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Introduction

Within the last decade. genetic manipulation of micro-organisms has been
used in a multitude of instances to modify markedly their behaviour, metab-
olism and productivity. Now there is every indication that it will be possible
similarly to change the genetic basis of higher plants and animals. as well as
of the micro-organisms used for foods or in food production. There is thus
concern 1o establish appropriate controls relating to application of genetically
manipulated organisms for food purposes. The basic problems relating to
the safety of biotechnological applications concerning foods are the same as
those which apply to all toxicological investigations. The most important of
these problems are the impossibility of proving the absence of harmful
ctfects (whether known or not yet expericnced) and our ignorance of many
biological mechanisms and how they are affected by external factors. There
are further complications. for foods. in that many common foods. e.g. beans,
wheat. milk. eggs and fish. are not universally tolerated. while numerous
carcinogens, mutagens and other toxins are present in many common com-
ponents of our diet (Ames, 1983).

Any regulations proposed must have sufficient power to ensure the safe-
guards essential to prevent the release or general use of products or organisms
which could harm the consumer or the environment, and yet they must not
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be so restrictive as to stultify innovation and the benefits which applications
could bring. No matter what detailed controls are formutated. therefore.
they should be amenable to rapid modification in the light of new knowledge
and experience.

This chapter reviews some of the guidelines and regulations which have
been published and discusses the problems which may be met and the types
of control which may be necessary if the genetic manipulations now forecast
for higher plants and animals are to be applied on the commercial scale.

The techniques of biotechnology have been upplied fo foods for many
years. Raw materials may be modified by enzymes (as in cheese manufacture)
or by growth of micro-organisms (as in saverkraut, soy savce and salami),
which may also be used in the production of simple chemicals (such as acetic
and citric acids}.

Biotechnological developments over the past 53-8 decades now cnable
micro-organisms o be grown on a manufacturing scale on a wide variety of
substrates, for example methanol, carbohydrates and paraffins. The
organisms—yeasts, bacteria or fungi—yield products of value in the prep-
aration and processing of many foods and drinks: such substances include
specific proteins such as enzymes and many secondary metabolites; alterna-
tively, biomass may be produced which can be processed for animal or
human food.

The development of new varieties of organisms. ranging from microbes to
vertebrates, has until recently been restricted to selection from populations
derived by recombination of a gene pool limited to within a group of
organisms sufficiently closely related to permit sexual or parasexual recombi-
nation of genetic potential. The DNA of the genes may be moditied by
mutagenesis, using physical or chemical means. but the effects are not casily
predictable and desirable changes usually occur only at very low frequencies.
These traits, even when identified, can be transferred to the desired organism
only by sexual or parasexual methods.

Novel strains developed in such traditional ways may demonstrate toxic
effects {e.g. potatoes: Maga. 1980}; however, such phenomena are rarely
expertenced, and are usually easily detectable because much is known of
potentialty toxic substances in foods—carcinogens and mutagens (Ames,
1983) and other toxins (Bender, 1987; Heaney and Fenwick. 1987; Watson.
1987). Full toxicological investigations are thus not thought to be necessary
for novel strains or cultivars derived by traditional means from species of
plants or animals which are in common use for food purposes.

Recent developments in genetic manipulation are now the subject of
particular concern, Over the past three decades, means have been devised
to introduce genes, as DNA and to facilitate their replication and expression,
in micro-organisms, plants or higher animals. Modern techniques permit the
precise insertion of DNA, with well-characterized properties. into the gen-
ome. This enables known, undesirable features to be more effectively avo-
ided with some types of genetic manipulation than when the traditionaily
available uncontrollable mutagenic procedures are used.

The DNA thus introduced need not be derived from a closely related
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species but can come from any organism or. indeed. be wholty synthetic
{Edge and Camble. 1984: Efimov. Chakhmakhcheva and Owchinnikov,
1986}. In this way the potential gene pool available. and hence the possibility
of variation. has been enormously increased. This has caused concern he-
cause. as mentioned earlier. the effects of genetic manipulation are not
entirely predictable. In addition, it is possible that undesirable attributes
may now. wittingly or unwittingly, be transferred more readily than was
possible previously. so that increased safeguards are necessary.

Types of biotechnological products which may be used in foods

The products which may be produced by biotechnology for use in foods.
constituents or in processing. arc usually considered under the followmt7
headings: (1) metabolites—substances other than protein formed by the
metabolic activities of the organism: (2) proteins: {3) biomass. i.e. micro-
organisms. higher plants or anintals which can be harvested for use in foods.
usually after processing.

METABOLITES

The substances of interest are almost all of low molecular weight and are
capable of economic production in a reproducible and purified state. Numer-
ous compounds of this type are manufactured for use in foods—as nutrients.
flavouring agents. processing aids or preservatives les being ascorbic
acid. riboflavin. lysine. methjonine. citric acid and glutamic acid. There are
legal requirements concerning the utility and safety of any substances to be
offered for use in foods. no matier how prepared. whether by chemical or
biotogical means (Food Act {1984): Kahn and Gibbs {1985) note tests to
approve substances for food use). Thus there is no reason to suggest any
special tests for substances of this type when derived by use of genetically
manipulated organisms. provided that they mect the agreed requirements
for identity, safety and purity. However. poorly characterized mixtures of
secondary metabolites prepared by novel means might well demand special
toxicological evaluation, whether produced by organisms derived by genetic
manipufation. by traditional strain clcve]opmcnt methods or. indeed, by
novel chemical or physical means.

The ability of the production organism to produce harmful substances.
and previous experience of use and variability, could all be relevant in
assessing the safety of mixtures of metabolites derived from new strains.
whatever their origin. The particular circumstances should dictate whether
the procedures used to evaluate food additives or novel foods or enzymes
would be appropriate (Food Safety Council Scientific Committee. 1978,
1980; Committee on the Medical Aspects of Food Policy. 1980; Association
of Microbial Enzyme Producers. 1980; Bureau of Foods. Food and Drug
Administration. 1982: Food Additives and Contaminants Committee. 1982-
Advisory Committee on Irradiated and Novel Foods. 1984; Blumenthal,
1984; Petricianni. 1984; Kahn and Gibbs, 1985).
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PROTEINS

Proteins are the primary products defined by the DNA code although they
may be subsequently medified by a variety of means. These complex mol-
ecules (including enzymes, antigens, receptors and peptide hormones) can
now be isolated and processed to provide highly purified products which can
be subjected to tests of identity, purity and safety which previously could be
applied only to simple chemical substances.

Genetically manipulated organisms offer great promise for production of
specific proteins because insertion of the appropriate gene can provide the
desired products in yields which would be impossible to achieve with the
unmanipulated organism (Edge and Camble, 1984),

Biotechnological means are now available for production of many proteins
for pharmaceutical and other specialized purposes but expense precludes
their use in foods except as biocatalysts in food production. i.e. as enzymes
(see below). Thus it is unlikely that any proteins will be produced in the
foreseeable future as pure substances, either as functional components
directly to provide textural qualities or as nutrients to supply essential and
non-essential amino acids,

ENZYMES AND BIOCATALYSTS

Enzymes, i.c. proteins with highty specific biocatalytic actions. are frequently
used in the manufacture and processing of food and drink: some are derived
from plant or animal sources but many more are now obtained from cultures
of micro-organisms. fungi or bacteria, e.g. glucose oxidase (EC 1.1.3.4), a-
amylase (EC 3.2.1.1). amyloglucosidase (glucan 1. 4-a-glucosidase; EC
3.2.1.3) and various peptidases (serine proteinases; EC 3.4.21. cysteine
proteinases; EC 3.4.22 and aspartic proteinases; EC 3.4.23),

Enzymes are very active substances: each enzyme molecule can rapidly
induce the transformation of many substrate molecules. The number of
molecules transformed per minute per enzyme molecule — the “turnover
number’ — for many enzymes used in food processes ranges from about ten
thousand to over one million: for instance, under optimum conditions.
B-galactosidase (EC 3.2.1.23) and a-amylase can metabolize [2 500 and
1 100 000 substrate molecules per minute, respectively.

