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ABSTRACT 

Recently a growing number of new food technologies has appeared. These technologies aim 
at improvements with respect to a number of consumers concerns such as food safety, animal 
welfare and envir~nment. Some of them reduce production costs and therefore diminish 
prices of final products. Although new technologies can bring substantial benefit, not all of 
them are readily adopted and accepted. The goal of this paper is to review the technology 
adoption process along the food chain, so including suppliers, producers,' processors and 
consumers. We focus on GMO irI livestock chains. A conceptual framework is proposed 
along which the literature is discussed. 
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1. INTRODUCTION 

Recently a growirig number of new food technologies has appeared. These technologies, 
for instance irradiation and biotechnology, aim at improvements with respect to different 
concerns such as food safety, animal welfare and environment. Some of them reduce 
production costs and therefore dimiriish prices of final products. Although new technologies 
may bring substantial benefit, not all of them are readily adopted and accepted. 

Technology adoption and acceptance is a broad process. It can be studied from different 
perspectives: by categories of adopters or by adoption rates. This paper foc_uses on technology 
adoption in food chains and, more specifically, on adoption of GM technology in livestock 
production chains. Acceptance or adoption of food technologies will depend on their 
perceived and actual profitability, fixed costs of transition, uncertainty of outcomes; as well as 
on consumer preferences that may exist with respect to the specific technology. Many studies 
have been done on technology adoption at the individual farm level or on acceptance at the 
consumer level. More investigation is needed to study the technology adoption from a chain 
perspective. The purpose of this paper is to review the available literature on technology 
adoption from a chairI perspective, iricludirig suppliers, producers, processors and consumers. 
We focus on GMO in livestock production chains. 

The paper proceeds as follows. In the second section, we outline findings from literature 
on recent biotechnology developments in plant (feed) and livestock sectors of agriculture. 
Possible GM applications are discussed by stage of the chain. The third section of the paper 
iritroduces the conceptual framework of GM technology adoption in food chairis. · Firially, we 
discuss a future outlook for technology adoption analysis. 
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2. GMO IN LIVESTOCK PRODUCTION CHAINS 
; 

2.1 GM crops and animals 
There are many definitions of genetically modified organisms (GMO) and genetic 

engineering (GE). The term "genetic engineering" covers a range of ways ·of manipulating 
genetic material. The process of moving genes into a new species and getting them to function 
is known as genetic modification or engineering. Although each plant variety and each animal 
is a "genetically modified organism", the term GMO refers to the product or technique, which 
recombines specific sections of the genetic code from one organism to produce a new plant, 
animal, or microbe (Gilissen and Nap, 2000). 

The majority of current GMOs are micro-organisms. Over 60% of all industrial 
enzymes produced worldwide, including enzymes used in food production, are produced in 
genetically modified micro-organisms (Gilissen and Nap, 2000). One of the first commercial 
examples was the production of the cheese-making enzyme chymosin (Engel, et al., 2002). 

Genetic engineering is also already widely spread in crop farming. There is a number of 
examples of successfully introduced crops such as modified com, soya or rape, used as 
ingredients for animal feed. 

The term GM animals refers to the animals that were fed by using GM-feed, -enzymes, 
-feed additives, and -vaccines (Bonneau and Laarveld, 1999) ol\GM itself i.e. cloned animals 
(Visscher, et al., 2000). 

2.2 Recent developments 
The GM plant sector is more developed than GM in animals. There is an increasing 

number of GM plants that are on, or approaching, the food and feed market. These· are 
herbicide tolerant and insect resistant traits of the first GMO generation (Gilissen and Nap, 
2000). GM crops of the first generation that are currently commercialised and used as feed for 
animals are not only substantially equivalent in composition but are also similar in 
digestibility and have similar feeding values for livestock (Phipps and Beever, .. 2000). 
However, the "first generation GM plants" bring benefit only to the farmers. J 

There are currently no transgenic livestock food products on the market· and it will 
probably not happen for some years to ·come. However, there are some interesting 
developments at the laboratory level. The risks to the environment of PM livestock are 
considerably less than those potentially associated with GM plants or fish. There is a 
substantially lower likelihood of escape and dissemination of GM livestock, because of the 
lack of competition with wild and related animals and bird species. However, in comparison 
with other GM organisms, there are major public concerns about the acceptability of 
modifying domesticated animals and about the effects for animal welfare (Sang, 2003). 

