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Food production will be revolutionized by biotechnology 
Jeffrey Kahn, PhD, MPH 
Director, Center for Bioethics, University of Minnesota 

Introduction 

The subtitle for this paper could easily be "Frankenstein 
food or better living through chemistry?: Ethics and ge
netically-modified foods." Biotechnology will truly revo
lutionize food production-in fact, that has already hap
pened-and many of the existing and future technologies 
will raise both real and perceived ethical issues. This pa
per will outline some of the issues looming on the not-so
distant horizon. 

The general concerns around biotechnology center around 
the risks of the unproven and unknown, these include the 
following: 

• Research risks 

• Safety of food and other products 

• Environmental impact 

• Questions about ownership claims (like patents) to 
animals and plants created through biotechnology 

• The notion that tampering with nature is inherently 
wrong 

• A basic unease with the idea of producing genetically 
modified animals, plants, and food 

Research risks 

We have various sorts of policies designed to minimize 
and contend with the variety of risks of research. There 
are programs within the NIH and FDA designed to assure 
that human subject protection policies are respected. We 
require an assessment of the risks to human subjects posed 
by research participation for individual research projects 
and careful attention to the consent of subjects, with over
sight by local review bodies called institutional review 
boards (lRBs). There are a similar regulatory structures 
regarding research involving animals and additional 
USDA regulations pertaining to the care and housing of 
animal subjects. But both sets of rules are related to pro
tection of human or animal subjects in research, and do 
nothing to address the risks to humans of animals pro
duced using biotechnology. 
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More generally, there are at least three places within the 
federal government oversight process where the risks to 
humans posed by products created by biotechnology may 
be addressed. The FDA is charged with protecting the 
public by assuring that drugs and devices are both safe 
and efficacious. But genetically modified foods are nei
ther, unless they are modified to be so-called 
nutriceuticals, which would then be subject to the same 
regulatory oversight as other drugs or devices. The EPA 
ought to have oversight over the environmental risks as
sociated with genetically modified organisms (more on 
that later), but it is unclear how such risk assessment might 
be conducted. In the research context, environmental risk 
is controlled through safety measures intended to prevent 
unintended releases of organisms into the environment. 
Once genetically-modified organisms are in production, 
however, research-related controls would not apply. Fi
nally the USDA seems the agency to best oversee research 
on genetically modified crops and food animals, but the 
sharing of responsibility among the relevant agencies has 
yet to be made clear. 

Unlike research on animal and human subjects, there are 
less clear lines of local (institutional) oversight for re
search in agricultural biotechnology. One of the ongoing 
themes of this paper is a growing sense on the part of the 
public that less oversight exists in this realm and that the 
consequences of such research may be hard to control 
once its results are applied. 

Food safety 

There are always trade-offs in the development of food 
products-between cost, appearance, flavor, safety, and 
perception. The current debate about irradiated food is a 
case in point: The American public seems largely intoler
ant to using radiation but is apparently willing to accept 
unnecessarily high levels of food-borne illnesses as a re
sult. But in genetically-modified foods, there are not en
tirely rational concerns about potential human health 
effects. 

Some of these issues are not new-there are food safety 
concerns raised by herbicides, pesticides, fertilizers ap
plied to crops, and hormones, antibiotics, and other drugs 
used in raising livestock. Genetic modification, of spe-
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cies as welI as their feed, raises additional safety ques
tions, and the difficulty in addressing them is that it is 
very difficult to assess the risks such modifications may 
bring. This, along with a heightened awareness about ge
neticalIy modified foods has (maybe unfairly) raised the 
bar for what counts as adequate proof of food safety. Even 
if we arrive at an acceptable approach for assessing safety, 
we still face an additional policy obstacle: What counts 
as geneticalIy modified food? As the debate around or
ganic food products should teach us, this will not be an 
easy question to answer, and only after we agree on a 
suitable definition can we discuss the proper regulation 
of geneticalIy modified food products. 

Environmental impact 

Maybe the greatest unknown and the area of greatest con
cern is over the potential environmental impact of geneti
calIy modified crops and livestock. There is great con
cern, and the perception (if not the reality) of inadequate 
testing and knowledge regarding the effects of genetically 
modified crops on neighboring crops and wild-type plants. 
Cross-polIination or gene jumping could conceivably lead 
to genetic alteration of non-intended species and poten
tialIy lead to pest-resistant weeds or the introduction of 
newly dominant species, akin to the example of kudzu in 
the American south. 