In practice, in the home or the food factory, enzymes are normally
available in diluted forms, solid or liguid. and at various concentrations.
Commonly the enzyme is diluted and standardized so that it can be used at
the rate of about 1 part per thousand — about | kg per tonne of material
to be treated. Such preparations frequently contain 10%. or less, of the
enzyme itself. Because of the need for ditution the products used industrially,
or in the Kitchen, are crude or partially purified preparations adjusted to the
reguired potency with an appropriate diluent,

In most applications, the enzyme is mactivated or removed from the
product before it is consumed. The safety, or otherwise, of enzyme prep-
arations may therefore depend not so much on the active principle itself as
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on associated substances. For instance, although malt and rennct are crude
extracts of sprouted barley and calves™ stomachs. respectively, they are
generally considered to be safe because they have been used for many years
without causing any apparent harm. The same may be said of numerous
enzyme preparations derived from micrebial sources for use in the food
industry. c.g. amylase. glucose oxidase, xylose isomerase (EC 5.3.1.5), pectin
esterase (EC 3.1.1.11) and microbial rennin (EC 3.4.23.6). The production
strains have often been derived from wild types by traditional methods of
genetic recombination coupled with mutagenic and selection techniques.
However, products from novel strains should not be used in food products
or processes without assurance of absence of hazard to the consumer. If
novel organisms are employed, then more intensive toxicological evaluation
15 needed, as suggested by the Advisory Committee on Irradiated and Novel
Foods (1984) to ensure absence of risk from possible toxic metabolites .

IMMOBILIZED ENZYMES

For economic reasons., enzymes immobilized in various ways (Poulsen, 1984:
Powell. 1984} are being increasingly used in the processing of products for
use in foods. Such preparations should alse be much less hazardous because
of the necessity for increased concentration and purity of the enzyme prep-
arations used for immobilization compared with those used in the normai
batch processes. and also because the immobilized enzyme is normally (but
not invariably) removed from the product before consumption. Thus. pro-
vided that soluble and undesirable agents are removed from the immabilized
preparation before use. and that enzymic contaminants do not lead to
formation of toxic substances from the material during processing. immaobi-
fized enzymes should be relatively risk-free.

IMMOBILIZED CELLS

Immobilized microbial celis may be used as biocatalysts (Karube. 1984; Akin,
1987}, cspecially when the reaction entails the use of cofactors (such as
NADP or ATP) which are expensive to provide but which can readily be
regenerated in cells.

Immobilized organisms may. or may not. remain viable but even where
viability is fost. care must be taken to ensure that the organisms do not
contaminate the product with toxic metabolites. If non-viable cells are used
there does not appear to be any objection to the use of genetically manipu-
lated strains provided that these requirements. of non-viability and of safety
in use. are met. If immobilized. but viable, cells are employed, special tests
arc essential to ensure that the organism used is not pathogenic and will not
produce harmful metabolites to contaminate the product or the environment,
if live organisms are released. Viable organisms which have been genetically
manipulated should be shown not to cause any ill effects if they shoutd
contaminate the environment. Complete immobilization of viable organisms
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is difficult to ensure because micro-organisms may continue to proliferate to
such an extent, even when encapsulated. that the immobilizing agent (an
alginate gel for instance) may rupture and so permit escape of the organisms.

Use of genetically manipulated organisms

MICRO-ORGANISMS

Bacteria. yeasts and fungi have been employed in foods and drinks for
mitlenia. for the most part to yield secondary metabolites such as fuvouring
agents (the aromas of butter and cheese), desirable metabolites (ethanol and
glutamic acid). preservatives (acetic. lactic and other acids in pickles and
sauerkraut) or carbon dioxide produced by a microbial feavening agent.
Although the direct contribution of these organisms to the nutrient content
of the traditional diets of mankind has been small, indirectly — through
fermentation and preservative actions ~— these agents permit use of much
that would otherwise have been wasted. During the last 100 vears. dried
brewer's yeasts — mainly Saccharomyces cerevisiae have been used in
small amounts (up 1o 5% of the diet) to provide vitamins in animal teeding
stuffs. Attempts have been made to use yeasts. notably Torula edulis. to
provide protein in human foods but these efforts have failed because of the
problems of cost and acceptability.

Over the past three decades a great deal of research and development has
been appiied in efforts to produce what has come to be known as single-cell
protein (SCP). first from unicellular organisms (yeasts) but tatterly from
fungal hyphae as well.

SINGLE-CELL PROTEIN (SCP}

This term 1s used to describe the biomass comprising the MICFO-OTEANISM
itseif. This material may be employed as a protein source. in animal feedstuffs
or in human foods, to fill the roles normally played by animal or vegetable
proteins. i.e. to contribute functional requirements such as emulsification.
provision of texture. mechanical strength, ‘mouth feel'. viscosity and coagul-
ability, as well as provision of the amino acids essential for adequate
nutrition. In these ways SCP products can be used to replace products such
as meat, milk. casein, egg white and wheat gluten.

Single-celi protein can be derived from a wide range of organisms cultivated
on a variety of different substrates:

1. Bacteria grown on methanot (e.g. Methyvlophilus methylotrophus);
2. Yeasts, such as Saccharomyces, grown on substrates such as sugar,

starch, whey and molasses;
3. Yeasts, such as Candida, grown on non-conventional substrates like -
alkanes;
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4. Filamentous fungi grown on starchy substrates c.g. from cereals and
cassava;
Photosynthetic algae such as Chlorella, Scenedesmus and Spiruling.

n

A very wide variety of micro-organisms grown on many substrates (often
on waste products) have been used. or proposed. for SCP production (Erics-
son. Ebbinghaus and Lindeblom, 1981). The problems of strain development
have been discussed in detail by the latter authors and for ‘Pruteen’ pro-
duction, from a bacterium, by Vasey and Powell (1984).

In the USSR and certain East European countries very large quantities of
single-cell protein (millions of tonnes/year) are stated 1o be produced by
fermentation of Candida sp. on petroleum (n-alkane) and. to a limited
extent. on sulphite liguors. The product is used as a protein concentrate for
animal feeding (Rimmington. 1985). In contrast. the use in feeding stuffs of
protein products obtained from Candida yeasts cultivated on p-alkanes is
prohibited in the European Community. under Council decision 85/382/EEC.
The prohibition will remain until such time as it is established that these
products are not a hazard to human health.

In the United Kingdom a mycoprotein product derived from culture of a
fungal species has been approved for general use in foods (Edelman. Fewell
and Solomons. 1983: Solomons. 1983). It is used as a food ingredient
combined with others to yield products with textures and flavours comparable
to those normaily associated with animal flesh — in this way it 15 claimed
that vegetarians can enjoy the pleasurable sensation of meat ingestion without
the ethical or indeed microbial hazards of zoonoses associated with animal
products!

