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Abstract: Food safety has become an important topic in the last decades as pesticides, chemical
additives, hormones and other technological processed substances began to raise awareness among
consumers, organizations and governments. At international scale it is being noticed an increasing
concern that genetically modified food might have an unforeseen impact on human health. On the
other hand, biotechnology has the ability to eliminate worldwide hunger and malnutrition in an
efficient matter. Indirect costs that are associated with the production and adoption of genetically
modified food as well as the potential to protect and conserve the environment need to be taken into
account in the cost, benefit and perceived risk analysis. This paper describes the trade-offs between
possible risks associated with genetically modified organisms and the economic benefits.
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Introduction

Biotechnology use in agriculture has generated much controversy worldwide. Techniques
used to improve livestock for food production, along with the various conservation methods have
been in practice since humankind became to rely on agriculture for survival. Nowadays, we are
facing the challenge of a fast growing world population that requires a higher food stock (Akumo et
al., 2013). It is being predicted that the increase in the worldwide need for food will be 70 to 100%
higher in the following years (World Bank, 2008). Therefore, “the future needs an agricultural
system that produces about 50 percent more food to feed the world’s 9 billion people by 2050
(Holt-Gimeénez et al., 2015). This system should provide sufficient nutrition, raise income and
employment, while providing environmental services and using resources in an efficient manner.

In the past, the need to deliver more food in a sustainable way has been neglected by
bringing more land into agriculture and by finding new fish stocks. In the 21st century, “the
competition for land from other human activities makes this an increasingly unlikely and costly
solution, particularly if protecting biodiversity and the public goods provided by natural ecosystems
are given higher priority” (Godfray et al., 2010). A new pathway that would solve this problem is
the genetic engineering of crops, in addition to plant breeding.
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On the other hand, genetically modified food has given rise to major ideological and
scientific concerns that are being echoed in the media and academic press for a long period of time

and has reached consumers in both rich and poor countries (Smale et al., 2009). Genetic
modification processes are a solution for assisting food manufacturers and improving the storage
capacity or nutritional value of food, although uncertainties, risks and benefits concerning this
technology are widely disseminated to the food industry and to the consumers.

What are genetically modified organisms

Genes are changing by natural mutation on a daily basis, creating new biological variations.
As Bawa and Anilakumar (2013) notes: “genetic modification is a set of gene technology that alters
the genetic machinery of such living organisms as animals, plants or microorganisms”. The process
of combining genes from different organisms is being named “recombinant DNA technology” and
the organisms that result are being referred to as “Genetically modified”, “Genetically engineered”
or “Transgenic” organisms (GMOSs).

Genetically modified foods represent the outcome of a various set of “biotechnological
procedures of recombining DNA”, that provides the possibility to modify the genetic information of
an organism by either incorporating genes from another organism, by suppressing genes from its
own DNA or by rearranging genes already present (Schneider R. K., Schneider R. G., 2002). It
“allows specific genes to be identified, isolated, copied and introduced into other organisms in
much more direct and controlled ways [...] it also allows individual genes to be specifically
switched off, through the antisense approach” (Jones, 1999), as seen in Figure 1.

Genetic modification is possible only because the genes of all organisms are made of the same chemical—DNA. This means that
DNA from two different organisms can be cut and joined together. Restriction enzymes cut DNA at specific sequences to create
“sticky ends,” which, by virtue of their complementary base sequences, will tend to stick to other ends generated by the same enzyme.
DNA ligase is used to rejoin the DNA backbone when sticky ends pair up. Plasmids, short loops of DNA found naturallvin bactenia,
are used to genetically modify bacteria. The plasmid is cut open with a restriction enzyme and mixed with the target gene, which has
been similarly cut. DNA ligase isused to stitch the gene of interest into the plasmid. This “recombinant™ plasmid is then mixed with
bacteria, which, under appropriate conditions, take it up. The bacterial cells are genetically modified and can be cultured, isolated.
subcultured, and. if appropriate, grown in fermenters on an industrial scale (such as in chymosin production). During culturing, the
plasmid is replicated at each cvcle of cell division, so that the final bacterial culture contains many copies of the plasmid and its
inserted gene. To genetically modify plants or animals, the plasmid is extracted from the bacteria, and the cloned gene is excdsed with
a restriction enzyme. The gene can then be introduced into individual plant and animal cells. For animals, this is usually done by
injection of many millions of copies of the gene into the nucleus of a fertilizsed egg: in about 1% of cases the cloned gene will integrate
into the zygote's chromosomes and, on cell division. be passed on to each cell in the embryo. For plants, there are varous ways of
introducing the gene into cells. A common method is to link the gene to a plasmid of the bacterum A grobacterium. a naturally
occurfing plant pathogen. When plant cells are exposed to and infected by a non-virulent strain of the bacterium, the plasmid transfers
to the plant cells, and its DNA integrates with that of the host cells. Genes of interest can be spliced into this plasmid, which is then
used as a vector to carry the genes into plant cells. The cells are then cultured to produce a callus (an undifferentiated cell mass).
which, when grown on appropriate culture media, produces roots and shoots and develops into a plant, each cell of which is derived
from a single parent cell and so contains the inserted gene.

