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FOREWORD

Safety Evaluation of Foods Derived by Modern Biotechnology: Concepts and Prin-
ciples has been prepared by the OECD Envi Di in coll i
1. : r

with the

for S T logy and Industry. It is the product of work undertaken by

the Group of National Experts on Safety in Biotechnology. As such, it is related to

her report ly published by the OECD, Safety Considerations for Biotechnology
1992.

This report is intended for the use of those involved in carrying out safety evalua-

tions of new foods or food components derived by means of modern biotechnology. It

lab scientific principles to be idered in making such evaluations, based on a
comparison with traditional foods that have a safe history of use.

This report is published under the responsibility of the S y General.
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PREFACE

In 1983 the Committee for Scientific and Technology Policy created the Group of
National Experts on Safety in Biotechnology (GNE). The work of the GNE led to the
Recommendation of the OECD Council concerning Safety Considerations for Applica-
tions of Recombinant DNA Organisms in Industry, Agriculture and the Environment.
This Council Act called, inter alia, for further research to improve the prediction,
evaluation and monitoring of the outcome of applications of recombinant DNA orga-
nisrus. Recombinant DNA Safety Considerations, which includes the Council Recommen-
dations, published by the OECD in 1986, contained genera safety guidelines for the use
of genetically modified organisms in industry, agriculture and the environment.

In 1990, the GNE agreed that ‘‘work on food safety, with particular attention given
to the elaboration of scientific principles for assessing the safety of new foods or food
components produced by means of biotechnology, was of high priority and should be
initiated as soon as possible’’. A Working Group was therefore established on food safety
as related to modern biotechnology. Dr. Frank Young of the United States was elected
chairman.

The Working Group particip identified a ber of pts underlying their
work, issues that needed to be add d, and app hes or p that could be used
to respond to the need exp d by the GNE. The terms of reference of the Working
Group (see Annex 1) were endorsed by the GNE.

Several points regarding the scope and objectives of the Working Group, as set out
in the terms of reference, should be noted:

~ the Working Group was not to address the safety assessment of food additives,

contaminants, p ing aids and packaging materials;
~ it was not to address issues relating to the envi  safety of new foods or
food components, as these issues were already add d in OECD d

and by other working parties of the GNE; and

~ the principles elaborated should focus initially on the safe use of new foods or
food components of terrestrial microbial, plant or animal origin. (Organisms of
aquatic origin were to be addressed in future work of the Working Group.)

Scientific principles to be idered in evaluating the safety of new foods and food
components, as elaborated by the Working Group, are set out in Chapter II. As back-
ground for the discussions of the Working Group, a ber of d and publi
tions available in OECD countries relating to the assessment of food safety were
examined (see Annex II).

This report is based on material developed at several conferences and intergovern-
meatal consultations on the subject of food safety and biotechnology. A number of
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to be the most practical way

address the issue of food safety at this time. This is not to imply, however, that the.
to

report is applicable to any other aspect of Ecﬁorno_omw safety, including environmental
safety. Other OECD documents address such issues.

Chapter 1
Background

Recent years have seen tremendous adv in food biotechnology, including
improvements in industrial process technology and control systems, improvements in
farming systems for growing and harvesting food, genetic improvements to organisms
used in the food supply, and imp in techniques to itor food safety and
nutritional quality. It is thus expected that progress in biotechnology will play an increas-
ingly important role in food supply.

Micro-organisms

Examples of traditional food biotechnology include the use of yeasts in the brewing
and baking industries, and the use of bacteria and moulds and their compoaents in the
dairy industry for making cheese and yoghurt, Moulds and bacteria are also used for the
fermentation of plants or plant products (for example, miso). Purified enzymes from
micro-organisms are used extensively in making products such as high-fructose com
syrup and certain types of hydrolysed or predigested protein products.

In many such products, the micro-organisms functi in the production p and
the food product does not contain viable cells. In others, such as yoghurt, microbial
cultures remain viable and are consumed. Such traditional applications have a long
history of safe use, and many have formally been affirmed as safe by various national and
intemnational food safety evaluations. Key iderations have included non path i
ity and non-toxicity of the organism and its products.

Modem biotechnologies are being used increasingly to improve food micro-orga-
nisms for the enh d production of ial du as well as the

3

1 4 or 2
improvement of nutritional value, fiavour, texture, and the shelf life of fermented foods.

Plants

Plants are consumed dircctly as whole food, or are processed into many types of
foods. Many plants have a long history of use as foods. Undoubtedly, the plants selected
were the ones that appeared healthy, grew vigorously, and gave higher yields. Edible
portions had desirabie taste, smell and appearance. Selection might have included an
evaluation of safety, although it was not formally recognised. In any case, there is little
historical record or documentation of the process by which the safety of food plants was
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maintained, or of involvement of national food authorities. Now that new biotechnology
has vastly increased the variety of new traits that can be introduced into plants, the impact
of plant biotechnology on food safety is receiving attention.

Early farmers selected and preserved plant variants that had desirable food or
agronomic attributes, such as larger fruit or uniform dormancy and maturation times for
seeds. Such properties are deleterious to wild plants and so would not have been devel-
oped without the efforts of early »breeders”’. Practices of early farmers led eventually to
the development of desirable clones, land races, and varieties of major food crops, with
predictable reproducible agronomic characteristics yielding foods with uniform proper-
ties. As the agronomic properties of individual crops were made more uniform, produc-

tion methods could be designed to obtain opti yields.
With the relatively recent advent of directed plant breeding for improvement of
agricultural crops, the objectives of plant b ders b i)toi yield, i) to

improve quality, and iii) to reduce production costs by, for example, identifying traits
which could increase resistance to pests and diseases.

Although it may not have been a major objective, plant breeders have been effective
in conserving the nutritional quality of plants developed for food. Routinely, they have

lected plants with desirable qualities and rejected undesirable plants by destroying them
in the breeding plots.

Preferences of the humans consuming the crop have contributed to the food charac-
teristics of plant varieties ultimately developed. For example, varieties of potatoes and
beans are quite different in different areas of South America, where their selection has
been influenced by the taste preferences of native peoples. As another example, the
milling and baking quality of flour is checked during the variety development process
since wheat is often developed for particular baking prod

In the case of certain crops, breeders have delib 1 pted to improve nutri-
tional value, Often, as for example in the case of high-lysine corn or high-vitamin C
tomato, other factors have prevented these varieties from becoming widely accepted. The
best-tasting, most nutritious variety will not succeed as a commercial crop unless it aiso
gives high yield. Difficulty in processing, susceptibility to pests or discases, an undesir-
able flavour or colour, or simply difficulty in getting the plants to market will also limit
the adoption of a new variety.

Public acceptance of a high-nutrient variety is not based on nutrient content alone.
Carrot and sweet potato varieties that have a bright orange colour are more acceptable to
humans than those that do not. They also have a higher content of the pigment that
supplies vitamin A precursor in the human diet. The ascorbic acid (vitamin C) content of
tomatoes has been extensively examined, and varietics with higher content developed.
However, since the fruit of these tomatoes is more yellow-orange than red, they have not
been as acceptable to consumers.

The nutritional value of fruit or vegetable crops can be quite variable, and may be
difficult to assess definitively. The composition of plant foods, particularly fruits and

getables, is ient b the edible portion undergoes rapid biochemical changes
during the ripening p For ple, in red the content of ascorbic acid is
low in green fruit, increases rapidly as the fruit ripens, and then drops off with time.
Ascorbic acid content also varies in ripe with their position on the vine, since
higher light i ity i the Moreover, field-grown tomato plants produce
fruit of higher vitamin C content than those grown in glasshouses. In view of these
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Chapter I
Food Safety and Biotechnology: Concepts and Principles

consideration of the safety of foods and food components derived from biotech-
ves several continua: from older to newer biotechnology; from traditional
the latest techniques based on molecul and cellular biology; from simple
products; from a well-known history of exposure and safety of use to areas of
ge of the trait in different organisms; from whole organisms to specific
compounds or substances; and from simple to compl ipproach
Bngnﬁgwsggu&ogggiggfgg
manageable pieces, facilitating the description of the concepts or principles of safety.
scientific principles and procedures should be pplied in a flexible fashion,
account the knowledge of: the characteristics of the newly introduced trait(s);
etary exp 3 the preparation and pre g of the foods or food compo-

onal considerations; and 8&85&8_»%88.

ood safety

ety of food for human consumption is based on the concept that there should
vouﬁgunch:QEBSE:EE.?EE&gg?Eng
conditions of consumption. Histori ily, foods prepared and used in traditional ways have
been considered to be safe on the basis of long-term experience, even though they may
have contained natural toxicants or anti-nutritional substances. In principle, food has been
presumed to be safe unless a significant hazard was identified.

Zgzgg_oagsng%?mgnrgwsgggg
.:. food organisms, and broadens the scope of possible sources of foods. This does not

developed by the application of the newer techniques does not necessitate a fundamentat
change in established principles, nor does it require a different standard of safety.

M t, the precision inh E.wn:ano».gac_onc_ﬁsn?me_s?..
developing organisms for use as food should enable direct and focused assessment of
safety where such assessment is desired, Knowledge obtained using these method: might
also be used to app h safety o:_ni».co&o..mo&ooagaga
organisms developed by traditional methods.
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Safety conslderations and substantial equivalence

For foods and food p from organi developed by the application of
modern biotechnology, the most practical approach to the determination of safety is to
idi hether they are sub ially ivalent to analogous conventional food

uBa__nxmv.Rm:nroﬁmr>nno==;_.o=_aroskn__on:.ovacn%:_msﬁnanoona»w
undergo, as well as the intended use and the exp Exp ¢ includes such p

as the amount of food or food component(s) in the diet, the pattern of dietary consump-
tion, and the characteristics of the cc ing population(s). This approach provides a

basis for an evaluation of food safety and nutritional quality.

‘The concept of substantial equivalence embodies the idea that existing organisms
used as food, or as a source of food, can be used as the basis for comparison when
assessing the safety of human consumption of a food or food component that has been
modified or is new. .

If one considers a modified traditional food about which there is extensive knowl-
edge on the range of possible toxicants, critical nutrfents or other relevant characteristics,
the new product can be compared with the old in simple ways. These ways can include,
inter alia, appropriate traditionally performed analytical measurements (for example,
alkaloid levels in p rbatin in vegetable squash cultivars, and psoralens in
celery) or crop-specific markers, for comparative purposes. The situation becomes more
complex as the origins/composition/exp experience d or if the new prod-
ucts lack similarity to old established products or, in fact, have no conventional
counterpart.

Ad jon of sub ial equivalence takes into consideration a number of

factors, such as:

~ knowledge of the composition and characteristics of the traditional or parental
product or organism;

- knowledge of the characteristics of the new component(s) or trait(s) derived, as
appropriate, from information concerning: the component(s) or trait(s) as
exp d in the p s) or p } organism(s); transformation techniques

(as related to und ding the ch istics of the product) including the
vector(s) and any marker genes used; possible secondary effects of the modifica-
tion; and the characterisation of the component(s) or trait(s) as expressed in the
new organism; and

knowledge of the new product/organism with the new component(s) or trait(s),
including the ch istics and composition [i.e. the amount of the component(s)
or the range(s) of expression(s) of the new trait(s)] as compared with the conven-
tional counterpart(s) (i.e. the existing food or food component).

Based on a consideration of the factors in the paragraph above, knowledge that a
new food or food component(s) was derived from organism(s) whose newly introduced
traits have been well-characterised, together with a conclusion that there is reasonable
certainty of no harm as compared with its conventional or traditional counterpart, means
that a new food or food comp s) can be idered substantially equivalent,

Set out below are the principles for the application of sub ial eq l to the
assessment of foods from organisms developed by the application of biotechnology:

nﬂﬁohaio_.ao&n&mo&o:o& is d ined to be sub
equivalent to an existing f then furt iti .
oo o Eﬂmamoma nooa. further safety or nutritional concemns are
= Such foods, once substantial equivalence has been established, are treated in the
same as their analogous con ional parts;
- §<§o_.nci= ﬁu‘n“”oomw.w_.m n_”ﬂ”%h new foods or food components are less well-
5 sul equivalence is more difficult to apply:
w.ao& or food .noavc_.ma.u are n<~.§ taking into account the nxvﬂﬂmrmocﬂ_sﬂoﬂ

a.\ona m.._n”..wma proteins, fats or carbohydrates);
- Where a uct is determined not to be i i identi
emoa_.hﬁ should be the focus of further ”ﬂwcﬂ:nﬂﬂ:aw squivelent,the dentified
— Where there is no basis for comparison of a new food 9. fi
Or ¢ ood co: i
.ﬂw“.._nr“o counterpart or similar materials have been Ppreviously 8ﬂwo§=o=rﬁnﬁuow..
> new food or noo.n component should be evaluated on the basis of its
composition and properties. own

As an example of the application of substantial equivalence, potatoes have long been

wwm_ﬂmno.m%__jg&nn d.o?umnannomsa_noauaﬁam:nagﬁa%ns:uaﬂ_
ons; ¢ ly, these proteins have a long history of human consumption.