Safety Testing of SCP

The assessment of safety must be considered in relation to the process
operator and the product consumer. The former is not the main subject of
this review and will be dealt with only briefly.

Single-cell proteins (SCP) are intended 1o provide a major protein compon-
ent of the food. As food ingredients. tests are essential to ensure comphliance
with regulatory needs for foods but other requirements must also be met.

Pathogenicity There must be adequate safeguards against carry-over of
viable and potentially pathogenic organisms and against the possibility of
contamination by other organisms. Viable celis released from the strain used
for SCP manufacture and persisting in the product could proliferate in the
environment.

Certain organisms are not normally pathogenic but. if present in sufficient
numbers, or in susceptible hosts, may be harmful: for instance. some Candida
yeasts can act in this way as opportunist pathogens (Silvano. 1984). Because
it is not possible completely to eliminate contamination of the environment.
or indeed of the product, such organisms should be avoided.
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Limits have been suggested for pathogenic organisms. e.g. less than one
Salmonella per 50 ¢ SCP (Truhaut and Ferrando, 1976). Unfortunately, such
tests cannot ensure microbiological safety when highly pathogenic organisms
are concerned. The statistical probability of analytical tests detecting low-
level contamination. say 30 infected particles (colony-forming units. cfu) per
tonne of food, would be extremely small. whereas the probability of a
person consuming a packet of food containing an infected granule would be
extremely high. Microbial safety thus depends on scrupulous management
and the application of appropriate microbial control rather than reliance on
tests which can be applied to only a minute proportion of the output.

The productive micro-organism should be inactivated in the product before
use 10 foods although complete elimination may not always be necessary or
feasible. Plant personnel involved in SCP production may, on occasion, be
exposed to viable cells and it is also difficult to preveat contamination of
acrial etfluent from large fermenters: thus, some environmental contami-
nation may be unavoidable, Frequent monitoring will be required to detect
contamination, no matter what precautions may be taken to avoid it.

Chemical analysis - Typical analyses and data from regular surveys will be
needed with regard to the content of nutrients and other major components,
e.g. amino acids. nucleic acids, lipids. carbohydrate, fibre, vitamins and
other micro-nutrients (PAG/UN Guidelines 1983). As far as possible, con-
stituents that do not occur in normal foodstuffs should not be present. Where
these do oceur (e.g. branched-chain fatty acids), specific toxicity studies will
be required to define permissible concentrations in the product.

Toxicology

Animal foods SCP could find wide application in animal feedstuffs, and
investigations of safety will be needed in the intended species (e.g. chickens,
pigs. calves or fish). It is important to determine the amounts of toxicolog-
ically significant substances or metabolites that might be transferred from
the SCP into the animal products, meat, fat, milk or eggs, and also any
toxicologically significant chemical changes which may be induced in animal
products by the use of SCP: for example, high levels of odd-number carbon
atom fatty acids residues have been found in tissues of animals given diets
based on Cundida yeasts from n-alkane fermentation. Such fatty acids tested
in rats have been reported to affect neurobehavioural parameters in offspring
(Silvano, 1984). '

There are various features which make the process of safety evaluation of
single-cell protein and derived produce differ from that applied for the safety
assessment of additives to be used in human or animal foods. The whole
cell or a crude protein concentrate will normally be used, rather than the
pure protein. This leads to several problems which concern (1) known
toxicants which might be anticipated in cultures of the specific organism and
which can be quantitatively assessed; (2) toxicity testing of various fractions
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in attempts to ensure the absence of toxic agents for which no specific
tests are availabler (3) evaluation of any toxic hazard resulting from the
consumption of the product in the way in which it will normally be used.

The testing for known toxicants should present no unusual problems. other
than their quantitative estimation and the assessment of tolerable levels if
such information is not already avaitable.

The presence of unidentified toxins might be checked by toxicity tests on
products derived by a variety of extraction or digestion procedures and in
which toxins might be concentrated and thus be more readily detectable
(Commoner e/ al.. 1978: Phillips. Kranz and Elias. [980: Phillips ef al.. 1980):
Stich er al.. 1982). Such extracts could then be tested at levels very much
higher than would be encountered on consumption of the SCP product. Such
tests could lead to the identification and characterization of any toxins to
determine the concentrations which could be tolerated in the SCP. However.
these tests would be unable. by themselves, 1o ensure the safety of a product
because of the number of fractions needed and the possibility that toxic
agents could be lost. or destroved. during the extraction processes.

Toxicological tests on food additives (which are usually required in very
smalt amounts} can be carried out using concentrations many times greater
than those normally employed in the diet. This is not possible in tests on
SCP and SCP products which often provide 10-20% of the food. This is
because there is a limit to the amount of food which can be ingested by
laboratory animals and also because the growth and wellbeing of such test
animals 1s reduced if the amount of any one nutrient consumed is greater.
or less. than a certain limited range of concentrations characteristic of that
particular nutrient. For some nutrients, e.g. vitamin A, vitamin D and
sclentum. this range is particularly small. while for major dietary components
such as protein, fat and carbohydrate there is also the added difficulty that
it1s not possible to modify the concentration of one nutrient without affecting
the amounts of the others. Toxicological studies should. therefore. be conduc-
ted at normal usage levels and concentrate on normal growth and repro-
ductive ability as the main criteria.

Such tests require a detailed knowledge of the availability of nutrients in
the test product and of the dietary needs of the test animal in order to avoid
differences in behaviour which could arise from insufficient or excessive
supplies of essential components in the test diet relative to the control. For
instanice. Silvano (1984) reported an adverse effect when poultry were fed
Candida yeasts grown on p-alkanes. This resulted from a deficiency of
methionine in the yeast protein and disappeared on supplemcntation of
the diet with methionine. SCPs so far investigated contain relatively fess
methionine and lysine than animal or fish protein (Stringer, 1984). In
addition, experimental rats should be tested at the usage level and at some
muitipte of this, subject to the difficulties of identifying specific adverse
effects of high-protein diets, i.e. of diets containing more than the normal
15-20% protein commonly used in conventional diets (Stringer, 1984).

Suitable controls must be included in such studies. Simple adjustment of
the control diet by, for instance, addition of casein or soya protein to match
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the high protein content of the SCP diets may not suffice. Care should be
taken to ensure that the content of amino acids and other nutrients — fat,
carbohydrate. fibre and micro-nutrients — in the control approximate to
those in the test dict and that all are appropriate for the test species.
otherwise differences between the behaviour of the test and control animals
may depend more on nutritional than on toxicological effects. The object of
these tests is to determine whether overloading the diet with the SCP
product induces specific adverse effects. tumour or teratological responses in
particular. Conventional 2-year carcinogenicity, multi-generation and tera-
tology studies should detect such responses.

