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Abstract
Throughout the ages, humans have used selective breeding techniques to create plants and animals
with desirable genetic traits. One type of technology, however, has given rise to a host of concerns and
questions, namely Genetically Modified Organisms (GMOs). GMOs are those organisms that have been
modified by the application of recombinant DNA technology or genetic engineering, a technique used
for altering a living organism’s genetic material. With the rapid advances in biotechnology, a number of
genetically modified (GM) foods or transgenic crops carrying novel traits have been developed and
released for commercial agriculture production. A number of commercialized, genetically engineered
(GE) varieties, most notably canola, cotton, maize and soybean, were created using this technology,
and at present the traits introduced are herbicide and pest tolerance. Gene technology enables the
increase of production in plants, as well as the rise of resistance to pests, viruses, frost, etc.
Gene transfer is used to modify the physical and chemical composition and nutritional value of food. On
the other hand, negative effects of gene technology on animals, human, and environment should be
considered. The present review article is the compilation of various studies that present both positive
and negative impacts of genetically modified food on human health and environment.
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Introduction
Throughout the ages, humans have used selective
breeding techniques to create plants and animals
with desirable genetic traits. Genetically Modifies
Organisms (GMOs) as modern techniques have
widespread applications as they are used in
biological and medical research, production of
pharmaceutical drugs, experimental medicine, and
agriculture. The use of gene technology in food
production has become interesting due to increased
needs of food as well as its improved quality. Using
modern techniques of genetic engineering (or
biotechnology), it is possible to introduce specific
genetic material derived from any species of plant,
animal, or microorganism, or even synthetic
*

material, into different species of plants very rapidly
and with great accuracy [1]. Genetically modified
(GM), is a term denoting or derived from an
organism (i.e. plants, animals or microorganisms)
whose DNA has been altered for improvement or
correction of defects [2]. Genetically modified foods
have been modified in the laboratory to enhance
certain traits such as resistance to herbicides, pests,
diseases, or viruses, and improved nutritional
content and increased drought tolerance, etc. for the
purpose of making them more desirable to
consumers. The new genetically-modified plant will
gain drought tolerance as well. Not only can genes
be transferred from one plant to another, but genes
from non-plant organisms also can be used. The best
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known example of this is the use of Bacillus
thuringiensis (B.t.) genes in corn and other crops. B.t.
is a naturally occurring bacterium that produces
crystal proteins that are lethal to insect larvae. B.t.
crystal protein genes have been transferred into
corn, enabling the corn to produce its own
pesticides against insects Since the development of
this process, issues such as the concern of the public
for possible hazards due to the consumption of a GM
food have been discussed, and with their increase in
production there has also been great controversy [3,
4].
There are many reasons for producing GM foods.
Originally, the intent was increased protection of
crops, however there are many additional benefits
recognized today. Both consumers and producers
who feel that GM foods are advantageous believe
that these foods can be cheaper, more durable, and
more nutritional. In addition to increased protection
from diseases, pests and herbicides, there are other
reasons for genetic modification. Many crops are
destroyed due to weather conditions. Cold water
fish have an antifreeze gene which, when introduced
to plants like tobacco and potatoes, can lead to
higher tolerance to cold temperatures. A very
important quality of food is the nutrition value.
Malnutrition is prevalent, especially in third world
countries where people tend to rely on only one
crop to fulfill their dietary needs. If however, these
crops could be genetically modified to contain the
amount of vitamins and nutrients necessary to
sustain a healthy diet, it would be a great advantage.
Vaccination and medicines can be very difficult to
produce, and they can also be very costly. Through
genetic modification there is hope that the ability to
produce foods with edible vaccinations in them will
become a possibility. Approximately 15 years have
passed after the introduction of genetic
modifications in food, and new GM products are
currently added to the existing list of foods.
However, 10 years ago already have been noticed
that there was no sufficient published information
concerning safety of GM foods in general, and GM
plants, in particular. Specifically, the lack of
published toxicological studies on adverse health
effects was evident [5, 6]. In 2006, carried out a new
review of the scientific literature on the potential
adverse health/toxic effects of GM/transgenic
plants [5]. The environmental safety of GM crops
has
been
constantly debated,
and
the
interpretation of scientific data differs among
stakeholders [7].
However, the general public remains largely
unaware of the real notion of GM plants or what
advantages and disadvantages the technology has to
offer, particularly with regard to the range of
applications for which they can be used. From the
first generation of GM crops, two main areas of

