
























































































Foods denved from plants generated by biotechnology 

4.4 Summary 

Many of the potential hazards relating to the food safety of crop 
plants derived by means of the new biotechnology will only be 
expected to be present very infrequently. Even if these potential 
hazards are present, they will not pose any new risks as compared 
with those that might be expected from existing food sources and the 
genetic modification of crops via traditional plant breeding. Al
though the new technologies of genetic modification have prompted 
the present assessment of food safety, the concerns to which they 
give rise also apply to other forms of genetic modification in plants. 
In the light of the discussion in this section, a new paradigm for 
safety evaluation is recommended in which emphasis is placed on the 
characterization of the food and the use of the data to determine the 
need for appropriate toxicity tests. 
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5. Safety assessment of 
foods derived from animals 
generated by biotechnology 

5.1 Introduction 
Recent discoveries in genetics have made it possible to develop 
animal lines containing any desired sequence of exogenous DNA in 
the genome. Transgenesis is the process of introducing exogenous 
genes into the genome of cells or of newly fertilized embryos. The 
technology has been of scientific value in studies of gene expression, 
developmental biology and oncogenesis. Transgenesis may be able 
to provide a precise genetic route to developing farm animals that 
are disease-resistant, produce lean meat, or grow more efficiently. 

Although not involving any genetic modification of animals, the 
production of purified protein pharmaceuticals, such as bovine and 
porcine somatotropins, which are identical or nearly identical to 
endogenous compounds, is mentioned here since it has given rise to 
certain concerns. Pharmaceutical products derived from biotech
nological processes are evaluated in the same way as those made by 
other processes. While the effects of administered supplementary 
sources of endogenous hormones on the productivity and repro
ductive capacity of animals are still being considered, food safety 
problems have all generally been resolved (15). Furthermore, the 
use of endogenous substances exogenously administered has been 
thoroughly tested in the case of steroid hormones used to stimulate 
growth in cattle; these have not given rise to any major concern as to 
food safety in the international scientific community (16). While it 
may not be possible to regard all protein hormones that may be 
produced by biotechnology as belonging to the same class as the 
somatotropins, cost-efficient studies can be carried out relatively 
easily to check that they are safe. 

5.2 Issues to be considered in safety assessment 
Transgenic animals with gene sequences specifically coding for a 
desired gene product or characteristic can be reviewed from the 
standpoint of: (a) the safety of the gene product itself; (b) the 

40 



Foods denved from an1mals generated by biotechnology 

consumption of the genetic construct; and (c) unintended effects of 
the inserted gene sequence. 

5.2.1 Gene products 

Gene products in the transgenic animal can cause both direct and 
indirect effects. The former result from the constant stimulation of 
receptor sites and tissues by protein products such as growth 
stimulants. As long as the specific protein concerned is known, food 
safety can be assessed in the same way as for exogenously adminis
tered material (e.g., injection of growth hormone). Constant elabor
ation of growth factors by the new genome could lead to disruption 
of the endocrine system and concurrent compensatory increases in 
endogenous steroid hormones which, in normal individuals, are 
effectively metabolized by the liver but may cause difficulties in 
individuals with hepatic insufficiency. However, this could lead to a 
problem only in unusual circumstances because the levels would 
need to be extremely elevated yet not detrimental to the animal. 

5.2.2 Genetic construct 

Consumption of the genetic construct representing new genetic 
material is, of course, a possibility with transgenic food-producing 
animals. There is little concern about the safety of consuming the 
gene itself. We eat the entire contents of animals, plants and bacteria. 
We also consume the genes of incidental contaminants associated 
with food products. Whatever DNA is eaten is degraded in the 
intestinal tract, and the increase in the purine and pyrimidine 
content of tissue resulting from the extra gene will be negligible 
compared with the total content of these substances. 

The DNA construct will be of concern only if it is infectious, i.e., 
if it can be propagated in the environment or transmitted by the food 
to susceptible cells in the gastrointestinal tract. This is unlikely, 
since infectivity usually requires a specific viral protein to be present 
on the surface of the virus as part of the viral capsid or envelope. 
Some nucleic acids can infect mammalian cells in tissue cultures, but 
no mammalian diseases are known to be caused by the oral ingestion 
of coat-free nucleic acids. 

Fully functional recombinant retroviruses could possibly emerge 
in the food animal after insertion by these methods. This would be 
likely to be attended by a viraemia and result in an animal in poor 
health and hence of poor productivity. New strategies of construct 
design limit infectivity and make the appearance of infective 
organisms unlikely. Many potential safety concerns regarding the 
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use of retroviruses have been resolved with recombinant DNA 
technology. 

5.2.3 Unintended genetic effects 

Insertional mutations of host loci are possible as a result of the 
integration of foreign DNA within a host coding sequence. These 
mutations are likely to be discovered because the progeny will be 
suboptimal for food production. In addition, they make generation 
of homozygous lines difficult or impossible, and homozygosity is of 
significant advantage in animal husbandry. 

