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The answer to the question “Are you really going to eat that?” is most likely
to be “Why not?”. Such a response underlies an inherent trust in the
integrity of the food we consume. Consumers generally trust the integrity
of the food because according to Franz Kafka: “So long as you have food

in your mouth, you have solved all the questions for the time being”.

Food production has changed considerably after the green revolution.
Modern farming practices are becoming increasingly more mechanized in
order to minimize input costs and maximize outputs. However, it is
estimated that by 2030, food production will need to increase by at least
50% to meet the demands of the growing world population (FAO 2012).
Despite an increase in food production, it is estimated that at least one
billion tonnes of food is wasted annually (FAO 2011). The wasted food
could feed approximately two billion people annually. It is estimated that

most of the food waste occurs between production and retailing.

Processed foods are becoming increasingly popular among consumers
since they provide consumers with variety, they are convenient in terms

of preparation and they are relatively cheap (Luiten et al. 2016). It is
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estimated that processed foods account for 75% of food sales in the world
(approximately $3.2 trillion). Unfortunately, processed and especially
ultra-processed foods are increasingly being linked to lifestyle diseases
such as obesity, hypertension and cardiovascular disease also in children
(Fernandez-Alvira et al. 2015; Monteiro et al. 2013; Stuckler et al. 2012;
Wirfélt et al. 2015). Ultra-processed foods reduce food to an ingredient
list of synthetic chemicals. Ann Wigmore who today would be considered
a “holistic nutritionist”, suggested that “The food you eat can either be the

safest and most powerful form of medicine or the slowest form of poison”.

Processed foods are advertised in terms of specific beneficial claims for
the consumer. It is therefore important that the integrity of food be
maintained from primary production, through to storage, processing,
packaging, distribution, retailing and consumption. Food integrity is a
relatively new concept in food science and refers to its quality, authenticity
and safety (Hoorfar et al. 2011). Food quality refers to different inherent
characteristics of a food that is acceptable to and expected by consumers
including product size as defined by volume or weight. Food authenticity
refers to claims made with regard to the origin, species content and
product characteristics of food (Reid et al. 2006). Food safety is an all-
encompassing term that refers to the safety of food in its broadest context

including foodborne pathogens and toxic chemicals (Tritscher et al. 2013).

In order for food production to become sustainable it must also be
environmentally as well as economically sustainable. Furthermore, food
production practices should not jeopardise the integrity of food. There is
an international research focus on developing technology to verify food
integrity in the face of modern food production (Aung and Yoon 2014).
Although diagnostics based on DNA technology are well established in
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medicine, these are now being used more frequently in the verification of
food claims pertaining to food safety and authenticity. DNA is rightly
referred to as the blueprint of life since it determines the cellular properties
and function of the proteins it encodes. Since DNA is characteristic of a
particular species it can be used to verify the presence or absence of
product claims with regard to a food. One of the first applications of DNA
technology to verify food claims was with regard to the detection of

genetically modified (GM) foods.

Genetically modified (GM) crops are often branded by “scientists,
politicians, industry representatives and environmentalists” as “the
solution to world hunger” or “as a pointless but dramatic threat to health
and safety”. With neither position being “well founded” (Whitty et al.
2013). As a result, the potential and danger of GM crops is often
overstated. A GM crop is defined as an organism wherein the genetic
material has been altered in a way that does not occur naturally by mating
and/or through natural recombination (WHO 2014). The purpose of
genetic manipulation is to provide the crop with a beneficial trait including
those for agronomic production, as well as health and nutritional

properties (Viljoen et al. 2006).

The major GM crops produced in the world include canola (24% of world
production is GM), cotton (75% of world production is GM), maize (29%
of world production is GM) and soybean (83% of world production is GM)
(James 2015). The major GM traits are herbicide tolerance and insect
resistance with many crops containing stacked traits for both herbicide
tolerance and insect resistance. In South Africa, it is estimated that 84%

of white maize, 91% of yellow maize, 92% of soybean and 100% of cotton
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production is GM. The major GM traits in South Africa are also herbicide

tolerance and insect resistance.

Insect resistant GM crops are genetically engineered to contain an endo-
toxin gene from bacteria that is toxic to certain genera of insect pests.
When the target insect feeds on the insect resistant GM crop, it ingests
the endo-toxin and this results in the death of the insect. Insect resistant
GM crops have reduced the application of insecticides in agriculture.
Compared to this, herbicide tolerant crops have been genetically altered
to make them tolerant to herbicides. Herbicide tolerant crops allow for
crop management during the growing season through the application of
herbicides to kill the weeds but not the GM crop. The active ingredient in
the major herbicide tolerant crops is glyphosate. Glyphosate is also used
to desiccate crops prior to harvesting. Overall, it is considered that GM
crops have benefited the environment. A survey of the impact of insect
resistant and herbicide tolerant GM crops from 1996 to 2011 has
estimated that insect resistant crops have resulted in a reduction of the
application of approximately 56 million kg of insecticide whereas the use
of glyphosate based herbicide has increased to 239 million kg over the
period studied (Benbrook 2012).