Comparative analyses of excretory products should be undertaken because
these may be the only way of detecting unusual constituents of the SCP.
Such studies should be particutarly concerned with risk assessments related
to the usage concentration. If no adverse effects are observed from the
studies with laboratory animals, the tested level could be considered as a
‘no-eftect’ level. A safety factor need not be applied to this dose level if
chemical analytical studies in all target species have shown the absence of
toxicologically significant residues from the SCP. Such findings would indi-
cate that the amimal had completely transformed the SCP constituents. The
concept of an acceptable daily intake (ADI) or a ‘no-effect” level is not
readity applicable to SCP. The value of tests with excessive amounts of the
test material is to alert the toxicologist to effects that may be detected at
lower concentrations if they are specifically investigated. Where the chemical
composition data show the presence of residues or unusual substances in,
for instance, fibre or cell-wall components, then feeding such SCP fractions
or fractions of meat or fat from treated animals may give some indication
of their toxicological significance.

Human foods When the SCP is to be used for human consumption as well
as in animal feedstuffs, it will be necessary to conduct studies in human
volunteers, utilizing the animal data as a guide to experimental objectives
and design. In particular, these investigations should determine whether
unusual constituents are handled in such a different manner by known
human metabolic processes that the animal studies are inappropriate for the
prediction of toxicity in man.

In addition, studies should be conducted to detect food intolerance or
sensitization. There is, as yet, no suitable experimental model for such effects
and the investigations must be conducted in human volunteers. If such effects
oceur, it may be possible to identify a specific component that provokes an
immune response and to eliminate it from the product. Important leads may
be provided by the immunological assays {see later) that will be mandatory
for assessing industrial and environmental hazards.

No species exactly resembles another; thus, for the safety testing of drugs
and of food additives, it is established practice to carry out tests on at least
two species (one of which is not a rodent) to minimize the risk that a toxic
hazard for man will be missed because the species chosen may not have
been appropriate. When the SCP is intended for human use, tests on two
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species would also probably be needed to comply with previously established
toxicological practice.

Data on the total amounts and availability {at teast for the test species)
of essential nutrients in the SCP must be obtained to permit the design and
interpretation of much of the safety and toxicological findings. Further
information on availability of SCP components will be neceded to assess the
value of SCP products in the diet of man or animals so that any deficiencies
can be rectified. If the food is intended for human use it may be necessary
to consider whether the nutrient content is enough for the purposes intended
and whether control of nutrient content is required before marketing can be
permitted {(Committee on the Medical Aspects of Food Policy. 1980). These
topics are not discussed in detail here but clearly depend not only on the
nutrient content (or lack of it) in the SCP but also on the amount which
may be caten and (because total food consumption will not be increased)
the particular dietary items which may be displaced by the new SCP product.
Whether or not legal controls, such as addition of nutrients to the food. may
be desirable, could depend on estimates of consumption levels by various
sectors of the population and whether or not they would significantly. and
unfavourably, affect the nutrient status of the vulnerable groups. whether
physiological (children and the clderly) or sociological (vegetarians). For
instance. if SCP products were significantly to replace meat in the diet. then
ferrokinetic and iron availability studies would be required in human subjects
and, depending on the results. the addition of a suitable iron source to such
products might become a mandatory requirement to safeguard the iron status
of the population. In the United Kingdom. the Committee on the Medical
Aspects of Food Policy (1980) enunciated that any substance which was to
be an alternative to a common foed should be the nutritional equivalent of
the food it would simulate. The Advisory Committee on Irradiated and
Novel Foads (ACINF) (1984) has published guidelines for safety testing of
novel foods. These recommendations are summarized in Table f. There are
also guidelines from the Food Safety Council Scientific Committee (1978,
1980). Knudsen (1984) reperted the main features of safety evaluations
for large-scale industrial production of genetically engineered organisms as
proposed by the Organization for Economic Co-operation and Development
{OECD). These assessments should include evaluation of risks of pathogen-
icity, toxicity and oncogenicity in man and also tests for genetic stability,
genetic transferability, infectivity/toxicity to other organisms and effects on
ecosystems in the environment.

Steadman {1984) also suggests that the sequence of human studies (after
other toxicology tests, at least analytical, mutagenicity and 90G-day feeding
trials, have been carried out) should be a preliminary palatability and feasi-
bility type study at a single dose, followed by multiple-dose short-duration
investigations and then further controlled studies with about 40 or 50 individ-
uals per group to detect gastrointestinal upsets such as diarrhoea and vomit-
ing. The duration of the study should be a minimum of 4 weeks in a blind
crossover design, with standard biochemical, haematological and adverse-
reaction monitoring. Nutrient balance and utilization studies would not be



380 DiaNa ANDERSON AND W. F. J. CUTHBERISON

Table L. Safety evaluation of novel foods®

Lo (a) BACKGROUND INFORMATION
The nature of the novel Tood. its potential marker, maximum levels of
consumplion: animal or population groups involved.

{h) Source of novel food. preduction procvess. presence of natural toxins or ami-
nutritional factors such as unusual uty acids. heavy metals, biotoxins,
pathogenic microbes.

X SPECIFICATION OF PRODUCT
Provided product clearance is granted for novel food. pilot-scale specilication
will have exactly to match larger-seale production of food both nutritionally
and toxicologically.

3 (a) CHEMICAL COMPOSITION
i protein. fat or carbohydrate constitutes more than 10% of dry matter of
novel food cach may need 1o be investigated:

(i) Crude protein for true protein and non-protein. nitrogenous material (e,
nucleic acids) and unusual toxic amino acids.

(i) Total fat for saponifiable and non-saponiliabie components, phospholipids.
sterols. cyclic fatty acids. known toxic fitty acids. saturated, monosaturated
and pelyunsatarated faty acids

(i) “Total carbohydrate for non-metabolizable lraction {fibre and chitin}. tannins.
Also novel food should be analysed for:

(h) Toxic metals (lead, arsenic) and nutritiondly significant metals (iron, zince.
calcium) after ashing,

(c) Vilamin content.

(d) Anti-nutritional factors (phytate, trypsin inhibitors). toxins {(hacmugglutinms.
nmycotoxins).

+. NUTRITIONAL STUDIES
Suech studies can forecast impact of novel food on nutritional status of
CONSUIMCTS.

{a} I noved food has o human dictary role, results in animals should be verificd
m humans.

(b) Intended uses are needed to judge nutritions) CONSCHUCNCTS.

(<} H novel food is to replace a tradntional food any consequential changes in
dictary nutrient will need consideration.

{<} Replacement o a natural food should be its nurritional cquivalent,

() Test dicts must be correctly balanced for macro- and micronutricnts.

(0 The influence (bencficial or detrimental) of novel food should be determined
in the whole population including chitdren and clderly.

(2} Effects on nutrients should be assessed after processing, storage and coaking.

(h) Animal studics may be needed o supplement chemical studies, ¢.g, when
interaction of novel foed with rest of diet may reduce nutritional value of
whole diet.

(i) Results of animal studies can be extrapolated to humans by meusurement of
availability of nutricnts to humans.

3 TOXICOLOGICAL STUDIES
A one hundred-fold safety margin between the novel Tood level in human
diet and the maximum non-toxic level in animals does not apply since it
constitutes greater than 1% of the diet.

{u} Studies in laboratory animals

(i) Palurability studies with paired feeding techniques.

(it) Metaboiic fate
As foods are complex mixtures, studies on the metabolie fate of cach
constituent are impracticable. Metabolie fate of minor toxic COMPONENIs arc
appropriate,

(i) Acute toxicity studies
Novel foods will consist of carbohydrates, lipid and proteins which are
unlikely 1o produce acute toxic effects and such studies are inappropriaie.