concern have emerged, namely risk to the
environment and risk to human health. As GM plants
are gradually being introduced into the European
Union it is likely that public concern regarding
potential health issues will arise [8].
History of GM Foods
An enormous breakthrough in GMO technology
came in 1973, when Herbert Boyer and Stanley
Cohen worked together to engineer the first
successful genetically engineered (GE) organism [9].
The two scientists developed a method to very
specifically cut out a gene from one organism and
paste it into another. Using this method, they
transferred a gene that encodes antibiotic resistance
from one strain of bacteria into another, bestowing
antibiotic resistance upon the recipient. One year
later, Rudolf Jaenisch and Beatrice Mintz utilized a
similar procedure in animals, introducing foreign
DNA into mouse embryos [10].
In 1982, the United States Food and Drug
Administration approved the first human
medication produced by a genetically modified
organism. Bacteria had been genetically engineered
to synthesize human insulin, allowing them to
produce enough of the hormone to purify, package,
and prescribe it to diabetes patients as the drug
Humulin [11].
In 1994, the first GM food the Food and Drug
Administration deemed safe enough for human
consumption was a tomato called “Flavr Savr”,
which was made more resistant to rotting by
Californian Company [12]. Genetically modified
tomatoes were then made into a tomato puree and
sold in Europe in the mid-1990s, but later
controversy arose over the concept of GM food.
In 1995, Bacillus thuringiensis (B.t.) Potato was
approved for cultivation, making it the first
pesticide producing crop to be approved in the USA
[13]. Later in 1998, a doctor from Aberdeen, in
Scotland, published results from a research study
that GM potatoes, injected with an insecticide gene
from the snowdrop plant, were toxic to rats. A year
later it was announced that beginning in 1999, there
were to be trials of GM crops engineers to be
resistant to herbicides. The purpose of the trials was
to uncover the effects of this crops on farmland
wildlife. However, this was criticized to be
potentially dangerous to nearby crops, as well as
honey that could be affected by cross-pollination.
Sure enough, later that year pollen from GM oilseed
rape, a plant that is used to produce canola oil, was
found at beehives almost three miles away. Two out
of nine samples of honey being sold in supermarkets
were contaminated in May 2000. At this point in
time, nine out of ten people were against the idea of
GM foods [14, 15].
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Other genetically modified crops receiving
marketing approval in 1995 were: canola with
modified oil composition, Bt maize, cotton resistant
to the herbicide bromoxynil, Bt cotton, glyphosatetolerant soybeans, virus-resistant squash, and
another delayed ripening tomato [12]. Scientists
have also genetically engineered crops to increase
nutrition value. For instance, Golden Rice was
developed in 2000 with the goal to combat vitamin
A deficiency, which is estimated to kill over 500,000
people every year [16]. By 2006 some weed
populations had evolved to tolerate some of the
same herbicides. Palmer amaranth is a weed that
competes with cotton. A native of the southwestern
US, it traveled east and was first found resistant to
glyphosate in 2006, less than 10 years after GM
cotton was introduced. By 2010, 29 countries had
planted commercialized biotech crops and a further
31 countries had granted regulatory approval for
transgenic crops to be imported. The US was the
leading country in the production of GM foods in
2011, with twenty-five GM crops having received
regulatory approval. In 2015, 92% of corn, 94% of
soybeans, and 94% of cotton produced in the US
were genetically modified strains [17]. In other
words, any foods that contain field corn, highfructose corn syrup, soybeans, cottonseed oil, or
canola oil all contain GM ingredients. According to a
study funded by the United States department of
agriculture, only 52% of Americans are aware that
genetically modified foods are even sold in grocery
stores.
The most frequently transformed plants include
soybean, maize and rape. Moreover, potatoes,
tomatoes, cotton and tobacco used to be subjected
to the process of transgenesis, and among animals,
species such as cattle and pigs. Milk can be made
from a genetically modified hormone called the
recombinant bovine growth hormone. The function
of this hormone is to produce more milk by keeping
cells to produce milk alive in cows for longer periods
of time, however cows injected with the hormone
are more prone to disease such as mastitis, and
subclinical ketosis may pose a risk to human health.
Other Adverse effects in cows consist of decrease in
final pregnancy rates, decrease in birth rate, and an
increase in embryonic loos and abortion which can
in turn have negative effects on the milk [18, 19].
Some Advantages of GM Foods
Due to the remarkable increase in the world
population, so ensuring an adequate food supply for
this booming population is going to be a major
challenge in the years to come. GM foods promise to
meet this need in a number of ways:
Pest resistance; Farmers typically use many tons of
chemical pesticides annually. Consumers do not
wish to eat food that has been treated with

