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Abstract 

The topic of genetically modified organisms (GMOs), and its many equivalent 

terms, has been magnified in recent years, and with it, the uncertainty of the meaning of 

GMOs. Consumers are challenged with conflicting information on the safety of GMOs 

and whether or not consuming products sourced from genetically modified (GM) 

sources will negatively affect their health. The scientific community seems to be at odds 

with consumer advocacy groups.  While scientists back the safety and risk of genetically 

modified foods, claiming equivalency to conventional food alternatives, consumer 

advocacy groups’ positions disagree with this opinion and are seeking 

point-of-purchase labeling differentiating foods made with genetic modification from 

those without.  This paper will discuss these relevant topics of GMOs, the sourcing and 

availability of genetically modified foodstuffs, and the labeling and pending U.S. 

government regulation on genetically modified or “bioengineered” foods.  

Scientists assert genetic modification has been occurring in one form or another 

in nature for centuries. In attempt to demystify the bioengineered food spectrum, a 

panorama of various forms of genetic modification will be outlined, and the climate of 

consumers’ beliefs, attitudes and concerns over genetically modified foods will be 

examined.  
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Introduction 

 

Over the past several centuries, the food supply chain has evolved from the 

difficulty of having to hunt and gather one’s food, to the modern-day simplicity of local 

grocers storing convenient, packaged foods in all forms, shapes and sizes.  The 

seemingly ubiquitous food options available today suggest man would be able to 

consume a diet of choice and free from genetic modification. However, what does 

consuming a diet free from genetic modification mean and is it achievable? 

To understand the totality of what genetic modification encompasses, one must 

first understand its definition.  The term genetic modification has analogous 

designations such as, bioengineered (BE), biotechnology, genetically modified organism 

(GMO), and genetically engineered (GE).  Products labeled with such classifications are 

being debated for long and short-term safety, environmental impact and consumers’ 

right to know.  The reach of genetic modification in the food supply spans the globe and 

the reality for those farmers wanting to keep to conventional breeding, harvesting, and 

growing, is that cross-contamination with genetically modified crops is a threat.  To 

maintain GMO-free foodstuffs, organizations have come into existence policing the food 

supply system.  Identification tests have been developed and verification programs with 

GMO-free seals of approval have been designed.  Laws and regulations administering 

governance over genetically modified materials are being proposed and consumers are 

being hit with opposing views on the safety of GMO materials. 
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The topic of genetic engineering, the fear of the safety of genetic mutation, and 

the growing world population and the ability to sustain humankind in 2050, are all issues 

that make the subject of genetic engineering a very real matter that needs exploration. 

Political outlets and mainstream media have noticed the importance of genetically 

modified foodstuffs, releasing broadcasts provoking public interest and participation in 

the subject.  In 2016, Food Evolution, a documentary about GMOs directed by Scott 

Hamilton Kennedy, narrated and supported by Neil deGrasse Tyson (astrophysicist, 

author, and science communicator), was released in theaters. Likewise in mass media, 

the website, “I Side With”, (2018), poses the question under the Science Issues section, 

“Should producers be required to label genetically engineered foods (GMOs)?”. This 

site has been accessed by over 50 million people to evaluate which U.S. party and 

candidate one most aligns with.  These examples, clearly show that the topic of genetic 

modification of foods is gathering popularity and with this awareness, the need to be 

able to determine truth from fiction. 

Up to 75% of processed foods on supermarket shelves are estimated to contain 

genetically modified ingredients.  Corn, soybeans and cotton are primary commodities 

that make up many of the foods found on the retail shelf, and here in the United States, 

92% of corn, 94% of soybeans and 94% of cotton, are genetically engineered (Center 

for Food Safety, 2018).  With these staggering percentages, it is easy to understand the 

difficulty navigating the grocery store to discern foods that do or do not contain 

genetically modified components.  
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A.  Genetic Modification Defined 

There is much controversy on the definition of genetically modified organisms 

(GMOs) and the criteria that determines if a foodstuff is genetically modified.  On one 

hand, there are some in the academic and scientific community that claim there is no 

scientific definition of, or category for, GMOs (Tipps, 2018).  Dr. Luther Val Giddings, of 

the Information Technology & Innovation Foundation (ITIF), an authoritative science and 

technology think tank in the United States, states “the term ‘genetically modified 

organisms’ is a nonsense term — it has no scientific precision or clarity” (Tipps, 2018). 

