CHAPTER

Food additives and

contaminanits

Chapter outline

This chapter will discuss the toxicology of food
additives and using  specific
examples:

contaminants

e Introductory comments
e Tartrazine
e Saccharin
e Food contaminants
o Aflatoxin
e Ginger Jake

e Spanish Oil Syndrome

Introduction

The food we consume daily contains many
different
added intentionally and some present due to
contamination. Substances intentionally added
to food, ‘food additives’, are not as recent an

substances, some natural, some

innovation as is often supposed; the use of
salt as a preservative and spices to disguise
poor food has been common for centuries.
However, such treatment of food with additives
has only reached the current scale relatively
recently, with something of the order of 2500
food additives currently in use. The use of food
additives on such a wide scale is now beginning
to be questioned by some toxicologists espe-
cially as the long-term effects of the substances
in question often are not known. The general
public also now questions the use of some of
these additives and in response to this food
manufacturers have begun to supply certain
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TABLE 7.1 Classes of food additives and examples

Tartrazine

Butylated
hydroxytoluene

Vegetable gums

Colouring agents
Anti-oxidants

Stabilizers
Anti-caking agents Magnesium carbonate
Flavours Cinnamaldehyde

Preservatives Sodium nitrate

Emulsifiers Polyoxyethylene
sorbitan fatty esters

Acids [Alkalis Citricacid

Buffers Carbonates

Bleaches Benzoyl peroxide

Propellants Nitrous oxide

Sweeteners Saccharin

Flavour enhancers Monosodium glutamate

foods which are additive-free or contain only
‘natural’ colouring agents.

Food additives, grouped according to their
use with some examples, are shown in Table
7.1. It can be seen that as well as the colouring
agents and preservatives there are other types
of additive whose function is less obvious. In
Europe, permitted food additives are given a
number, the E number, which also appears
on the packaging of the food.

Food additives have many functions but pri-
marily they allow the consumer to buy food at
his convenience and the producer to ‘improve’
the quality. Preservatives clearly serve a public
health function in reducing the likelihood of
bacterial and fungal infections affecting food.
The best known of such bacterial infections is
food poisoning from Salmonella contamination.
Preservatives reduce biological and chemical
degradation and so allow food to have a longer
shelf life. However, colours and some of the
other agents added to food are of less obvious
benefit to the consumer and may be more
important to the manufacturer. Enhancing the
attractiveness of food is the main reason given
for their use but many consumers have become

sceptical and have demanded additive-free
food or the use of ‘natural’ additives. Although
this may satisfy consumers who believe that
natural substances are intrinsically safe, natural
products can be at least as toxic as synthetic
ones (see Chapter 10). Each ‘natural’ food addi-
tive needs to be assessed individually. As well
as preservatives other additives may also have a
useful function, such as artificial sweeteners
which reduce the sugar intake of people with
problems such as obesity or diabetes.

As can be appreciated from Table 7.1, food
additives comprise a wide range of chemical
types from the simple inorganic compounds
used as preservatives to the complex organic
molecules used as colouring agents and fla-
vours.

In the past, toxic food additives were in-
advertently used, butter yellow
(4-dimethylaminoazobenzene), a dye used to
colour butter, which proved to be a carcinogen
capable of causing liver tumours in experimen-
tal animals.

Clearly food additives have to be tested for
toxicity before they can be used and before

such as

humans are exposed to them. These tests
usually consist of lifetime exposure of experi-
mental animals to the substance at several
concentrations, but with the maximum concen-
tration several times greater than that expected
to be consumed by humans. However, such
testing may not always be predictive as experi-
mental animals may not show the same type of
behavioural or immunological effects as does
man and absorption, distribution and metabo-
lism can also be different. Also, the administra-
tion of relatively large amounts of a substance
to experimental animals may lead to accumula-
tion because of saturation of metabolic or
excretory pathways. These kinds of problems
were encountered with saccharin and clearly
make the interpretation of toxicological data dif-
ficult. Although the quantities of food additives
consumed by humans are very small, their con-
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sumption may occur over a [lifetime and is
chronic although it may be sporadic rather
than continuous. This is difficult to simulate in
the laboratory animal.