Translocations and other DNA alterations can arise as a result of 
the insertion of a gene or the use of retroviral inserts. Such 
rearrangements might be associated with malignancies and, while 
not dangerous, would render a food product unsuitable for 
consumption if the malignancy developed during the relatively short 
life of the food animal concerned. The insertion of a transgene into a 
recipient genome is important from the point of view of safety 
because other genes producing potential toxins may be activated if 
they are linked to higher-level promoters. This is not a serious 
concern in healthy mammals because production of toxins that might 
also be harmful to humans will generally be incompatible with 
normal growth and development. Observations, veterinary exam
ination, and postmortem inspection procedures should be capable of 
determining whether animals are affected by such toxins and, if so, 
the cause can be investigated. Furthermore, the genetic events 
causing the modulation of gene expression as a result of trans
gene insertion are not different from those that occur naturally. 
Records of animal breeding go back over 2000 years, and there has 
never been any indication that toxic lines of animals have been 
produced. 

There is less certainty as to the absence of toxin genes in lower 
vertebrates and invertebrates (fish, shellfish and molluscs). While 
rare, seafood toxins, such as tetrodotoxin in puffer fish, are known. 
However, the fact that neither individual animals nor lines of animals 
of the common food fish have been found to produce a toxin, speaks 
strongly against the possibility of the activation of a toxin gene by a 
genetic insert. A test for toxin production may, however, be advis
able in the more exotic species. 

There are two other concerns. The production of new, more 
efficient, food animals must be monitored for any changes in nutri
tional quality or composition of the resulting food. The use of 
transgenic animals produced by both conventional and recombinant 
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DNA technology can have significant effects on the composition and 
nutritional quality of the food. These effects must be reviewed and 
assessed. 

The expression of new genes creates the possibility that new food 
intolerances may arise. Possible problems can be envisaged with 
cross-species transgenesis and the production of heteropolymeric 
proteins resulting from the association of polypeptides from the 
transgene and the endogenous gene. 

5.3 Safety assessment paradigm 

New strains of animals and their products have not hitherto been 
routinely evaluated for wholesomeness and safety prior to human 
consumption. However, the consumer can feel reasonably safe, at 
least in the case of mammals, if the animals appear to be healthy. 
This is not necessarily true of fish and invertebrates, some of which 
produce toxins to which they are immune but which are harmful to 
humans. 

In assessing the safety for human consumption of new strains of 
animals, the recommended approach is based on a combination of 
molecular, chemical and biological considerations. 

Unpredictable effects and genetic rearrangements following the 
integration of a transgene may bring about changes in the levels of 
some ofthe normal constituents in transgenic animals. For those that 
have physiological consequences, the health of the animal will be a 
good indicator of the nature of the effect. In all cases, the effects of 
the gene product will need to be assessed. A thorough analysis of the 
genetic modification will indicate whether unpredictable effects are 
likely. Their impact will need to be evaluated, and the health of the 
animal, if a mammal, will be a good indicator of safety. Except in 
unusual circumstances, such as the formation of novel components, 
it will not usually be necessary to carry out safety tests on whole 
foods derived from animal sources. 

5.4 Summary 

While significant changes can occur as a result of the genetic 
modification of animal genomes, it would appear, on the basis of the 
current review of known or suspected hazards, that transgenic 
animals should not cause any significant concern from the point of 
view of food safety. It should be emphasized that, at least in 
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mammals, food derived from a normally healthy and productive 
animal should generally be considered safe. 

The exact gene product that may be the result of transgenic 
modification should be fully characterized as either an existing 
substance or one that may be new to the particular animal species 
concerned. The safety of gene products in food can be assessed 
in the same manner as for other animal drugs and food additives 
(3J 16-18). 

In the safety assessment of food derived from transgenic animals, 
an appropriate system should be established for the review and 
evaluation of the molecular and chemical data. 

Biotechnology can potentially result in significant changes in the 
nutritional quality of food and, in some instances, is specifically 
intended to alter the composition of food. The nutritional character
istics of conventional food products should therefore be assessed, 
since these are important in providing a basis for determining the 
significance of any changes that may be caused by biotechnology. 

Food intolerances and food allergies may be a potential hazard, 
particularly with interspecies transgenesis or the production of new 
hybrid proteins. While these possibilities need to be kept in mind, it 
is highly unlikely that they will be a problem in the overall 
population. Current methods of assessing allergenicity might be 
used, although their serious limitations from the point of view of 
predicting a problem in sensitive individuals must be recognized. 
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6. Recommended safety 
assessment strategies for 
foods and food additives 

produced by biotechnology 

6.1 Introduction 

Any strategy for the safety assessment of foods or food additives 
produced by biotechnology will require the establishment of an 
appropriate framework for its regulation and enforcement. Bio
technology forms a continuum ranging from what have been termed 
the traditional biotechnologies to the new ones, and the issues and 
concerns relating to food safety are similar irrespective of the 
technologies employed. Concerns relating to individual products 
developed as a result of the application of individual technologies 
may exist but are specific to the product, not the technology. 