pesticides because of potential health hazards, and
run-off of agricultural wastes from excessive use of
pesticides and fertilizers can poison the water
supply and cause harm to the environment [20, 21].
Herbicide tolerance; Remove weeds in some
agricultural products through traditional methods
such as plowing or picking is not economical. So
farmers to use large amounts of herbicides in this
area are due to environmental pollution. The use of
crops genetically modified to be resistant to
herbicides could prevent environmental damage by
reducing the amount of herbicides needed [3, 22].
Disease resistance; Many plant diseases happen
by biological agents such as bacteria,
fungi and viruses. Plant biologists are working to
create plants with genetically-engineered resistance
to these diseases [23, 24].
Cold tolerance; Unexpected frost will be destroyed
sensitive plants. In this context genes resistant to
freezing in cold-water fish extract and has been
transferred in to plants such as tobacco and potato,
with this antifreeze gene, these plants are able to
tolerate cold temperatures that normally would kill
unmodified seedlings [25].
Drought/salinity tolerance; As the world
population is growing and more land is used for
housing instead of food production, farmers need to
grow crops in places that previously have not been
suitable for plant cultivation. Producing plants that
can resist long periods of drought and high salt
content in soil and groundwater will help people to
cultivate crops in formerly unfavorable places [26].
Nutrition; Malnutrition is more common in third
world countries where poor peoples rely on a single
crop such as rice for the main component of their
diet. However, rice does not contain sufficient
amounts of all essential nutrients to prevent
malnutrition. If rice could be genetically engineered
to contain additional vitamins and minerals,
nutritional deficiencies could be resolved. For
example, in developing countries blindness due to
vitamin A deficiency is very common, so the
researchers at the Swiss federal institute of
technology institute for plant sciences have
developed “golden” rice, which contains high levels
of vitamin A. The project of enriching rice in dietary
products involved the isolation and transfer of
genes from Erwinia uredovora bacteria and jonquil
flowers directly to rice grains. The success of this
project was followed by subsequent amendments,
achieving parallel augmentation of the level and
bioavailability of iron [27, 28]. Using the techniques
for the biotechnological improving of plants, other
significant changes in transgenic food traits were
performed, targeted at the changed content of
specific proteins, lipids and carbohydrates. The
mentioned food staples, exposing suitability for the
genetic transformation process, developing
favorable quality traits, with improvement of
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nutritive value in individual products of
transgenesis.
Pharmaceuticals; drugs and vaccines often are
costly to produce and sometimes need special
storage conditions not easily accessible in
developing and third world countries. Investigators
are working to create edible vaccines in tomatoes
and potatoes. These vaccines will be much easier to

carry, store and administer than traditional
injectable vaccines [29].
Phytoremediation; Not all Genetically Modified
plants are grown as crops. Soil and groundwater
pollution continues to be an issue in worldwide.
Plants such as poplar trees have been genetically
engineered to cleaning heavy metal contamination
from contaminated soil [30, 31].

Table 1. Advantageous features of genetically modified food [32]
Food
Rice
Tomato

Potato

Milk (cow, goat, sheep)
Transgenic fishes (carp,
salmon, trout)

Benefits from Genetic Modifications
Higher content of β-carotene Higher iron
bioavailability
Higher content of dry matter
Delayed ripening process
Aroma intensification
Virus resistance
Higher amylopectin content
Cyclodextrin production
Resistance to viruses and potato beetle
Lower alkaloids content
Increased tolerance for high temperature
Modified casein content
Lower lactose content
Faster growth rate

Some Criticisms against GM Foods
Despite the advantages of GM foods, the
disadvantages of doing so seem far further the
positive aspects of it. The most common criticisms
GM foods placed into three major categories:
environmental hazards, human health risks, and
economic concerns.

Gene transfer to non-target species; Another
concern is that crop plants engineered for herbicide
tolerance and weeds will cross breed, resulting in
the transfer of the herbicide resistance genes from
the crops to weeds. These "super weeds" would then
be herbicide tolerant also. Other introduced genes
may cross over in to non-modified crops planted
next to GM crops [35].