GM crops undergo a rigorous risk assessment prior to commercialization.
There is currently no evidence that the genetic alteration of the DNA of
GM crops poses any safety risk (Nicolia et al. 2014). However, in 2015,
a World Health Organization (WHO) report by the International Agency for
Research on Cancer (IARC) concluded that glyphosate (the active
ingredient in the herbicide sprayed on herbicide tolerant crops) is
“probably carcinogenic to humans” (IARC 2015). The WHO IARC
conclusion, that glyphosate which is the active ingredient in most
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herbicide tolerant GM crops, is “probably carcinogenic to humans” was
based on “limited evidence in humans” and “sufficient evidence in
experimental animals”. The IARC report concluded that there was strong
evidence that glyphosate and glyphosate-based formulations is

genotoxic” meaning it can cause DNA and chromosomal damage.

As to be expected, the WHO report has met with an extreme response.
This is understandable considering that glyphosate is currently the most
widely used herbicide in the world and it represents a global industry
estimated at $4.8 billion. Although it is currently uncertain to what extent
the use of glyphosate in herbicide tolerant crops poses safety concerns,
it has recently been determined that glyphosate residue is present in GM
grain as well as food products (Bghn et al. 2014; Then 2103; Rubio and
Guo 2015). Furthermore, glyphosate cannot be removed from food by
washing, cooking or processing (EFSA 2009). Thus question of whether
glyphosate in food is safe in the long term needs to be addressed through

research.

Many consumers want GM food labelled due to concerns about long term
safety (Bawa and Anilakumar 2013; Landrigan and Benbrook 2015). In
response to consumer pressure, many countries have introduced
mandatory GM labelling (Viljoen et al. 2006). It is important to note that
GM labelling is not based on the safety of GM food. GM labelling is solely
about consumer autonomy and the consumer’s right to information and to
be able to choose between GM and non-GM food (Botha and Viljoen
2009). Currently, the Consumer Protection Act (2008) mandates the
labelling of GM ingredients in packaged food products in South Africa as
follows: 1. Any ingredient in a food product containing 5% or more GM
must be labelled as “genetically modified”. 2. Voluntary non-GM labelling
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may be applied to ingredients that contain less than 1% GM. 3. Since
South Africa is a GM crop producing country, companies may use a cost
effective option of indicating that the food “may contain genetically
modified ingredients” where it is “scientifically impractical or not feasible”
to test for the presence of GM in a food product. Thus South Africa serves
as a case study for other resource poor countries to implement mandatory
GM labelling (Viljoen and Marx 2013).

The research conducted by the GMO Testing Facility has contributed to
inform GM related discussions including GM labelling. The technology for
GM diagnostic testing was established through a research project initiated
in 1999 and resulted in the establishment of the GMO Testing Facility in
2003. The GMO Testing Facility is nationally and internationally
recognized and is approved by the South African government to perform
GM status certification. The diagnostic platform established in the GMO
Testing Facility is used to fund and support research at the University of
the Free State.

With GM labelling now well established in South Africa, the question is
what is the next challenge? As our understanding of food integrity
develops we are discovering many new challenges and questions that
require answers. The use of molecular diagnostic technology in
maintaining food integrity is still in its infancy. The recent “horse meat”
scandal in Europe in 2013, involving an estimated 330 tonnes of
processed meat, highlights the need for continued research into food
authenticity and safety testing (Barnett et al. 2016; Premanandh 2013).
Furthermore, the potential presence of glyphosate in the food chain
requires further research to determine the effect of chronic exposure to

low levels of herbicide. So the answer to the question “Are you really
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going to eat that?” is “Yes! But let’s continue to make sure our food is safe

and authentic!”.

References

Aung MM and Yoon SC. (2014). Traceability in a food supply chain: Safety
and quality perspectives. Food control 39: 172-184.

Barnett J, Begen F, Howes S, Regan A, McConnon A, Marcu A, Rowntree
S and Verbeke W. (2016). Consumers' confidence, reflections and
response strategies following the horsemeat incident. Food Control
59: 721-730.

Bawa AS and Anilakumar KR. (2013). Genetically modified foods: safety,
risks and public concerns-a review. Journal of food science and
technology 50(6): 1035-1046.

Benbrook CM. (2012). Impacts of genetically engineered crops on
pesticide use in the US - the first sixteen years. Environmental
Sciences Europe 24(1): 1-13.

Bohn T, Cuhra M, Traavik T, Sanden M, Fagan J and Primicerio R. (2014).
Compositional differences in soybeans on the market: Glyphosate
accumulates in Roundup Ready GM soybeans. Food Chemistry
153: 207-215.

Botha GM and Viljoen CD. (2009). South Africa: A case study for voluntary

GM labelling. Food Chemistry 112(4): 1060-1064.

Bruinsma J. (2009). The Resource Outlook to 2050: By How Much do
Land, Water and Crop Yields Need to Increase by 20507 Available
from ftp://ftp.fao.org/agl/aglw/docs/ResourceOutlookto2050.pdf.
Accessed 04-07-2016.

