NATURAL
TOXICANTS IN
Foop

v .
b gt
‘ e

X
A‘v

Edited by
D.H. Watson



Natural Toxicants in Food

Edited by
DAVID WATSON
Joint Food Safety and Standards Group,

Ministry of Agriculture, Fisheries and Food / Department of Health
Smith Square, London

Sheffield

Academic Press

&

CRC Press




First published 1998
Copyright © 1998 Sheffield Academic Press

Published by

Sheffield Academic Press Ltd
Mansion House, 19 Kingfield Road
Sheffield S11 9AS, England

ISBN 1-85075-862-X

Published in the U.S.A. and Canada (only) by

CRC Press LLC

2000 Corporate Blvd., N.W.

Boca Raton, FL 33431, U.S.A.

Orders from the U.S.A. and Canada (only) to CRC Press LLC

U.S.A. and Canada only:
ISBN 0-8493-9734-0

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system
or transmitted in any form or by any means, electronic, mechanical, photocopying or otherwise,
without the prior permission of the copyright owner.

This book contains information obtained from authentic and highly regarded sources. Reprinted
material is quoted with permission, and sources are indicated. Reasonable efforts have been
made to publish reliable data and information, but the author and the publisher cannot assume
responsibility for the validity of all materials or for the consequences of their use.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks,
and are used only for identification and explanation, without intent to infringe.
No claim to original U.S.A. Government works.

Printed on acid-free paper in Great Britain by
Bookcraft Ltd, Midsomer Norton, Bath

British Library Cataloguing-in-Publication Data:
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data:
A catalog record is available from the Library of Congress



Natural Toxicants in Food



Sheffield Food Technology
Series Editor: PR. Ashurst

A series which presents the current state of the art of chosen sectors of the
food and beverage industry. Written at professional and reference level, it
is directed at food scientists and technologists, ingredients suppliers, pack-
aging technologists, quality assurance personnel, analytical chemists and
microbiologists. Each volume in the series provides an accessible source of
information on the science and technology of a particular area.

Titles in the Series:

Chemistry and Technology of Soft Drinks and Fruit Juices
Edited by P.R. Ashurst

Natural Toxicants in Food
Edited by D.H. Watson

Technology of Bottled Water
Edited by D.A.G. Senior and PR. Ashurst



Preface

This book is intended to guide readers with at least a basic understanding of
chemistry through the currently important areas of work on naturally occur-
ring toxicants in food. It covers a broader range of topics than in Watson, D.
(1987) Natural Toxicants in Food: Progress and Prospects, Ellis Horwood.
As editor, I have adopted the same general approach as was used in a book
on a related subject (Watson, D. [1993] Safety of Chemicals in Food:
Chemical Contaminants, Woodhead Publishing/Ellis Horwood).

The intended audience for this book includes scientists, technologists
and managers. Since this audience is international, every effort has been
made to adopt a global perspective in marshalling the facts, figures and
issues. However, it is an unavoidable fact that scientific work on some nat-
ural toxicants—for example those in plants—is carried out mainly in the
USA, Australasia and Europe. This has been something of a constraint in
presenting a truly global picture. Nevertheless I hope that this book will
encourage wider interest in natural toxicants in food. Because scientific
work on natural toxicants in food can be complex, every effort has been
made to spell out the main points (and abbreviations!).

I would like to emphasise that those contributing to this book are
expressing their own views, not those of the organizations that employ them.
My thanks go to them for all their hard work, and to my colleagues and
friends for their considerable understanding whilst this book was causing
me the usual birth pangs.

I hope readers find this book interesting and stimulating. It was fun to
compile!

David Watson
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1 Introduction
David Watson

1.1 What are natural toxicants?

Surprisingly for such a large and important group of substances, there is no
standard definition of natural toxicants. They are generally understood to be
chemicals with potentially toxic effects on human beings as a result of their
natural occurrence in food. The natural occurrence of these toxicants arises
from their production by living organisms.