The Consultation strongly recommended that any safety assess
ment strategy should be based on considerations of the molecular, 
biological and chemical character of the material to be assessed, and 
that those considerations should determine the need for, and scope of 
animal-based toxicological studies. This approach leads to a strategy 
for the evaluation of a product based on a knowledge of the process 
by which it has been developed, and a detailed characterization of the 
product itself. The Consultation considered that classical toxicity 
tests may have limited application in the safety assessment of whole 
foods and that, even for materials traditionally evaluated by these 
procedures, there is a need to review them with a view to developing 
a more mechanistic approach to safety assessment. 

6.2 General considerations 

The genetic modification of organisms by means of current technol
ogies represents the latest point reached in a continuum of develop
ment rather than a unique branch of science. Many aspects of an 
assessment strategy are therefore common to all products irrespec
tive of whether the method used to effect genetic modification is 
traditional breeding and selection, chemical or physical mutagenesis, 
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or recombinant DNA technology. The elements common to the 
assessment of safety include a knowledge of the biological and 
molecular components of the system, and of the potential conse
quences of the modification, and the comparison of the final product 
with one having an acceptable standard of safety, usually the 
traditional product. For products without a traditional equivalent, 
wholesomeness will have to be established by means of accepted 
methodologies. The wholesomeness of new foods and food additives 
is determined in the same way as that of traditional foods and food 
additives, i.e., by testing for the presence of toxic constituents and 
impurities, and nutritional quality. 

Where information on the biological, molecular and chemical 
characteristics of the product is insufficient to enable its wholesome
ness to be assessed, there will be a need for tests in animal species. 
The type, scope and extent of the toxicological evaluation necessary 
will be determined by the adequacy or otherwise of the information 
already available. 

6.2.1 Biological characteristics 

The identity of the host and donor organisms should be established 
both genotypically and phenotypically. The organisms should be 
characterized with respect to known toxin production, relationship 
to known toxin producers in the same genus, and pathogenic, 
infective or toxigenic potential. The proposed use as food or 
pharmaceutical should be identified. 

6.2.2 Molecular characteristics 

Information on the technique used to develop the genetically modi
fied organism, and an estimate of the possible consequences of the 
modification from the point of view of the wholesomeness of 
the food are necessary, and may include detailed descriptions of all 
the components used in the modification technique as well as the 
characterization of the transferred genetic material. 

6.2.3 Chemical characteristics 

The product should be characterized by chemical analysis, the scope 
of which will depend on the nature ofthe product, e.g., whether it is a 
purified substance having a simple chemical structure or a complex 
mixture. The analysis should be conducted with a view to comparing 
the analytical profile with that of the traditional food. Identification 
of new components will require additional safety assessment pro-
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cedures, up to and including the isolation and characterization of 
the new components. 

6.3 Specific recommendations 

6.3.1 Safety assessment of genetically modified micro
organisms and foods produced by them 

1. Because of the diversity of foods and food ingredients derived 
from microorganisms, a large number of factors must be con
sidered in assessing any potential risks in the light of the intended 
use of the substance in food. 

2. The safety assessment should be based on sound, scientific 
principles and data and should be flexible so as to be able to 
accommodate scientific advances. 

3. The approach to safety assessment should rely to the extent 
possible on the use of molecular, microbial, genetic, and chemical 
data and information in the evaluation of potential risks and the 
choice of appropriate safety tests. 

4. General requirements in the safety assessment of food and food 
ingredients derived from microorganisms include the following: 

(a) the production organism and any organisms that contribute 
genetic material to it should be identified taxonomically and 
genotypically; 

(b) all introduced genetic material should be well characterized 
and should not encode any harmful substances; the modified 
organism should be genetically stable; 

(c) vectors should be modified so as to minimize the likelihood of 
transfer to other microbes; 

(d) selectable marker genes that encode resistance to clinically 
useful antibiotics should not be used in microbes intended to 
be present as living organisms in food. Food ingredients 
obtained from microbes that encode such antibiotic-resist
ance marker genes should be demonstrated to be free of viable 
cells and genetic material that could encode resistance to 
antibiotics; 

(e) pathogenic organisms should not be introduced into food. 
The modified production organism used to produce food 
ingredients should not produce substances that are toxic at 
the levels found in the finished product; 

(f) the safety of the modified production organism should be 
assessed with respect to the safety of the product of the 
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introduced genes (including allergenic effects when appro
priate), the ability to alter adversely the nutritional composi
tion of the food, and any appropriate biological containment. 