Environmental hazards
Unwanted harm to other organisms; Last year a
experimental study was published in Nature
showed that pollen from B.t. corn caused high
morbidity rates in monarch butterfly caterpillars.
Monarch caterpillars eat milkweed plants, not corn,
but there is fear that if pollen from B.t. corn is blown
by the wind on to milkweed plants in neighboring
fields, the caterpillars might eat the pollen and
perish. Unfortunately, B.t. toxins kill many species of
insect larvae purposeless; it is not possible to design
a B.t. toxin that would only kill crop harmful pests
and remain harmless to all other insects. At present,
there is no consensus about the results of these
studies, and the potential risk of harm to non-target
organisms will need to further evaluation [33, 34].
Reduced impact of pesticides; Only as some
populations of mosquitoes developed resistance to
DDT that is currently banned pesticide, many people
are worried that insects will become resistant to B.t.
or other products that have been genetically
changed to produce their own pesticides.

Human health risks
Allergenicity; Food allergies are very common
among people in Europe and the United States to
peanuts and other foods, and in some cases these
allergies can be fatal. There is possibility that
introducing a gene into a plant may ceate a new
allergen or cause an allergic reaction in susceptible
individuals. A proposal to incorporate a gene from
Brazil nuts into soybeans was abandoned because of
the fear of causing unexpected allergic reactions
[36]. In Australia, GM peas were found to cause
allergic reactions in mice. GM peas also made the
mice more sensitive to other food allergies [37].
Extensive testing of GM foods may be required to
avoid the possibility of harm to consumers with food
allergies.
Effects on human and Animal health; There is a
growing concern that introducing foreign genes into
food plants may have an unexpected and negative
impact on human health. A recent article published
in Lancet examined the effects of GM potatoes on the
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digestive tract in rats [38]. This study claimed that
there were appreciable differences in the intestines
of rats fed GM potatoes and rats fed unmodified
potatoes that also showed proliferative cell growth
in both stomach and intestinal walls. Moreover, the
gene introduced into the potatoes was a snowdrop
flower lectin, a substance known to be toxic to
mammals. The scientists who created this variety of
potato chose to use the lectin gene simply to test the
methodology, and these potatoes were never
intended for human or animal consumption [39].
Digestive tract is the first and largest point of
contact with foods, can reveal various reactions
to toxins and should be the first target of GM food
risk assessment.
Another recent study found the effects of GM foods
on reproductive tract; Cry1Ab B.t. toxin in the blood
of pregnant women and their foetuses showing that
it can cross the placental boundary. This raises
health concerns, although the implications of this
uptake and transference across the placenta are not
yet known. Oliveri et al. in their study shown that
the testicles of both mice and rats fed roundup ready
soybeans showed dramatic changes. In rats, the
organs were dark blue instead of pink. In mice,
young sperm cells were altered [40, 41].
The results of most of the rather few studies
conducted with GM foods indicate that they may
cause hepatic, pancreatic, renal, and reproductive
effects and may alter hematological, biochemical,
and immunologic parameters the significance of
which remains unknown. Such changes consist in
congestion, cell nucleus border changes, and severe
granular degeneration in the liver and tubular
degeneration and not statistically significant
enlargement in parietal layer of Bowman’s capsules
in kidney; The liver together with the kidneys are
the major reactive organs in case of food chronic
intoxication [42, 43]. In one study that a group of
rats was studied, fed with various doses of NK603
modified maize, grown with or in absence of
exposure to Roundup herbicide, The results of the
two-year experiment suggested manifestation of
disturbances in the function of liver and kidneys, a
higher mortality of animals, and manifestation of
palpable tumors in the experimental groups
(particularly those exposed to Roundup), compared
to the control [44].
GM soybean has also an impact on pancreas, since
changes occurred in pancreatic acinar cells of mice
and a high synthetic rate of zymogen granules
containing low amounts ofα-amylase [45]. DuPont’s
study in rats fed diets containing GM corn 7051
showed a decrease in red blood cell count and
hematocrit of females while GM corn Mon863
affected the development of blood with fewer
immature red blood cells and changes in blood
chemistry in rats [46, 47]. Subchronic feeding of
GNA rice in rats resulted in decrease in glucose,

while cholesterol, triglyceride, and HDLD
concentration were higher [48].
On the whole, with the exception of possible
allergenicity, scientists believe that GM foods do not
present a risk to human health.
Table 2. Negative results of consuming genetically
modified food [32].
Food
Star Link Maize
Soybean enriched in
methionine (gene
isolated from Brazil
nut)

Negative results of
Transgenesis Process
Risk of food allergy
Risk of food allergy

Increase of IGF-1*
concentration in serum ,
positively correlated with
breast, lung and colon
cancer
Harmful influence for cells
of pancreas, intestines, liver
Maize MON810
and kidney of rodents
Immunity handicap
Incorrect mitosis of cells and
Potato (with lectin)
tissues
*IGF – 1: insulin-resembling growth factor-1