Coat v_dﬁsu have never been associated with a toxicity problem and are not considered a

possible untoward effects of the modifi i i
2 well o e 2nd effoc oo cation on alkaloid levels and key nutrient starches,

Some specific examples of additional considerations which it may be necessary to

take into account when applyi T . X
the following paragraphar © S " OIoCPt Of substantial equivalence are indicated in

The _.Emna& use(s) and degree of exposure must also be considered in assessing

the pattern of dietary consumpti isti
ae p: ption, and the ch; i i
(i.e. infants, the elderly, the mgggoavﬂunzﬁ.ﬁ“mﬂwm °f the consuming Populations

The consideration of safety may i
1 y include the need to evaluate ssibl
Mmmw_ﬂ_dmwcshuwwm n.wo_E.w or other processing. For example, trypsin wnagnaoﬂnn
safe consumption iﬂaﬂﬂhﬁ_ﬂu nu.oo_nM%img :.v.vmm._.nmgmz.o_.. o g oy o
I - However, if the cow in i itor i
expressed in other plants, the safety question relal the novmal uae ot s
! » the tes to whethy
plants as food involves cooking suffictent for its mESn.SEo:.n_. e normal use of these

In special cases, d ding on the prod
D , dep g s d, the considerati
“.Nw.m wn_..mw _n=m._”n=oo ﬂo w“”m Mo -“MM_M”_R —...:n potential for, and human health “.hﬂgohoﬂmw.w
f ! . For example, ibioti i .
markers in micro-organisms should be ol e __wa;o u &:M:moﬂn&hm:o».&..ﬂﬁ::ﬂ

microflora of the human i r i
implicaons. gut could, if demonstrated, possibly have human health




Another deration i i introduced modification(s) on
i ion is the influence of the newly in! ed ion(s)
the ==5mo=u_ow”whn of the food or food Sghw.w.n.ﬂw__v o.“o .ﬂwﬁ”ﬁwawmr ﬁonﬂwﬂ.ﬂ:ﬂ”
being carried out, such chas mawnewu«_rsa_ﬁn micro nutrients, the possibility of m

di d at b P " . f .y

iti Such imp are of potential sig
5@5&“—”%%&3 food component may become a major dietary source of
cases
the nutrient affected.

Conclusions

main conclusion of this report is as follows: if a new food or food noamc”“p _H
o==nﬁ.o be substantially equivalent to an existing food or food component, i con be
Mgan.w Eomm:»an manner with respect to safety. No additional safety concerns w

in
oavonﬂ”.na substantial equivalence is more difficult to establish XM”.%M%M hﬁ oMMoMM
nent is either less well-known or totally new, then the am-_n . .
Hﬂu%rﬁunﬁmmmg should be the focus of further safety Ssmaaanc._u..  appiaton
Chapter auEm. i studies that illustrate the practic .
g u...:ﬂ%“%mﬂ@mun luation of new foods or food componeats, in
o;._n. the E.n.n..on.p jal equival Eg&moa.ﬁnon_ﬁ:v_ﬁm»nanﬂ.ﬂaﬂwﬂ
t range f products produced by means of biotechnology. Give! v
Bﬂuﬂwﬁhﬂ of pon antial equival .m.< on the Working Group were of __—m view
e L4 . N B p
mwwan&nni?o&i:vn?:asgggﬁ:«.l . to 8 o
In the case of those products for which substantial BEﬁxo...Ma gﬂﬂﬁa« HE?&B?_ >
lished, or for which there m“* =M_n n&moﬁ.—wﬁo&:—.&ﬁéﬁm Mﬂnﬂrﬂs o lpful to
increase our understanding appropri formati needed
methods to be used for safety evaluation.

Chapter Il
Case Studies lustrating the Application of Substantial Equivalence

The case studies in this chapter were chosen mainly to illustrate the application of
concept of substantial equivalence for the safety evaluation of new foods or food
components produced by means of modem biotechnology. They are not evaluations or

aw___ugasnsa.gnmg:_a they be seen as a commentary on the safety of the foods or
food componeats selected.

These case studies were prepared by the experts indicated. Although the Working
Group on Food Safety and Biotechnology discussed each case study, there was no
attempt to reach on the Tusions they in,

ﬁ.n pts and principles ill d in the case studies relate only to food safety.
Environmental issues were not included within the BE.OmEﬂiﬁE:ﬁQaégmﬂi

Safety and Biotechnology. These issues were therefore not discussed by the Working
Group.

the

The case studies were prepared foill ing the g

| outline shown below:

1. Conceptual points to consider
a) Concept of continua

For example, the extension of the use of LEAR oil to infant formula from traditional
uses of vegetable oils (margarine, shortening, and salad and vegetable oils).

b) Temporal considerations

For example, higher erucic acid content of traditional rape or LEAR oil in the 1970s
and 1980s as compared with lower values in traditionally bred strains of rapeseed today.

¢) Concept of “‘reasonable certainty’” of no harm resulting from:

— intended uses; and

— expected conditions of consumption,

For example, there was a *'reasonable certainty™’, based upon the evidence evalu-
ated, that LEAR oil would behave as other vegetable oils for traditional uses, stated
above, under the highest expected conditions of consumption (i.e. by males aged
20-30 years). This was not the case Jor its use as infant formula.
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d) Concept of substantial equivalence

ﬁaw example, § oil was compared with traditional rapeseed oil and other
getable oils and was shown 1o be composed of the same basic
components, except for a lower level of erucic acid, the component of concern.

e) Concept of variability

For nple, the ation of the alkaloid
tomatoes than in ripe ones.

is much higher in green

D Concept of sequential review (i.e. establishment of substantial equivalence
followed by evaluation procedures).

g) The evaluation of marker genes in a substantial equivalence determination

For nple, the use of k derived from TnS is not effective
against kanamycins used currensly \.3 i«&n:.& purposes.

2. Organism/product

What is the organism/product that will be eaten by the consumer?

3. Traditional product evaluation

A heal -
14

What kind of does this organism/product undergo traditionally? For
example, tomato may be evaluated by the plant breeder when a new variety is being
developed, whereas myco-protein may not have a traditional procedure for evaluation.
When tomato is evaluated, or if there is some concern, the toxic compound tomatine may
be considered. The result of this evaluation may be that the level of tomatine is not a
problem normally, but that in some cases it is a problem (state circumstance).

4. Database available for traditional evaluation

Is there a daiabase available in your country/departmens containing _ax.agﬁ:g
useful for evaluation of this product? [For le, the Datab of Ce in
Food Products (COBA) &n—.&e\n& in Denmark 3 the State Institute for Quality Control
of Agricultural Products.]

5. Novel p Vproduct (i

ding traits and sources)

Why is this product considered a novel Jfood? examp

For le, potat.
gene for insect resistance that has never been consumed as \ee&\wn\awnihw MM:SS .
protein may never before have been considered as as food. e

6. Additional evaluation procedures

Are additional evaluation procedures carried out, or are normal evaluation proce-

dures sufficlent in the case of the novel food?

7. Rationale for evaluation procedures

A short statement of the reason Sor the evaluation procedures.



Chymosin derived from Escherichia coli K-12 and Bacillus
stearothermophilus alpha-amylase derived from Bacillus subtilis

Dr. Eric Flamm
Office of Biotechnology
United States Food and Drug Administration

Case No. 1 Chymosin derived from Escherichia coli K-12

1. Conceptual points to

a) Concept of continua

Different enzyme preparations may be similar in some attributes and dissimilar in
others. The relative similarity or-equivalence of different enzyme Ppreparations can be
determined by comparing characteristics of the enzymes themselves, the organisms from
iznrgnauaagu_&:ﬁgau»aawﬁnamE.&En.nanb:ng:aonsn
preparation. The importance of any differences will depend on how they affect the safety
and utility of the preparations.

gmnwmsang_onﬂmgnnnggﬁo:giagSowﬁ.na.on.s
enzyme preparation. However, there is less consensus regarding the criteria by which one
decides at what point an enzyme preparation is different enough from an accepted one
that formal review is required to blish safety. For iple, at what point do manufac-
turing changes or strain modifications b significant gh t0 warrant review? At
what point is the substantial equivalence of two enzyme preparations no longer seif-
evident? This is as much a regulatory question as a scientific one.

Two different batches of the same yme purified by the same methods from the
same strain of production organism grown under the same conditions may be considered
potentially different if a small change in activity is significant for its intended use.
Alternatively, two different enzymes with similar functions, but produced by different
methods from different species of organisms grown under different conditions, may be
considered substantiaily equivalent if the differences do not significantly affect the safety
and utility of the preparations. The point at which an enzyme preparation differs from its

pted counterpart gh to be idered different, and to warrant evaluation, is
again as much a regulatory question as a scientific ons.

In the case of the microbial chymosin preparation di d in the first case study,
the preparation’s functional activity is identical to that of its traditional counterpart,
animal rennet. Hi s it is produced by a pletely different manufacturing method
and quently has complewly different impurities. The United States Food and Drug
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Administration (FDA) found that these diffe were signifi gh to warrant
formal review in order to determine whether the new prep was substantially
equivalent to the traditional one.

In contrast to the chymosin preparation, the alpha-amylase preparation discussed in
the second case study below was derived from the same organism as that traditionally
used as a source of alpha-amylase, Bacillus subtilis, albeit from a new strain. The enzyme
itself, B. stearothermophilus alpha-amylase, was independently reviewed and determined
to be safe for use in food when derived from its native host, Additionally, it is function-
ally similar to the traditional enzyme, differing principally in its ability to perform at
higher temperatures. Thus, in content and activity, the new preparation is very close to its
traditional counterpart. Whether they are close enough that formal review should not be
needed to determine substantial equivalence is a regulatory question,

b) Temporal considerations

Food-use microbial enzyme preparations derived from recombinant organisms are
only newly being developed. At this early stage they may be considered more novel, or
worthy of greater scrutiny, than they will be after a number of such products have been
introduced. It is possible, for ple, that the preparation of B. stearothermophilus
alpha-amalyse derived from B. subtilis would not have been treated as a new preparation
warranting review had it been introduced at some future time after a number of similar
products had been reviewed.

c) Safety as defined as a ** ! inty”” of no harm resulting from
58%55&338&83&3%33:538

It is not feasible to answer all possible questions pertaining to the safety of a new (or
traditional, for that matter) food product. The dard of safety g 1} idered
acceptable is that there is a reasonable certainty that no harm will result from the intended
use of the product under the expected conditions of consumption.

The intended use of a food-grade enzyme preparation is usually to process food or
food ingredients in a particular way. The enzyme is generally present in the final food
product, if at all, at very low levels.

Commercial food-use enzyme preparations, even when purified, are typically quite
impure and may comprise more cell debris than enzyme. Therefore, in assessing the
safety of an enzyme preparation it is at least as important to review information concern-
ing the production strain, and the methods and materials used in growing it and purifying
the enzyme, as it is to review the ch istics of the. enzyme itself.

In general, when assessing the safety of the enzyme itseif one determines the
relationship of that enzyme to other enzymes used in food or food processing. If it is of a
type commonly used in food or food processing and has no unusual properties that

then the enzyme itself may be considersd substantially equivalent to
other accepted food-use enzymes. Since food-use enzymes are in (and of) themselves
safe, a determination of sub ial equival generaily constitutes a finding of safety.
If the enzyme has | properties or is of a type not previously used in food, then
infc ion will be required to show that the enzyme will be safe for its intended use.

to have a history of safe food use, or otherwise be shown by scientific informati
s on to be
safe for such use. The particular strain used should also be shown to be safe, i.e. to have

m_%o“wi properties that would affect it as a source of enzyme preparation safe for use in

If the safety of the parent organism for use in food Pprocessing has
nmﬁzau&. there would probably have to be substantial information, En_w.EEw ﬁ:.“owﬂ
toxicology tests, to demonstrate that the modified strain was acceptable for food use.