5. When molecular, microbial, genetic, and chemical data establish 
that the food or food ingredient is sufficiently similar to its 
conventional counterpart, only minimal toxicological testing will 
generally be required. 

6. The safety of foods and food ingredients derived from micro
organisms depends on all the stages involved- strain develop
ment, production, processing, and purification. Each case must 
be evaluated in order to identify critical points and establish 
appropriate controls that will ensure safety and quality. Any 
change in the process should be evaluated in the light of these 
considerations. The maintenance of good manufacturing prac
tices must be a fundamental part of any process. 

6.3.2 Safety assessment of genetically modified plants 
and foods derived from them 

1. The complexity of whole foods and the wide range of modifica
tion possible in whole foods derived from plants require an 
integrated approach to safety assessment, taking into considera
tion the proposed use of the food, the potential exposure, and the 
specific issues associated with the significance of the food in the 
diet. 

2. The safety assessment should be based on the scientific principles 
identified as relevant to safety. 

3. The safety assessment should be based primarily on a considera
tion of molecular, biological and chemical data. 

4. General requirements in the safety assessment of foods derived 
from plants include the following: 

(a) the modified food crop and any organisms that contribute 
genetic material to it should be identified taxonomically and 
genotypically; 

(b) all introduced genetic material should be well characterized 
and should not encode any harmful substances. The modified 
food crop (e.g., the inserted genetic material and the target 
region in which it is inserted) should be genetically stable; 

(c) vectors should be modified so as to minimize potential 
transfer to other organisms; 

(d) the modified plant should not produce substances that are 
toxic at the levels found in the finished food product; 
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(e) the safety of the modified plant should be assessed with 
respect to possible deterioration in the nutritional value of the 
consumed product. 

5. The need for toxicity testing will be determined in part by the 
nature of the modified plant food. Molecular, biological, and 
chemical analyses should always be conducted before the need for 
animal testing is assessed. When the assessment of genetic and 
compositional change does not provide a satisfactory basis for the 
safety evaluation, it may be necessary to test the whole food in 
appropriate animal tests. The nature and extent of such testing 
must then be carefully assessed in relation to the need to provide 
additional assurance of safety. 

6. Where a new constituent that has no history of safe use appears in 
a food, appropriate toxicity tests will be necessary. 

7. After satisfactory completion of the safety assessment, where 
appropriate, the use of planned introduction or postmarketing 
monitoring will be necessary in order to address concerns not 
covered by traditional toxicity tests. 

6.3.3 Safety assessment of genetically modified animals 
and foods derived from them 

1. Characterization and establishment of the stability of the intro
duced genetic material should form the basis of the safety 
assessment. 

2. The safety assessment should be based on sound, scientific 
principles and data and should be flexible so as to be able to 
accommodate scientific advances. 

3. The approach to safety assessment should rely to the extent 
possible on the use of molecular, microbial, genetic, and chemical 
data in the evaluation of potential risks and the choice of 
appropriate safety tests. 

4. Mammals are important indicators of their own safety, since 
adverse consequences of introduced genetic material will gen
erally be reflected in the growth, development and reproductive 
capacity of the animal. The principle that healthy mammals only 
should enter the food supply is of itself a method of ensuring the 
safety of foods derived from animals. 

5. Primarily because some fish and invertebrates are known to 
produce toxins, the healthy animal principle does not provide the 
same degree of assurance that food derived from such animals is 
safe and should be used with caution in determining the need for 
additional safety assessment. 

49 



7. Conclusions and 
recommendations 

In its consideration of the food safety implications of the application 
of biotechnology to food production and processing, the Consul
tation reviewed its past, present and possible future applications. It 
examined the scientific principles that would need to be taken into 
account in assessing the safety of foods (including food ingredients, 
additives and processing aids) from microbial, plant and animal 
sources. The conclusions and recommendations of the Consultation 
are given below. 

7.1 Conclusions 

1. Biotechnology has a long history of use in food production and 
processing. It represents a continuum embracing both tradi
tional breeding techniques and the latest techniques based on 
molecular biology. The newer biotechnological techniques, in 
particular, open up very great possibilities of rapidly improving 
the quantity and quality of food available. The use of these 
techniques does not result in food which is inherently less safe 
than that produced by conventional ones. 

2. A number of food additives are already derived from genetically 
modified microorganisms. Food products derived from geneti
cally modified plants are under development and are likely to be 
marketed in the near future. Although genetically modified fish 
and invertebrates may be available relatively soon, genetically 
modified mammals are likely to take longer to develop. 

3. Biotechnological techniques can be used to prepare new, safer 
and more effective veterinary drugs, biopesticides, rhizobia, and 
other products for use in agriculture. By making it possible to 
develop highly specific reagents, biotechnology has also led to 
improved methods of food analysis. 