The National Academy of Sciences (NAS) Report on GMOs (2016) evaluated existing 

literature and evidence to determine its own position on the subject of GMOs. NAS 

states the line between conventional and genetically modified organisms is “a false 

dichotomy, and that emerging technologies are increasingly blurring the distinction 

between genetic engineering and conventional plant breeding.  An area which makes 

regulation and labeling technically difficult to defend. Gene editing is not quite genetic 

engineering, and genetic technologies are being used to guide crop breeding” (Novella, 

2016).  All of these comments represent largely, the position of the scientific and 

academic community…that there is no difference between the transfer of genetic 

material that has been occurring for thousands of years in nature, from what is now 

being selected and executed by man in controlled settings. 

Some in the consumer protection and right-to-know organizations hold an 

opposing position to the scientific community, on the definition of GMOs.  One of the 

most recognizable of these organizations is the Non-GMO Project.  This non-profit 
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organization is committed to preserving and building sources of non-GMO products, 

educating consumers, and providing verified non-GMO choices (Non-GMO Project, 

2018).  The Non-GMO Project enlists the services of four technical administrators that 

follow set standards of testing, auditing and systems to review food inputs and 

processes.  The Non-GMO Project defines a GMO as a plant, animal, microorganism or 

other organism whose genetic makeup has been modified in a laboratory using genetic 

engineering or transgenic technology, creating combinations of plant, animal, bacterial 

and virus genes that do not occur in nature or through traditional crossbreeding 

methods (Non-GMO Project, 2018).  Therefore, the controversy begins.  Is the genetic 

engineering enacted intentionally today, any different from or, a cause for concern from, 

what occurs in nature?  On September 24, 2018, the ITIF submitted a citizens petition to 

the Commissioner of Food and Drugs, claiming no.  The ITIF’s petition states that the 

Non-GMO Project’s terminology and position misleads consumers about the health and 

safety of foods and food ingredients and as such, misbrands products under the law. 

The ITIF states the Non-GMO Project implies what is done in the lab is riskier than what 

is done in nature, a position that has no scientific merit.  Whether deliberately modified 

by humans or occurring spontaneously in nature, genetic modification all stems from 

natural derivatives and, in fact, every living thing in the world is a genetically modified 

organism (Val Giddings & Atkinson, 2018). 

 

 

Forms of Genetic Modification 

 



8 

Due to advancements in genetic modification, the perplexity of what defines 

genetic modification in foods is more prevalent today than in the past.  Ever since 

humans have grown plants and raised animals for food, genetic modification has been 

occurring in one form or another.  Farmers have historically cross-bred like species to 

increase yields, impart pest resistant properties, or to obtain other desired attributes 

from other species.  Carrots, for instance, were not orange until the 1700s, tomatoes 

used to be the size of marbles, and corn used to have very small ears and kernels with 

hard seed coats and low digestibility (Edmisten, 2016).  If cross breeding has existed for 

centuries, then is there a concern over crop modification, and what is the difference 

between what has been occurring in the food system over the past centuries, versus 

that of today?  We can begin to understand a bit more by defining the scale of 

hybridization of foods.  

A plant or animal product derived from taking the genes from one plant or animal 

species and transferring them to another species is a common understanding of a 

genetically modified food. How this transfer occurs however, opens the subject of 

genetic modification of foods into a debate of much controversy.  Genetic modification 

refers to a range of methods: selection, hybridization, and induced mutation, used to 

alter the genetic composition of domesticated plants and animals to achieve a desired 

result (Edmisten, 2016).  Table 1, adapted from Crop Modification Techniques by 

Kathryn Mueller (2015) describes different processes that can be used to genetically 

modify crops.  Techniques range from traditional cross breeding, a method used to 

cross pollinate two sexually compatible crops to produce hybrids, such as in combining 
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tangerine and grapefruit to get tangelos, to the more advanced genetic engineering 

where there is direct manipulation of an organism’s genome.  Each one of the 

techniques listed are used today, however due to the onslaught of material on genetic 

modification, these techniques are often improperly described and misrepresented.  Dr. 

L. Curtis Hannah, Professor of Plant Molecular and Cellular Biology at the University of 

Florida, describes an example of public confusion, whereas some believe that 

transgenesis is the same as genetically modified.  Hannah explains that genetic 

modification is a heritable form of variation caused by either natural or induced 

mutation, and chemicals or radiation can cause that induced mutation.  Hannah offers 

an example of plant breeders that want to breed desired traits as an induced mutation, 

whereas natural mutations likely occur when cells erroneously copy their DNA. 

Differently, Hannah describes transgenesis as also occurring via natural or induced 

means, but as the insertion of a gene into an organism that normally does not have a 

copy of that gene. 