(v} Sub-acute toxiciry tests

These should be performed i 2 rodent species and one or more other
specics and started after weaning for at least 90 days.

{eontd)
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Table § (cond)

{h)

(vi)

(vii}

{i)

Novel foods should be fed 1o antmals at two different levels and a control
aroup must be included. Highest level should be in excess of the anticipated
exposure fevel in man (or animals). The other fovel should be intermediate
between high-dose-fevel and nil-dose-level of control. These high and low
levels should determine toxic and non-specific effects.

The novel Toad should oot distort the nutritional status of the test animal.
Animals should be observed regularly for behavioural cffects and health
status (body weight, foed and water consumption, haematology, ophthalmic
examination. blood chemistry, urine and [aeces unalysis. hormone levels,
vitamin and mineral cxcrctory fevels may be required). Organ weights, gross
pathology. histopathology should be obtained for animals at the end of the
study.

Lamg-term toxiciny and carcinagenicity texts

In many cases a long-term study can be omitted if the results of sub-acuie
toxicity and mutagenicity studies are satisfactory. However. il the process is
particularly novel, o long-term study will be anceded.

Such studies should be performed over a major part ol the animals” Hiletime
where 380% will dic Trom causes other than test material toxicity at study
termination. This is about 24 months in rats and 18 in mice and hamsters,
Strains should have a low incidence of spontancous tumours and be
susceplible 1o known carcinogens.

There should be 30 animals of cach sex per group. Historical data should not
substitute for adequate numbcers in the control group.

The novel feod should not distort the nutsitional status of the test animal.
Embrvotoxicity

Standard embryotoxicity and reproduction stadies are required. 1l the process
is particutarly novel. a muligencration study may be necessary consisting of a
two-generation, two-litter design. Qogencesis. spermatogencesis., and physical
and behavioural features of the offspring should be investigated.
Mutagenicity rests

Genetie damage o somatic and germ cells is measured and mutagenicity
studies are required whether or not fong-term toxicity studics are performed.
Four categorics of tests are proposed:

— bacterial mutation with and without metabolic activation (SY9 mix)+

- i vitre cylogenctics & SY mix

— mammalian point matation = SY mix or Drosopiile mulation

— i vivo bone marrow cvtogenetics or a dominant lethal study.

Studies in hunans

Belore carrving out human studies. a novel food must produce no adverse
cffects in animals. For very novel foods a minimum ol sub-acute feeding
studies in two sgpecics and relevant mutagenicity tests are required.

Belore s novel food is used in a large-scale acceptability and marketing trial
reproductive stadies must have been performed in animals. Ethical and legal
comsiderations must be taken into account.

Urine and {accal analysis. clinical. chemical and hasematological investigations
and renal and hepatic function tests should be performed and other relevant
variables monitored.

— Prelminary single-dose studies involving the feeding of a single meal to
one volenteer at a time should be followed hy:

— Four-week studies with loltow-up studies ol longer duration 10 different
groups of volunteers with different fevels of the novel food relating to
anticipated human cxposure.

— Concuryent controls should receive w simifar diet without the novel food.
— Contral and test groups should be of sufficient size for reliable statistical
analysis of results and should be matched for age. sex. size. smoking and
drinking habits.

— Blind crossover trials are most satisfactory. Sequential periods of novel
lfocd incorporation may be used so that a volunteer acts as his own controf.

{contd)
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Table 1 (contd)

— If the novel food is intended for a particalar group. c.g. diabetics, i
should be tested in that group.
— Ilthe novel Tood produces no allergic reactions it should be fed ad fisitim
and assessed for aeceptability.

(n)y Waorker health
The health of workers in contact with the novel food should be monitored
beeause they are in contact with an untested substance and allergic responses
may be identificd. Tt should be noted whether manulacturing or laboratory
staft are exposed 1o the novel food in the raw or cooked state.

(i) Allergenicity siidies
I allergenicity is suspected. types of immunojogical tests should be
established in consultation with relevant specialists and through an allergy
elinie — a standardized antigen made from a component of the novel food
may be included in the sereening profife.

(ivy Marketing and accepiabilite trialy
One medical practitioner should be given overall responsibitity for health
monitering and it would be useful (o restrict the trial 1 o defined
geographical region. Adverse reactions not noticed carlier might he
determined,

(v} Special groups
The cklerly, children, pregnant women. diabetics. and groups with congenital
metabulic defects should be considered and protected by appropriate
measures such as labelling. Those groups king commoniy used drugs should
also be monitored Tor adverse effects.

" After guidelines Tor testing by the Advisory Committee on frradiated and Novel Foods, Memorandum
December, 1984,

T See Maron and Ames {1983),

Detsils of tests can be found in 2SS (1981, 98 b,

included in a toxicological analysis but would be an essential part of the
nutritional evaluations. There would be iittle place for pharmocokinetic and
metabolic studies as part of the toxicological investigations unless adverse
effects could be associated with a particular component. In such an event,
further studies on that component would be required and these could involve
investigation of biochemical mechanisms. ‘

Nucleic acids are well recognized as constituents that are present in rapidly
growing cells of both prokaryotes and eukaryotes, often reaching concen-
trations of up to 13% of dry solids content of microbial and other cell
cultures (Stringer, 1984). Man, in distinction to other species, 15 defective in
metabolizing the uric acid that occurs as a major metabolite of nucleic acids
and an excess intake is associated with gout. It has been advised that the
nucteic acid content of SCP should be reduced below 2% to avoid this
syndrome, and methods are now available to achicve this.

Diamino acids are also present in bacteria as structural constituents of the
cell wall. Studies carried out, mainly in chickens, show that Jarge amounts
of diamino acids may be consumed without any adverse effect (Stringer,
1984).

TOXINS

It is now well established that under certain conditions of culture and storage,
various bacteria and fungi can produce proteins and secondary metabolites
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that can have very serious adverse biological effects at very smail dosage.
There is now a substantial literature on the mycotoxins, which can induce
discase in man and animals and many of which appear capable of surviving
the various forms of food processing to exert their effects {see reviews by
Austwick (1984), Butler (1984), Moss (1984), Neale (1984). Smith (1984}
and Watson (1984} presented at a symposium on mycotoxing). It is thus
mandatory that the products of biotechnical processes do not include poten-
tial toxing of this nature. As is so often the case in toxicology. the problem
is one of detecting the presence of potent toxins at very small concentrations
when not knowing what biological activity they might exhibit.

Knowledge of metabolites produced by parent and other species related
to the production strain, coupled with toxicological tests on extracts of the
SCP. may offer the best means of determining whether potent mycotoxins
are hkely to be a cause for concern.

Further rescarch may be required arnd recent proposals in this area warrant
serious consideration (Table 2 and Heatheote (1984)).

IMMUNOLOGY

Given that the human immune system appears to be more highly developed
than that of some other species. it 15 conceivable that conventional test
systems involving experimental animals may not be able to detect materials
capable of sensitizing man or of immunosuppression in man. Tests of allergic
potential are likely to be required for industrial and environmental toxicity
and these may suffice to safeguard the consumer in respect of the products
of large-scale manufacture. Where a product to be used in small amounts 1s
intended for direct human consumption. however, it may be advisable to
ensure the absence of excess sensitizing potential by using human volunteers.
Information on health of production staft may give an indication of allergic
responses. atthough exposure in the case of process workers is more likely
to be by inhalation and dermally rather than by ingestion.