4. Whenever changes are made in the process by which a food is 
made or a new process is introduced, the implications for the 
safety of the product should be examined. The scope of the 
evaluation will depend on the nature of the perceived concerns. 
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5. The evaluation of a new food should cover both safety and 
nutritional value. Similar conventional food products should be 
used as a standard and account will need to be taken of any 
processing that the food will undergo, as well as the intended use 
of the food. 

6. Comparative data on the closest conventional counterpart are 
critically important in the evaluation of a new food, including 
data on chemical composition and nutritional value. The 
Consultation believed that such data are not widely available at 
the present time. 

7. A new, multidisciplinary approach to the safety evaluation of 
new foods is desirable, based on an understanding of the 
mechanisms underlying changes in composition. Detailed 
knowledge of the chemical composition of the food, together 
with information on the genetic make-up of the organisms 
involved, should form the basis of the evaluation and will 
indicate the necessity for toxicity testing in animals. The ap
proach will be facilitated by the integration of molecular biology 
into the evaluation process. 

8. The Consultation agreed a set of scientific principles to be 
applied to the evaluation of the safety of foods produced by 
biotechnology, although at present they would need to be 
applied on a case-by-case basis. 

9. In due course it will be possible to develop a framework for the 
evaluation of all new foods, including those produced by bio
technology. This will need to be flexible, the data needed 
depending on the nature and use of the product. There is at 
present little experience from which to develop general criteria 
for such a framework and, until such time as these criteria can be 
developed, a case-by-case approach is required. 

10. As far as the products of the newer biotechnologies are con
cerned, detailed knowledge of their molecular biological proper
ties will facilitate the evaluation process. It is already possible to 
identify many of the categories of data that will be necessary. In 
due course it will be possible to identify the genetic elements that 
are likely to be acceptable for use in food-producing organisms. 

11. To facilitate the safety evaluation of foods produced by means of 
biotechnology, action at the international level will be necessary 
to provide timely expert advice in this matter to Member States 
of FAO and WHO, the Codex Alimentarius Commission, the 
Joint FAO/WHO Expert Committee on Food Additives and the 
Joint FAO/WHO Meeting on Pesticide Residues. 
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12. The Consultation concluded that, because of the rapidity of 
technological advances in this area, further consultations on the 
safety implications of the application of biotechnology to food 
production and processing will be advisable in the near future. 

7.2 Recommendations 
1. Comprehensive, well enforced food regulations are important in 

protecting consumer health, and all national governments should 
ensure that such regulations keep pace with developing tech
nology. 

2. National regulatory agencies should adopt the strategies identi
fied in this report for evaluating the safety of foods derived from 
biotechnology. 

3. To facilitate the evaluation of foods produced by biotechnology, 
data bases should be established on: 

- the nutrient and toxicant content of foods; 
-the molecular analysis of organisms used in food production; 
-the molecular, nutritional and toxicant content of genetically 

modified organisms intended for use in food production. 

4. Consumers should be provided with sound, scientifically based 
information on the application of biotechnology in food produc
tion and processing and on the safety issues. 

5. FAO and WHO, in cooperation with other international organi
zations, should take the initiative in ensuring a harmonized 
approach on the part of national governments to the safety 
assessment of foods produced by biotechnology. 

6. FAO and WHO should ensure that timely expert advice on the 
impact of biotechnology on the safety assessment of foods is 
provided to Member States, the Codex Alimentarius Com
mission, the Joint FAO/WHO Expert Committee on Food Addi
tives and the Joint FAO/WHO Meeting on Pesticide Residues. 

7. FAO and WHO should convene further consultations at an 
appropriate time to review the Consultation's advice in the light 
of scientific and technical progress. 

52 



References 

1. MULLER, W. H. et al. Journal of molecular biology, 124: 343-358 (1978). 
2. COHEN, S. N. et al. Construction of biologically functional bacterial 

plasmids in vitro. Proceedings of the National Academy of Sciences of the 
United States of America, 70: 3240-3244 (1973). 

3. Principles for the safety assessment of food additives and contaminants in food. 
Geneva, World Health Organization, 1987 (Environmental Health Criteria 
No. 70). 

4. Recombinant DNA safety considerations: safety considerations for industrial, 
agricultural, and environmental applications of organisms derived by re
combinant DNA techniques. Paris, Organisation for Economic Co-operation 
and Development, 1986. 

5. HARLANDER, S. Genetics of lactic acid bacteria. Paper presented to the 
American Society for Microbiology Conference on Biotechnology, 
Chicago, IL, 7-10 June 1990. 

6. VENEMA, G. et al. Competence and plasmid stability in Bacillus subtilis and 
prospects for the production of enzymes important for dairying in B. 
subtilis. In: Ptoceedings of the ILSI International Seminar on Biotechnology, 
Tokyo, Japan, 9-lOJune 1988. Tokyo, ILSI, 1988. 