Quite interestingly, and to further demonstrate the fine line between forms of 

natural versus induced genetic modification, Hannah references a paper (Kyndt et al., 

2015) documenting the natural transfer of some bacterial genes into sweet potato using 

exactly the same transferring system that is used by scientists to make some of the 

transgenic crops now on the market.  Finally, Hannah summarizes by stating “the use of 

the term GMO to describe transgenic organisms is simply wrong, but the misuse of the 

term is now so popularized that it is virtually impossible to change. It should also be 

clear that transgenic approaches are no more “unnatural” than mutation breeding, yet 

 



10 

mutation breeding does not receive the negative press that transgenic research does. 

This distinction makes no scientific sense” (Hannah, 2016).  This reference is a 

demonstration that greater proliferation of legitimate science is needed in order to 

provide consumers with accurate knowledge on genetic modification of foodstuffs. 

 

Table 1 

 Crop Modification Techniques  

Type Description Example 

Cross Breeding Combination of two sexually 
compatible species to create a 
variety with the desired traits of 
the parents 

The Honeycrisp apple gets its 
texture and flavor by blending the 
traits of its parents 

Mutagenesis Use of mutagens such as 
radioactivity to induce random 
mutations, creating the desired 
trait 

Radiation was used to produce a 
deeper color in red grapefruit 

Polyploidy Multiplication of the number of 
chromosomes in a crop to impact 
its fertility 

Seedless watermelons are 
created by crossing a plant with 
two sets of chromosomes with 
another that has four sets.  The 
seedless fruit has three sets. 

Protoplast Fusion Fusion of cells or cell 
components to transfer traits 
between species 

Male sterility is transferred from 
radishes to red cabbage by 
fusing their cells.  Male sterility 
helps plant breeders make hybrid 
crops 

Transgenesis Addition of genes from any 
species to create a new variety 
with desired traits 

The Rainbow Papaya is modified 
with a gene that gives it 
resistance to the Papaya 
Ringspot virus 

Genome Editing Use of an enzyme system to 
modify DNA directly within the 
cell 

Genome editing was used to 
develop herbicide resistant 
canola to help farmers control 
weeds 

 
 
 

Source:  Adapted from Crop Modification Techniques Mueller, K. 07/27/2015 
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B.  GMO Sourcing  

Annual sales of non-GMO certified products in the U.S. increased from an 

estimated $349 million in 2010 to more than $19 billion in 2016, and the demand of 

non-GMO foods is expected to grow 12 percent annually through 2018 (Hartman, 

2017).  According to Mintel research agency, 15.7 percent of new U.S. food and 

beverage products made non-GMO claims in 2015, versus 2.8 percent in 2012 

(Hartman, 2017).  As described below, this increase in foods claiming non-GMO status 

does not mean the growing or sourcing of genetically modified ingredients is 

decreasing.  To the contrary, genetically modified sources are also increasing in volume 

and availability. If the supply of genetically modified raw goods are increasing, one 

could deduce that the increase in non-GMO certified foods is due to an increase in 

non-GMO marketing. 

Genetically modified materials originate from around the globe and the quantity 

and supply of genetically modified crops have been increasing. The International 

Service for the Acquisition of Agri-biotech Applications (ISAAA) estimates more than a 

100-fold increase in biotech crop planting, from 1.7 million hectares in 1996 to 181.5 

million hectares in 2014.  More recently, in 2016, approximately 18 million farmers, in 

more than 26 countries, planted more than 185 million biotech crop hectares (457 

million acres), whereas in 2014 there were 181 million hectares (447 million acres). 

While the acreage of biotech crop planting has increased, so too has the number of 

countries planting biotech crops, increasing from 6 in 1996 to 28 in 2014 (ISAAA, 2016). 
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Five countries, the United States, Brazil, Argentina, Canada and India make up 91 

percent of the global GMO crop production.  

One of the controversial elements that often confuse U.S. consumers is the 

knowledge that some countries in the world do not promote the use of genetic 

engineering, but the United States supports planting and selling of genetically modified 

foodstuffs.  Does this suggest that other parts of the globe know something about 

genetic modification of foods that the United States does not know?  The Science 

Literacy Project (2016) sheds light on this topic by clarifying that while many EU 

countries do not grow GMOs, Europe is one of the world’s biggest consumers of GMOs. 

Every EU nation imports GMO products, including more than 30 million tons of biotech 

corn and soy for livestock feed imported each year, making Europe the largest regional 

consumer of GMOs in the world.  So, while many EU countries do not grow genetically 

modified crops, EU citizens are equally exposed to genetically modified foodstuffs 

(ISAAA, 2016).  

