanal Services. PO Box 277. 
Pymble. NSW 2073: tel (02) 449 8884. 
• Li(estvle and Hvpertension Symposium 
December 1986. Melbourne. Vie. Details to be announced. 

ILSI International 
• Srmpos111m on S•n•ct ness 
21-23 Mav 1986. Geneva. Switzerland. 

Sweetness in relation to food selection. satiety. obesny. 
eating disorders. performance. product development. marketing. 
food service systems and education. 
• Diet and Health: Scientific Concepts and Pnncip/es 
September 1986 (three days). Ponugal. 

The scienttfic basis for dietary recommendations. the extent 
to which recommendalions can be quantified. and the Impli
cations of quantification. 

For funher 1nforma1Jon on ILSI contact the Executive 
Secretary of ILSI Australia. Mr J.K. Ketford. PO Box 205. Nonh 
Ryde. NSW 2113: tel. (02) 85 I 396. 
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Questions and discussion (edited) 
on adverse reactions to tartrazine 

Question: What is the incidence of sensitivity to tartrazine in the 
Australian population? 
Dr Lohlar: No adequate epidemiological data are available to 
answer this question. To hazard a guess. on the bas1s of our 
experience the incidence may be as high as I 0%. but I would 
qualify that by emphasising that there is a wide range of 
sensitivity. The majonty of our patients require quite a large dose 
to provoke symptoms. Only a small minority are highly sensitive 
so that a small dose provokes severe symptoms. 
Dr .�.J. Rmn 1 Department o( Pharmacy. L"nirers1tv o( Sydnev): I 
have not worked in this field tor many years but I believe we were 
the first to show that sulphamlic acid was one of the metabolites 
of tartrazine. There are several points that I would like to make. 
Most commerc1al dyestuffs contain some residual starting 
materials as Dr Pascual has stated. e.g. in tartrazine. 
p-sulpho-phenylhydrazine. and this substance is also a metab
olite of tartrazine. Phenylhydrazine derivatives are well known 
to provoke allergic reactions. I am surprised that such starting 
materials and metabolites do not appear to have been tested in 
challenge trials. Most food colours are highly sulphonated and 
are very poorly absorbed from the gut. This makes it unlikely that 
the intact dyestuff is responsible for the reactions observed. I 
believe further investigation is necessary to discover what are 
really the causative agents. I would also point out that it is the 
microbial flora in the gut that is mainly responsible for the 
metabolic breakdown of food colours. not an endogenous 
svstem. 
Dr LvNa1 .· Thank vou for those comments. If the breakdown 
products of food c�lours are the causative agents. that may 
e.,plain the cross reactivities we have observed in adverse 
reactions to the colours and a number of substances of smaller 
molecular weight. 
Dr Emersorr: Dr Loblay. how do you grade the behaviour of your 
subjects? 
Dr Lvhlar: SubJectively - we ask the mothers to keep a record 
of behaviour patterns. We have not used objective tests such as 
the Connors Scale becaus<: th<:re is much controversy about their 
value. We rely heavily on the double-blind administration of the 
challenges to ensure the validity of the observations. and we are 
strongly supported in this by subsequent clinical experience and 
management of the children. 
Dr t:mcrsvn: I am surprised at the high incidence of behaviour 
problems you have encountered: it is much higher than in 
controlled studies in the USA and Canada. Workers in Sweden 
have also reported a high incidence of behavioural reactions to 
foods. and an associated high incidence of eczema. Have you also 
found a high incidence of eczema? 
Dr LoNar: .-\mong 140 subjects we have studies with behaviour 
problems only two exhib1ted eczema. However in a recent 
London study where food challenges were found to provoke 
objective behaviour symptoms. 40% of the subjects showed 
L'CZema. There may well be a difference between countries in the 
incidence of eczema. 

Speaking generally about conflicting reports in the literature 
about adverse reactions. our experience indicates that the nature 
of the base line diet is cntical in relation to subsequent reactions 
to challenge. The basic diets used in published studies are widely 
varied and often they are very inadequately described. 

Question: Do you distinguish between behaviour disturbance and 
hyperactivity? 
Dr LvhlaF.· The majortty of our subjects with behaviour 
problems could be descnbed as hyperactive. We realise only too 
well the difficulties tn assess1ng the behaviour of children. in 

514 FOOD TECHNOLOGY IN AUSTRALIA. VOL. 37(11) NOVEMBER 1985 

distinguishing true biological abnormalities from the effects of 
environmental or family tnfluences. The assessment is done by 
a pediatrician and patients are enrolled in the clime only if it is 
considered that a relevant problem exists. Nothing contirms the 
validity of such assessments more than the positive. often highly 
bizarre. reactions to challenge that we generally observe. 

Question: Or Loblay and :'\olrs Swain have described challenge 
studies in which control was provided by the double-blind design, 
but have they tried another form of control by challenging 
children judged to be normal? 
.\frs Swam: In many cases the challenges are administered to all 
members of the famtly of a patient who presents with 
behavioural disturbance. In general those members of the family 
who have not previously experienced adverse reactions show no 
response to the challenge. 
Dr Loh/ar: Another way to answer the question is to point again 
to the very specific symptoms shown by different groups of 
patients. Children who present with urticaria generally develop 
urticaria when challenged. but virtually never behaviour 
disturbance. Likewise. children who present with recurrent 
headaches develop neither urticaria nor behaviour problems 
when challenged but recurrent headaches. This is the phenom
enon of target organ susceptibility already referred to. On the 
other hand. we have found a strong correlation between 
behaviour symptoms and the cluster of physical symptoms we 
have descnbed. lt is verv rare to tind a child who reacts with 
behaviour symptoms alo�e. The question remains unresolved as 
to whether the behaviour symptoms are provoked or aggravated 
by the physical symptoms. 

Question: Why do you challenge with a mixture of the 
preservathes. benzoic acid and sulphite. rather than with the 
individual substances? 
.\frs S11·ain: Essentially to make the challenge protocol shorter 
and less tedious tor subJects. and also because these preservatives 
are often used together in foods. In the subsequent management 
of patients they may have to be told to avoid all foods with 
preservatives. But we do challenge separately with propionic acid 
and nitrate so that patients need not be put otfbread and cured 
meats if it is not necessary. 

Question: How can you study mechanisms of adverse reactions 
when you challenge with mixtures of substances that are 
unrelated chemically? 
Dr Loh!al": Our protocol is not aimed at the elucidation of 
mechanisms. The correct approach for that purpose is intensive 
study of small sub-groups of patients whose reactions are well 
documented: and such studies are 1n progress. 

Question: If"e accept that tartrazine may cause adverse reactions 
in sensitive individuals. what are the possibilities for food 
manufacturers to substitute another colour, or to use another 
colour in mixture with tartrazine to reduce the amount of that 
colour? For instance. are carotenoid colours or Sunset Yellow 
possible alternatives? 
Dr Pascual. Sunset Yellow cannot replace tartrazine because tt 
gives an orange colour. A lemon yellow colour which could 
replace tartrazine and which has a high ADI according to JECFA 
is Quinoline Yellow. This colour is permitted in the EEC but not 
in Australia. However a food manufacturer could make 
application for its use by the specified procedures. Carotenoid 
mlours. such as 13-carotene. have the disadvantages that they are 
insoluble tn water. they cost about ten times as much as 
tartrazine. and they must be used at about five times the 
concentration. 