7. McKAY, L. L. Update on dairy starter cultures: genetics and biotechnol
ogy of dairy streptococci. In: Proceedings of the ILSI International Seminar 
on Biotechnology, Tokyo, Japan, 9-10 June 1988. Tokyo, ILSI, 1988. 

8. GoRBACH, S. L. Recombinant DNA: an infectious disease perspective. 
Journal of infectious diseases, 137: 615-623 (1978). 

9. WHO Technical Report Series, No. 789, 1990 (Evaluation of certain food 
additives and contaminants: thirty-fifth report of the Joint FAO/WHO 
Expert Committee on Food Additives). 

10. PARIZA, M. W. & FosTER, E. M. Determining the safety of enzymes used in 
food processing. Journal of food protection, 46: 453-468 (1983). 

11. GARDNER, M. C. Gastrointestinal absorption of intact proteins. Annual 
reviews of nutrition, 8: 329-350 (1988). 

12. VIHINEN, M. & MANTSALA, P. Microbial amylolytic enzymes. Critical 
reviews in biochemistry and molecular biology, 24: 329-418 (1989). 

13. EMORI, M. et al. Molecular cloning, nucleotide sequencing, and expression 
of the Bacillus subtilis (natto) IAM1212 alpha-amylase gene, which encodes 
an alpha-amylase structurally similar to but enzymatically distinct from 
that of B. subtilis 2633. Journal of bacteriology, 172: 4901-4908 (1990). 

14. LINDEMANN, J. Biotechnologies and food: a summary of major issues 
regarding safety assurance. Regulatory toxicology and pharmacology, 12: 
96-104 (1990). 

15. JusKEVICH, J. C. & GuYER, C. G. Bovine growth hormone: human food 
safety evaluation. Science, 249: 875-884 (1990). 

16. WHO Technical Report Series, No. 763, 1988 (Evaluation of certain 
veterinary drug residues in food: thirty-second report of the Joint 
FAO/WHO Expert Committee on Food Additives). 

17. WHO Technical Report Series, No. 788, 1989 (Evaluation of certain 

53 



Strateg1es for assessmg the safety of foods produced by biotechnology 

veterinary drug residues in food: thirty-fourth report of the Joint FAO/WHO 
Expert Committee on Food Additives). 

18. WHO Technical Report Series, No. 799, 1990 (Evaluation of certain 
veterinary drug residues in food: thirty-sixth report of the Joint FAO/WHO 
Expert Committee on Food Additives). 

54 



Annex I 
List of participants 

Members 

Dr K. Aibara, Head, Department of Food and Environmental Safety, Food and 
Drug Safety Centre, Hatano-Shi, Kanagawa, Japan 

Dr A. J. Conner, Crop Research Division, Department of Scientific and 
Industrial Research, Christchurch, New Zealand 

Dr L. A. Hussein, Department of Nutrition, National Research Centre, 
Giza-Dokki, Egypt (Vice-Chairman) 

Dr W. R. Jaffe, Inter-American Institute for Cooperation in Agriculture, 
San Jose, Costa Rica 

Dr D. A. Jonas, Biotechnology and Novel Foods Branch, Food Science 
Division II, Ministry of Agriculture, Fisheries and Food, London, England 
(Rapporteur) 

Dr S. A. Miller, Dean, Graduate School of Biomedical Sciences, University of 
Texas Health Science Center, San Antonio, TX, USA (Chairman) 

Dr N. K. Notani, INSA Senior Scientist, Biomedical Group, Bhabha Atomic 
Research Centre, Bombay, India 

Dr A. Somogyi, Director, Max von Pettenkofer Institute, Federal Institute of 
Health, Berlin, Germany 

Dr M. N. Volgarev, Director, Research Institute of Nutrition, Academy of 
Medical Sciences, Moscow, USSR 

Representatives of other organizations* 
Commission of the European Communities 

Mr M. A. Granero Rosell, Foodstuffs Division, Internal Market and Industrial 
Affairs, CEC, Brussels, Belgium 

EEC Scientific Committee for Food 

Dr C. A. van der Heijden, Director of Toxicology, National Institute of Public 
Health and Environmental Hygiene, Bilthoven, Netherlands 

International Food Biotechnology Council 

Dr I. Munro, Director, Canadian Center for Toxicology, Guelph, Ontario, 
Canada 

*Invited but unable to attend: International Organization of Consumers Unions; United 
Nations Industrial Development Organization. 