 

Growing Crops without Genetic Modification 

Growing of genetically modified crops supplying U.S. consumer products, occurs 

domestically as well as globally, and each has challenges.  Regardless of growing 

location, genetic contamination of GMO seed with non-GMO seed is a concern of many. 

Wind and rain can carry seeds from one plot of land to another, causing 

cross-contamination.  When this occurs, natural, unadapted crops become infiltrated 

with modified seed, resulting in modified crops. One example of this was in Oaxaca, 
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Mexico, in 2000, where Bt corn, which contains a gene from the bacterium Bacillus 

thuringiensis to ward off certain insects, was found.  Farmers in Mexico wanted to gain 

organic certification of the corn they grew, however genetic analysis showed the crops 

contained a segment of the DNA to spur expression of the transgene responsible for 

insect resistance.  GM crops are not approved for commercial production in Mexico so it 

is theorized the transgenes came from crops imported from the U.S. and that local corn 

in Mexico was cross-bred with the GM variety, thus picking up the transgenic DNA 

(Gilbert, 2013). 

Selectively growing crops without genetic engineering can be difficult. With the 

proliferation of genetically modified seed, co-mingling of seed in fields can easily occur 

through natural forces of wind and rain transfer. Some are worried that cross 

contamination by genetically engineered seeds can disrupt the functions of neighboring 

genes in plants giving rise to toxic or allergenic molecules and thus lowering the value 

of the food (Bekermeier, 2014).  Furthermore, costs can be a greater concern for those 

farmers trying to maintain non-GMO acreage.  Non-GMO foodstuffs and their growing 

costs are often more expensive than their GMO counterparts, as labor costs are higher 

because conventional chemicals are not used, and tasks like weeding, cleaning up 

polluted water and crop rotation, are instead required (Bekermeier, 2014).  Due to the 

ubiquitous use of GMO seed, it is becoming more difficult for farmers to plant non-GMO 

crops if they wished. 

 

C.  U.S. Regulation of Genetically Modified Foodstuffs 
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According to the U.S. Food and Drug Administration (FDA), genetically 

engineered plants were introduced into the food supply in the 1990s and genetically 

engineered products have no safety concerns nor do they differ greatly than their 

“traditional counterpart” (U.S. Food and Drug Administration, 2018b). Over the past two 

decades available information on genetically modified foods has increased and 

government agency involvement has escalated, however consumers are still confused. 

To alleviate confusion and to regulate the ever-growing field of crop modification, the 

U.S. government established regulations on genetically modified foods in the U.S. food 

system and has proposed even more regulation in the near future. 

Complete oversight for foodstuffs produced with GMOs falls on the shoulders of 

three regulatory agencies in the United States.  The responsibility of the U.S. 

Department of Agriculture (USDA) is to oversee field testing, movement and 

incorporation of biotechnology crops and seeds, as well as to ensure the agricultural 

and environmental safety of new biotechnology crops before they are available in the 

marketplace. The Environmental Protection Agency (EPA), regulates pesticide use 

including the properties of biotechnology crops that allow these crops to be protected 

from insects (and both the USDA and the EPA share in the role of protecting feeds and 

foods involved in genetic engineering in the U.S.).  The third agency, the Food and Drug 

Administration (FDA), is responsible for the proper labeling of foods as well as 

responsible for ensuring bioengineered foods are safe and nutritionally correct 

according to regulations (International Food Information Council Foundation, 2018b).  
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Labeling and Identification of GM Foods  

In July 2016, the National Bioengineered Food Disclosure Standard (Public Law 

No. 114-216) was signed into law, framing requirements for labeling of foods derived 

from biotechnology (U.S. Food and Drug Administration, 2018a).  And, until 2016, the 

term “genetically modified organisms” (GMOs) was commonly used.  While still used 

today, the new government standard omits the commonly used phrases of “genetically 

modified” or “genetically engineered” and now proposes the term of “bioengineered 

food” (BE) (Bloch, 2018).  