Figure 1. Manipulation of DNA [adapted from] “Genetically Modified Foods”, by L. Jones,
1999, British Medical Journal 318, p.582.

As Hautvast and Van de Wiel (2001) notes: “genetic modification is the change of
hereditary material by placing properties of one organism (micro-organism, plant, or animal) into
another organism [...] genetically modified ingredients can be found in a large number of products
like cookies, chocolate, sauces and cheese [...] furthermore, a great number of fruits and vegetables
currently available in our supermarkets, like soy and maize, have been genetically modified”
(Hautvast and Van de Wiel, 2001).

GMO’s distribution across countries

The developing knowledge and understanding of cell function, heritability and genetic
engineering that offers new opportunities to transfer and/or modify DNA from one organism to
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another has driven governments in many countries to match the food demand of the expanding
population, as well as to provide efficient vaccines and pharmaceuticals, new food technologies and
several other products that contribute to an improved standard of life (Akumo et al., 2013).

Despite their potential to bring added value to the food industry, genetically modified food
products have been facing many barriers throughout the countries of the world from the regulatory
and public acceptance point of view. While genetically modified crops have witnessed little
resistance when introduced in the United States’ food system, Europe, on the other side, has faced
major opposition at the introduction of genetically modified organisms in each portion of the food
chain (Hossain et al., 2003).

The idea of introducing genetically modified products in the food market has not been
welcome due to health reasons. Despite the lack of clear research results that would imply negative
outcomes of genetically modified food, the reasons behind their rejection is more or less of
preventive nature (Akumo et al., 2013).

Although, considering their international distribution across countries in the past years,
“thirteen countries grew genetically-engineered crops commercially in 2000, and of these, the U.S.
produced the majority. In 2000, 68% of all GM crops were grown by U.S. farmers. In comparison,
Argentina, Canada and China produced only 23%, 7% and 1%, respectively. Other countries that
grew commercial GM crops in 2000 are Australia, Bulgaria, France, Germany, Mexico, Romania,
South Africa, Spain, and Uruguay” (Whitman, 2000).

Argentina is also one of the biggest growers of genetically modified crops, mainly due to a
complex combination of circumstances: ability to solve prevalent farmers’ needs, economic and
environmental factors, political support from agriculture officials and an early implementation of
effective regulations. The advancements were possible through a rational, science-based and
flexible regulatory framework that would certify that the genetically modified crops were safe for
food, feed and processing (Burachik, 2010).

Economic benefits of GMOs

“Genetically modified (GM) plants, also called transgenic plants, are designed to acquire
useful quality attributes such as insect resistance, herbicide tolerance, abiotic stress tolerance,
disease resistance, high nutritional quality, high yield potential, delayed ripening, enhanced
ornamental value, male sterility and production of edible vaccines* (Verma, 2013). “Another major
goal for raising the GM plants is their application as bioreactors for the production of nutraceuticals,
therapeutic agents, antigens, monoclonal antibody fragments biopolymers and so forth” (Verma,
2013).

Given that the global population has reached the 7 billion mark in 2011 (Unfpa.org, 2017),
ensuring the sufficient food supply is becoming more and more challenging. Therefore, as Whitman
(2000) notes: genetically modified food assures to match this need in numerous ways:

e Pest resistance, resulting in reduced costs of crops delivery to the markets by eliminating
the costs implied by the application of chemical pesticides;

e Herbicide tolerance. Removing weeds by either physical means such as tilling or by
spraying large quantities of different herbicides are time-consuming and expensive
processes, also having the potential to cause environmental harm. Therefore, plants that are
genetically engineered in order to be resistant to powerful herbicides could help prevent
environmental harm, at a lower cost;

e Disease resistance;

e Cold tolerance. By associating an antifreeze gene from cold water fish with the original
plant’s DNA, some are able to tolerate cold temperatures that would normally destroy
genetically unmodified seedlings;
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e Drought tolerance/salinity tolerance. Larger areas of land are being used for construction purposes
in detrimental of agricultural use. Hence, in order to meet the growing demand,locations
previously unsuited would need to be taken into account to cultivate crops. Genetically modified
crops could be cultivated in such areas, leading to scale economies at the production level,

e Pharmaceuticals. Edible vaccines in crops are being the subject of many researches that aim
to reduce distribution costs of traditional vaccines;

o Phytoremediation. Some genetically modified plants are being specifically engineered
to clean up heavy metal pollution from contaminated soil in a cost-effective way (Whitman,
2000).