2.3 Livestock chain view and GM applications in livestock production chains 
The chain presents a mechanism with many activities from the level of input, through 

processing along the chain, to delivery of the final product to the consumer (Sinclair, 2002). 
The livestock production chain consists of several stages, i.e. animal breediJ:ig, growing, 
slaughtering, processing, retailing and the consumer (Figure 1 ). At the growing stage animals 
get medication (vaccinations), feed, which is mostly supplied from outside the farm (EU and 
Non-EU countries) and supplements to feed (hormones, feed additives, micro-organisms). 

GM applications in livestock fall into three main areas: animal production, human 
nutrition and healthcare (Sang, 2003). This paper focuses on applications relevant to the 
animal production. According to Figure 1, the applications of transgenic technologies are 
possible in following stages of the chain, i.e. animal breeding (genetic modification of animal 
itself), growing (genetically modified medication, feed and feed supplements, such as feed 
additives, hormones, micro-organism) and processing (using GM bacteria). At this moment 
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only for these stages of the chain experiments have been done or GM products already exist. 
GM animals only exist at the laboratory level. However, some GM feed (e.g. soya, corn) and 
GM feed supplements (e.g. GM enzymes) are already widely used. Table 1 shows the various 
areas in which GM applications can be beneficial, i.e. applications can be beneficial from an 
economic point of view and/or in the field of animal welfare, food safety, sensory quality or 
the environment. 

Animal Breeding 

Medication Growing 

Slaughtering 

Feed from outside 
of the farm (EU+ 
Non-EU countries) 

Supplements to 
Feed 

~ I Bacteria Processing 
.__________,._______.I.________. 

Retailing 

Consumer 

Figure I. Livestock production chain. 

Table 1. GM applications e_er chain stage and e_otential benefits. 
Economic/ Animal Sensory Food 
2rice/costs welfare guali~ safety 

Breeding + + + + 
Growing: 
Feed + + + ? 
Feed additives + + + ? 
Hormones + + + ? 
Micro-organism + + + ? 
Vaccines + + n.a. + 
Processing: 
Bacteria ? n.a. ? ? 

+ possible application( s) 
? no application( s) available (yet) 
n.a. not applicable 

Environment 

+ 

+ 
+ 
+ 
+ 
? 

n.a. 

Animal Breeding _ 
Currently, there are some GM applications in the area of genetic engineering of pigs. 

New transgenic pigs, developed at laboratory level, may bring different benefits such as 
leaner pork, improvement of feed efficiency and an increased growth rate. Japanese scientists 
created pigs with an implanted spinach gene. These pigs produce less fat and, therefore, the 
meat from these pigs is healthier. Pork from such 'green pigs' contains 20% less saturated fat 
then normal (BBC News, 2002). Another application, which is also aimed at improving the 
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fat content, is the incorporation of a growth factor gene (IGF-1). In a study by Pursel, et al., 
(1996) it was found that the IGF-1 tmnsgene helped reduce carcass fat and boost lean body 
mass, making hogs worth $6 more at the market than the control pigs without the IGF-1 
transgene. Another application includes sows that produce more milk leading to an increased 
growth of transgenic-reared piglets which results in lower feed costs, less use of antibiotics 
and less pollution (Noble, et al., 2002). Phosphorous pollution from manure of monogastric 
animals, including pigs and poultry, is a major environmental issue. Canadian scientists 
developed genetically modified pigs that produce manure containing up to 75% less 
phosphorous (so called "Enviropigs") (Golovan, et al., 2001). The use of genetic modification 
to increase disease resistance may reduce the requirement for treatment with antibiotics and as 
a consequence also reduce the level of antibiotics in animal products and spread of antibiotic 
resistance. 

Animal Growing 
At the growing stage there are many possibilities for GM applications in feed, feed 

additives, hormones and vaccines. The main sources of feed for animals are crops. Many 
genetically modified plants have been introduced into the market. Mostly, these crops 
improve the agronomic characteristics, such as herbicide and pesticide resistance. However, 
there are some new varieties with improved feeding value through incorporated phytase. This 
application is not only economically beneficial, but is also beneficial for the welfare of the 
animal i.e. it helps animals to digest phytase. Moreover, this application allows the reduction 
of phosphorus, which results in benefits for the environment. Current studies focus on 
incorporating edible vaccines, antibodies, enzymes and hormones in plants. These 
applications will not only have economic implications, such as reduced costs and an increased 
growth rate, but will also affect aspects of animal welfare and the environment. Feed additives 
such as nutrients, enzymes and, immune product supplements have a significant role in 
enhancing livestock nutrition. With better nutrition, animals digest feed more efficiently and, 
therefore, become healthier and more productive. 