Following a U.S. regulatory mandate, in May 2018, the USDA Agricultural 

Marketing Service (AMS) issued a proposed rule outlining the disclosure requirements 

food manufacturers, and other entities that label foods for retail sale, would need to 

follow on the use of bioengineered food ingredients and foods (USDA Agricultural 

Marketing Service, 2018).  The Act defines bioengineered food as one that A) that 

contains genetic material that has been modified through in vitro recombinant 

deoxyribonucleic acid (DNA) techniques; and (B) for which the modification could not 

otherwise be obtained through conventional breeding or found in nature (USDA 

Agricultural Marketing Service, 2018).  Under the proposed rule, GMO and BE are not 

interchangeable terms.  The FDA determined that a BE, or bioengineered food, is one 

that uses modern biotechnology.  BE refers to foods created by splicing foreign genes 

from one species into another, a process known as transgenesis (Bloch, 2018). GMO is 

not a recommended term by the FDA, as the “O” in the acronym “GMO” refers to the 

word “organism” and most foods do not contain an entire organism (U.S. Food and 
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Drug Administration, 2018a).  Furthermore, genetic modification ranges a vast 

continuum, as explained earlier in this paper. 

In addition to labeling requirements, the proposed federal ruling will provide two 

lists of BE foods.  One list will contain commercially available BE foods that have an 

adoption rate of eighty-five percent (85%) or more in the United States (as determined 

by the 2016 Economic Research Service).  Such highly adopted foods currently are 

Canola—90%, Corn, Field—92%, Cotton—93%, Soybean—94%, and Sugar 

Beet—100% (AMS, 2018).  The second list will comprise crops that less commonly use 

genetic engineering, such as apples, sweet corn, papaya, potatoes and summer 

squash.  When these foods are used as ingredients, a producer can utilize labeling that 

identifies the product as one which “may contain” a bioengineered food (Bloch, 2018). 

When BE ingredients are not used in any step of the food production process, including 

growing of crops, foods may be labeled as “not derived from genetically engineered 

plants”,  “not genetically engineered”, “not bioengineered”, or “not genetically modified 

through the use of modern biotechnology”.  

With such proliferation of proposed rules, definitions, and varying levels of 

genetically modified commodity crops, consumers are confused.  Just how far does a 

BE food component reach?  A consumer choosing to consume a diet free of BE corn 

must be aware that not only do they need to be watchful of corn by itself, but also all 

other foods of which corn is a component.  Ninety-two percent of the field corn produced 

in the United States is bioengineered, and therefore foods that contain this ingredient, 

such as high fructose corn syrup and breakfast cereals, are also considered 
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bioengineered (and will be required to be labeled as containing bioengineered 

ingredients) (Bloch, 2018).  The incorporation and identification of BE ingredients in 

foods has consumers confused and in need of more clear direction so that they can 

make better-informed food choices. 
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D.  Safety of BE Foodstuffs 

Scientific and regulatory agencies around the world have repeatedly and 

consistently found crops and foods improved through biotechnology to be as safe as 

those derived from any other method of production. According to Support Precision 

Agriculture (2016) there has never been a single confirmed case of a negative health 

outcome for humans or animals from consumption of biotechnology. Furthermore, 

Support Precision Agriculture (2016) states the use of biotechnology products are less 

damaging to the environment and in fact increase biodiversity.  

So certain that BE foodstuffs are safe, 138 Chemistry, Medicine, Physics, 

Economics and Literature Nobel Laureates signed a letter addressed to Greenpeace 

leaders, the United Nations and governments from around the world, stating so.  These 

scholars claim both the risks and the benefits of agricultural biotechnology have been 

misrepresented. They further ask for these organizations to stop the negative actions 

against Golden Rice.  (Golden Rice is a product developed through biotechnology 

where rice contains increased levels of vitamin A.  Golden Rice has diminished cases of 

blindness and other health-related issues, primarily in developing countries (Support 

Precision Agriculture, 2016)).  According to Dr. Martina Newell McGloughlin, Director of 

the International Biotechnology program at University of California, Davis, biotechnology 

of today is more precise and predictable and controlled than the genetic modifications 

that have been occurring over the past 10,000 years.  And, because there is no 

pre-approval for bioengineered crops that enter commercialization, today’s engineered 

crops are more thoroughly tested than any other time in the history of agriculture.  Dr. 

 



20 

Newell McGloughlin further explains that bioengineered crops are scrupulously tested, 

requiring 10 to 15 years of research that is overseen by Codex Alimentarius (an 

organization run by the Food and Agriculture Organization and the World Health 

Organization, both agencies of the United Nations responsible for setting international 

standards for food safety). Further, she states, when products enter the U.S. market, 

they also must go through the USDA, EPA and FDA for testing on allergens, toxins and 

antinutrients (McGloughlin, 2012).  Antinutrients are substances that inhibit or block 

pathways in metabolism, especially digestion, reducing utilization of nutrients by the 

body, such as proteins, vitamins and minerals (University of Nebraska, 2018). 