Natural toxicants in food can originate in plants, bacteria, algae, fungi
and, arguably, animals. Taking those in plants first, they can reach our plates
from the harvesting of crops that are then sold to us direct or in processed
form, or are fed to food-producing animals. Farm animals can in some cases
act as a biological barrier between natural toxicants in animal feed and meat-
eating or milk-drinking consumers. This generally depends on whether or
not the animal’s own metabolism can detoxify the natural toxicant or the
animal can excrete the toxicant. If neither of these processes remove the tox-
icant, it is likely to occur in food.

It is not generally considered that animals themselves produce natural
toxicants, although some of the substances produced by animals may have
effects on our health. One can rationalise this scientifically: substances in
animals that might harm our health are produced by primary metabolism,
i.e. the processes necessary for life. Natural toxicants in plants, fungi, algae
and bacteria are produced in another way, by secondary metabolism, which
gives the organism its particular characteristics. Although this difference
between substances produced by animals and those formed by other living
organisms is useful it really only identifies differences in the origins of two
different types of natural toxicant. Nevertheless it is convention that animal
metabolites are not considered to be natural toxicants. This approach is fol-
lowed in this book, except in one place: there is mention of hormone-dis-
rupting substances from food-producing animals in Chapter 4. Scientific
work on these substances is crossing many traditional scientific barriers in
its search to identify the main sources of exposure to hormone-disrupting
substances in our diet.

The routes by which we are exposed to bacterial toxins are quite direct—
these natural toxicants are generated by bacteria in food or in our gastro-
intestinal tracts. Bacterial toxins produced in food are reviewed in this book.

Toxicants produced by algae contaminate our food by one main route,
directly up the food chain, for example from toxigenic (toxin-producing)



2 NATURAL TOXICANTS IN FOOD

algae that are consumed by some filter-feeding molluscs which we in turn
eat.

Of all the potential sources of natural toxicants in our diet, fungi are
probably the most ubiquitous. The natural toxicants that are produced by
some fungi are called mycotoxins. These toxicants can contaminate our food
at virtually any stage in its production.

Research on natural toxicants in the diet 1s carried out across the world.
For example there are extensive data in the scientific literature on the pres-
ence of some mycotoxins, particularly aflatoxins, in food in very many
countries. However, much scientific work is still needed, particularly on the
toxicology of many natural toxicants. For example cycasin, which is pro-
duced by cycads, a source of food starch in some parts of the tropics.
appears to be both neurotoxic (toxic to the nervous system) and carcino-
genic (a cause of cancer). This is one example among many where more is
known about the presence in food of a natural toxicant than about whether
that toxicant is actually toxic to man. This makes it difficult to define what
the risk is, if any, of eating cycad starch or the many other foods across the
world that contain natural toxicants of unknown potency.

1.2 What is the effect of natural toxicants in food on us?

The possible effects of natural toxicants, as a group of substances, include
most of the common chronic (long-term) illnesses such as cancer. It is not
surprising that these effects have been suggested since they are the ones that
are most commonly looked for in experimental work on the toxicity of
chemicals. The difficulty is in relating information about the presence of
natural toxicants in the diet to us as consumers. The objective is to deter-
mine the likely incidence of illness from exposure to known amounts of a
given natural toxicant in the diet. It is less difficult to estimate exposure and
hence risk for the relatively few natural toxicants, such as bacterial and algal
toxins, that have fairly immediate effects on us. This is because the time
between eating contaminated food and the onset of illness is relatively short.
so there is more chance of finding out which food caused the illness. How-
ever. even for these toxicants it can sometimes be difficult to establish the
link between cause and effect. Where an illness might have arisen as a result
of consuming a particular foodstuff from time to time over a period of years,
establishing the exact cause is extremely difficult.

1.3 Scientific work on natural toxicants in food

A lot of scientific work has been done on a few natural toxicants and much
less on others. There are several reasons for this, not least history. The idea
that a natural chemical present in food or feed might cause illness was given