As di d below, the mi !.n__wsom_.bgnag_&owﬁﬁg. were
found to be safe after evaluation of the production o_.wwauau.wan n.uwsﬂo““n the
“ﬂuﬁﬁagw.rﬂaoa&mc ses. The manufacturing method destroys the production .gs.

removes ulk of the cefl debris, and this was i i
safey o the e i of wi Egngsﬁnﬂsmzﬁ

d) Concept of substantial equivalence

Kmnazn._ enzyme preparations can be considered substang equivalent
other if n:un. 8:@5.8»2« met: the enzymes themselves are u__cmhh_:wmn:w. 3..:.&.“!%-“.
example having similar intended uses and fi ional jes; the microbes from which
they are un:.‘.:& are substantially equivalent, for oa.B.m_n being safe strains of species
Sﬁ a w.wno history of use as sources of food-use enzymes; and the manufacturing and
uE..mShon._ processes are substantially equivalent. However, there are as yet no agreed-
upon criteria by which substantia] equivalence is determined for each of these parameters,

A new enzyme prep may be sub

tion will be necessary to determine whether the new is sub

equivalent to the old. iy
The concept of substantial equivalence can be applied broadly o

example, all enzymes of any type used for food p i .u might be Considered sop o

p stantially equivalent enzymes might then be considered =c§n_.. iy
equivalent enzy nes if they are produced by a safe strain of any microbial wvﬂaa with a
%&Eug&ﬁasmguﬁg_wmmguavaaﬁoacwasging%&a. or
only if an are native to and produced by the same microbial species, Additionally, .En
manufacturing processes might have to meet certain criteria o assure that the w.s_

_=§m=wnﬁu&n¢%%v§o=o§a§roﬁc Ly fi on wheth
it is pathogenic or produces toxins. The species of production organism should be shown

2

product meets B specifications before the enzyme preparati consis
ered substantially equivalent, ons wonld be ¢



preparations described below, the term

e elanaar™ wis nowhére usod by he evaluators. However, though not
articulated Ewncnw. the safety of .E.Eavaanqﬁ was determined a.woPnnuzv. by establis
ing that each was substantially equivalent to an Snnvﬁm vavnan -

In the case of chymosin derived from E. coli K-12, it is .wrg-.onh n_nam:ﬁumﬂ nhu.n._wmo .Ew_
i anism and by a pl ...&m.oa..: thod th radi
Mﬁ“ﬁnﬂ:ﬂﬁﬁmﬂ:ﬁr Thus the types of potential impurities differ, and mwm“_mc.\“”.n"
characteristics of the preparations may differ. To determi ne if m_ﬁovﬂvﬁunn e ions
substantially equivalent, the FDA compared the enzymatic wmas”%oosn he preparations
and evaluated whether the 5%%09”5:8 Eoﬁ!h_ﬁ Euvn-ﬁn&n on ! saf E&. A
described in Section 3 below, . nzy t the
o e o B wo afot . sfe e, Thi, whle b w0
i ities in the microbial preparation a 3 A
w:-.nvn_”..ﬁmwn_w m..a clearly &“MRE and have different names, they are substantially

uivalent in safety and function. ] i
= In the case of B. stearothermophilus &E.wé.:.w_nwn obtained a.oﬂ:“— .ﬂn&”ﬂg ﬁ
Joint FAO/WHO Expert Committee on Food >n9.n<3. (JECFA) eval roduc,
tion organism and determined that the genetic Eo.&mowg_.r_u were im:.o_s_.u.mn: sed and
did not cause it to produce toxins or other undesirable st E” 8:5.% 4 therefore be
considered substantially equivalent to o%”n food-use EMHBEJ of m _.”w m: is. JECF lu-

and found that it was the same as produc 5 P
w“a._n._umumﬂw_ﬂ_ﬁg the manufacturing method and found it met acceptable standards
for producing microbial enzyme prep

i y i i ism, and the manufactur-

, by determining that the enzyme, the production organism, ;
ing Hhm&@ﬁoa m_._anﬁmm»:v. oe._?u_nn“..c nMnnmNn hﬂ..:ﬁﬂaé»:uﬁo. ._Uomnva_..&_;..u.owﬁa_onsno“
Zyme i f 2
e e e ocaey ecuivalonoe, one could also conclude that the new enzyme

inter of equi

4

.. .. . .so

is sut iall to the traditional B. subtilis preparation, despite
Py Bat the swearothermophilus enzyme will likely be used with different substrates
because of its ability to digest hes at higher temp

e) Concept of variability
Inapplicable.

f) Concept of sequential review

h istics

. . ioq s to
first step in evaluating a new enzyme prep is omp ¢
o e e oo s e o i i e
I acce] counterpart. One can c 1

”M.ﬂﬂooan.wnngnm_(mnﬁno_n%gs%giiﬁﬂﬁn&n%aoﬂﬁo
safe use of the new product. )

Where the me, the producti g ;
ﬁ%SHE?ﬁ:@E«S&<&§BE§%§B—N§E«§§”ﬂ
gwﬁigaviunoﬁaog—nmg_e«ancﬂ%.rnn .ﬁian_n-&n
3%@6&&&95?53%35%?% d naﬂoa»n&.
between the accepied and. the new are too large to allow EE.EE.SE?:SP
tional information is necessary to establish the safety of the preparation.
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and the manufacturing method are-

8) Evaluation of marker genes in a substantial equivalence determination

Recombinant ofganisms frequently contain marker genes, some of which may
encode resistance to therapeutically useful antibiotics. Whether the presence of a marker
gene in a production organism affects its substantial equivalence to an accepted safe
preparation will depend on a ber of considerations. For example, does the marker
gene encode a protein product? If so, at what levels would it be expected to be in the
food, what is its function, and are there any concerns about its safety in food at the
predicted levels?

For antibiotic resistance marker genes, does the marker gene encode resistance to a
clinically useful form of an antibiotic? If so, does ingestion of the product at the time of
therapeutic use of the antibiotic interfere with the clinical effectiveness of the antibiotic?
In general, this would not be expected to be a concem for enzyme preparations. The
preparations are present in very low levels in the food. Thus, the levels in the food of any
constituent of the preparation active against the antibiotic would almost always be
biologically insignificant.

Finally, what is the likely level of horizontal transfer of resistance genes t0 patho-
gens in the food or in the intestinal tract of the r? For an enzyme preparati
derived from an antibiotic-resistant microbe to be substantially equivalent to one derived
from an antibiotic-sensitive microbe, the likely level of fer must be biologically
insignificant.

In the case of chymosin derived from E. coli K-12, the level of transfer of the
antibiotic resistance marker was found to be insignificant because the purification method
destroyed the production organism and d graded its DNA to fragments smaller than that
of the gene encoding resistance. In the case of the particular aipha-amylase preparation
described here, there was no intact antibiotic resistance gene in the production strain.

2. Organism/product: chymosin derived from E. coli K-12

Chymosin, also known as rennin, is the principal milk-clotting enzyme present in
rennet. Rennet is derived from the stomach of a variety of animals, must commonly
unweaned calves but also kids and lambs. It has been used for millennia to make cheese.
Chymosin is a protease that hydrolyses one bond in the kappa-casein protein of milk;
cleaving it into two peptides. Kappa-casein normally stabilises micelles in milk. When
kappa-casein is cleaved, the micelles p ipitate into curds. After removal of the liquid
whey, the curds may be processed into cheese or other dairy products such as frozen
dairy desserts.

3. Traditional product evaluation

As discussed in 1.c) above, a new enzy preparation is d to determine if it
is safe for its intended use. Such an evaluation fe on characteristics and properties of
the enzyme, the production organi and the materials and methods used in the manu-
facturing process. E. coli-derived chymosin preparation is manufactured by a completely
different method than is rennet. Therefore, it was important to determine whether the
change in manufacturing method affected the safety of the enzyme preparation.
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The safety of chymosin derived from E. coli K-12 was established from the follow-
ing information. First, the enzyme was shown 1o be structuraily and functionaily identical
Sgﬁﬁogﬁgiggniﬂaaoagﬁmﬁan%ﬁwauga?n
the chymosin in renpet. Data was provided documenting that the prochymosin gene
been cloned and that it was properly exp d in its microbial hosts to produce func-
tional chymosin.

._.ranm:nuo».ninn:onioasuoasmro!gnﬁno:gwoanr&vﬂuo_o:&.
The cloned DNA was digested with restriction enzymes, and the resulting fragments were
found to be the sizes predicted by the DNA seq of the prochy in gene. The

The cloned prochymosin gene produced chymosin of the expected size and biologi-
cal activity. Cloned chymosin was shown to have the same molecular weight as chymosin
derived from calf rennet, as demonstrated by SDS polyacrylamide electrophoresis.
Qosnng..ucm!iﬁamcmgins__nﬁnsﬂuﬁ. jonal activity as chymosi
derived from calf-rennet, as demonstrated by milk clotting assays performed under
various conditions of temperature, salt concentration and pH.

Second, the p ga E. coli K-12, was found to be safe as a source of
chymosin, based primarily on published evidence demonstrating that
E. coli K-12 is non-pathogenic and. non-toxigenic. Such evidence includes published
studies showing that E. coli K-12 does not colonise the gut of man or other animals after
being fed at high concentrations (10° to 10" viable organisms per ingestion), that the
K-12 mn.&._Egiﬁ_«.ﬁ&ﬁw%ﬂgo@iuB?nwcggigga%
incidents of illness, that it does not produce toxins that cause illness upon ingestion, and
that it is deficient in virmaily all characteristics necessary for pathogenesis. Additionally,
non-pathogenic strains of E. coll are a part of the normal flora of the gastrointestinal tract
of man, where they are found at 10° to 10® organisms per gram of intestinal contents.

Third, the fermentation and purification methods were shown not to introduce any
unsafe sub into the preparati and to remove the bulk of the cellular materials
from it. All the chemicals used in the fermentation and purification are approved for use
in food. By removing the bulk of the microbial material from the final product, the
purification p yielded a preparati having p low levels of endotoxin.
Endotoxin is a component of the cell wall of E. col of potential concem for people with
certain intestinal tract disorders. The endotoxi levels in the chymosin preparation are
comparable to those in US drinking water.

The purification method was aiso shown to destroy the E. coli and degrade its DNA,
thereby adding another level of safety assurance and eliminating the possibility that the
antibiotic resistance gene present in the vector could be transferred at a biologically
significant level to pathogens in the consumer or on food in contact with the enzyme
preparation. Data were provided demonstrating that the preparation did not contain
sufficient DNA of a quality capable of transforming transformation-competent cells to
permit detectable transformation of such cells. In addition, no DNA fragments larger than
200 bases were detected when assayed by radiolabelled hybridisation after gel electro-
p is. For parison, the coding seq of the antibiotic resistance gene carried by
the production strain is 858 bases long.

with >=_un corroborative as..nnuow Mn %?n?o u...o::”hw_,a feeding studies were conducted

h yme prep ve-day feeding s in dogs and

study in rats. No adverse results were observed in these mewnm at M:W:M.o“aﬂwsﬂnﬁmo
Based on the information described above and the fact that consumers i

n.xvc.w& to it at relatively low levels, the US FDA luded that nm..o h i el

tion is safe for its intended use as replacement for rennet. ’

4. Database available for traditional evaluation

None.

5. Novel component(s)/product

Microbial chymosin differs from its traditional countes inits i i
rot 3 ; rpart, rennet, in its impuriti
because it is obtained from a different source organism and by different SB_..?WE;.H

methods. In all other aspects, such as activity, functi i
: N f on, use, and
two preparations are substantially equivalent, in fact are identi 8 five componeat,the

6. Additional evaluation procedures

The chymosin enzyme preparation was subjected to safe i
: ety evaluation because it i

manufactured by a completely ..&noa_z method from that of its traditional oo.._nﬁ_.mw._m
885-5& rennet. It was not subjected to review simply because it is derived from a

BvSB. t organism. The parts o». the review that could be considered specific for a
oancBn EnvSB-wn.ano—.wB_uE were Eo review of the n_annn resistance marker and the review

! : i g ing vectors and intermediate
strains. Non-recombinant micro-organisms used to produce n=n<oo

n-rece mes for food

not had antibiotic markers and have not been subject to ox.o._mmw.o strain ooagcﬁ.”ﬁ

7. Rationale for additional evaluation procedures

Chymosin preparation is obtained from a different source organism i

. t and by a -
“..—:Mnﬁ:hmwoe:”w process than is rennet. Any time there are awmamnn_: nrwnwﬂ .w.m.ﬂn
$ ® and man Sanumgo:wgrsoana?n_wScon_.gwouEQvaon
impurities. ._._Kano.m. specifications written for one manufacturing method may not be
appropriate no._. a different manufacturing method. It is also important to determine
45592. any significant characteristics affecting the use of the product are changed, that
is, whether in fact the new product is sub ally equivalent to the gnonawvancﬁ.




Case No. 2 Bacillus stearothermophilus alpha-amylase derived
from Bacillus subtilis

1. Conceptual points to consider

(see Case No. | above).

2. Organism/product: alpha-amylase of B. stearothermophilus expressed in
B. subtilis

>... ~S<owon= ..«:m&gsnnoamaﬁasraa_wunmsa?
Alpha-amylase catalyses the hydrolysis of 1.4 alpha-glucosidi linkages in
polysaccharides. Bacterial alpha-amylase derived from B. subtilis has been in common
use to control the viscosity of chocolate syrup since 1929 and in the brewing industry
since 1936. The enzyme preparation derived from these various B. subfilis strains is
usually added directly to the food to be p d and then d from the final
product by filtration.

3. Traditional product evaluation

As discussed in 1.c) above, a new enzyme preparation is
is safe for its intended use. Such an evaluation f onch istics and properties of
the enzyme, the production organism, and the materials and methods used in the manu-
facturing process. Whether the evaluation performed on the alpha-amylase preparation i
““raditional®” or “*additional’ depends upon whether or not the enzyme is considered to
be a new one. As discussed above in 1.a), 1.b), and 1.d), this is essentially a regulatory
question.

If the amylase preparation were dered to be simply another example of a
B. subtilis alpha-amylase preparation, the traditional product evaluation would be done
by the manufacturer to determine that the new example had no unusual properties that
would affect its safe use. At least in the past, there would have becn no formal review by
a regulatory body.

The safety evaluation f d on: the | and functional properties of the
enzyme; the safety of the donor, recipient and intcrmediate organisms, particularly on
whether the genetic modifications of the recipient introduced any propertics that would
adversely affect its safety for its intended use; the safety of the vectors used in the strain
construction; and the material and methods used in fermentation and enzyme purification.

JECFA found that the production strain is not aatibiotic-resistant, that the donor
(B. stearothermophilus), intermediate (E. coli), and recipient strains (B. subtilis) are non-
pathogenic and igenic, and that the vectors used in strain construction (pBR327,
used in E. coli, and pUB110, used in B. subtilis) arc well-characterised and do not encode
toxins. The production strain does not express Shiga-like toxin, as shown by Vero cell

28

assay, and d i
asss Non . Rmao.a not express staphylococcal enterotoxins A, B, C or D, as shown by
The B. stearothermophilus alpha-amy; ) ili.
L ha-amylase derived from B. subtilis was shown t
vomwo_.wm the same o:nw.:—o.mvoc_.nn activity, molecular weight, peptide maps, and _dmnmi%
towards antibody raised against alpha-amylase from B. stearothermophilus as the

B. stearothermophilus alpha-amylase derived from B. stear lus. The
preparation produced no significant toxi i i e i y i
e Peodhe igni . rox_.oo_ow_nw_ _Mn“»“u in a 13-week feeding study in

mionsomaoasno:%w&c&wgﬁna
tion needed to achieve its intended effect, .—QO> o-_.n.un _hoﬂ“w M.w.__o YT preveration
N

a&&.g. i i i plabl
is safe or its intended use and does not require a numerically specified acceptable daily

4. Database available for traditional evaluation

None.