Stringer (1984) reported a human irial where individuals were fed SCP-
constituted soups versus soya-constituted soups and monitored for nausea.
vomiting and diarrhoga. There was no difference between the two groups.
Furthermore, a double-blind trial of SCP-constituted and soya-coastituted
‘ginger cookies’ indicated certain problems which may be met in attempting
double-blind nutritional trials in man because some participants did not like
eating excessive numbers of biscuits and some did not like the taste of ginger!

There is a need for an in virre system to determine allergenic potential.
Such a system might conceivably be based on the ability of human macro-
phages to take up and process the material so that it becomes antigenic to
human lymphocytes, but no such test is yet available. Steadman (1984)
proposes that one way to obtain information of the frequency of induced
allergy to SCP would be to prepare standardized antigens from SCPs which
could be used as part of a standard batch of antigens in allergy clintcs which
are investigating allergic responses in the general population. Volunteer
studies will be necessary until suitable in vitro methods are developed.



384

Table 2,
loxins”

Diana ANDERSON AND W. F. 1. CurtHBERISON

A proposal 1o develop a general non-specific sereening test for the presence of

!
Organismst

Bacteriaz
Bacillus megateritm

Bacitlus
stearothermophilus
Eseherichia coli —
repair proficient and
delicient strains 1o

give an indication of

genotoxic potential

Mammalian cells

Cell Linest
Baby hamsier
kidney (BHK)
cells
Chinese hamsler
ovary cells

Primary Culture
Rat hepatocytes

Protozoaz
Tetraliyinena
prriformis
Puramecium specics

Crustacea
Brine shrimp

Plants
Germinating pea
seeds

P

Criteria of olfee

As appropriste to
the various organisms
the methods will
inchade:

-— failure of
mudtiphication

-— death

— laidure of
deveiopment
exclusion of vitl
dves

— leakage of
cyvtoplusmic ¢nzymes
— morphoelogy

o
A

Basis of cvaluation

Dose response
studics will be
carried out with the
VIOUS Organisms
using a range of
toxins ol microbial
origin These will
include:

— aflatoxin B,

— ochratoxin A

~ Fusarium-derived
Loxins

— Zearalenone (a
mycoloxing

~—a staphvloceal
exotoxin

— a bacterial
cadotoxin

1
Further studies to
include novel loods

Dose-response
studies with
extraction,
coneentration and
digestion procedures
of enzyme products
or other lood bases.

Lo 2 and 3 will be considered in the first instanee. 1f the evaluations in

novel foeds Tor toxins in 4 might prove saitable.

-

3 are satisfactory. the testing of

" in the report of the Foud Additives and Contaminants Commitice (FACC) 1982 on the Review of
Enzyme Preparations, @ need was identified lor "Rapid non-specitic bivlogical andior chemical sercening
tests capable of detecting o wide range of toxins” (Appendix IV para. 12).

+ Organisms chosen are sensitive to at least one microbial xin,

£ A metabolizing system will also be incorporated {see Maron and Ames. 1983).

Many assessments will be essential before a novel food product can be
released to the general market. The evaluation appropriate for a particular
novel food will depend on its source, composition, processing and proposed
level in the diet. Thus it will be the responsibility of the particular organiz-
ation, intending to make the novel food, in light of its experience and
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knowledge of the product. to make the initial assessment as to which tests
may be needed (Advisory Committee on Irradialed and Novel Foods. 1984).

MANUFACTURING RISKS

The production of large velumes {in excess of 20 litres) of geneticalty
manipulated or natural organisms or their products can present hazards to the
health of workers. similar 1o those from laboratory experiments. However.
according to Collins (1984). larger-scale production is probably safer because
hazards associated with the organism. its mutants and products. will have
been assessed and controlled or eliminated during research and development
before full-scale production, or the organism may have alrcady been used
in an industrial process without producing any ill effects (even quite large
volumes of hazardous organisms can be grown safely {Harris-Smith and
Evans. 1968)). The experience gained by chemical, mechanical and hydraulic
engineers in fermentation and similar industries has facilitated prevention of
contact between processors and product and provision of environmental
protection. Safety measures in downstream processing have been described
by Turner (1982). The possible cffects. on plant and animal life, of effluents
discharged into rivers or the sea. and of bacterial masses disposed of on
land. could adversely affect the environment because other undesirable
organisms may flourish on their living or dead cells and their products.
Such hazards are carefully monitored by such bodies as trade unions and
conservationists. and the health and safety authorities.

MICROBIAL INFECTION OF NOVEL FOQODS

The problem of food, novel or otherwise. which has been infected by bacteria
is an everyday concern. The food industry is well aware of the dangers of
contamination and the need for its control. which wili be as important for
SCP as for any other food component; however, the dangers should be
reduced in that successful SCP production depends on strict control of
microbial growth. so that risk of contamipation of the product will be
minimized and, indeed, should be far less than that incurred when dealing
with animal carcasses.

Possible applications of genetically manipulated higher plant and
animal cultivars intended for food

PLANTS

It is now possible to transfer DNA into the nuclear (Holsters et al., 1982;
Leemans e al., 1982; Chilton, 1983; Watson, 1984) and chloroplast (de
Block, Scheil and Van Montagu, 1985) genomes of certain higher plants. as
well as into cytoplasmic particles. Further progress is hindered by (1) lack
of suitable vector systems, especially for major monocotyledonous crop
plants; (2) insufficient information on means of ensuring appropriate
expression of transferred genes; (3} difficulty in producing protoplasts of
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certain species and regenerating plants from them: (4) paucity of information
on the molecules affecting many features (growth, maturation, product guat-
ity, hardiness. heat resistance and so forth) which might be advantageously
modified by genetic manipulation. No legal requirements (other than those
applying to all foods) have yet been promulgated concerning the use of
genetically manipulated erop plants (or animals). The provisions of the UK
Food Act {1984) may well suffice to ensure that safety is established before
any novel food. no matter how it is derived, may be offered for sale.

Genetic manipulation of a food-plant genome may be no more (and
perhaps much less) likely to produce a novel weed or poisonous cultivar
accidentally than are traditional mutation and breeding/selection procedures.
Nevertheless. there is rapid progress in the genetic manipulation of plants
(Nijkamp. 1986). Some dangers are apparent and some form of control may
be advisuble to atlay the public concern at growth. on the targe scale, of
plants and animals derived by hitherto untested procedures.

Certain potential hazards, at least to the environment, can be readily
foreseen: for example, several laboratories are using genetic manipulation
to develop plants resistant to herbicides, by inducing formation in the crop
plant of key enzymes resistant to the action of the herbicide (Comai er al.,
1985}, Crops made resistant in this way 1o a broad-spectrum herbicide such
as glyphosate could be grown free from all weeds in fields treated with this
non-persistent herbicide. However, the use of such genetically manipulated
plants could involve certain dangers: if the crop were made resistant to
persistent herbicides. the increased use of such agents would be encouraged,
with possible risks to the environment, while unplanned transfer of resistance
from the crop plant to related species might lead to novel strains of CEOp Or
weed resistant to the herbicide and thus difficult to eradicate. The same
problems could also arise if the resistance were developed in other ways,
e.g. by permitting production, in the crop. of enzymes to destroy the relevant
herbicide.