Another renowned scientist, Dr. Bruce Chassey, from the University of Illinois, 

claims there is no evidence of any difference between genetically modified foods and 

conventional foodstuffs. Dr. Chassey states one cannot distinguish if an animal has 

been fed a BT crop versus a conventional crop because there is no sign of the DNA or 

the proteins from the BT crop in the animal food products, such as milk, meat or eggs, 

taken from animals.  He claims there is no difference in the composition or quality of the 

products coming from animals that are fed bioengineered feed (Chassey, 2012).  

Regardless of the magnitude of acclaimed scientists standing behind the safety of BE 

foods, some consumers remain uncertain as to whether or not they should consume BE 

foods.  A number of studies have been completed to assess the degree and source of 

consumer concern and acceptance. 
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E.  Consumer Acceptance 

The Center for Food Safety (2018) estimates that up to 75% of processed foods 

on supermarket shelves contain genetically modified “bioengineered” ingredients.  With 

the increased commingling of BE-free foods and BE ingredient containing foods on 

grocery shelves, the arduous task of understanding one’s consumption of BE foodstuffs 

can be daunting.  The question exists, to what degree do consumers want or trust BE 

foods in their diet?  Harrison, Boccaletti, and House (2004) conducted a study 

evaluating acceptance of GMOs with U.S. and Italian consumers. Results indicate that 

knowledge, trust in government agencies, and health and environmental risks, were the 

most significant factors affecting U.S. consumer acceptance of GM foods.  Generally 

speaking, the greater the knowledge the U.S. consumer had of GMOs, the increased 

probability of GM food purchase.  Those consumers with a college education were more 

willing to purchase GM foods than respondents with lesser education.  Other findings 

indicated that higher levels of perceived risk from GM foods decreased the likelihood of 

GM food purchase. Furthermore, as food regulatory agencies became more involved in 

genetically modified foods and consumer trust increased with government agencies, 

confidence in the government’s ability to control and monitor GMOs increased and 

consumer’s willingness to purchase GM foods also increased. 

Another study, conducted by Ganiere, Chern, and Hahn (2006), further supports 

that both increased knowledge of GMOs and elevated trust in the government increases 

the likelihood of GM food purchase.  Conversely, those consumers that lack trust in the 

government were less likely to accept GM foods.  Additional findings from the study 
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surround product incentives and perceived benefits.  The study results revealed where 

GM and non-GM foods are similar in price and product characteristics, the majority of 

participants favored non-GM foods over GM foods.  However, if a benefit was perceived 

such as nutritional or environmental advantages with a GM food, intent to purchase GM 

foods increased. The greatest factor in purchase intent was that of perceived health or 

nutritional risk.  

One of the more recent studies executed on consumer understanding of BE 

foods and the proposed federal labeling law, was conducted by the International Food 

Information Council Foundation (IFIC) in May 2018.  Over 1000 U.S. respondents aged 

18-80 were surveyed on their understanding of genetically modified BE foods and their 

perception of proposed labeling options.  According to the IFIC survey results, an equal 

percentage of consumers (36%) stated they know very little or nothing at all about BE 

foods and the same percentage of consumers (36%) stated they know a great deal or 

fair amount about BE foods. Forty-seven percent of consumers don't consider whether 

foods are bioengineered but 41% do consider genetic modification of foods when they 

purchase them.  When it comes to labeling of BE foods, the majority of respondents 

stated they prefer a visible symbol with wording on the package (in lieu of either symbol 

or text and in lieu of having to go to an external site such as a website or phone call). 

For those persons that avoid the use of any portion of bioengineered foods (47%), 40% 

of respondents do not avoid foods with any BE components, the primary reason is a 

concern over human health (85%), with next reasons being, environmental concerns 

(43%), animal health concerns (36%), and agricultural / farming concerns (34%) 
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(International Food Information Council Foundation, 2018a).  When it comes to the 

claims consumers are most interested in when looking at food labels, GMOs took a 

back seat to natural, antibiotic, sustainable local and organic.  However, according to 

another study, when it comes to “free-from ingredients” consumers are more interested 

in pursuing GMO-free foods (37 percent) than they are interested in foods free of soy 

(22 percent), nuts/peanuts (20 percent) or eggs (17 percent) (Hartman, 2017). 

This research can suggest a few things.  One, consumers need to be better 

informed on BE foods. In the IFIC study, respondents’ stated they would be willing to 

pay less for a BE-labeled food than that of the same food without BE disclosure. How 

do consumers truly know what they are paying for?  The percent of surveyed 

consumers stating they know very little about genetic modification was equal to those 

that said they know a fair amount.  Consumers stated they prefer information at point of 

purchase. Perhaps basic information on bioengineering and the safety of the technology 

should be placed in retail stores at the locations where BE foods are sold.  