Processing of livestock products 
At the processing stage, applications of GM bacteria may help to make the preservation 

process more effective. 

3. A CONCEPTUAL FRAMEWORK FOR TECHNOLOGY ADOPTION 

The great number of possible GM applications along the chain as presented in the 
previous section and the potential numerous benefits that they bring complicates the 
understanding of the adoption of new technologies. Our conceptual framework is aimed at 
structuring all such information for further analyses (Figure 2). 

The adoption of new technology is not an easy task, especially in food chains, were 
consumers are generally very strict to changes and evaluate new developments with special 
attentio]f. Biotechnology is no exception. Previous research on GM mostly concentrated on 
the adoption of biotechnology by farmers, not taking into account consumers_ (Chung and 
Pettigrew, 1998; Abadi Ghadim and Pannell, 1999, Desquilbet, et al., 2002, Nadolnyak and 
Sheldon, 2002, Qaim and Janvry, 2003). However, the increasing concerns about healthy and 
safe food, as well as growing environmental and ethical concerns give consumers' opinion an 
important role in the process of successful adoption. The suggested framework for technology 
adoption therefore takes the consumer as a starting point. Consumer acceptance of GM 
products and consumers' willingness to buy highly depend on the perceived risks during 
consumption, concerns and benefits. Although consumer perceptions are considered central, -
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also producers in the food chain must adopt a new technology. For them the -same issues are 
relevant, i.e. (perceived) risks, concerns and benefits. Furthermore, producers' decisions 
depend on regulations. 

Risks I~ 
Concerns I/ 
Benefits I 

~ I Concerns I ) 
.~ 

Consumer 

Conditions for 
successfal new 
technology adoption 

Food chain 

Legislation 
Regulations 

1-----o1>1 New technology 
adoption feasible 

Figure 2. Conceptualframeworkfor new technology adoption in food chains. 

Table 2. GM adoption literature for consumers and producers categorised by risks, concerns, 
and benefits. 

Risks 
Consumer Lehrer, 1999; 

Siegrist, 2000; 
Hansen, et al., 2003 

Producer ACGA, 2001; 
Fernandez-Cornejo and 
McBride, 2002 

Concerns 
Frewer, et al., 1996; 
Gaskell, et al., 2000; 
Macer and Chen Ng, 2000; 
Chern and Rickertsen, 2002; 
Moses, 2002; 
Spinger, et al., 2002 
Verhaag, 2003 

ACGA, 2001; 
Fernandez-Cornejo and 
McBride, 2002 

Benefits 
Frewer, et al., 1996; 
Gaskell, et al., 2000; 
Macer and Chen Ng, 2000; 
Schmidt, 2000; 
Engel, et al., 2002; 
Moses, 2002; 
Bruhn, 2003; 
Sang,2003 
Chung and Pettigrew, 1998; 
Phipps and Bee:ver, 2000; 
Engel, et al., 2002; 
Moses, 2002; 
Bruhn, 2003 

According to the suggested framework, Table 2 presents the available literature on 
consumer and producer risks, concerns and benefits. Consumer understanding and acceptance 
are crucial to the future of food biotechnology (Schmidt, 2000). Attitudes towards genetic 
modification vary between countries (Cantley, et al., 1999; Gaskell, et al., 2000). American 
and Canadian consumers seem to be more positive towards the technology (Hoban, 1999) 
compared to consumers in Europe (Cantley, et al., 1999; Gaskell, et al., 2000). 