Resistance to insect pests may also be a possibility, for instance by transfer
and expression of genes coding for Bacillus thuringiensis toxins {Dean, 1984)
or similar agents known to have little effect on stock animals or man but lethal
on ingestion by insects. However, although these substances are harmless to
normal persons, they may be toxic to man and higher animals under certain
physiological conditions; it would be most irresponsible. therefore, to permit
the presence of any such agents in foods until their mode of action. absorp-
tion, excretion and metabolism had been thoroughly investigated.

Viral, fungal and bacterial infections might also possibly be controtled by
gene transfer to permit production of inhibitory agents. Viral infections. for
instance, might be controlled by introducing genes for viral coat proteins
into the plant genome, thereby protecting the plant against naked viral DNA,
as shown for tobacco mosaic virus by Abell er af. {1986).

In many plants, mechanical injury or microbial invasion induces defensive
reactions such as the formation of protective agents — the phytoalexins. for
instance. It is conceivable that genetic manipulation could endow food piants
with similar defensive mechanisms dependent on production of novel and
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-powerful antimicrobial or insecticidal agents. The safety of these crops could
be assured oaly after the determination of safe levels of consumption of
these induced substances, by methods such as those applied to food additives.,
The safety of the food could then be assessed from this information. coupled
with data on the concenirations to be found in the crop and probable
consumption levels in the diet.

Breeding for discase resistance. even by traditional methods. has led to
toxicity in the crop. e.g. in potato (Solaromn tuberosum) cultivars (Maga.
1980 Curtis, 1986). Thus some assurance of safety will almost certainly be
a requirement for novel crops made pest resistant by genetic manipulation.

There is a possibility. not yet commercially realized. that plants could he
manipulated to produce valuable but potentially toxic substances. These
could be primary gene products (antigens. peptide hormones. or enzymes)
or even secondary metabolites (antibiotics. steroid hormones and other
pharmaceutically active agents). Crop plants would be especially attractive
for such purposes because they are already adapted for farm use and much
is known of their agronemic and genetic characteristics. The development
of such modificd cultivars would demand investigations to ensure safety
during their growth. propagation. harvesting and disposal. Care would be
essential 1o assess and to control any danger there might be of these plants
contaminating food crops, either as weeds or through uncontrolled cross-
breeding. In almost ail instances. the novel agent induced by genetic manipu-
tation will be a known substance. Safety assessmenis. in these circumstances,
will thus depend on the toxicity of the agent and its concentration in the
food.

ANIMALS

Genetic manipulation is already possible in higher vertebrates either by
dircet microinjection of DNA into fertilized eggs or by the use of retroviruses
(Miller ef af.. 1984). Such introduced genes can be expressed and are heri-
table. The application of genetic manipulation to farm food animals is
unlikely to be as rapid as applications in plants for several reasons:

1. 1t 1s not yet possible easily to clone or to muiltiply vegetatively higher
vertebrates, afthough it is already possible to divide early 8-16-cell
embryos and to derive viable embryos from the separated cells:

2. With the exception of certain fish it is not possible to multiply stocks
quickly because generation times are long — about 12 months — and
numbers of offspring are small (even poultry cannot provide more than
200-300 offspring in a year);

3. The ova are difficult to handle and embryos of many species cannot yet
be brought to independent existence by in viiro methods.

It is not possible to predict the rate or type of exploitation which may occur
but the possibilities are being investigated intensively (e.g. AFRC, 1986;
Nijkamp. 1986) so that controls will be needed. Because of the similarity of
metabolism of man and higher animals, toxicity of meat {muscle) may not
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casily be induced in farm stock, although variations (possibly harmful) in
the hormone content of certain edible organs (such as thyroid, liver and
kidney) might well be induced. Of special concern could be genetic modifi-
cations, already being investigated (Nijkamp. 1986) of animals specifically
designed to express high concentrations of pharmacologically active agents
(such as interferon, somatomedin and gonadotrophins) in edible animal
products such as milk or eggs. The safety or otherwise of  by-products and
carcasses would depend on the oral toxicity of the agent and its activity and
concentration in the food as consumed.

Control of genetically manipulated plants and animals

CONTROL OF CULTIVARS INTENDED FOR FOOD

Appraisal of new cultivars and novel food plants may now be needed to
safeguard the consumer (the safety of the husbandman, grower, breeder und
processor is not considered here), Numerous cultivars of our food plants and
animals have been developed over many years to provide strains which,
almost without exception, have vielded wholesome and nutritious foods when
prepared in the customary ways. Many of these foods (beans. potatoes,
wheat and yams) contain substances which are highly toxic but not normally
present in sufficient quantity to cause detectable adverse effects in the
consumer. There is now the possibility that new, more powerful genetic
procedures may increase the concentration of toxic agents in our food or
may induce the production of novel poisonous agents. It is for such reasons
that many consider it advisable to carry out appropriate tests on new breeds
of food plants and animals before granting permission for their general use
and consumption,

CULTIVARS PRODUCED BY TRADITIONAL BREEDING METHODS

Traditionally. modification of organisms by genetic means has depended on
selection of recombinants with desirable phenotypes by recombination and/or
mutagenesis of pre-existing genes within a pool confined to those organisms
capable of sexual interaction to produce recombinants. Because of the limited
size of the gene pool there is a very low probability that adverse character-
istics (other than those present in the species contributing to the gene pool)
will be demonstrable in cultivars developed from such traditional breeding
projects. Thus it is not considered necessary to test novel cultivars for
toxicants other than those produced by the parent species. e.g. solanine
alkaloids in Solanum twberosum cultivars or glucosinolates and goitrogens in
cultivars derived from Brassica species.

CULTIVARS DERIVED BY GENETIC MANIPULATION

Genetic manipulation now permits transfer of DNA, no matter what its
origin—natural or synthetic—into the genomes of plants and animals. Thus
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the opportenity to transfer both harmful and beneficial activities is now
grcatly increased.

Tissue cultire procedures

Various techniques may be applied to plant tissue cultures to modify the
DNA complement and then to regenerate plants from the resultant cultures.
In this way DNA in vireids or plasnuds may be climinated from the cyto-
plasm. Cell ploidy and chromosomal characteristics may be manipulated and
chimaeras can also be constructed in which the several cell layers of the
plant and the organs formed from them may be of different genctic consti-
tutions. All these different processes ultimately produce variation by
deletion, modification or recombination of pre-existing DNA. There will
thus be little probability of formation of toxicants qualitatively different from
those produced by the parent plant or in closely related species. Hence. the
safety of new varieties derived in these ways may depend only on the
concentration. in the edible moiety, of toxic substances identical with. or
closcly related to. those formed in the parent specics.

Unselective ('shor gun') DNA transfer

Techniques are now available (protoplast fusion. electroporation. plasmid
and cosmid vectors and a variety of “shot gun’ techniques) whercby unselec-
ted genes in chromaosomes. or DNA in chromosomal fragments or in plas-
mids. may be incorporated into the genome to provide a much wider range
of recombinants than s possible by traditional breeding procedures. These
novel methods enormously increase the possible number of both desirable
and undesirable phenotypes. The potential for variation in the progeny
strains may be much greater than in traditional breeding but there will still
only be a low probability of formation of primary or secondary gene products
other than those capable of synthesis by paths available to one or other of
the donor or recipient organisms. However. much less may be known of the
syathetic potential of the donor organism than of the recipicnt food plant
so that there may be a much higher probability of the appearance of a novel
or unanticipated toxicant in cultivars developed by these means than in those
created by traditional breeding techniques. As a result of these considerations
it would appear advisable that release of such cuitivars should not be permit-
ted before detailed investigation for possible toxic components. The type of
examination proposed by the Advisory Committee on Irradiated and Novel
Foods (1984) would seem appropriate. together with analyses for any toxi-
cants of types produced by the parent strains.