While such concerns have less importance for livestock 
production, there are worries that genetically modified 
animals may carry somewhat different bacteria or viruses 
that could cause infection of other species, including hu
mans. However farfetched these concerns may be, they 
seem moti vated by a belief that safety must be absolutely 
proven. The application of the so-called precautionary 
principle-that any chance of untoward or unpredicted 
effects are to be avoided-raises the level of what counts 
as sufficient evidence of safety, to a standard never be
fore required in the production of food products. 

Economic impact 

As has started to occur in the European market, market 
acceptance or refusal of geneticalIy-modified foods will 
have very important economic ramifications. Some parts 
of the world market are already refusing the import of 
genetically modified food products, with impacts all the 
way down the line from distributors to producers. In ad
dition to the impact of consumer market acceptance, for
eign producer acceptance of genetically modified animals 
for their own breed stock will have an impact on the re
search, development, and success of technologies devel
oped in US research institutions and biotechnology 
companies. 

A significant issue stemming from the development of 
geneticalIy modified plant and animal technology is the 
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limits of intelIectual property protections. At base this 
seems to be a fundamental question about whether ge
neticalIy unique species of plants or animals can prop
erly be "owned" by us, or at least how far claims of rights 
like patent protections ought to be honored. The system 
of patents exists to protect the interests of both inventors 
and society. Inventors have the incentive of a limited 
monopoly on their innovations, allowing them to selI or 
license their products or techniques for profit. But should 
such protections extend to the effective ownership of other 
living species? 

Public perception 

Whatever the science and public policy issues surround
ing geneticalIy modified food plants and animals, the per
ception of the public will largely dictate the acceptabil
ity, and therefore profitability, of biotechnology applied 
to agriculture. Even though efforts to geneticalIy modify 
food crops and animals through selective breeding and 
hybridization have existed for literally hundreds of years, 
there is a perception that genetic modification techniques 
are unacceptable examples of tampering with nature. By 
putting human genes into animals (for health reasons, to 
retard spoilage, or even to allow organ transplantation), 
the perception is the creation of some sort of hybrid or
ganism. In fact we could just as easily view alI DNA as 
equal, with the only difference between human gene se
quences and pig gene sequences being the base pair order 
and the proteins they code for. But the public is far from 
this level of understanding or acceptance, and so the con
cern over crossing species boundaries is real. 

In addition to welI-articulated concerns, there is also public 
squeamishness over genetic modification of the food they 
eat, which for lack of a better term can be called the "yuck 
factor." There is a long history of early rejection of new 
technologies, with many examples in biomedicine. The 
first heart transplant left the public aghast that a beating 
heart would be taken from the chest of one person and 
placed into the body of another. But over time, the initial 
concern and revulsion was replaced by skepticism and 
principled objection, then grudging curiosity, folIowed by 
the novelty of the first application, and finalIy fulIy em
bracing the benefits of what has become a life-saving tech
nology. The same pattern may be what is in store for ge
netically modified food, but we are apparently in the early 
stages of this process. 

Recommendations 

So what is next? There are a few recommendations I can 
make for what to expect and how to deal with them. 

• There must be increased researcher and producer sen
sitivity to the issues I've raised here, with a dialogue 
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about them that is transparent and includes public 
participation. 

• There must be more research on the science, policy, 
and ethics of genetically modified food products, to 
shed more light than is currently part a debate largely 
devoid of information but full of hot rhetoric. 

• There must be more and better education of legisla
tures, both at state and federal levels, and of the pub
lic about what genetically modified food is and is not. 
Some of the large biotechnology firms have embarked 
on just such a campaign, so we can watch its results. 

• There must be the option for consumers to choose 
whether or not to buy genetically modified foods, 
which means that we need definitions for what counts, 
and labeling requirements that give adequate 
information. 

Lastly, there may be a need for discussion of self-imposed 
limits on the use of genetic technology in plant and ani
mal production, along the lines of what was agreed for 
"genetic engineering" by a host of scientists and policy 
makers nearly twenty years ago at the Asilomar confer
ence. That would require a summit of sorts to discuss these 
issues. 

Without answering some, if not all of these concerns, we 
face a crisis of trust which can only undermine the sci
ence and economics offood production, which is too high 
a price to pay. 
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