5. Novel component(s)/product

The B. stearothermophil is d fro ili: i
. A phi p m a B. subtil 3
m_gsn. might Eﬁ_ affected either the enzyme itself or the production simain hsw__nw.w__aﬂ_“
i oo_.._m_aaaa novel or simply another example of a B. subili ion is
question, as discussed in 1.a), 1.b) and —.&v above. ubtlisprepasation s a regulaory

6. Additional evaluation procedures

As discussed above, whether the evaluation procedures are i iti
. As discusse 3 considered ‘‘additional”’
or *‘traditional’* depends on whether or not the enzyme preparation is ooaman.hn_o.”.on“s

7. Rationale for additional evaluation procedures

The rationale for the evaluation du whether d d iti
P T additional or tradi-
tional, was that both the enzyme and the production strain might have been n_ﬁ:x__.g the

enetic mani i i
w_ﬁ :wo.m._._b:o_..n such that the enzyme preparation would no longer be safe for its
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Lactic acid bacteria

Dr. Hans Bergmans
Provisional Committec on Genetic Modification (VCOGEM)
The Netherlands

Dr. Ib Knudsen
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Institute of Toxicology
Denmark

1. C ptual polnts to id

a) Concept of continua

Traditionally, the use of lactic acid bacteria is not considered a food safety issue.
This is covered in Section 3 below.

b) Concept of temporal considerations

The use of genetically modified lactic acid bacteria is concurrent with the use of
some novel compounds used in dairy practice, e.g. chymosin obtained through novel
biotechnology, added egg-white lysozyme. This is covered in Sections 5 and 6.

¢) Concept of reasonable certainty of no harm
Covered in Sections S and 6.

d) Concept of substantial equivalence
Covered in Sections 5 and 6.

e) Concept of variability

Not applicable.

5 Concept of sequential review
Covered in Sections 5 and 6.



g) Evaluation of marker genes
Covered in Section 6.

2. Organism/product

**Lactic acid bacteria’’, a generic name which includes the bacterial genera Lactoba-
cillus, L L Pedi and Strep

3. Traditional product evaluation

ic aci i i i iry products, or

Lactic acid bacteria may be considered as food constituents of dairy P » O
they may be considered as food additives. They are among the oldest organisms used in
classical biotechnology, comparable to yeast. iy pro -

Originally, lactic acid bacteria found in the unfermented dairy product were used.
This is still ao«_n on a larger scale in Dutch dairy farming. In industrial dairy vzx_:o@o._.
so-called starter cultures are used in order to have co:nn. control 0».. the ..n:.aonsﬁ..:.
Starter cultures are derived from the lactic acid bacteria present in classical dairy
P ion procedure f¢ ieties of lactic

Traditionally, in most countries, the evaluation p: ure for new varie
acid bacteria is ._v.c. formally regulated except that the bacteria used should be harmless.
Other criteria for evaluation are production of acid, flavour nun.oxﬁsa::_wq polysaccha-
rides. In countries where the use of industrial starter o=_==8 is ».oasm_v. am,__ﬂsa. the
lactic acid bacteria are normally idered n-toxigenic and non pathog n 89:“
cases (yoghurt) food legislation specifies a minimum number of lactic acid bacteria
should be present in the final product.

4. Database available for traditional evaluation

Not available in the Netherlands or Denmark.

5. Novel product

Two classes of products should be considered: )

i) lactic acid bacteria with cloned homologous genes, or cloned genes derived
from other lactic acid bacteria; e.g. genes o__oo&:w ?.o._oo_«no enzymes,
enzymes involved in sugar boli na&: prod P of bacteri-
ocins, and bacteriophage resistance; an . .

ii) lactic acid bacteria carrying heterologous genes; e.g. genes o:non._:.m fimbriae
from other prokaryotic sources (bacteria), genes encoding egg-white lysozyme,
prochymosin or genes encoding proteolytic enzymes from eukaryotic plant
sources.

Class i) organisms would probably not be considered novel unless levels of expres-
sion were ptionally high pared with traditional organisms.

Class ii) organisms are nove! at least in the respect that these gene products have not
been actively synthesi d in dairy prody .Esgwwﬁnwnﬁv.cnn&&-onﬁvgs
(egg-white lysozyme, chymosin). Addition of chymosin produced by transgenic Escher-
ichia coli to dairy products is allowed (see case study).

6. Additional evaluation procedures

For traditional strains of lactic acid bacteria, no special evaluation would be
requited. In the safety evaluation of class i) organisms, the requirement should be met
that the bacteria are harmless. Substantial equivalence can be claimed for these bacteria,
depending on the degree of expression of the transgene(s).

The evaluation of class ii) organisms should as a general rule rely upon the concept
that these organisms are considered novel. They should be evaluated on a case-by-case
basis, taking into consideration both the gene product as a pound in relation to
traditional dairy products and the effect of the new trait in relation to the function of the
organism in its traditional habitat, as far as this effect relates to food safety issues. The
evaluation of class /i) organisms can in special cases follow the paradigm of substantial
equivalence.

Horizontal gene transfer is considered an additional safety issue for the use of
genetically modified bacteria in food. As gene transfer by any one of the classical transfer
mechanisms (conjugation, transduction, transformation, and the influence of transposition
on any of these) is likely to occur, an additional risk may be Yy to
address the possibility of the emergence of novel micro-organisms, either in the alimen-
tary tract or in waste water, that could have an adverse effect on the food chain,

7. Rationale for evaluation proced

Cloning of gencs from lactic acid bacteria into other lactic acid bacteria would in
general not lead to production of novel pounds that have not been consumed before,
if adverse effects from over-production or influencing of pathways can be excluded. In
special cases (e.g. the transfer of bacteriocin genes) the population dynamic considera-
tions might have to be included in the evaluation.

Expression of eukaryotic genes in prokaryotes will in general lead to the same gene
product that is found in the eukaryotic cell, except for the absence of post-translational
modification in the prokaryotic system. In the evaluation procedure, these bacteria should
be considered as novel and reviewed on a case-by-case basis.

Marker genes will probably not be a problem if the same genes are also present in
the traditional population of lactic acid bacteria.



Low erucic acid rapeseed oil (LEAR oil)

Dr. S.W. Gunner
Director General
Food Directorate
Heaslth Protection Branch
Health and Welfare
Canada

Low erucic acid rapeseed oil (LEAR oil) provides an example of the evaluation of a
“novel’* food. Although this product was not produced as a result of biotechnological
modification, nor would it be considered novel today, its affirmation as a Generally
Recognised As Safe (GRAS) food ingredient ill the application of a ber of the
principles developed by the Working Group regarding the establishment of safety.

This summary provides an overview of the petition submitted with respect to the
GRAS affirmation for LEAR oil* as well as the results of the evaluation.?

1. Conceptoal polnts to consider

The LEAR oil case study is illustrative of a number of the conceptual points related

to the evatuation of novel foods and food p The pt of inua in food
use — i.e. uses ranging from specific food applications to I food use — is demon-
strated by the di i garding. the proposed use of LEAR oil in infant formula as
distinct from food applications g ily. The evolution of prodi over time with
attendant diminution in their degree of novelty (temporal considerations) is also noted.
The LEAR oil ple also d the pt of 2 bl inty of no
harm, taking into the i of intended uses and expected conditions of

consumption in place of *‘traditional”’ oils. This case study is also illustrative of the
application of the concept of *‘substantial equivalence’’, in that the LEAR oil was shown
to be very similar to and composed of the same basic components as traditional rapeseed

and other 1y d vegetable oils except for the low level of erucic acid, the
component of concern. The establishment of substantial equivalence also took into
account the variability in the available database for the dities in question, as well

as in estimates of consumption.
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2. Organism/product

Low erucic acid rapeseed oil (LEAR oil).

3. Traditional product evaluation

Rapeseed oil has had a long history of use as an edible oil source.in a number om

6. Additional evaination procedures

Extensive information was obtained on the compesition of the LEAR oil, proposed
uses, dietary intake, nutritional data and toxicology, as noted below:

Product Information:

a) Composition
Samples of the crude and refined oil were characterised in terms of fatty acid

countries as well as in China, India and Japan. Canada began growing rap
N:ﬂ“oﬂ:fcu to supply the edible oil market at home and u_sd&. oil Eaue.an noM.
rapeseed grown before 1971 contained high levels of a fatty acid known as erucic acl
The erucic acid level in this oil varied considerably, but was generally in the range of 30
to 60 per cent. ) o
In response to potential safety concems regarding cffects associated with high levels

of erucic acid (cardiac lesions in experimental animalg), efforts were made in Canada in-

i i is with a low erucic acid
the 1960s to develop strains of Brassica napus Ex_ B. campestris with a
content. By 1974, new varietics capable of E%w oil containing less than 5 per oo_..“
erucic acid comprised almost the entire Canedian Bvouomn crop. d.n _o<m_ of erucic S_F
has continued to decline over the years through et g p
the GRAS affirmation petition, LEAR oil was defined as rapeseed oil containing no more
than 2 per cent erucic acid based on its total fatty acid content.

4. Database available for traditional evaluation

Datat lating to the position of a ==Bcn—,,o». o&cﬂ&g and .M:m N«—.
available both nationally and internationally. .m% of identity composition
fats and oils such as those of the Codex Alimentarius have also been claborated. .M_”n
Codex Standard for edible low erucic acid Bvomo& oil (Codex Standard 123-1981)
included oils in which the erucic acid content is as high as 5 per cent of the component
fatty acids. In addition to erucic acid, the principle fatty Rmau in LEAR oil are vEE“”M
acid (2.5 to 6 per cent), olcic acid (50 to 66 per cent), linoleic acid (18 to 30 per cent)
linolenic acid (6 to 14 per cent). ) ¢ ity of

The evaluation of "‘traditional’’ fats and oils normally takes into account his
use together with information from studies in humans E& naun..:._.nns_ EEEE on safety
aspects, nutritional properties and exposure, in addition to information on product
characterisation and composition.

5. Novel component(s)product

At the time of the Petition for GRAS affirmation, the :=o<.o._.. aspect nm. this product
related to its low erucic acid content when 853:& with the *'traditional’’ counterpart.
LEAR oil is currently the major rapeseed oil of commerce.
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mposition. The erucic acid levels were consistently low. In 1982, for example, they
were at an average of 1.2 per cent. Precise comparisons between LEAR oil and other
vegetable oils could not be made b getable oils vary in position depending
upon the variety of plant and the growing conditions. The submitted data, however,
showed that refined and deodorised LEAR oil was composed primarily of triglycerides
(96.5 per cent). Except for the presence of the low level of erucic acid, the levels of
individual fatty acids were comparable with those of other traditional oils, for example
soy, com, peanut, safflower, olive and sunflower.
Questions relating to the levels of pesticide residues and naturally occurring con-
taminants such as mycotoxins in LEAR oil were also examined in the course of the
review. These were not considered to be of concern.

b) Dietary exposure

LEAR oil can be used by itself as a salad or vegetable oil; however, it is usually
biended with other vegetable oils in the production of margarine, shortening, salad oil and
vegetable oil. Different blends or formulations have differing physical properties that are
specifically derived for different applications. In 1977, LEAR oil constituted 33 per cent
of the fat used in margarine, 20 per cent of the fat used in shortening and 52 per cent of
the fat used in salad oil.

Dietary intakes for total fats and oils were developed using both app per capita
food consumption data and the resuits of the Nutrition Canada Food Consumption Survey
(1971-72). These data, and information conceming the proportion of LEAR oil in such
commodities as margarine, shortening and salad oil, were used as a basis for estimating
both average and upper limit intakes for LEAR oil on a per capita basis, Further
calculations in which it was assumed that all visible fat consisted of LEAR oil were
developed to estimate intakes in the highest fat-consuming segment of the population
(20- to 30-year-old males). Estimates of exposure to erucic acid were also developed.

¢} Nutritional data

Feeding studies in lab y animals including rats, dogs, monkeys and pigs were
conducted to investigate the nutritional adequacy and digestibility of LEAR oil. Con-
trolled, volunteer studies were also undertaken in man.

d) Toxicology

There was a large body of data provided on the effects of feeding rapeseed oil
containing varying levels of crucic acid, as well as other vegetable oils, on lab Y
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animals. The presence of cardiac lesions in certain strains of laboratory rats raised
particular concemn, This ited in the p ion of a detailed rationale which con-
cluded that the laboratory rat, in particular Sprague Dawley rats, may be unusually
susceptible to cardiac lesions when fed vegetabie oils. This rationale was developed
through the consideration and comparison of the results of experiments conducted in a
variety of animal species with oils from different sources. Studies with LEAR oil
included monkeys, dogs and pigs and showed no significant increase in myocardial
lesions when compared with animals fed a control diet. The results of these and other
studies supported the conclusion that the observations in laboratory animals fed LEAR oil
were no different from the response to other food oils. Other reported effects, including
cold stress mortality and reduced energy utilisation, were observed only when the expo-
sure was to erucic acid levels that greatly ded the anticipated buman exp ta
LEAR oil.