Selective DNA 1ransfer

Particular genes can be deleted or inactivated and purified specific genes,
either from other organisms or derived by synthesis. together with suitable
promoters and terminator sequences, may be introduced by various means
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mto the plant or animal genome. Provided that insertions are made at
redundant loci they will be most unlikely to facilitate production of nrimary
or secondary metabolites other than those which can be produced in the
parent organism and modified by the introduced gene. There would thus
appear to be little reason to test such manipulated cultivars, except for
potentially toxic substances known to be capable of syathesis by the parental
and closely related species.

Genes to confer resistance to pests and herbicides will probably be intro-
duced into food organisms by specific gene transfer. Toxicologicul investi-
gations such as those applied to food additives could establish whether these
agents, at the concentrations found in the crop, would be fikely to be harmful
to the consumer (man or animal) but further considerations — on persistence
and environmental impact for instance might well be mandatory before
general release of such cultivars.

Possible means of controlling genetically manipulated food plants and
animals intended to serve uses other than food

The modification of food plants and animals to produce valuable proteins
and powerful pharmacological agents is now a distinct possibality and could
tead to serious control problems. These genetically manipulated strains might
(1) accidentally be used as food, or (2) the productive strains might interbreed
with cultivars used for foed. This could lead to the proliferation of dangerous
or undesirable hybrids difficult to distinguish from the wholesome types.
Some control would thus appear to be essential before commerciul pro-
duction of such strains could be olerated.

This problem may not be restricted to cultivars derived by genctic manipu-
lation. Some food plants, certain yams (Dioscorea sp.) for instance. produce
valuable, but toxic, steroid substances in concentrations normally 100 low to
produce adverse effects in the consumer. If the concentration of these
substances were to be increased by any means (genetic or otherwise), there
would be a risk that such poisonous vams would be eaten, with dire conse-
quences.

Several methods of control could be employed:

Lo Total prohibition of the use of food plants or animals for non-food uses.
Edicts of this type could cause serious problems because little is known
of the genetics and husbarndry of all but a few inedible plants (such as
cotton (Gossypium spp.), tobacco (Nicotiana tabacum) and Pertunia) and
animals. Some plants grown as ornamentals. e.g. varieties of Narcissus,
Dahlia and Tulipa sp.. might usefully be employed in this way but
(except for the rat, mouse, fruit fly (Drosophila sp.) and the silk moth
(Bombyx mori)), little is known of the genetics of inedible animals.
However, the use of inedible species should be encouraged — at least
until more experience is gained.

2. Quarantine. Isolation would be possible (although expensive and diffi-
cult) for farm animals, e.g. cows producing specific anfigens or other
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peptides in their milk. but there would be severe problems in preventing
wind or insect pollination of food plants outside the quarantine area. or
the accidental transfer of vegetative propagules or seed in soil from the
quarantine sites,

3. Use of infertile strains (sterility). There is a possibility that plants or
animals displaying the desired synthetic abilities could also be made
genetically sterile. Synthesis of the desired product could then be realized
in foxic quantitics. only in the sterile F, hybrid progeny derived from a
limited number of parents (which could be guarantined if necessary).
This method of control would prevent the accidental dissemination of
potentially harmful characteristics to other strains of the species but
could not eliminate the risk of accidental entry of the crop, or its
praducts. into the food chain or being propagated. accidentally or other-
wise. by vegetative or cloning procedures.

4. Use of genetic markers other than sterility. Linkages between the pro-
ductive gene complex and other genes controlling features such as distinc-
tive morphology. cotour, smell or taste of the productive organism or of
the praduct (seed. root, milk or eggs) might provide effective ways of
rapidly identifying the potentially harmful cultivars and their progeny.

=

The precise procedure used to control the plants and animals will depend
on asscssments of the nature of any hazard and the benefits which may
accrue ifrom the use of the manipulated species for any purpose.

Conclusions

Many substances traditionally used in foods are manufactured on a commer-
ical scale by physicochemical procedures or by biotechnotogy using viable
organisms or catalytic systems derived from them. while the biomass from
some micro-organisms is already used as food for man and animals. The
techniques of genetic manipulation permit the introduction and expression
of genes. not only in microbes but also in higher plants and animals, including
vericbrates.

Undoubtedly there will be continuing research to identify, isolate and
synthesize genes controlling desired characteristics. As these genes are reco-
gnized. so efforts will be made to insert them into the genome and to ensure
their expression to best advantage. In this way biotechnology holds great
promise for the improvement of cultural and agronomic features. of *quality”.
of nutritional value and of other attributes of traditional foods and food
compaenents.

The introduction of complex mixtures of DNA from a vast range of sources
may now be achieved by a number of *shot gun’ procedures to form novel
variant strains unobtainable by other means. Among the progeny there may
be some with desirable features but others may acquire the ability to show
unsuspected harmful characteristics.

Genetic manipulation also offers the possthility of direct introduction of
precisely defined synthetic or highly purified DNA into the genome. One
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would expect that strains derived in this way would be less likely to display
unforeseen harmful activity than might other strains, even those derived by
traditional recombination and mutation selection methods.

The consequences of genomic modification cannot vet be precisely forerold
and thus safety evaluation should be applied before novel strains. or their
products, arc permitted for general use in foods. The assessment of strains
and products from less specific ways of modification should be more rigorous
than those demanded of strains derived by specific gene traasfer or modifi-
cation.

Controls should not be so strict that they inhibit development of novelties,
but general applications should not be permissible without a sufficient assur-
ance of safety,

Direct legislation defining methods of production and safety tests would
be difficult to devise because the technology of strain production and safety
test methodology may develop in unpredictable ways. However, these prob-
ferns may be met by an overall requirement {us in almost all countries) that
nothing may be offered for szle as food, or a food component. that has not
been shown to be. or is not known to be, safe in use. To this could be added
a further requirement, that no novel food, food constituent or food process
should be employed. or offered for sale. until shown to be safe. In the
United Kingdom two bodies have been appointed to determine the safety
of new foods and food processes: the Advisory Committee on Irradiated and
Novel Foods (1984) has the task of assessing the safety of novel foods and
food processes. while the Committee on the Medical Aspects of Food Policy
{1980} is concerned. inrer alia. with the safety of substances used in food
processing and possible effects on health of the introduction of novel foods
and processes. These Committees assess the available evidence and ny
suggest further investigations relating to safety assessment of the Process or
products under consideration. The members are appointed by the Ministrics
responsible for food and health, and comprise independent experts in toxi-
cology; representatives from industry and other groups concerned may pre-
sent evidence. These Committees have the power to recommend
modifications to the safety test procedures in accord with scientific develop-
ments. This system has advantages in that it is capable of rapid response to
changing circumstances and research findings, while directly consulting those
concerned.

In other countries with different legal and executive systems. other types
of control might be more appropriate, but whatever the procedures
employed, they should be capable of responding to scientific advances. to
consumer needs and to any international agreements on food sufety.
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