EFSA. (2009). European Food and Safety Authority. Modification of the
residue definition of glyphosate in genetically modified maize grain
and soybeans, and in products of animal origin. EFSA Journal 7:

Page 7 of 10



1310-1317.
FAO. (2011). Food and Agricultural Organization. Global food losses and

food waste. Available from
http://www.fao.org/docrep/014/mb060e/mb060e00.pdf. Accessed
06-06-2016.

FAO. (2012). Food and Agricultural Organization. World agriculture
towards 2030/2050. Available from
http://www.fao.org/docrep/016/ap106e/apl06e.pdf. Accessed 18-
05-2016.

Fernandez-Alvira JM, Boérnhorst C, Bammann K, Gwozdz W, Krogh V,
Hebestreit A, Barba G, Reisch L, Eiben G, Iglesia | and Veidebaum
T. (2015). Prospective associations between socio-economic status
and dietary patterns in European children: the Identification and
Prevention of Dietary-and Lifestyle-induced Health Effects in
Children and Infants (IDEFICS) Study. British Journal of Nutrition
113(03): 517-525.

Hoorfar J, Jordan K, Butler F and Prugger R. (2011). Future trends in food
chain integrity. Food chain integrity. First edition: a holistic approach
to food traceability, safety, quality and authenticity. Woodhead
Publishing Series in Food Science, Technology and Nutrition; No.
212,

James C. (2015). 20th Anniversary (1996 to 2015) of the Global
Commercialization of Biotech Crops and Biotech Crop Highlights in
2015. ISAAA Brief No. 51. ISAAA: Ithaca, NY.

Landrigan PJ and Benbrook C. (2015). GMOs, herbicides, and public
health. New England Journal of Medicine 373(8): 693-695.

Luiten CM, Steenhuis IHM, Eyles H, Ni Mhurchu C and Waterlander WE.
(2016). Ultra-processed foods have the worst nutrient profile, yet

Page 8 of 10



they are the most available packaged products in a sample of New
Zealand supermarkets. Public Health Nutrition 19(3): 530-538.

Monteiro CA, Moubarac J C, Cannon G, Ng SW and Popkin B. (2013).
Ultra-processed products are becoming dominant in the global food
system. Obesity reviews 14(S2): 21-28.

Nicolia A, Manzo A, Veronesi F and Rosellini D. (2014). An overview of
the last 10 years of genetically engineered crop safety research.
Critical reviews in biotechnology 34(1): 77-88.

Portier CJ, Armstrong BK, Baguley BC, Baur X, Belyaev I, Bellé R,
Belpoggi F, Biggeri A, Bosland MC, Bruzzi P and Budnik LT et al.
(2016). Differences in the carcinogenic evaluation of glyphosate
between the International Agency for Research on Cancer (IARC)
and the European Food Safety Authority (EFSA). Journal of
epidemiology and community health 70(8): 741-745.

Premanandh J. (2013). Horse meat scandal - a wake-up call for regulatory
authorities. Food Control 34(2), 568-569.

Reid LM, O'Donnell CP and Downey G. (2006). Recent technological
advances for the determination of food authenticity. Trends in Food
Science & Technology 17(7): 344-353.

Rubio F and Guo E. (2015). Survey of glyphosate residues in honey, corn
and soy products. Journal of Environmental & Analytical Toxicology
5(1): 1-8.

Stuckler D, McKee M, Ebrahim S and Basu S. (2012). Manufacturing
epidemics: the role of global producers in increased consumption of
unhealthy commodities including processed foods, alcohol, and
tobacco. PLoS Med 9(6), e1001235.

Then C. (2013). High levels of residues from spraying with glyphosate

found in soybeans in Argentina. TestBiotech background report 22.

Page 9 of 10



Tritscher A, Miyagishima K, Nishida C and Branca F. (2013). Ensuring
food safety and nutrition security to protect consumer health: 50
years of the Codex Alimentarius Commission. Bulletin of the World
Health Organization 91(7): 468-468.

Viljoen CD, Dajee BK and Botha GM. (2006). Detection of GMOs in food
products in South Africa: Implications of GM labelling. African
Journal of Biotechnology 5(2): 73-82.

Viljoen CD and Marx GM. (2013). The implications for mandatory GM
labelling under the Consumer Protection Act in South Africa. Food
Control 31: 387-391.

Whitty CJ, Jones M, Tollervey A and Wheeler T. (2013). Biotechnology:
Africa and Asia need a rational debate on GM crops. Nature
497(7447): 31-33.

WHO. (2014). World Health Organization. Frequently asked questions on
genetically modified foods. Available from
http://www.who.int/foodsafety/areas_work/food-
technology/Frequently asked questions_on_gm_foods.pdf?
Accessed on 05-09-2016.

WHO. (2015). World Health Organization. IARC Monograph volume 112:
some organophosphate insecti- cides and herbicides: diazinon,
glyphosate, malathion, parathion, and tetrachlorvinphos.
International Agency for Research on Cancer, World Health
Organization, Lyon.

Wirfalt E, Drake |, Wallstrom P. (2013). What do review papers conclude
about food and dietary patterns? Food & Nutrition Research 57: 1-
14.

Page 10 of 10