At the present time there is little reliable data
on the toxicity of food additives in man but
there is much concern on the part of the public
and there have been many anecdotal reports of
problems relating to food additives, particularly
allergic reactions. The incidence of such intol-
erance to food additives in the population at
large is uncertain, most data referring to those
patients who have symptoms such as urticaria.
In such patients up to half may be responsive
to food additives but the figures show wide
variation. There may also be cross-reactivity
between additives and also with naturally
occurring food contaminants such as between
salicylates and tartrazine (see below).
However substances been
removed from the permitted list of additives
due to animal data indicating toxicity. One
example is that already mentioned, butter
yellow. A more recent example is that of the
synthetic sweeteners cyclamate and saccharin
(see below), both of which suffered from what
was interpreted as adverse animal toxicity data
and were banned in the USA.

certain have

Tartrazine

One well-known example of a food additive,
currently in use, where there are possible pro-
blems in man is the food colour tartrazine, also
known as E102 in European countries. This is
one of the most widely used colouring agents
and also the colour most frequently implicated
in intolerance studies especially in pharmaceu-
tical preparations. It is an orange dye used as a
colour in drinks such as orange juice but also in
a wide variety of other foodstuffs and also in
pharmaceutical preparations.

The toxic effects ascribed to tartrazine are the
induction of hyperkinetic behaviour or pur-
poseless activity in children, and of urticaria
or skin rashes. Hyperkinetic behaviour is diffi-
cult to diagnose and distinguish from restless-
ness which may be due to other factors such as
hunger, boredom or inappropriate treatment by
adults. The causation of this syndrome by food
additives is somewhat controversial as some
studies have shown an improvement in beha-
viour after switching to diets, such as the
Feingold diet, which are free from artificial col-
ours and flavours, whereas other studies have
shown no improvement. One double-blind
cross-over study of 15 hyperkinetic children
found some improvement when the Feingold
additive-free diet was used. On the one hand,
a major change in dietary habits might be
expected to cause behavioural changes; on
the other hand, another double-blind cross-
over study using objective laboratory and class-
room observation failed to find any effect of the
Feingold diet. Yet, another trial on 22 hyper-
kinetic children found a statistically significant
improvement in the mother’s ratings of their
children’s behaviour but not in objective tests.
According to Juhlin, the one study carried out to
the most rigorous scientific standards where
objective, non-involved observers were used
showed no effect of diet on behaviour.

Urticaria due to intake of tartrazine, how-
ever, is more widely accepted as an adverse
effect and has been demonstrated in a number
of studies. There is histamine release and the
symptoms are the appearance of red weals on
the skin and itching. A number of other food
colours and other types of food additive may
also cause urticaria and there may be cross
reactivity between other colours such as ery-
throsine and Sunset Yellow. A challenge of
patients whose urticaria had improved on a col-
our-free diet with 0.15 mg of tartrazine resulted
in 3 out of 13 developing urticaria within three
hours of exposure. Asthma may also be a symp-
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tom of hypersensitivity to tartrazine: a study
showed that 11 per cent of asthmatics reacted
to an orange drink containing colouring agents.

Tartrazine sensitivity is also often related to
aspirin intolerance. Indeed, between 10 per
cent and 40 per cent of aspirin-sensitive patients
respond to tartrazine with reactions ranging
from severe asthma to urticaria and mild rhini-
tis. The mechanism underlying tartrazine sensi-
tivity is unknown but does not seem to involve
a reagenic antibody or the prostaglandin synth-
esis system. A range of antigenic substances in
the diet are absorbed from the gastrointestinal
tract but most individuals become immunologi-
cally tolerant via a regulatory system which pre-
vents adverse reactions to food constituents and
additives. However, some individuals seem pre-
disposed to allergic diseases and do not
become immunologically tolerant, hence devel-
oping adverse reactions to dietary constituents.

Tartrazine is metabolized by the gut flora
giving rise to several metabolites (Figure 3.12)
and the urine of animals fed tartrazine has
recently been shown to be mutagenic.

Although tartrazine is probably the food col-
our most commonly implicated in reports of
adverse reactions, several others may also
cause adverse effects including the ‘natural’
food colour annatto. Indeed, in one study 26
per cent of patients with chronic urticaria were
shown to be responsive to annatto.