7. Rationale for evaluation procedures and commentary on the approach to the
assessment of LEAR oil

a) Product characterisation

Product characterisation is a principal requirement in the evaluation of novel food:
entities. Data were provided to demonstrate the substantial equivalence of the *“’‘new®’ and
“traditional’’ oils — i.e. LEAR oil was shown to be composed of the same basic

p as the traditional rap d oil p as well as other commonly consumed
vegetable oils, apart from the presence of low levels of erucic acid.

The d ion of sub ial equivalence, which took into account the inherent
variability of the compositional databases, was an important factor in the evaluation

and in the devel of the rationale for GRAS affirmation.

P

b) Dietary exposure

In the evaluation of the safety of foods or food p it is
y to have information available. Detailed esti of the p

4

intakes of LEAR oil and erucic acid were developed based on actual areas of use in
Canada, projections of maximum levels of use, and per capita consumption of oils and
fats. The estimated upper level of exposure to erucic acid and the exposure from general
food use of LEAR oil were not considered to pose a safety concern except in the case of
infant formula (see **Overview and conclusion’’ below, second paragraph).

¢) Nutritional acceptability/adequacy

The data considered in assessing the nutritional adequacy of the new oil paralleled
those that would be considered for any new oil. The composition of the oil was deter-
mined and, apart from the presence of erucic acid, the levels of individual fatty acids
were found to be parable with ly d vegetable oils. Insofar as the
general population is concerned, no unique issues were raised, with respect to the
digestibility or nutritional adequacy of food products containing LEAR oil in place of
traditional vegetable oils, that would preclude such use.
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d) Toxicology

moe._:uo of concerns with respect to cardiac effects of rapeseed oils in general, it
was dered y to have available the results of toxicological studies in animals.
The approach taken was to develop the supporting toxicological database, which includ
a large body of data published in the scientific literature, explain the observations in
different animal species, and provide a rationale for the observed effects.

Overview and conclusion

.- The LEAR oil case study illustrates the evaluation of the safety for human consump-
tion of a “‘novel’ ingredient. It included a description of the history of food use of the
“traditional’" rapeseed oil counterpart and backgronnd information on the development
of the "'novel’ varieties with low erucic acid levels. The composition of the novel oil
was detailed, and a comparison made with respect to the similatities to both traditional
rapeseed oil and other common vegetable oils, in order to illustrate the concept of
substantial equivalence, taking into account factors such as exposure estimates.
ha dnwgnmh.&snh“_EﬁgnﬁgSnxgmﬁ9«8::.:53.83:55&8
Ve support available with respect to specific applications. The original for
LEAR oil included both use in infant formula products and general use _w_ ngvﬁmv%w\-.m<ﬂ.
because further data were idered y regarding the properties of a ber of
food oils used in infant formula, this specific use of LEAR oil was not reviewed nor was
its GRAS status affirmed at the time.

) Due to concems regarding the safety of the erucic acid component in both *“tradi-
noam_: rapeseed and LEAR oil, the resuits of toxicological studies were considered to be
an imp Eﬁ ary p of the evaluation. An extensive toxicology

t was I ed, with particul fi to cardiac effects noted in laboratory
animals. A scientific rationale, supported by the results of animal feeding studies in
several species with a range of vegetable oils, was provided to demonstrate that *'LEAR
oil is safe for human consumption as a fat or oil in food when used in accordance with
current good manufacturing practice’’. LEAR oil was affirmed as Generally Recognised
As Safe (GRAS) in 1985.

Notes and References

1. US Federal Register (1982), “'Agriculture Canada, R

i Branch, Filing of Petition for
Affirmation of GRAS Status’, Vol. 47, No. 157, p. 35342, 18 August,

2. US Federal Register (1985), **Direct Food Sub Affirmed as G lly Recognized as
Safe: Low Erucic Acid Rapeseed Oit"’, Vol. 50, No. 18, pp. 3745-3755, 28 January.
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Myco-protein

Dr. D.A. Jonas
Ministry of Agriculture, Fisheries and Food
Food Science Division Il
United Kingdom

1. Conceptual points to consider

The pt of * bl inty of no harm’* takes into account:
— intended uses; and
- expected conditions of consumption,

Evidence to support this concept came from the extensive toxicological and nutri-
tional testing carried out on myco-protein. Details are provided in Section 6 below.
In this study, the concept of a * aSEEEu demonstrates that _5.86355. being
at 5« nxna:-n o.a of the i of , cannot be idered to be substantiaily
fi i Smoqgﬁsu_.oigsv_ooﬁﬁs.w%aog
.:5 is anooaa in Sections 5 and 6.

Once Ewco.c_.aﬁ:_ produced E:G a specific p has been p d safe, the
concept of ‘‘substantial BEﬁ_nSo can be ns,.__& in nﬂ ?Ea 8 B<$v3§=
produced by minor p This is reflected in the **

2. Organism/product

Zv.oo.vaﬁs is a high-fibre, low-fat food derived from a non-pathogenic, naturaily
occurring strain of the filamentous fungus Fusariwm graminearum. It has a protein
content similar to that of whole aww and a texture resembling that of lean meat.

Zv.oo.vaﬁ.. is produced h d continuous aseptic fermentation of the
fungus in a aw&orvdn—s medium. At _528-. the recovered mixture of mycelia and
fermentation medium is subjected to thermal shock, to reduce the wz> content of the
mycelia, and then filtered to remove the fermentation medi
annmiw:nE<ov8:§9nﬁ<8.§5§i§&=m3nﬁg.o%
product in which it is to be used, may be sliced, diced or shredded.
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3. Tradltional product evaluation

There is no traditional food equivalent to myco-protein. An entirely new procedure
had to be developed to assess this product.

In the light of the evaluation and experiences gained, it should be possible to
Yacilitate future evaluations of equally novel single-cell protein prod pt of a
continuum).

4. Database avallable for traditional evaluation

As myco-protein was a novel food with no traditional equivalent, a database was not
available for the evaluation of this type of product. Assessment was based on detailed

Following the World Health Organisation recommendations in 1972 that single-cefl
protein for adult consumption should not provide more than 2g of RNA per day, an
effective method of RNA reduction in the harvested fungus was sought. Thermal shock
was found to reduce the RNA content of the product by about 90 per cent.

The myco-protein, recovered by filtration after the thermal shock treatment from the
mixture of culture medium and products of RNA degradation, contains about 30 per cent
solids.

¢} Product

Analytical data submitted on the composition of typical myco-protein included
details of the following: nitrogenous material, amino acids, carbohydrates, fibre, lipids,
inerals and vitamins. No I nj ds (e.g. D isomers of amino

compositional and safety information relating to the specific strain of F. graminearum
used for myco-protein production.
5. Novel component(s)/product

Myco-protein was the first truly novel food to be evaluated in the United Kingdom
for safety in use (concept of a continuumy).
6. Additional evaluation procedures

The developers submitted extensive data for review, both on the manufacturing
P and on the prod

acids) or fatty acids were found, and the mE&oE&u& consisted largely of chitin.

Safety assessment was designed to establish whether there were any toxic substances
in the myco-protein. Since it was impossible to predict what these substances might be
and hence what effect the extraction/concentration procedure might have upon them, a
battery of toxicity tests was carried out on the whole product.

No dose-related adverse cffects relevant to the safety evaluation for man were
recorded in any of the studies carried out. However, certain problems arose from the
formulation of test animal diets caused by the incorporation of high levels of protein.

Animal feeding trials were carried out on myco-protein to investigate protein quality,
limiting amino acids, amino acid availability and metabolisable energy. The effect of
chitin on the absorption of amino acids, vitamins and minerals was also d

No results were obtained that demonstrated an anti-nutritional effect from myco-
protein, Indeed, the human nutritional studies indicated that myco-protein is a source of
good quality protein.

No major toxic effects were identified from the ingestion of myco-protein by
humans. Studies on allergenicity provided no conclusive evidence of allergic reaction in

a) Organism
Information on the taxonomy of F. graminearum was :... d E.n.n_o po .h. for
myco-toxin formation by the strain used to produce myco-protein was g No

detectable myco-toxin formation was found under the fermentation conditions nor under
test conditions where other strains of F. graminearum can be induced to produce myco-
toxins.

b) Process

The culture medium is an aq lution of carbohydrate to which a number of
micro-nutrients have been added. The carbohydrate may be obtained only from sources
which have been approved as part of the final specification.

The inoculum cultures are maintained under aseptic conditions. Tests for contamina-
tion and for strain stability are carried out at all stages of the fermentation procedure.

The fermentation is carried out under aseptic conditions:and is controlled through
both on-line and off-line monitoring. A number of parameters are measured, including
dissolved oxygen, pH and suspended solids. In addition, the fermentation is regularly
monitored to ensure the absence of foreign organisms and mutants.
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v However, dard antigens for skin tests were developed before the product
was marketed to allow the identification of any clinical reaction to myco-protein.

From the properties of myco-protein, it was possible to identify p | markets
and hence to assess intakes.

The results of the toxicological studies and the evaluation of the Fusarium strain for
potential myco-toxin production indicated that there are no potential toxicological effects
from the use of myco-protein as a human food, provided that the product that is sold
complies with the same specification as the product that was tested.

The nutritional studies demonstrated that myco-protein can provide a source of good
quality protein and that no anti-nutritional factors are present.

After evaluation of this data by the UK authorities, product and process specifica-
tions were agreed and approval was given to test market myco-protein in a limited
g phical area. No ad ions were reported in marketing trials involving some
4 000 people. Following this, UK-wide marketing was authorised.

43



7. Rationale for evaluation procedures

Myco-protein had no hisi of consumption. Assessment of the safety of its use as a
human «.ca focused on voan..“w— toxicological and nutritional effects since the product
complied with the microbiological specifications of the PAG (Protein Advisory Group)
for single-cell proteins (see PAG Bulletin, 1970, Vol. 4, No. 3).

From the analytical data, no toxicological problems were icip hma:_.w_n:_ac_.
components of the myco-protein (protein, fat and carbohydrate). However, specific mni.
ies were designed to add; areas of obvious concern — the potential for myco-toxin
production and the nutritional value of the chitin present. In addition, w.gﬁ_.w. of tests
designed to determine the p /aby of unk toxins was applied (concept of
sequential review).

Addendum

§E<n?ﬂ3§:§§o<2§§n?§nﬂnnmoncwonm__..::nnnoom_.w
change in production process was needed to i pacity to provide sufficient
product for marketing.

Organism/product;

Myco-protein.

Tradil I product eval,

A procedure had been establisk d for the original product application.

NJ TN ilnhl .?‘. e Aies, i 1s >

The information that had been submitted in the original product application formed a
database.

Novel component(s¥product:

The UK authorities requested additional data to demonstrate that Ewm?v.di:
produced in an airlift fermenter was sufficiently similar to that produced in a stirred tank
fermenter to be safe for use as human food,

Genetically modified baker’s yeast

Dr. D.A. Jonas
Ministry of Agriculture, Fisheries and Food
Food Science Division I
United Kingdom

1 Conceptual points to

A “‘temporal consideration”’ is the long-term use of Saccharomyces cerevisiae to
leaven bread, mentioned in Section 3 below,

The concept of *’substantial equivalence”’ is reflected in Section 6, where the
evaluation of the genetically modified baker's yeast is described and its characteristics
negimsgongﬁg&n&gggquﬁogswng

The concept of *‘reasonable certainty'’ follows from the concept of **substantial
equivalence'* in this case, and is mentioned in Section 7.

2. Organkm/product

Genetically modified baker’s yeast, S. cerevisiae.

3. Traditional product evaluation

Traditionally, new strains of baker’s Yyeast are not assessed for safety as the species
is non-pathogenic and has been consumed in leavened bread for many centuries (temporal
consideration),

" 4. Database avalable for traditional evaluation

No formal database on the composition of baker’s yeast strains was available to aid
the evaluation of this product, although many strains have been serotyped. However, the
company which made the submission for the safety evaluation of the genetically modified
yeast provided necessary comparative information relating to conventional strains.
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5.  Novel component(s)/product

A strain of baker’s yeast traditionally used to leaven sweet doughs has been geneti-
cally modified to leaven both lean and sweet doughs. The modification has enhanced
secretion of the maltose fermenting enzymes, maltase and mal p pecially at
the beginning of the leavening process. The modified baker’s yeast has a higher meta-
bolic rate and releases higher levels of carbon dioxide earlier in the leavening period than
the unmodified parent strain. It has been found that this reduces the time needed for
leavening.

6. Additional evaluation procedures

Since the novel yeast strain is obtained by genetic modification, it was assessed to
establish that it presented no greater hazard to production and bakery workers, to the
envi or t0 ¢ of food containing the yeast than did the unmodified strain
(concept of sub ial equivalence). The evaluation of the safety of the modified yeast to
workers and to the environment is not described in this study.

The evaluation of the novel strain as a novel food took into account that consump-~
tion of both live and dead cells could occur: Specific idered included

P

a) Characteristics of the host and donor organisms

The host organism is a well-characterised strain of the non-pathogenic species
8. cerevisige that is used extensively in the industrial production of baker's yeast for
leavening sweet dough. The natural inducible promoters for the maltase and maitose
permease genes were removed and replaced by strong, constitutive promoters from the
same strain of baker's yeast.

b)  Genetic modification procedure

The donor DNA was taken entirely from . cerevisiae, apart from small pieces of
synthetic, non-coding DNA used as linker sequences. It consisted of genes coding for the
Y } and mal permease, together with two well-characterised, strong,
constitutive promoters.
At each stage of the transformation procedure, the construct was cloned in E. coli
and restriction enzyme digestion and/or quence analysis were used to confirm that the
were as predicted
A schematic presentation of the insert sh g its location on the ch was
available. This confirmed that no untoward effects were likely from the insertion.