55 



Strategies for assessmg the safety of foods produced by biotechnology 

International Life Science Institute 

Mr M. Fondu, Director, ILSI Europe, Brussels, Belgium 

Dr P. Niederberger, Vevey, Switzerland 

Mr T. Takano, Biotechnology Working Group, Tokyo, Japan 

Joint IUFOSTjiUNS* Committee on Food, Nutrition and Bio
technology 

Dr J. F. Diehl, Director, Institute ofNutritional Physiology, Federal Research 
Centre for Nutrition, Karlsruhe, Germany 

Organisation for Economic Co-operation and Development 

Dr V. Morgenroth, OECD Environment Directorate, Paris, France 

Secretariat 
Dr R. Carnevale, Assistant Deputy Administrator for Science and Technology, 

Food Safety and Inspection Service, United States Department of Agricul
ture, Washington, DC, USA (FAO Consultant) 

Dr J. W. Gordon, Brookdale Center for Molecular Biology, Mount Sinai 
Medical Center, New York, NY, USA (FAO Consultant) 

Dr J. Herrman, International Programme on Chemical Safety, Division of 
Environmental Health, WHO, Geneva, Switzerland 

Dr F. Kiiferstein, Chief, Food Safety, Division of Health Protection and 
Promotion, WHO, Geneva, Switzerland (WHO Joint Secretary) 

Dr I. Knudsen, Head, Institute of Toxicology, National Food Agency of 
Denmark, Soborg, Denmark (WHO Temporary Adviser) 

Dr D. C. Mahon, Food Directorate, Health and Welfare, Canada, Ottawa, 
Ontario, Canada (WHO Temporary Adviser) 

Dr J. Maryanski, Biotechnology Coordinator, Center for Food Safety and 
Applied Nutrition, United States Food and Drug Administration, Washing
ton, DC, USA (WHO Temporary Adviser) 

DrY. Pervikov, Microbiology and Immunology Support Services, Division of 
Communicable Diseases, WHO, Geneva, Switzerland 

Dr J. Weatherwax, Nutrition Officer, Food Policy and Nutrition Division, 
FAO, Rome, Italy (FAO Joint Secretary) 

*International Union of Food Science and Technology/International Union of Nutritional 
Sciences. 

56 



Glossary 

Antisense RNA: RNA transcribed from the noncoding strand of 
the DNA of a gene, which is expected to form a complex with the 
RNA transcribed from the sense strand and inhibit translation. 

Bacteriophage: a virus that lives in, and kills, bacteria. 

Biotechnology: the integration of natural sciences and engineering 
sciences in order to achieve the application of organisms, cells, 
parts thereof and molecular analogues for products and services. 
(European Federation of Biotechnology, as endorsed by the Joint 
IUFOST/IUNS Committee on Food, Nutrition and Biotech
nology, 1989). 

Cosmid: a plasmid that can be packaged into phage particles and 
that, when used as a vector, combines the characteristics of 
plasmids and phages. 

Electroporation: a technique in which foreign DNA is introduced 
into a cell under the influence of an electric current to improve 
transfer through the cell wall. 

Food: any substance, whether processed, semi-processed or raw, 
which is intended for human consumption, including drink, 
chewing gum and any substance which has been used in the 
manufacture, preparation or treatment of "food"; does not include 
cosmetics or tobacco or substances used only as drugs.a 

Food additive: any substance not normally consumed as a food by 
itself and not normally used as a typical ingredient of food, 
whether or not it has nutritive value, the intentional addition of 
which to a food for a technological (including organoleptic) 
purpose in the manufacture, processing, preparation, treatment, 
packing, packaging, transport or holding of such food results, or 
may be expected to result (directly or indirectly), in it or its by
products becoming a component of or otherwise affecting the 
characteristics of such foods. The term does not include "contam
inants" or substances added to food for maintaining or improving 
nutritional qualities.a 

• Codex Alimentarius Commission. Procedural manual, 7th ed. Rome, FAO, 1989. 
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Strategies for assessmg the safety of foods produced by biotechnology 

Gene: a specific segment of DNA which generally codes for a 
protein required for a particular function of the organism. 

Genome: the total hereditary material of a cell. 

Microprojectile: describes a technique for introducing foreign 
DNA into a host on the surface of a small "bullet", which is fired 
into the recipient cell through the cell wall. 

Pesticide: any substance intended for preventing, destroying, at
tracting, repelling or controlling any pest including unwanted 
species of plants or animals during the production, storage, 
transport, distribution and processing of food, agricultural com
modities, or animal feeds, or which may be administered to 
animals for the control of ectoparasites. The term includes sub
stances intended for use as a plant-growth regulator, defoliant, 
desiccant, fruit-thinning agent, or sprouting inhibitor, and sub
stances applied to crops either before or after harvest to protect the 
commodity from deterioration during storage and transport. The 
term normally excludes fertilizers, plant and animal nutrients, 
food additives and animal drugs. a 

Phage: see bacteriophage 

Plasmid: (in bacteria) a small circular form of DNA that carries 
certain genes and is capable of replicating independently in a host 
cell.b 

Promoter: a DNA sequence that is located in front of a gene and 
controls gene expression.b 

Protoplast: the cellular material that remains after the cell wall has 
been removed. b 

Quantitative trait loci: the locations of genes that together gov
ern a multigenic trait, such as yield or fruit mass. 