Saccharin

This artificial sweetener, first used in the nine-
teenth century, has been extensively scrutinized
over the years and at one stage was banned
from use in the USA. As expected of a food
additive, saccharin has low acute toxicity, with
an LDs, of between 5 and 17.7 g kg™ in experi-
mental animals. It is not metabolized and volun-
teers taking large amounts for several months

suffered no ill effects. Two early long-term
studies confirmed its safety. Then two studies
showed it to be weakly carcinogenic, but these
studies have since been criticized as inappropri-

ate. Increased consumption of saccharin and a
report showing another sweetener to be carci-
nogenic prompted further studies to be carried
out. In one, saccharin and cyclamate were stu-
died as mixtures with doses up to 2500 mg
kg™'. Bladder tumours were observed and as
a result cyclamate was banned. Still further stu-
dies were carried out but proved inconclusive.
Finally, a comprehensive study carried out by
the Canadian authorities showed that saccharin
could produce bladder tumours in rats and sac-
charin was suspended from use by the
Canadian and US authorities in 1977. In the
USA it was banned under the Delaney Clause
of the Food, Drug and Cosmetic Act which pro-
hibits the use of any food additive which has
been shown to produce cancer in laboratory
animals. There was a public outcry against this
banning because saccharin was the only gen-
eral purpose artificial sweetener approved for
use and therefore available to diabetics and
those with an obesity problem, as well as to
other members of the public wishing to reduce
their sugar intake. The result was a moratorium
on the ban to allow further evidence to be
examined. Epidemiological studies mostly
showed no increased incidence of bladder
tumours but some studies did indicate a slight
increase of bladder tumour risk. The absence of
detectable metabolism of
chronic low level dietary exposure and negative
mutagenicity data were taken to indicate that
saccharin was not a classical electrophilic carci-
nogen. Therefore,
probably due to the unmetabolized parent com-
pound acting by some epigenetic mechanism.
It was found in experimental animals that
levels of up to 5 per cent in the diet caused
no detectable increase in bladder cancer but
levels of 5-7.5 per cent did cause a significant

saccharin  after

any carcinogenicity was
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tumour increase. However, pharmacokinetic
studies have now shown that the plasma clear-
ance of saccharin is saturated at the higher
exposure level, giving higher tissue concentra-
tions than would be predicted from a linear
extrapolation of data from lower dose studies.
Consequently, such high-level exposure in ani-
mals may be inappropriate as regards normal
human exposure. The saccharin case illustrates
the wider social aspects as well as the scientific
considerations involved with toxicology. There
are value judgements to be made and risk must
be balanced against benefit. These issues will
be addressed in the final chapter.

Food contaminants

As well as intentional food additives, foodstuffs
may also contain contaminants. These might be
toxic bacterial or fungal products, toxic degra-
dation products from food constituents, such
as pyrolysis products resulting from cooking,
or they might be substances inadvertently
added to the food. There is now great interest
in toxic and especially carcinogenic compounds
produced as a result of cooking such as the
mutagenic compounds Trp 1 and Trp 2, and
carcinogenic nitroso compounds produced
from dietary amines.

Two examples of naturally occurring but
toxic food contaminants are botulinum toxin
and aflatoxin. Botulism will only be briefly dis-
cussed here as it is covered in more detail in
Chapter 10 under natural products.

BOTULISM

Botulism is the syndrome caused by botulinum
toxin from the bacterium Clostridium botuli-
num. This anaerobic bacterium may contami-

nate tinned or bottled food and the toxin is
extremely potent. Heating destroys the toxin.
For more detail see chapter 10.

AFLATOXIN

The aflatoxins are a group of related mycotox-
ins produced by the mould Aspergillus flavus.
There are four toxins, B; and B, and G; and G,.
The mould grows typically on crops such as
grain and peanuts in hot, humid climates such
as occur in Sub Saharan West Africa and South
East Asia. Contamination can be a serious pro-
blem and people living in such areas suffer
chronic exposure to aflatoxin. People in import-
ing countries are more likely to suffer from
acute exposure. There is epidemiological evi-
dence of an association between intake of afla-
toxin By and liver cancer in humans. Tainted
crops are difficult to sell to countries such as the
USA and UK which have strict criteria on levels
of mycotoxins. Consequently, the tainted crops
may then be sold within the poorer producing
country or may find their way to famine victims
as part of the relief effort.

Animals fed on meal derived from contami-
nated feed such as peanuts may develop
tumours. The toxins were in fact discovered as
a result of the loss of turkeys suffering liver
damage after being given mouldy feed. Also,
traces of aflatoxin have been detected in pea-
nut butter, especially that made from peanuts
not treated with chemicals to prevent mould
growth and consequently sold in health food
shops labelled as ‘natural’.