The transformation. procedure was designed to ensure that the construct was inte-
grated into the chromosome and was devoid of any h log DNA. Antibioti
resistance markers used to facilitate the transformation procedure were removed, and no
prokaryotic sequences remain in the genetically modified yeast.
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¢) Genetically modified ory

Hybridisation patterns of DNA from the ically modified strain were unch. ged
after 100 gencrations of vegetative growth, indicating that the strain was as stable as
conventional strains (concept of substantial equivalence).

All heterologous prokaryotic DNA had been eliminated during the transformation
procedure, and the Southern-blot experiments had demonstrated the stability of the insert.
Transfer of DNA from the genetically modified baker's yeast to other organisms is
unlikely. It is known that on cell death in unmodified strains of S. cerevisiae, autolysis of
the cell contents occurs before the cell wall is destroyed and no free DNA, which could
be taken up by other organisms, is released. Mating or normal exchange of DNA does not
occur between S. cerevisiae and any known fungal or bacterial pathogens, and no known
DNA viruses are harboured by §. cerevisiae which might transfer DNA to other orga-
nisms. This indicates that the risk of DNA fer from the ically modified baker's
yeast would be no different from that of its transfer from the unmodified parent strain

Pt of substantial equi )

Production of toxic metabolites by the genetically modified strain is unlikely for
several the host organism is non-pathogenic; the donor DNA was obtained from
Eouw:_nunum:nunﬁvcmnoaw.? log itutive p were ged
and the initial activities of the genes controlling maltase and maltose permease only are
affected. The biochemical reactions occurring during the leavening process are the same
in the geneticatly modified strain s in the unmodified strain since both produce maltase
and maltose permease, though less efficiently in the unmodified strain (concept of
substantial equivalence).

7. Rationale for evaluation procedures

In theory, the changes to the baker's yeast effected through the use of genetic
modification techniques could have been made using traditional yeast breeding, Had
traditional yeast breeding been used, the new strain of baker’s yeast would not have been

bjected to the detailed ideration described.

The data presented for the safety assessment demonstrated that the genetically
modified baker’s yeast is sufficiently similar to the unmodified strain, in respect of its
stability, p ial for geneti fer and p ial for toxin production, as to present no
greater risk to the p d by the unmodified strain (concept of
substantial equivalence). Since unmodified strains are presumed safe, it follows that the
modified strain, being substantially equivalent to an unmodified strain, is also safe

pt of bl inty).
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Tomato

Dr. Folmer, D. Eriksen and Dr. Jan Pedersen
National Food Agency
Institute of Toxicology
Denmark

1. Conceptual points to consider

25@:952:5«.E:o.gw&ea:von_nnoﬁo.snaﬁawcanwoﬁagﬁs
ider when a ! Eo&m& 6:58 is to _K n<w_=naa. These points will co
»:5:@505»._2. el for establ lency. Also to be id
in this evaluvation, of course, will be the new :ER@

A description of the tomato today, specifying the content and variation of different
substances, will contribute to the discassion of the concept &. variability.

In order to make more specific on i modified , Some
examples from the literature describing such tomatoes will also be discussed.

2. Organism/product

Organism: Lycopersicon esculentum, tomato.

Transgenic tomatoes used as examples in this text:

~ T that are glyph i due to the insertion of a gene coding for
u.o..c_vv._dé_w_:rhshs u.v_—cmvgﬁ wv..E_Pﬂ (EPSPS). The EPSPS =o_.=§=<
found in plants is inactivated by glyp (Round The i gene is
identical to the normal gene found in plants, except for a ) few changes (mutations)
in the DNA sequence.

~ T that are virus-resi. aSSEnESEgcmsnwogooe._mmonu
virus coat protein AnE This protein is normally found in the plant when infected
by the virus and confers resistance to the same virus.

~ T with prolonged fruit ripening due to the insertion of a DNA coding for
an antisense w2> sequence, which vaE«. inactivates the ‘‘sense’* gene coding
for polygalacturonase (PG).

En:zﬁ»gﬁostv_a.gﬁdwgsgoﬁomagmg&m.S:w:uoS
for example, kanamycin resistance in the plant.
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Product eaten:

The raw mature fruit or immature green fruit for preserving (pickling). The mature
fruit can also be skinned and canned for later use. When tomatoes have to be transported
over longer distances, they are often harvested as immature green fruit. Green tomatocs
are not as sensitive to knocks as mature ones. When mature, the shelf lives of green
tomatoes are longer than those of tomatoes that were harvested red.

Other parts of the plant are not used as food.

3. Traditional product evaluation

Varieties of traditional tomatoes are frequently tested in Denmark through cultivar
examination studies, especially when new cultivars reach the market. After harvesting, a
quality assessment based on parameters such as yield, texture, taste and flavour is carried
out on the individual cultivars. In addition, chemical constituents such as acids, sugars
and various nutrients are analysed. The most recent study was carried out in 1988
(Willumsen ef al., 1990).

Since tomato is reg ded in Dx rk as an imp food for the intake of certain
nuirients, it is included in the Danish Food ZoES:._w mwmﬁa As a part of this system,
the level of important nutrients in tomatoes is analysed in selected cultivars every five
years. Results from the first five-year period are reported in Food Monitoring in Denmark
(LST, 1990a). The second cycle of the Food Monitoring System for fruits and vegetables
was carried out in 1988 (LST, 1990b). In addition to these five-year studies, a special
investigation of the nutrient content of different cultivars of tomato was carried out with
the purpose of influencing the choice of varieties for commercial use. Nutrients regarded
as _Bvenha in tomatoes, and so included in the Food Monitoring System, are vitamin C,
folacin, vitamin B1 and vitamin B6. However, due to available analytical methods, only
vitamin C was included in the first cycle.

No great differences in nutrient content have been found in the individual studies,
and there is a good agreement with the Danish food composition table (Moller, 1989).

The following figures are ples of normal as given in the food composition
table:

Vitamin C: 11.3-23.1 mg/100g

Folacin: 3 mg/100g

Vitamin B1: 0.016-0.053 mg/100g

Vitamin B6: 0.0074-0.154 mg/100g

Until now, no natural toxins have been included either in cultivar examination
studies or in the Food Monitoring System. This is partly due to the lack of an approved
EE«:E.:&E&E&EE«%%R&SS«BE%:?E«%&E&:EEQ»
problem. However, En need for studies in this area should be considered in the future in
order to determine a *‘normal’’ level of alkaloids in traditional cultivars of tomato.
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4. Database available for traditional evaluation

At the Institute of Toxicology in Denmark, a database is being built up no:EE_..w
information on the naturally occurring toxic, __E:QQB_ and =n<o=:=w substances in the
Nmo plants most normally used for human The i ion is to use this

base to provide benchmarks for the evaluati of foods in general.

5. Novel component(s)/product

To ocEEn. whether a tomato m_.E— nn<o_ov9._ by the %v__onac: of biotechnology is

b Ity qui lent to analog ional tomato fruit requires knowledge of the

M of n<oQ substance with potentially adverse effects, or

n<oa. =_._5no=w=< valuable substance, in the plant is impossible. It is therefore important

to focus on the levels of key substances, i.e. compounds which could influence the health

aspects of the plant. Alpha-tomatine, the naturally occurring toxicant in the tomato, is
such a substance.

The level of alpha-tomatine decreases through fruit maturation (0.87 mg tomatine
per gram fresh weight in green fruit, 0.45 mg in yellow fruit, and 0.36 mg in red fruit)
(Jadhav er al., 1981). Ripe red fruit loses almost all its tomatine when left on the plant for
two to three days. Alpha-tomatine is not mobile in the plant, and therefore the tomatine

level is determined oaly by synthesis and degradation in the fruit (Eltayeb and Roddick,
1985).

Alpha-tomatine from cultivated tomatoes causes only minor inactivation of
acetylcholinesterase compared with the glycoalkaloids from potato (solanine and
chaconine), but its toxicity is about the same level as solanine and chaconine (Keeler et
al, 1991). When tomatine was administrated by gavage to hamsters, it caused severe
gross changes in the gastric glandular mucosa and intestinal mucosa similar to changes
induced by equimolar doses of solanine and chaconine (Baker et al, 1991). Alpha-
tomatine is not teratogenic (Keeler et al,, 1991).

Wild relatives of tomato often contain resistance genes attractive to the tomato
breeder. But several wild relatives contain various glycoalkaloids in high levels. For
instance, Lycopersicon hirsutum glabrasum (insect-resistant) shows an exceedingly high
content (3.39 mg per g fresh weight) in the mature green fruit (Van Gelder and De Ponti,
1987). From the genus Sol other glycoalkaloids than alph ine can be intro-
duced into the tomato plant by wide The new biotechnique of ic cell
fusion may act in the same way as wide gs. Genetic engineering allows the
introgression of mn:R from virtually any organism into the tomato.

If the d ion of alph ine in developing tomato fruits is related to a
substrate- mvoo_mn enzyme, as E&nng by Juvik (1977), the process could in theory easily
be blocked, resulting in a change in alpha-tomatine levels in ripe fruits without any other
effects on the tomato.

Benchmarks for sub with p ially ad effects, and for nutritionally
valuable substances, found in the tomato plant are an instrument for carrying out risk
evaluation on a scientific basis - for example, through the establishment of a list of the.
highest (or lowest) acceptable levels of specific substances based on today’s tomatoes.
Such a list would be useful to plant breeders and authorities when evaluating new tomato
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strains. Key sub could be d from this list. The number of key substances
depends on the specific case. For ple, additional key substances might be needed for
the evaluation of plants with elevated levels of pest resistance. The table below shows the
known toxins and some other sub with p ially ad effects found in tomato.
From this list, only alph: ine is dtobea I key substance.

P

Toxic constituents in tomato

+ . found m the frut, but quantifications are not available
~ 1 the constituent has not been found in tomato fruit

Toxic constituent
Alpha-tomatine 0-0.87 mg/g
Tomatidine aglycone of tomatine
Saponines
Coumarins
Lectins
Serotonine: -
Oxalic acid 0.012-0.015 mg/g
Protease inhibitor +
Histamine + (tomato juice)

+ 1+ +

Glyphosate-resistans tomato:

‘The EPSPS enzyme giving rise to the resistance has been analysed. It has the same
enzyme activity as the equivalent EPSPS enzyme normally found in plants. According to
reports (Kishore and Shah, 1988 for review), the differences are confined to the affinity
of the enzyme to glyphosate. If results from such analyses show ne other differences, the
new enzyme should be considered as substantially equivalent in relation to food safety.

Virus-resistant tomato:

In order to establish whether or not the coat protein in the transgenic tomato fruit
should be considered substantially equivalent, further information is needed on the
natural level of coat protein in tomato. A decision on substantial equivalence could be
based on the following procedure: /) from information on the normal level and variation
of coat protein in tomato fruit, as well as the exposure pattern, determine the maximum
level (M level) of coat protein in the fruit that can be claimed to be safe, with a high
degree of certainty, on a scientific basis (a higher level might well be safe, but we do not
have the scientific evidence); and 2) if the average amount of coat protein in green fruit,
etc. in both control and transgenic tomatoes is higher than the M level, the tomato fruit
should not be idered as sub ially equival

4 .
Tomato with prolonged fruit ripening:

Because there are no reports with respect to food safety on any special adverse
effects from specific DNA or RNA molecules in plants, the antisense RNA should not be
regarded as a new product and should be considered to be safe as such (information that
no new protein is produced from this antisense RNA should be required). What is
essential in this case is to focus on what the impact on the plant will be when the level of
the enzyme PG is lowered, and to be aware of any other changes that might be found due
to, for example, somaclonal variation (that is, to ider diff in key sub
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using a benchmark). Because the fruit in the transgenic tomato will develop normally but
more slowly, there is no expectation of any ‘‘secondary’’ changes.
Marker genes:

From a food safety point of view, marker genes should be dealt with in the same
way as any other inserted genes. The fact that a good marker gene can be expected to be
inserted into all transgenic plants should be taken into consideration when the evaluation
takes place. If the gene cannot be accepted in all plants, an **audit’” may be necessary
when the first evaluation of the marker gene is made.

6. Additional evaluation procedures
Glyphosate-resistant tomato:
No fusther evaluation of the inserted gene coding for EPSPS.
Virus-resistant tomato:

If substantial equivalence has been rejected due to a high level of coat protein in the
plant, the protein should be evaluated more thoroughly. Perhaps from the knowledge
1) that it is a protein with a structural function to build up the coat of the virus; 2) that the
protein has no enzyme function: and 3) that the protein has (in a smaller amount) a safe
history from the eating of infected tomatoes, the protein can be regarded as safe for
human consumption and for use in further breeding.

Tomato with prolonged fruit ripening:
No further evaluation of the new product — i.e, the antisense RNA.

7. Rationale for evaluation procedures

Factors leading to the rejection of substantial equivalence:

a) the level of one or more of the key substances is changed significantly in an
unfavourable direction, seen from a food safety point of view;

b} the product from the inserted gene is at significantly higher levels than normally
seen in the plants, or the products do not exist naturally in the plant.