A study done across China concludes that “the economic gains from GMO adoption are
substantial [...] In the most optimistic scenario [...] the welfare gains amount to an additional annual
income of about 5 billion US$ in 2010, that representing a very high amount for emerging
economies (Huang et al., 2003).

Perceived health risk

The attitudes towards genetic modified technologies are continuously evolving as
consumers’ perception of health risks and benefits are dynamic processes, under the influence of a
series of factors. As Costa-Font et al. (2008) notes: “knowledge about a specific GM product and
the underlying production process become essential in order to shape attitudes”. The more
knowledge of genetic modification technology people gather, the more supportive to GM
applications they are. Besides this, studies conducted in Europe and Japan presents evidence that
consumers are willing to take the risks of consuming genetically modified foods only if these
products are offered at significant cost savings over non-GM foods, despite their lack of knowledge
(Curtis et al., 2004).

If there isn’t a positive direct correlation between biotechnology and consumers benefits, the
main drivers of genetically modified foods approval are the public attitudes towards private and
public institutions associated with biotechnology (Hossain et al., 2003). Consumers’ knowledge of
basic biotechnology as well as the trust and confidence in authorized institutions are of major
importance for wide acceptance of food biotechnology.

The major health risk concerning genetically modified foods is that they can cause allergic
reactions. Certain proteins in milk, wheat, eggs, fish, peanuts, tree nuts and shellfish cause over
90% of total food allergies (Schneider R. K., Schneider R. G., 2002). Besides this, another
perceived risk makes reference to the environment. “Liberals and suburban consumers are often
more concerned about environmental issues and are more apprehensive of the potential negative
implications of agricultural biotechnology for the environment” (Hossain et al., 2003). “It is thought
that genetically modified plants could be harmful to the environment by depleting soil
microorganism which are very important for soil fertility and influence the micro-environments of
other organisms” (Akumo et al., 2013). One of the most impactful risks associated with genetically
modified organisms encloses their potential impact on “non-target soil microorganisms which plays
a fundamental role in crop residues degradation and in biogeochemical cycles” (Akumo et al.,
2013).

As Siegrist (2000) notes, in comparison with other food perils, genetically modified food is
being perceived as a moderately severe and unknown risk. Moreover, a significant distinction at the
perceptual level was being noticed among society members between genetically modified plants
and animals (plants being preferred to animals) foods and drugs (drugs being preferred to foods).
Besides these, factors such as power, alienation, status and trust determine the acceptance and
perceptions of risk. “Trust in institutions or persons doing genetic modification research or using
modified products is the most important factor influencing perception of gene technology. Trust has
an impact on perceived risk as well as on perceived benefit” (Siegrist, 2000).
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In a study done in United States and in all European countries, Gaskell et al., (1999) has
concluded that Europeans better accept genetic testing than genetically modified foods, in
comparison with people in the United States, that were highly more in favour of genetically
modified foods.

Large series of studies have investigated consumer acceptance of GM foods in the United
States and Europe in an economic framework and the results suggest that “when no direct benefit is
provided to consumers, fear or concern over biotechnology dominates purchasing behaviour, as
most consumers are willing to pay premiums for ‘GM-free’ products over foods with GM
ingredients. On the other hand, Lusk et al. (2004) has concluded that some consumers could be
willing to pay premiums for genetically modified foods when presented with specific benefits
provided by biotechnology.

Consumer attitudes are driven by three factors: risks and benefit perceptions associated with
genetically modified food, individual values and attributes, knowledge and its relation with the
personal value system (Costa-Font et al., 2008).

Conclusion

More and more questions are being raised on the effects that genetically modified foods
have on people’s health, the environment and the overall economy. Besides, genetically modified
food has the ability to eliminate worldwide hunger and malnutrition in an efficient matter.

The key drivers of consumers’ attitude towards genetically modified food are the trust and
confidence in public and corporate institutions. A significant effect on how individuals respond to
new information regarding genetically modified foods is being produced by their primary attitude
towards biotechnology. More than that, the acceptance of genetically modified products is in a
strong direct connection with the perceived risk and the perceived benefit.

Although considerable uncertainty is surrounding the field of genetic modification and the
innovations in this area of research, GMO’s could have a crucial role in shaping the future of
agriculture. The nature of their impact, along with the size and distribution of involved benefits and
risks will be defined to a large extent by the types of genetically modified foods that will be brought
to the market. In this context, the regulations, safety testing, international policy and food labelling
are a great challenge for governments, health and environmental organisations, aiming at preserving
the biodiversity, the public good and also aiming for sustainable economic development.

The political regulations and the consumer’s shopping behaviour will determine how genetic
technology will be used in the future, in the food sector.
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