Aflatoxin B, is a very potent liver carcinogen
and hepatotoxin; a level of 1 ppb in the diet
may be sufficient to cause liver tumours.
Levels of aflatoxin in the diet are higher (ppm
as opposed to ppb) in Africa than in other parts
of the world and this explains the higher inci-
dence of liver cancer in certain parts of Africa.
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The mechanism of toxicity of aflatoxin B,
involves metabolism to a chemically reactive
intermediate (an epoxide) which binds cova-
lently to protein but which also interacts with
nucleic acids. This chemically reactive inter-
mediate may be responsible for both the liver
necrosis and the liver tumours.

PTAQUILOSIDE

See Chapter 10 for a discussion of this naturally
occurring carcinogen found in edible bracken
fern shoots.

GINGER JAKE

Then be would eat of some craved food until be

was sick; or he would drink Jake or whiskey until

be was shaken paralytic with red wet eyes ...
John Steinbeck, The Grapes of Wrath

Tri-orthocresyl phosphate is a solvent used in
industry in the preparation of lacquers and
varnishes and was extensively used in the
leather industry. It is odourless and tasteless.
This chemical has been involved in a numbers
of poisoning cases in which large numbers of
people have been affected. However, the most
notorious occurred in the USA in the 1930s. This
poisoning was really a result of the conditions
during prohibition which meant that people
were looking for alternative ways of obtaining
alcohol. One source was an alcoholic extract of
Jamaica Ginger which was an official US
Pharmacopoeia preparation sold for the cure
of common ailments. It was allowed to be
sold despite the alcohol content as the large
amount of ginger it contained was believed to
make it too irritating, and so unpalatable.
However, adulterated versions were soon pro-
duced containing less ginger. At 35 cents a
bottle, usually mixed with Coca Cola, it was
drinkable and contained more alcohol than a

legal drink before Prohibition. Many therefore
used it as a source of alcohol. This was particu-
larly the case amongst the poor of the southern
states of the USA. However a batch of the pre-
paration made illegally, perhaps by criminals
trying to exploit the situation, was adulterated
with the poisonous tri-orthocresyl phosphate.
Unfortunately for the victims, the bootleggers
probably used tri-orthocresyl phosphate as a
solvent. The first reports appeared in 1930 and
described sudden onset of cramps and sore calf
muscles followed in a few hours by paralysis in
both legs. The nerves affected caused the syn-
drome of foot drop which meant that those
affected dragged their legs. The victims were
mainly poor farmers and working class people,
many of whom were out of work as this took
place in the Depression and of course they
were also ‘drinkers’. The result was that as
many as 50 000 people were poisoned and suf-
fered permanent paralysis. In one case in
Cincinnati 2500 people were affected. Those
affected were both those using the preparation
legitimately as well as those using it as a source
of alcohol. The episode did not receive much
attention probably because of the lack of poli-
tical influence of those affected. Eventually
twenty-one people and six corporations were
indicted.

The drink was known as Ginger Jake or Jake
and so the paralysis caused by the tri-orthocre-
sylphosphate became known as Jake Leg.
Phrases in Blues songs from that period refer
to the episode:

Jake liquor, Jake liquor, what in the world you
tryin’ to do?

Everybody in the city messed up on account of
you.

I drank so much Jake it settled all in my knee.
I reached for my loving baby but she turned ber
back on me.

Blues Song, 1930, Ishman Bracey
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THE SPANISH OIL SYNDROME

Non-natural substances may also sometimes
contaminate food and there have been sev-
eral examples of this such as Epping Jaundice
which has
Chapter 6. A more recent and tragic example
of this was the contamination of cooking oil
in Spain.

In May 1981 an unusual outbreak of a pul-
monary disease was reported around Madrid.
The unusual syndrome included severe pul-
monary oedema which was not prolonged,
exanthema and eosinophilia. Overall there
were more than 20 000 cases of the syndrome
and 351 fatalities (Figure 7.1). A toxic substance
was suspected and finally a connection was
established between the disease and the use
of cheap cooking oil. Action by the Spanish
Government to replace the oil with pure olive
oil decreased the numbers of cases reported.

SPAIN’S
OISON
OIL
SCANDAL

THE SUNDAY TIMES, 23 AUGUST 1981

already been mentioned in

FIGURE 7.1 A beadline reporting the disaster which
Jollowed the use of rape-seed oil contaminated
with aniline as a substitute for olive oil in
Spain in 1981.
From The Sunday Times, August 23 1981,
with permission.