Other remarks: The evaluation of new
being eaten as a major part of & meal (worst case),

should be based on the tomato
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Potato

Dr. Hans Bergmans
Provisional Committee on Genetic Modification (VCOGEM)
The Netheriands

1. Conceptual points to consider

a) Continua

For p and for Sol in I, the food safety issue focuses on the
glyco-alkaloid content of the tubers. The issue is well-known from classical breeding
practice: as a result of the attempts to get disease-resistant varieties through crossing with
a wild relative of Solanum tuberosum, glyco-aikaloids of the wild relatives have appeared
in the potato, This is mentioned briefly in Section 3 below. New biotechnology may add
to this concern, as the glyco-alkaloid content of a new variety may vary substantially
from the parent variety through somaclonal variation. As all present-day genetically
modified potato variants have gone through a stage of somatic cloning, variations of
glyco-alkaloid content will most probably be due to this effect, the chance of pleiotropic
effects of the actual genetic modification being much lower.

b) Temporal considerations

PVX coat protein was present in ial lots of p even before this was
realised by breeders or growers. The general public will not be aware of its presence, as it
does not influence the food quality of the potatoes. (See Section 5.)

¢) Reasonable certainty of no harm

As potatoes are under no circumstances eaten raw (at least not in large quantities), it
can be taken for granted that any introduced foreign gene product will be denatured in the
d food. (See Section 6.)

d) Concept of substantial equivalence
Substantial equivalence of PVX-resistant potatoes is the main issue of Section 5.

e) Concept of variability

The variability of glyco-alkaloid levels is d in Secti
above.
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f) Sequential review

In the case of PVX-resistant potatoes, review would start with the classical criterion
of glyco-alkaloid content (Section 3), followed by a Sam_nn_dnou on the level of expres-
sion of PVX coat protein, compared with the levels in ’
viral infection (Section 5), and with expression of the selective marker gene :oou&d.:
phosphotransferase If (NPT-II) (Section 6).

g) Evaluation of marker genes
This is the last step in the sequential review (Section 6).

2. Organism/product

Potatoes and potato products are used as food in many and varied ways. In all cases
the potatoes are heated (for example, cooked, deep fried) before use. Whole tubers are
consumed (**in the peel’’) in some cases. Specific cultivars are used for industrial starch
production.

3. Traditional product evaluation

In the Netherlands, new potato varieties can only be marketed after they have been
included in the List of Varieties of >m=n=_EB_ Crops. .:__u is n_ae required for marketing
of a variety within the European C , and, procally, any variety put on this
list is allowed on the European market. The n—m~ principle for admission to the List is that
a new variety should be truly novel, i.e. it should have traits that QmE_wE.E it sufficiently
from other varieties for some use, be it ordinary consumption, processing for special
consumption (for example, chips, crisps), or as industrial potatoes.

Thousands of trials for the development of a new variety are conducted each year.
Testing is done over three consecutive years in small-scale test plots at about 30 sites in
the Netherlands.

Of the traits considered in testing, only the determination of the total glyco-alkaloid
content of the tubers relates to food safety. As the content depends very much on a variety
of factors [location of main_. time of _S—dnmn:w. condition of storage, part of the tuber
(skin, core) tested], the maximum allowed levels in potatoes for consumption are given as
(the mean of) the levels in go :mﬁsnna <E._on_8. (Irene and Eersteling). Higher _n<n_u
of w_w.oo.u__s._o_% are allowed in ind than in for
There is an '"absoluee limit'’, although this is not set by _ni, of 100 mg/kg. Too high
content of glyco-alkaloids is in fact the only trait that may definitely bar a potato from the
market. The safety concern has already been identified in classical breeding, as glyco-
alkaloid levels have been known to be affected in the of
Solanum tuberosum and wild Solanum relatives.

All other traits tested are more or less desirable. They may render a potato variety
more appropriate for some type of use, or for growth in certain soils. The traits tested
include: early maturity, development of foliage; colour of skin, yellowness of flesh;
number, size, shape and uniformity of tubers, frequency of outgrades, marketable yield;
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dry matter content; sprouting during conservation; P quality ked to Dutch
taste); resistance against viral, bacterial and fungal infections; resistance against nema-
todes; sensitivity to harvest damage; resistance to second growth and drought.

The data in the List of Varieties provide a clear framework for the determination of
substantial equivalence.

4. Database available for traditional evaluation

The Descriptive List of Varieties of Agricultural Crops includ ilations of the
test data for different varieties. Absolute values for the total u_w.oo.w_wp_o.n_ content of
different varieties are not directly available, as these values are too much dependent on
test conditions and are in fact of no. use to the non-expert.

COBA (Database of Contaminants in Food S.oa_.nzv a Dutch database belonging to
the State Institute for O_.S_& Control of Agricultural ins public informa-
tion on contaminants in food on the market. The main g available on contaminants in
potato are on levels of heavy metals and nitrates. Data are derived from monitoring of
agricultural products on the market.

5. Novel product

A number of genetically modified potatoes are being tested, or will be tested in the
very near future, in small-scale field experiments in the Netherlands. Novel traits intro-
a:non 3. mo-_nan modification include herbicide .ﬂ_mgnn. <==m _.nm_ms__on (viral coat

production (Bt Sx_-_v. bacteriocide pr (ap ),
and an_mnw:on o». ys of starch biosy i On 5own tic modificati os_w.
the modification of mr.._d_,. biosynthesis would not influence Eo food Edvo—dou of the
potato involved. In the other cases, a novel gene that has not con-_ uaaoa in the gene

h

pool of Sol n, or the Sol in g is

The case of resistance in potatoes against potato virus X (PVX), through expression

of a cloned PVX coat protein, offers a clear-cut example of the application of substantial
1! in the evaluation of novel food obtained through biotechnology, and one that

i:_ reach the market in the very near future. In the transgenic lines tested, the viral coat
protein is nxvamwon in all tissues of the plant by means of a constitutive promoter (the

caulifiower mosaic virus 35S promoter). Expression of the same gene occurs in natural
virus infection, which has always been common as the virus is endemic in the
Netherlands. Expression of now. protein during natural infection is higher by at least an
order of magnitude, pared with the expression in the genic potato variant under
consideration for commercialisation. The transgenic potato should be considered novel in
that the viral coat protein has never been consciously added to food although it has been
present even if in a different form, i.e. as a structural component of the viral coat, without
any adverse effects from the point of food safety.
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6. Additional evaluation procedures

Although new regulation for the commercialisation of novel food is still under
discussion in two committees (Food Council and Public Health Council) in the
Netherlands, it is to be expected that p pressing the PVX viral coat protein will
be considered substantially equivalent, and will therefore not require extensive pre-
market testing.

Evaluation of the selective marker gene NPT-II might also follow the paradigm of
substantial equivalence (see Section 7); if this were not acceptable, toxicological testing
(90-day feeding study) might be required for this aspect.

7. Rationale for evaluation procedures

PVX coat protein has been present in classical potatoes due to viral infection in the
viral coat. Although this may be structurally different from the soluble protein as
expressed in the transgenic plant, both proteins will be denatured in the food as eaten (i.e
cooked), and therefore in all probability it will be substantially equivalent. Levels of
expression are substantially higher in tubers of infected classical plants than in the
transgenic plant.

NPT-II gene product has been present in the human intestine from lysed bacteria
carrying Tn5. Levels of expression may have to be taken into consideration here, Post-
translational modification of the NPT-II gene product may occur in the eukaryotic
background, which might cause allergic effects. All genic properties of food are not,
however, an issue for pre-market approval of classical food. As the gene product will be
denatured under the expected conditions of use, its enzymatic activity is not an issue in
regard to the food safety of transgenic potatoes.
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R h Council S jat
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Japan
Dr. Ken-ichi Hayashi
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Society for Techno- ion on Agricul
Japan

Forestry and Fisheries

1. Conceptual points to consider

The coat protein gene of the rice stripe virus (RSV) has been introduced into rice
plants by el poration. The 1 genic rice plants have expressed the coat
protein and exhibited a significant level of resi to virus infecti

Rice (Oryza sativa L) is onc of the world's most important food crops and 18
produced in more than 70 countries." 2 It was an important food even before the begin-
ning of written history. Rice cultivation in Japan began more than 2 000 years ago, and
rice has been consumed there as the most important staple for centuries. Rice grains are
eaten by people of all ages. The most common way of cooking rice is boiling in water.

There are approximately 120 000 rice varieties in the world, comprising three major
varietal groups — Indica, Javanica and Japonica. Japan conserves about 20 000 varieties,
mainly of the Japonica type. Modern rice breeding, utilising artificial hybridisation, began
in Japan in 1904. More than 300 cultivars have so far been developed as a result of the
government breeding programme. R ty, prefe 1 g and the private
sector have started to be involved in rice breeding. The three most important targets have

been high yield, resistance to pests and disease, and good eating quality. The latter two
targets have been receiving increasing attention.

Rice grain characteristics vary substantially among varieties. They include size,
shape, colour, scent and various physical ch istics, as well as chemical position.
Abrasive milling removes the outer layers, producing milled or polished rice and the by-
product bran and polish.

The purpose of milling is to improve the rice’s palatability and digestibility. Bran
may vary from 8.8 to 11.5 per cent of the weight of brown rice, polish from 1.2 to 2.2 per
cent, milled rice from 86.0 to 90.0 per cent. The ag of major p of
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brown rice is about 74 per cent carbohydrate, 7 per cent protein and 2 per cent fat**
Protein distribution is 14 per cent in bran, 3 per cent in polish, 83 per cent in milled rice.
The protein content of the outer layer is about twice that of the milled kernel: an exampie
indicates 14.8 per cent for the outer layer and 7.4 per cent for the inner part.’ The protein-
rich rice kernel is removed by the milling process before the rice is cooked for human
consumption.

RSV is one of the most serious threats to rice plants, causing severe damage not only
in Japan but also in Korea, China and elsewhere. Yield and quality may be lowered
substantially when the plant is infected by it. RSV is transmitted by the small brown
planthopper, Laodelph lus. Application of pesticides to kill the insect vector is
time-consuming and expensive, and still not wholly successful.

In the transgenic RSV-resistant rice plant, the content of coat protein produced by
the gene transferred from RSV is 0.5 per cent in total soluble protein in the ieaves, but
has not yet been reported in the rice grain. It is very unlikely that genetic modification has
brought about a significant change in the composition of the rice grains in comparison
with the traditional counterpart — ie. naturally infected rice plants. In fact, rice grains
from naturally infected rice plants have been eaten by humans for centuries without any
harm. Consequently, in the present case study coat protein in the transgenic rice grains
can be considered substantially equivalent to coat protein in the infected rice grains that
have a long history of safe use and consumption, taking into account the characteristics of
the new trait and the extent of dietary exposure.

Safety iderations may also include the need to evaluate the potential for and

human health effects of transferring the new genetic marker (hygromycin-resistant
marker in this case study).%?

str

2. Organism/product

In this case study, the product that will be eaten by the consumer is the rice grains
derived from a genetically engineered rice plant that is resistant to RSV.

3, Traditional product evaluation

Since milled rice grain is the ultimate product eaten by h particul i
is paid to the examination of grain characteristics. when a new rice variety is being
developed in Japan. The characteristics examined include shape, size, colour, weight
(1 000 grains), appearance, and content of protein and amylose. These together with other
characteristics comprise a set of information necessary for the registration of new culti~
vars. When growers sell rice grains to the government, there is a grade standardisation
systemn. The inspected ch istics include vol weight, ratio of perfect grains, water
content, ratio of foreign materials mixed in, etc.®

Rice grains have been eaten by humans world-wide for centuries, yet no harmful
effects or toxicity have been reported. On the basis of traditional and long-experienced
consumption, it is strongly believed by the public that rice grains are a safe product.
Therefore, under the Seed and Seedling Law (Ministry of Agriculture, Forestry and
Fisheries, or MAFF), no safety evaluation is required for rice grains produced on natu-
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rally growing rice plants. Under the Food Sanitation Law (Ministry of Health and
Welfare), there are regulations in regard to pesticide residues and heavy metals.

4. Database available for traditional evaluation
At MAFF's Hokuriku National Agricultural Experiment Station, 6 000 cultivars

p were collected and evaluated. In addition, at MAFF's National Insti-
tute of Agrobiological Resources, 5 000 foreign rice cultivars were collected and evalu-

aed. A computerised database is available at both I Preparatory work is in
progress at MAFF’s National Germ Plasm Centre for establishing a nation-wide database
that can be d by breeding stations across the country.

5. Novel component(syproduct

A genetically engineered rice plant has been developed from protopiast on which
electroporation was carried out in order to insert a gene encoding protein of rice stripe
virus (RSV) (1.8 Kb) and a gene ding hygromyci ! (1.0 Kb) as
a marker. > '

Incorporation of the RSV coat protein gene into a plant genome was confirmed by
Southern hybridisation analysis, and a genetically stable transmission and expression of
the gene was detected by Western blot analysis. In addition, in the artificial inoculation
test the transformed rice plants exhibited a significant level of resistance to RSV infec-
tion. The transformed rice plants are phenotypically normal, and fertile in seed setting.

Thus, the novel feature in the present case study is that the rice grains contain
foreign DNA of a coat protein gene of RSV and of a hygromycin tolerance gene.

6. Additional evaluation procedures

+

As indicated above, rice grains p d on lly growing rice plants, whether
infected by RSV or not, have been believed safe and have been eaten by humans of all
ages for centurics. Moreover, as indicated, the transformed rice plants are normal in
growth as well as fertility and are indistinguishable from the parental rice plants.