Earlier in this paper renowned genetic scientists were cited on their stance on the 

safety of BE foods.  The IFIC survey indicated however, human health is the number 

one reason for concerns on genetically modified foods.  Should human health be the 

number one concern if academia is stating BE foods are as safe as their conventional 

counterparts?   Accreditation may assist the public in determining what they need to 

comfortably decide what types of foods to purchase.  At the minimum, third party 

accreditations can provide conformity to a standard, in this case genetically modified or 

bioengineered foods.  
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F.  Marketing of BE and non-BE foods   

The response to the use of BE foods is divided.  Many large consumer packaged 

goods companies, and small organic and specialty food companies alike, denounce the 

use of BE food components.  There are also reputable food companies that support and 

even broadcast the use of BE foodstuffs.  And, to further complicate the market, there 

are also food companies that remain neutral on BE.  General Mills could fall into this 

category for instance. While not outright supporting BE for all of its brands, General 

Mills does defend its use of genetic ingredients in its Betty Crocker brand of frosting. 

The company position is that safety is a top priority for them and they list the regulatory 

agencies that state genetically modified ingredients are safe for use (General Mills, 

2018).  

Not surprisingly, with the proliferation of BE soy in the market, there are 

companies that utilize soy and resoundingly support their use of BE food components. 

With over 90% of soy in the U.S. bioengineered, companies such as Soylent, producers 

of plant-based nutritional drinks, and Impossible Foods, producers of plant-based 

(traditional) meats, that utilize soy as an ingredient, support the use of BE.  Impossible 

Foods goes to lengths describe how and where it uses bioengineering.  In the FAQ 

section of its’ website, Impossible Foods has this question in large, bold, capital, 

lettering, “Do You Produce Heme by Genetic Modification?”.  To which Impossible 

Foods answers, “Yes. We genetically engineer yeast to make a key ingredient: heme.” 

Impossible Foods then goes on to describe how they isolated a soy gene from a soy 

plant, add it to yeast and grow the new product via fermentation before pulling it all 
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together to create an Impossible™ Burger.  Why do they produce traditional meat foods 

from analog materials?  To save the earth by using less water, less land and by 

producing less greenhouse gas emissions by making meats from plants instead of 

animals (Impossible Foods, 2018).  

Likewise, in Soylent’s digital blog (2016), they, too, largely pronounce the use of 

bioengineering by claiming themselves “Pro GMO” and “Proudly Made with GMOs”. 

Soylent devotes more than a few pages to detailing the history of plant breeding, the 

socioeconomic benefits of GMOs and the sustainability factors of using GMOs to that of 

conventional methods.  The blog also extensively cites a multitude of safety studies and 

associations that support the safety of genetic engineering. 

Okanagan Specialty Fruits (OSF) calls out the “combination of nature and 

science” in their ability to deliver apples that don’t brown.  They provide their 

consumers with information scaling from easy to understand info-graphics, to more 

scientifically detailed descriptions on how biotechnology is used to achieve an apple 

that does not brown by reducing the amount of the polyphenol oxidase (PPO) enzyme 

that develops when an intact apple becomes compromised (Okanagan Specialty Fruits, 

2018). 

 

G.  Certifying Bodies and Accreditation  

Organizations have been formed to ensure BE-free foods are free from 

bioengineered materials all along the food supply system.  These organizations 

mandate the adherence to strict standards in order to maintain BE-clean components 
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from seed to final finished package.  Two of the most widely known organizations are 

The Non-GMO Project and NSF International.  Each of these non-profit organizations 

have their own standard, a certification program with a seal, signifying the bearer of the 

seal has gone through a rigorous process to ensure their products are GMO free.  NSF 

International not only has its own program, the NSF Non-GMO True North standard, but 

NSF is also one of the four Technical Administrators for the Non-GMO Project standard. 

Yet another way to determine if a product is free of GMO material is if it is certified 

organic.  Certified organic products do not allow for the use of any genetically modified 

components from the feed a cow may eat, to the seeds used to grow a crop (McEvoy, 

2013). 

The Non-GMO Project and other non-GMO certification programs set action 

thresholds for the percentage of GMO contamination they will allow. The most common 

threshold is 0.9 percent, which is the threshold for GMO labeling in Europe. The 

Non-GMO Project has thresholds for seed (0.25 percent), animal feed (5 percent), and 

food products (0.9 percent) (Roseboro, 2016).  The NSF True North standard likewise 

requires finished products to have less than 0.9 percent GM content and 5 percent for 

feed (NSF, 2018).  Both programs have additional standards such as testing 

requirements (validated testing method like PCR, ELISA, etc.), on-site audits, and no 

cloned animals. 