There was a correlation between the consump-
tion of cheap oil, especially that sold by certain
salesmen, and the development of the syn-
drome.

The disease appeared after a latent period
of at least 1-2 weeks, longer in some cases,
and an apparent dose-response relationship
was noted in one report. However, the asso-
ciation between the intake of oil and the
the effects
have not been reproduced in experimental

syndrome is circumstantial as
animals and the precise causative agent has
not been identified. The syndrome had an
acute phase with mainly acute pulmonary
interstitial oedema, and a chronic phase
which was mainly neuromuscular with mus-
cular atrophy, skin lesions and weight loss.
Vasculitis was also observed which affected
many blood vessels.

The toxic oil was rape-seed oil which had
been denatured by the addition of aniline, as
required by law in Spain for imported rape
seed oil so that it cannot be used for cooking.
However, refining of this oil was undertaken
and the resulting oil sold as suitable for human
consumption. This had been practised pre-
viously without the toxic effects being seen,
and consequently it seems that the particular
batch of oil responsible for the syndrome may
have been refined differently or was different
in some other way. It was mixed with other
oils in some cases and so may have become
contaminated. Identifying the toxic constituents
so far has not been possible. The failure to
understand the mechanism underlying this
major public health disaster highlights the dif-
ficulties of studying food additive/contaminant
problems. These are often due to factors
beyond the control of the toxicologist. In this
case, the problem of obtaining samples of oil
reliably associated with the syndrome and the
absence of an animal model have greatly ham-
pered the research.
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This tragedy also illustrates how a large num-
ber of people may be affected by a toxic con-
taminant in a foodstuff. A more subtle toxic
reaction to a food additive than the one
described here could affect many more people
before it was detected.

Summary and learning
objectives

Food contains many different substances:
normal constituents, contaminants and
intentional additives. Food additives are inten-
tionally used to colour, preserve or flavour
food. Although tested for toxicity in animals,
humans will be exposed for most if not all of
their lives and there are indications that some
additives such as tartrazine, a common colour-
ing agent (E102), may lead to effects such as
urticaria, perhaps in susceptible individuals.
Testing additives such as the sweetener sac-
charin at high doses in animals, however,
lead to pathological changes (bladder tumours)
which were difficult to interpret as the kinetics
are different at such high doses when elimina-
tion becomes saturated. The sweetener was
banned for some time. Contaminants may result
from inappropriate treatment of foodstuffs such
as in the case of the Ginger Jake when tri-o-
cresyl phosphate was used as solvent for ginger
in a pharmaceutical preparation bought for its
alcohol content as a cheap drink during
Prohibition. The organophosphate caused per-
ipheral neuropathy resulting in paralysis and
foot drop (Jake leg’) in a large number of vic-
tims. In the Spanish Oil Syndrome contami-
nated rape-seed oil was sold for cooking,
leading to many deaths and a large number of
victims of an unusual syndrome which included
muscular atrophy, weight loss and pulmonary
oedema.

Contaminants such as products of mould
growth may be toxic or even carcinogenic

the aflatoxins from the mould
Aspergillus flavus which grows on crops such
as peanuts. Aflatoxin B; causes liver cancer as a
result of metabolic activation and interaction of
the metabolite with DNA. Others may be pro-
duced by bacterial contaminating food such as

Salmonella or Clostridium botulinum.

such as

Questions

Q1. Match the following food additives with
the appropriate category.

Erythrosine Flavour
enhancer

Monosodium glutamate  Anti-oxidant

Cinnamaldehyde Colouring
agent

Butylated hydroxytoluene Bleach

Benzoyl peroxide Flavour

Q2. Indicate which of the following is true or
false?
Tartrazine:

a s a flavouring agent

b may cause urticaria

¢ is reduced by gut bacteria
d is known as F102

¢ is a derivative of aspirin.

Q3. Indicate which of the following is true or
false?
The sweetener saccharin:

a causes bladder tumours in rats at high
doses

b was discovered by Delaney et al

¢ is banned for use as a sweetener
worldwide
has low acute toxicity

e shows saturation pharmacokinetics.



Q4. Indicate which are true or false?
The Spanish oil syndrome:

a was caused by the use of adulterated
sunflower oil for cooking

b was caused by tri-orthocresyl phos-
phate used in cooking

¢ s a type of muscular dystrophy

d causes pulmonary oedema.

SHORT ANSWER QUESTION

Q5. Name three naturally occuring toxicants
and briefly explain where and how they
arise in food.
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