The main source of risks for consumers with respect to GMO is a health risk (Lehrer, 
1999). Among consumers' concerns "unnaturalness" of GM food plays an important role in 
consumer attitudes towards gene technology (Verhoog, 2003). Also there are substantial 
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public concerns about the use of GM technology in animals (Gaskell, et al., 2000; Moses, 
2002). Consumers have been shown to have more positive attitudes towards the use of genetic 
engineering for medical applications than for food production purposes (Gaskell, et al., 2000). 
In general, medical applications are perceived to be more beneficial, less risky and more 
ethically correct than applications of GM technology to food production (Enriquez, 2001). 
Frewer, et al., (1998) found that GM micro-organisms and plants were associated with less 
risk compared to GM animals. That suggests that consumers accept GM technology 
differently depending on different areas of applications of the GM technology and type of 
application (Gruriert, et al., 2001) 

With respect to producers, the potential risks and concerns are mainly defined by 
consumers' acceptance of the technology (ACGA, 2001; Fernandez-Cornejo and McBride, 
2002). Benefits accrue to lower production costs, higher yields and decrease dependence on 
weather conditions (Chung and Pettigrew, 1998; Phipps and Beever, 2000; Engel, et al., 2002; 
Moses, 2002). 

4. FUTURE OUTLOOK 

Results of this study are the basis for further investigations of new technologies in food 
production, and, specifically, GM in livestock production chains. The literature review is used 
for organising a consumer survey to deeply analyse consumer perceptions with respect to new 
technologies in livestock production. The proposed chain approach helps to analyse 
technology adoption in the full range. 

REFERENCES 

Abadi Ghadim, A. K., and D. J. Pannell, 1999. A conceptual framework of adoption of an agricultural 
innovation. Agricultural Economics 21(2): 145-154. 

ACGA, 2001. ACGA Com Producers Survey GMO's and Markets. American Com Growers Association, 
Washington, DC. 

BBC News, 2002. Scientists cross pigs with spinach. Accession date 16.01.2004, 
http://news.bbc.co.uk/1/hi/world/asia-pacific/l 780541.stm 

Bonneau, M., and B. Laarveld, 1999. Biotechnology in animal nutrition, physiology and health. Livestock 
Production Science 59(2-3): 223-241. 

Bruhn, C. M., 2003. Consumer attitudes toward biotechnology: Lessons for animal-related applications. Journal 
of Animal Science 81(E. Suppl.2): E196-E200. 

Cantley, M., T. Hoban, and A. Sasson, 1999. Regulations and consumer attitudes toward biotechnology. Nature 
biotechnology 19(march): BV37 - BV40. 

Chern, W. S., and K. Rickertsen, 2002. A Comparative Analysis of Consumer Acceptance of GM Foods in 
Norway and the United States. Ravello, Italy, July 11-14. 

Chung, C., and J. E. Pettigrew, 1998. Economics of Soybean Biotechnology in the Livestock Industry. The 
International Food and Agribusiness Management Review 1(3): 373-385. 

Desquilbet, M., S. Lemarie, and F. Levert, 2002. Potential adoption of genetically modified rapeseed in France, 
effects on revenues of farmers and upstream companies: an ex ante evaluation. Zaragoza, Spain, August 28-
31. 

Engel, K.-H., T. Frenzel, and A. Miller: 2002. Current and future benefits from the use of GM technology in 
food production. Toxicology Letters 127(1-3): 329-336. 

Enriquez, J., 2001. Green biotechnology and European competitiveness. Trends in Biotechnology 19(4): 135-
139. 

Fernandez-Cornejo, J., and W. D. McBride, 2002. Adoption of Bioengineered Crops. USDA. Agricultural 
Economic Report No. 810, Washington, DC 

Prewer, L. J., C. Howard, and R. Shepherd, 1996. The influence of realistic product exposure on attitudes 
towards genetic engineering of food. Food Quality and Preference 7(1): 61-67. 

Prewer, L. J., C. Howard, and J. I. Aaron, 1998. Consumer acceptance of transgenic crops. Pesticide Science 
52(4): 388-393. 

38 



Gaskell, G., Allum N., Bauer, M., Durant, J., Allansdottir, A., Bonfadelli, H., Boy, D., de Cheveigne, S., 
Fjaestad, B., Gutteling, J.M., Hampel, J., Jels0e, E., Correia Jesuino, J., Kohring, M., Kronberger, N., 
Midden, C., Hviid Nielsen, T., Przestalski, A., Ru~sanen, T., Sakellaris, G., Torgersen, H., Twardowski, T., 
Wagneret, W., 2002. Biotechnology and the European public. Nature biotechnology 18(9): 935 - 938. 