Another term that is often heard in relation to validating the GM-free status of 

crops is Identity Preserved (IP).  IP is a process or system that has been in existence 

more than 100 years in which the identity of a product is maintained through a process 
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of segregation and documentation.  IP focuses almost entirely on crop purity (The 

Organic & Non-GMO Report, 2007). 

Food Chain ID Testing (2018) (another one of the four Technical Administrators 

of the Non-GMO Project) provides third party GMO verification and their website 

thoroughly explains the methods used to detect the presence of GMO materials in 

foodstuffs. Essentially, there are two widely used methods to detect GMO content.  One 

method is an immunological analysis that detects proteins that are manufactured in a 

cell according to the information coded by the transgenic, or GMO, DNA.  The two types 

of tests used to detect the proteins are the 1) Strip (lateral flow or dipstick) test and, 2) 

ELISA test. The Strip test is a rapid antibody-based test that measures GMO protein 

and can be used in the field on unprocessed material such as seed, grain, or leaves. 

Because the strip test has low sensitivity and is done outside of a laboratory, this test 

can be used as an initial test.  A second test used to detect potential GMO proteins is 

the ELISA (Enzyme-Linked Immunosorbent Assay) test.  This test is more sensitive 

than the Strip test and is better controlled, being performed in a laboratory setting.  

While the first method of detection measured proteins, the second method available 

measures the actual genetic material presence in a plant cell’s genome. This test used 

to measure the presence of the GMO or transgene material is called the polymerase 

chain reaction (PCR) test.  This lab performed test, is highly specific and allows for 

quantification of genetic material. 
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Conclusion  

Consumers and food and agriculture industries alike are clamoring to find the 

North Star when it comes to accuracy of bioengineered products.  As this paper has 

outlined, there is a great level of conflicting information regarding elements primary to 

understanding genetically modified foodstuffs. There seemingly are two sides to every 

published argument on the safety of BE foods, the date when BE foods first originated, 

and whether BE foods can be eliminated or segregated from conventional foods. 

From the research completed and multitude of sources referenced, it is my estimation 

that genetically modified foods are here to stay and that they are becoming imbedded 

so deeply into the world’s food supply that they cannot be removed.  Regardless of how 

they are defined, genetic modification of foods, whether done by Mother Nature or by 

the hands of man, has been occurring for thousands of years.   The notion that creating 

alternate genetic forms of a food for sheer size or color or nutrition has been surpassed 

by the emerging need to supply food for the world’s population.  And, the world’s 

population is only going to increase according to all of sources, therefore driving a need 

for greater food availability.  

Genetic engineering of foods has and will continue to create change.  For some 

in the world, particularly in developing countries, the sole ability to have reliable, regular 

access to a diet of sustenance will be great.  For others, such as in developed 

countries, the availability of foods will be present but knowing what products are free 

from engineered materials and those that are not, will be increasingly difficult to discern. 

The global proliferation of genetically altered raw materials is just too abundant for the 
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world to return to a virgin stock of any raw agricultural good.  The fact that it is truly 

unknown when singular agricultural crops began to modify supports the notion that as 

engineered crops proliferate, nature alone will be a vector for even greater commingling 

of engineered and non-engineered crops.  The conversion described in the study by 

Kyndt et.al (2015) where scientific evidence led to the conclusion that the sweet potato 

was genetically modified during the evolutionary period thousands of years ago via 

natural means, I believe will occur in other raw agricultural commodities more and more 

due to the ubiquitous prevalence of genetic modification in the world today. 

With the increased intermingling of engineered foods throughout the food supply 

system, I believe consumers have a right to know and understand what they are 

procuring.  Genetic engineering of foods does not have to be a topic of unknowns. 

Further and widely disseminated studies should be conducted to better inform the 

public, dispel any inaccuracies, and provide a level of comfort to consumers. 

Publications such as the Non-GMO Sourcebook (2018) a “farm to fork” buyer’s 

directory of non-genetically modified food and agricultural products, are helpful 

resources to aid consumers in making food choices, however other means of reaching 

consumers’ needs to be promoted. 

Consumption of bioengineered foods can be a choice based on ideology, or a 

choice based on self-health, or a choice to safeguard the environment.  Whatever the 

reason selected, having additional accessible knowledge, education and science is 

needed to continue to advance consumer understanding of this field. 
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