If the rice grains containing new traits are considered to be substantially equivalent,
there will be no additional evaluat If not, additional evaluation will be needed on the
basis of d ic regulatory proced
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Case No. 1 Animals from transgenesis experiments

1. Conceptual points to

This case study deals with meat derived from apparently untransformed individuals
in transgenesis experiments involving traditionally bred food animals. It assumes that the
transforming material is well-characterised and is not infectious,

At the time of writing, most transgenic animals were produced by the injection of
DNA into the pronucleus of a fertilised ovum. The success rate of this technique in swine
and cattle is low. Usually not more than 5 per cent of the animals produced clearly
exhibit the trait associated with the injected DNA and can therefore be readily identified
as genic. If it were possible to demonstrate that the remaining 95 per cent were not
transgenic in any way, it could be argued that they are substantially equivalent to
gnoi—wv&aégﬁﬁ q ly it should be possible to market them for
food. In ps A.. it is not possible to d §8E<o2=v. that every cell in an
animal’s co& is free from a given transgene. But if the criteria described below are met,
this would not be necessary and the animal could be considered substantially equivalent
to untreated animals.

2. Organism/product

The product considered in this case study is edible portions of swine and cattle,
though the case study may be applicable to other meat and poultry products derived from
common food animals.




3. Traditional product evaluation

Records of the breeding of traditional food animals, includi swine and cattle, go
back to antiquity. During this protracted history, food safety problems have never been
traced to a specific animal breed or to a specific line of descent of a domestic food
animal.

Traditionally bred animals are inspected for di or "*unwhol ", Fur-
thermore, if animals have been treated with drugs, the tissue levels of these substances
must be safe, or below established safe tolerance levels, before the animals are marketed
as food.

Food animals selected through traditional breeding programmes have not been
subjected to special food safety reviews.

4, Databases available for traditional evaluation

The OECD countries have similar standards for the ante-mortem and posi-mortem
pection of animals at slaughter, as well as for the processing of the corresponding
animal prod The organolepti dards are well-established, and are augmented by
laboratory support for the detection of infectious agents and drugs or chemical residues.
There is a large of baseline data available on the composition and concentrations
of normal constituents in meat products.

5. Novel component(s)/product

Animals may be considered non-transgenic and therefore substantially equivalent to

traditionally bred animals if the p of the gene is not directly detected, or if its
absence is inferred from a number of additional criteria.
The poly chain ion (PCR) enables the detection of inserted genes at very

low levels, easily in as few as 0.1 per cent of the cells examined.' In other words, a

transgene is almost certain to be detected if it is present in more than a few cells. Animals

that have incorporated the transgene into some but not all of their cells are said to be
**mosaic”’, Mosaicism cannot be ruled out definitively using PCR, as it is always possible
that a small fraction of cells, or even one cell in an animal, carries the transgenc.

The presence of a small percentage of transgenic cells in a mosaic animal is likely to
be of little consequence as regards food safety. The use of the following three criteria, in
addition to PCR, should strengthen arguments for sub ial equival to the -
formed parental animals:

a) the product of the inserted gene is not detected;
b) there is no obvious phenotypic expression of the
¢) the animal is healthy.

Because genes exert their effects through their products, failure to detect the gene
product is her indication that a gene is not present or that it is not being expressed.
The same conclusion can be made if none of the transgene-associated phenotypic charac-
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teristics are present. Finally, the requirement for a healthy animal makes it unlikely that
an undetected transgene has caused some d dary or pieiotropic effect.

. Thus, nE:.E_u from transgenesis experiments may be considered substantiatly
equivalent to traditionally bred animals if the transgene is not detected by direct measure-
ment, and if the other three criteria above are met.




Case No. 2 Swine transgenic for porcine somatotropin

1. C 1 points to

This case study describes establishing the sub ial equival of swine carrying
a porcine somatotropin transgene. These transgenic animals can be said to be substan-
tially equivalent to traditionally bred animals, based on an evaluation of four features: the
gene product; the DNA; the organism; and possible pleiotropic effects. The case study
ill the use of ** ble certainty’* and sequential review.

2. Organism/product

The product considered in this case study is edible portions of swine carrying a

4 L3 &'

3. Traditional product evaluation

As in Case No. ! above.

4. Database available for traditional evaluation

This is also the same as in Case No. 1 above. However, animals traditionally
selected for leanness or rapid growth should be included in the database. Some of these
animals (for example, dairy cows) have elevated somatotropin levels.

5. Novel component(s¥product

mou_:_w.gnoinwi:no»am__wumi:nmosbsguiwo:o_.uﬁaoo: n:x_:o&m__
Australia. This gene prodi a pin molecule identical to the native swine
somatotropin. Furthermore, the gene is linked to a promoter made by modifying the
metallothionein promoter, and this makes it possible to stop expression of the gene by
removing zinc and copper from the diet. Substantial equivalence may be established by
sequentially reviewing the gene products, the DNA, the organism, and possible pleio-
tropic effects.

The transgene product is swine opin. However, because the metallothionein
promoter allows the transgene to be switched off by removing zinc from the diet, the
somatotropin level is no different from that of the control animals at the time of
marketing. The metallothionein p prod no prod

The DNA inserted in these swine is not infecti Non-infectious DNA is sub
tially equivalent to other DNA in the human diet, which includes all the genetic material
from all organisms which are consumed.

The transgenic animals have all the characteristics, and the same appearance, as the

traditional organisms except for the modified traits iated with the p
gene. Consequently, the animals can be considered substantially equivalent to traditional
animals.

Pleiotropic effects are unlikely to be food safety concerns in healthy animals. These
unexpected effects are caused by the random insertion of the transgene in chromosomal
locati which i ord the exp of one of the host animal’s genes,
may inactivate a gene, or may cause the normal metabolism of the cell or cell replication
to be altered. If the animal is healthy, there is reasonable certainty that it is likely to be
safe as food since unsafe levels of a pharmacologically active gene product would affect
the health of the animal itself.

Sub jal equival is established by determining that the gene product is struc-
turally identical to normal porcine somatotropin, and that the concentration does not
exceed normal levels. The transgene DNA is not infectious, the animal is normal in
appearance, and there are no indications of pleiotropic effects.

Notes and References

1. Stetler-Stevenson, M., et al. (1988), Blood, 72: 1822-1825. The authors claim a potential
sensitivity of detection of one gene in 2 x 10° cells.
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Terms of reference for a working group on food safety

1.  Scope and objectives.

‘The Working Group on Food ms—.aw. of the Group of National Muvnam on Safety in Biotechnol-
ogy (GNE) will address the un.n._nmo issues and principles involved in assessing the safe use! of
new foods or food ion will be given to new foods and food compo-
nents produced by means of _sﬁn_.:n_oww The Working 03.._“ will not address the wa_oanao
principles for assessing the safety of food RE.E<8. g aids E& 1
materials. Such principles are well blished both nati and i i 2.8 this
Working Group will not address principles of the environmental wu—.oa. of these v_da:nn as they are
already addressed in documents of the OECD and by other working parties of the GNE.

2, Concepts underlying the work

Recognising the numerons benefits to health, nutrition, food Eﬂs).w:g and ?R_ production
to be obtained by __Eun_.ﬁsa new foods and food p d by biotechnology into the
food supply, the aim of this work is to:

a) elaborate the scientific principles necessary to assure that the safety of new foods and food
components will be at least substantially equivalent to that of the widely accepted conven-
tiona} counterparts;

b) develop scientific principles to focus on the safe use of new food or food components of
microbial, plant or animal origin;

¢) explore procedures for maintaining the flexibility and timeliness of the priociples, once
developed;

d) take into account the principies, criteria, procech
and the results of recent scientific endeavours related to food wwmn»w evaluation n_an%
available or in preparation; and

¢) share ideas, data and information among experts, Member countries and other mtena-
tionel organisations, in particular the World Health Organisation (WHO) and the Food and
>w=n==_.=« O_.wE:unnS_ (FAO) and other relevant consultative bodies on food safety, to

and h ise the results of this work.

3. Issues to be addressed

Among the issues to be addressed by the Working Group are:

a) the scientific principles which underlie the definition of a new food or food component;

b) identification of methods to distinguish b new foods or food components and their
conventional counterparts;




c) idenng the safety of

| foods and food components, establish whether such

foods and iated safety jud; are a good benchmark for ing the safety of
new foods or food components;
d) of the methods for establishing the substantial equival of safety of new

foods or food as to their

1p i parts; and
e} identification of methods to be used to cstablish the safety of new foods or food compo-
nents for which there 15 no conventional counterpart.

4. Approaches and p to be d

oy

a) K&o_w or examples of new foods or food components will be identified and existing
w:?...:,pmo: related to therr safety assessment will be collected and used to assist in the
pme and/or d ion of the applicability of the proposed scientific principles

and d methods for ing the use of new foods or food components.

b) The Working Group will assist the Secretariat to rapidly collect and disseminate existing
aomc:ﬁcsno:. Following a review of the infc i ilable, the S jat in consul-
tation with the chairman will prepare a document to facilitate the first meeting of the
Working Group.

¢) ,Eo fo_.r:_w Group would meet in the Spring 1991 to develop a draft of the scientific
principles and methods. Prior to the meeting the group members will co-ordinate with
_,.n_n<§. national authorities to obtain comments regarding the informatioo and preparatory

labl bsequent to the ing, the Working Group expets should solicit
comments from appropriate agencies or departments and send them to the chairman and
Secretariat so that they can be used to revise the draft principles.

d) The draft principles d will be itted to the bets of the Group of National
Experts of Safety in Biotechnology in August 1991. The members of the GNE can then
review and comment of the draft in ad! of the following plenary

Notes and References

1 ml.n:unng%igigzngsggagsgégnﬂcﬁ
mtended uses. With respect to food and food components, safe use is that which presents a socially
acceptable risk under the expected conditions of consumption.
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Selected list of d ts or publicati
relating to the assessment of food safety

As background for its di
examined a number of d and p
to the assessment of food safety. These included:

Advisory Committee on Novel Foods and Processes (1991), Department of Health Report on
Health and Social Subjects No. 38. Guidelines on the A of Novel Foods and
Processes, London (HMSO). Address: Adminisirative Secretary, Advisory Comumittee on
Novel Foods and Processes, Room 609, Eileen House, 80/94 Newington Causeway, London
SE1 6EF, UK.

ILSI (| jonal Life Sci Insti (1989), A of Novel Foods. A Discussion
PaperPrepared by an ILSI Europe Technical Committee on Novel Foods. Address: ILSI

the Working Group on Food Safety and Biotechnology
ki ilable in OBCD Member countries relating

European Branch, 83 Avenue E. Mounier, Box 6, B-1200, Brusseis, Belgium. Telefax: (32)(2)
762-00-44.

| Food Biotechnology Council (1990), Biotechnologies and Food: Assuring the Safety
of Foods Produced by Genetic Modification, Peart 2 of Regulatory Toxi logy and Ph i-
ogy. Vol. 12, No. 3 (December). Address: ional Food Biotechnology Council, 1126
Sixteenth Street, NW, Suite 300, Washington, D.C. 20036, USA.

Japan Food Sanitation Council (1991), Guidelines for Foods and Food Additives Produced by
R bi DNA Techni (also includes Basic Principles on Safety Assessment  for Foods
and Food Additives Produced by Biotechnology and Guidelines for facturing Foods and
Food Additives by Application of Recombi DNA Techniques), ISBN 4-8058-0960-4
2045 (in Japanese and English). Available from: Chuo Hoki Publishing Company, 2-27-4
Yoyogi, Shibuya, Tokyo. 151, Japan. Telephone: (81)(2) 3379-3861, Cost: Y 2000.

R h and Develop Association for Bi System in Food Industry (1991),
Guidelines for Quality Assurance of Food Produced by Bloreactor. Address: Kodenba-chou
17-17, Nihonbashi, Chiyodaku, Tokyo, Japan. Telcfax: (81)(3) 3663-7684.

ional Agricultural Bi Council (1990), Agricultural Biotechnology, Food Safety and
Nutritional Quality for the Consumer, NABC Report No. 2. Address: NABC, 159 Biotechnol-
ogy Building, Cornell University, Ithaca, New York 14853-2703, USA. (Free single copy:
additional copies available at US$ 5.00 each.)
Nordic Working Group on Food Toxicology and Risk Evaluation (1991), Food and New Biotech-
nology - Novelty, safety and control aspects of foods made by new biotechnology. Nord 1991:
18. Address: Nordic Council of Ministers, Store Strandstraede 18, DK-1255 Copenhagen K,
Denmark.
United States Eovironmental Protection Agency (1989), Pesticide Assessment Guidelines: Subdivi-
sion M — Microbial and Biochemical Pest Control Agents (Part A), No. PB89-211676.
Available from: National Technical ion Service, US Department of Commerce, 5285
Port Royal Road, Springfield, Virginia 22161, USA. Telefax: (1) (703) 321-8199.

n



World Health Organization (1987), Principles for the Safety Assessment of Food Additives and
Contaminants in Food, IPCS Eavironmental Health Criteria 70. Address: Distribution and
Sales, World Health Organization, 1211 Geneva 27, Switzeriand.

World Health Organization (1991), Strategies for Assessing the Safety of Foods Produced by
Biotechnology. Report of a Joint FAO/WHO Consultation. Address: Distribution and Sales,
World Health Organization, 1211 Geneva 27, Switzerland.
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