Recombinant DNA: DNA formed by combining segments of 
DNA from different types of organism. 

Regulon; a protein, such as a heat-shock protein, that exerts an 
influence over growth. 

Restriction enzyme: an enzyme that cuts DNA in highly specific 
locations. 

• Codex Alimentarius Commission. Procedural manual, 7th ed. Rome, FAO, 1989. 
b Taken from Guidelines for the use and safety of genetic engineering techniques or 
recombinant DNA technology, Wash1ngton, DC, lnter-American Institute for Cooperation on 
Agriculture, 1988. 
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Glossary 

Restriction fragment length polymorphism: the variation that 
occurs in the pattern of fragments obtained by cleaving DNA with 
restriction enzymes, because of inherited amino acid sequence 
changes in the DNA. 

Retrovirus: an animal virus with a glycoprotein envelope and an 
RNA genome that replicates through a DNA intermediate.a 

Safety cassette: (in this report) a piece of r-DNA attached to the 
desired gene, which is designed to eliminate traits in the recipient 
organism that might facilitate genetic transfer to other organisms. 

T -DNA: (in this report) the segment of the Ti plasmid of 
A. tumefaciens which is transferred to the plant genome following 
infection. 

Ti plasmid: a plasmid containing the gene responsible for indu
cing tumour formation. 

Transposon (mobile element): a segment of DNA that can be 
transferred from one cell to another and be inserted at several sites 
in the recipient cell's DNA, with associated rearrangement of the 
recipient's DNA. 

Zygote: a cell formed by the union of two mature reproductive 
cells. a 

• Taken from Guidelines for the use and safety of genetic engineering techniques or 
recombinant DNA technology, Washington, DC, lnter-American Institute for Cooperation 
on Agriculture, 1988. 
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Other WHO publications on food safety 

Principles for the safety assessment of food 
additives and contaminants in food. 
WHO Environmental Health Criteria, No. 70, 1987 

Price* 

(Sw. fr.) 

(174 pages) 14.-

Guidelines for the study of dietary intakes of 
chemical contaminants. 
WHO Offset Publication, No. 87, 1985 (1 02 pages) 11.-

Food irradiation. A technique for preserving and 
improving the safety of food. 1988 (84 pages) 16.-

Wholesomeness of irradiated food. Report of a 
Joint FAO/IAEA/WHO Expert Committee. WHO 
Technical Report Series, No. 659, 1981 (34 pages). 3.-

Evaluation of programmes to ensure food 
safety: guiding principles. 1989 (47 pages) 9.-

Health surveillance and management procedures 
for food-handling personnel. Report of a WHO 
Consultation. WHO Technical Report Series, No. 785, 
1989 (47 pages) 6.-

JAcoe, M. Safe food handling: a training guide 
for managers of food service establishments. 
1989 (148 pages) 25.-

WILUAMs, T. et al. Food, environment and health. 
A guide for primary school teachers. 1990 (148 
pages) 26.-

Salmonellosis control: the role of animal and 
product hygiene. Report of a WHO Expert 
Committee. WHO Technical Report Series, No. 774, 
1988 (83 pages) 11.-

CHARLEs, R. H. G. Mass catering. 
WHO Regional Office for Europe, European Series, 
No. 15, 1983 (80 pages) 13.-

Further information on these and other World Health Organiza
tion publications can be obtained from Distribution and Sales, 
World Health Organization, 1211 Geneva 27, Switzerland. 

*Prices in developing countries are 70% of those listed here. 



Biotechnology has been used in food production and process
ing for thousands of years, and embraces both traditional 
breeding methods and new techniques based on molecular 
biology. The widespread application of these newer techniques 
could have an enormous impact on our ability to provide food for 
the world's rapidly increasing population. lt will, however, be 
essential to ensure that the food sources produced are safe for 
human consumption. 

This report presents the conclusions of an international group of 
experts, convened by FAO and WHO to consider strategies and 
procedures for assessing the safety of food produced by 
biotechnology. The Consultation reviewed the current and po
tential applications of biotechnology to food production and 
formulated a number of recommendations. In particular, it 
considered that, from the point of view of safety, there was no 
fundamental difference between traditional products and con
temporary ones obtained by means of biotechnology. Any safety 
assessment should be based on the molecular, biological, and 
chemical characteristics of the material to be assessed, and 
these. considerations should determine the need for, and scope 
of, toxicological studies in animals. The Consultation also noted 
that biotechnology was developing rapidly, and considered that 
the present report should be seen as a first step towards 
reaching an international consensus on this important topic. 

Price: Sw.fr. 11.- ISBN 92 4156145 9 
Price in developing countries: Sw.fr. 7.70 
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