Milk from
genetically modified
cows

Economic concerns
From an economic perspective, GM foods is very
costly. Many new plant genetic engineering
technologies and GM plants have been patented, and
patent infringement is a big concern of
agribusiness. With new technologies that are
continuously surfacing, companies are starting to
want to patent their idea, and this rises the concern
that with patents will come a raise in price of seeds,
making business very difficult for farmers who will
not be able to afford them, thus widening the gap
between the wealthy and the poor. These plants
would be viable for only one growing season and
would produce sterile seeds that do not germinate.
Farmers would need to buy a fresh of seeds each
year. However, this would be financially disastrous
for farmers in third world countries who cannot
afford to buy seed each year and traditionally set
aside a portion of their harvest to plant in the next
growing season [49].
Laws of Genetically Modified Foods
Governments around the world are hard at work to
establish a regulatory process to monitor the effects
and approve new varieties of GM plants. This laws
and governmental regulations of GM food varies
throughout the world. In japan, as of April 2001,
testing of GM foods was made mandatory [50].
India's government has not yet announced a policy
on GM foods because no GM crops are grown in
India and no products are commercially available in
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supermarkets yet. India is, however, very
supportive of transgenic plant research [51]. Some
states in Brazil have banned GM crops entirely, and
the Brazilian Institute for the Defense of Consumers,
in collaboration with Greenpeace, has filed suit to
prevent the importation of GM crops [52]. In the
United States, regulation is achieved by several
different governmental agencies, such as the US
environmental protection agency (EPA), the US
department of agriculture (USDA), and the US food
and drug administration (FDA). The EPA is
responsible for regulating substances such as
pesticides or toxins that may cause harm to the
environment. GM crops such as B.t. pesticide-laced
corn or herbicide-tolerant crops but not foods
modified for their nutritional value fall under the
purview of the EPA. The USDA is responsible for GM
crops that do not fall under the umbrella of the EPA
such as drought-tolerant or diseasetolerant crops,
crops grown for animal feeds, or whole fruits
,vegetables and grains for human consumption. The
FDA historically has been concerned with
pharmaceuticals, cosmetics and food products and
additives, not whole foods.
Government of Islamic republic of Iran has declared
his obligation to observe biosafety standard through
joining the biodiversity convention According to the
national biosafety act of Islamic republic of Iran,
assessment of GM products safety is issued by the
Ministry of Health and Medical Education. Cure and
medical
instruction
and
assessment
of
bioenvironmental risks of GM products are
performed by Iran Department of Environment.
Ministry of Agriculture is served as the national
biosafety act authority [53, 54].
In January 2000, an international trade agreement
for labeling GM foods was established, More than
130 countries, including the US, the world's largest
producer of GM foods, signed the agreement [55].
The policy states that exporters must be required to
label all GM foods and that importing countries have
the right to judge for themselves the potential risks
and reject GM foods, if they so choose.
Conclusion
Genetically modified food for supplying a significant
portion of the world's food needs, reduce
environmental risks by eliminating or reducing the
use of pesticides are highly regarded and growing.
But due to defects in the laws necessary for the
health of these materials (especially in the areas of
safety testing, regulation, international policy and
food labeling), Many still skeptical about the
acceptance of these compounds can be seen by
people. Many people feel that genetic engineering is
the inevitable wave of the future and that we cannot
afford to ignore a technology that has such

enormous potential benefits. Regulation, food
testing, and uncovering more of the possible effects
on both human health and the environment are all
gear issues involved. The concept of genetic
modification is also very controversial. However,
regardless of the obstacles and controversy
surrounding this phenomenon, it is becoming much
more widespread throughout the world. GM foods
have both positive and negative effects. These may
be either direct effects, on organisms that feed on or
interact with the crops, or wider effects on food
chains produced by increases or decreases in the
numbers of other organisms. To date, no completely
negative effects of transgenic food on the human
body or its complete harmlessness could have been
documented. Increasing amounts of GMOcontaining assortments are introduced to the trade
market and the consumers themselves must decide
whether or not to consume transgenic food, which
should be appropriately labelled and supplied with
reliable
information
on
the
conducted
modifications. The advantages of transgenic foods
could provide solutions for many problems, but it is
first necessary to prove that these foods will not
cause other problems. Although numerous
advancements can improve the reliability of GM
food safety assessment, additional research in other
important areas are needed in order to develop new
and more effective methods.
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