Gilissen, L. J. W. J., and J.-P. Nap, 2000. A contribution to the discussion how a broad choice of GMO-free food 
products can be guaranteed and organised for consumers. Report. Plant Research International. 

Golovan, S. P., Meidinger, R.G., Ajakaiye, A., Cottrill, M., Wiederkehr, M.Z., Barney, D.J., Plante, C., Pollard, 
J.W., Fan,M.Z., Hayes, M.A., Laursen, J., Hjorth, J.P., Hacker, R.R., Phillips, J.P., Forsberget, C.W., 2001 
Pigs expressing salivary phytase produce low-phosphorus manure. Nature biotechnology 19(August): 741-
745. 

Grunert, K. G., Lahteenmaki, L., Asger Nielsen, N., Poulsen, J.B., Deland, 0., Astrom, A., 2001. Consumer 
perceptions of food products involving genetic modification-results from a qualitative study in four Nordic 
countries. Food Quality and Preference 12(8): 527-542. 

Hansen, J., Holm, L., Frewer, L., Robinson, P., Sandoe, P., 2003. Beyond the knowledge deficit: recent research 
into lay and expert attitudes to food risks. Appetite 41(2): 111-121. 

Hoban, T., 1999. Consumer Acceptance of Biotechnology in the United States and Japan." Food Technology 
53(5): 50-53. 

Lehrer, S. B., 1999. Potential Health Risks of Genetically Modified Organisms: How Can Allergens be Assessed 
and Minimised? Agricultural Biotechnology and the Poor. Consultative Group on International Agricultural 
Research. 

Macer, D., and M. A. Chen Ng, 2000 Changing attitudes to biotechnology in Japan." Nature biotechnology 
18(9): 945 - 947. 

Moses, V., 2002. Agricultural biotechnology and the UK public. Trends in Biotechnology 20(9): 402-404. 
Nadolnyak, D. A., and I. M. Sheldon, 2002. A Model of Diffusion of Genetically Modified Crop Technology in 

Concentrated Agricultural Processing Markets - The Case of Soybeans. Zaragoza, Spain, 28-31 August. 
Noble, M. S., Rodriguez-Zas, S., Cook, J.B., Bleck, G.T., Hurley, W.L., Wheeleret, M.B., 2002 Lactational 

performance of first-parity transgenic gilts expressing bovine :i-lactalbumin in their milk. Journal of Animal 
Science 80( 4): 1090-1096. 

Phipps, R. H., and D. E. Beever, 2000. New technology: Issues relating to the use of genetically modified crops. 
Journal of Animal and Feed Sciences, 9: 543-561. 

Pursel, V. G., Coleman, M.E., Wall, R.J., Elsasser, T.H., Haden, M., DeMayo, F., Schwartz, R.J., 1996. 
Regulatory avian skeletal [alpha]-actin directs expression of insulin-like growth factor-I to skeletal muscle of 
transgenic pigs. Theriogenology 45(1): 348. 

Qaim, M., and A. d. Janvry, 2003. Genetically Modified Crops, Corporate Pricing Strategies, and Farmers' 
Adoption: The Case of Bt Cotton in Argentina." American Journal of Agricultural Economics 85(4): 814-
828. 

Sang, H., 2003. 6. Genetically modified livestock and poultry and their potential effects on human health and 
nutrition. Trends in Food Science & Technology 14(5-8): 253-263. 

Schmidt, D., 2000. Outlook for consumer acceptance of agricultural biotechnology. Nutrition 16(7-8): 704-706. 
Siegrist, M., 2000. The Influence of Trust and Perceptions of Risks and Benefits on the Acceptance of Gene 

Technology. Risk Analysis 20(2): 195-203. 
Sinclair, S., 2002. Pork supply chains. Queensland Government, Department of Primary Industries. 
Spinger, A., Mattas, K., Papastefanou G., Tsioumanis, A., 2002. Comparing consumer attitudes towards 

genetically modified food in Europe. Zaragoza, Spain, August 28-31. 
Verhoog, H., 2003. Naturalness and the genetic modification of animals. Trends in Biotechnology 21(7): 294-

297. 
Visscher, P., Pong-Wong, R., Whittemore, C., Haley, C., 2000. Impact of biotechnology on (cross)breeding 

programmes in pigs. Livestock Production Science 65(1-2): 57-70. 

39 


