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             What impact have genetically modified food on health?

Introduction 
   The rapid development of biotechnology is caused by the scientific progress achieved in genetic research and interest of industries searching for cheaper, faster and eco-friendly, based on its use in the process production of living organisms. It contributed greatly to the development of modern biotechnology genetic engineering that allows the use of recombinant DNA techniques in the creation of Genetically Modified Organisms (GMOs), (Zika et al., 2007). From the first modified organism which was the Flavr-Savr tomato in 1994, biotech crops planted increased to 181.5 million hectares in 28 countries in 2014 (Fraiture et al., 2015). According to The Royal Society (2015) global leaders in growing GM vegetables are USA (70,9 Mha), Brazil (44,2 Mha), Argentina (24,5 Mha) and Canada (11 Mha). In turn GM crops in Europe are still not widespread, only five countries grow GM maize – Spain, Portugal, Czech Republic, Romania and Slovakia, with Spain being the leading producer (0,1 Mha). GeneWatch (2015) reports that the UK, despite trials in the past of growing GM plants, namely potatoes, wheat and Camila sativa, currently does not produce it for commercial purposes, and GM crops only enter the country mainly as animal feed. 
   Delaney (2015) states that Genetically Modified Food (GMF) is produced from organisms that were made by inserting a gene from an external source, such as viruses, bacteria, animals or plants, into usually unrelated species. Biotechnology has granted the ability to overcome physiological barriers and to exchange genetic materials among all living organisms. It can be utilized in several ways such as: to engineer resistance to abiotic stresses, for example during a drought, extreme temperature or salinity; biotic stresses, like insects and pathogens that would normally prove detrimental to plant growth or survival; and increase of usable features plants. In addition, Key, Ma and Drake (2008) shows that genetic engineering can also be used to increase the nutritional content of the modified plants, that could help to combat malnutrition especially in the developing countries. Despite numerous advantages for human health and agriculture, the use of GMO in the production of feed and food encounters resistance from certain social and consumer movements and this phenomenon is related to concerns about the safety of such products for human and animal health, and the impact on the natural environment (Nishiura et al., 2002). The term GMO arouses specific emotions mainly due to a small level of knowledge about potential consequences of eating genetically modified products. Consumers are afraid of new products which are interfered with in the DNA code. Therefore, there is a constant necessity to undertake scientific research and awareness of the public regarding the benefits or risks that the consumption of this kind of products entails. Since the production of GMF has become a fact, more attention is being attached to safety assessments and potential issues related to the spread of GMOs. Particularly a big concern of people is centred around the direct impact of GMF on human health (Prakash, 2001). The purpose of this research paper is to present perceived and real health threats from GMOs, particularly GM crops.
        According to World Health Organization (WHO) (2014) GMOs are genetically modified organisms, that is, those whose genetic material has been altered in a non-natural manner by crossbreeding or natural recombination. A GMO that can be used as food or source material for food production is defined as a genetically modified organism for food use. Halsband (2017) reports that GMF is food which contains GMOs, consisting of GMOs or produced from GMOs. This means that this term applies not only to food products wholly or partly consisting of GM organisms, but also those which, although they do not contain the GM organisms, have been partly or entirely produced from it, for instance oil or sugar. Furthermore, the specific features of every living organism are coded in its genetic information and stored in the nucleus of the cells, which is called the genome. The genetic code is universal and similar in the structure among many organisms, including: fungi; bacteria; animals; plants; and humans. In most organisms, the genetic material is deoxyribonucleic acid (DNA), and only in some viruses it is substituted by acid ribonucleic acid (RNA) (Chen et al., 2017; Brandenberg et al., 2011). As research shows, genetic engineering is one of the basic sciences that aims at introducing genetic modifications in living organisms (Alexander, 2003). Three basic methods of genetic modification that allow manufacturing of the products of desired features can be distinguished. The first method is introducing a change in the activity of genes in the body. Thanks to this method, in 1994 the tomato FlavrSavr was created and approved to go to market. This modification involved reducing the activity of an enzyme responsible for softening the fruit. It was the first plant created through the genetic modification process. The changes introduced led to the production of tomatoes that stayed fresh and firm for longer, and matured more slowly (Wunderlich, 2015). The next method introduces an additional copy of its own gene into the body. This kind of method is used in genetic modification of animals, that involves multiplying the desired quality, for example increasing beef or pork biomass, increasing cows’ milk yield, or chickens producing approximately double the amount of eggs (National Research Council, 2004). The third method involves insertion of a gene from an organism into the genome of another species. This allows combining plant genes with other plant genes, animal with animal, vegetable, or human. The examples of such modifications include rice seeds able to produce human serum (albumin), bananas capable of producing human vaccines against infectious diseases, or plants that produce new plastics with unique features (He et al., 2011; Bava and Anilakumar, 2012). 
    GM food and animal feed that enters Europe must be approved by EU regulation and there is a need to label it, however meat and dairy does not have a requirement for labelling (GenWatch, 2018). Labelling foods that are GMO becomes an ethical issue also due to the fact the health effects of consuming GM foods remain a grey area. However, when GM food is examined from the perspective of meeting the food‐security needs of an ever‐growing population, it seems that the benefits may outweigh the possible health side effects. This is grounded by the ethical principle of beneficence, which is defined by AND (2009) as ‘taking positive steps to benefit others, which includes balancing benefit, risks and costs when determining a policy’. Many countries import the majority of their food supply due to the weather, climate and pests which may hinder the availability or production of food crops respectively. Therefore, recognizing the need to incorporate GMF or GMOs in the food supply chain has relieved them from paying such high prices for foods as well as concerns of food security (Dibden, Gibbs and Cocklin, 2011). Such initiatives could appeal to the ethical principle of justice, where a fair and equitable food supply is encouraged (AND, 2009).
    The advantages of GMO are very wide and encompass many different aspects. Qaim and Kouser (2013) show that GM technology can play an important role in achieving productivity gains that can improve access to the food at global and local levels, in increasing food safety and quality, and can have positive results on the economic and social aspects of farmers’ status. Key, Ma and Drake (2008) states that the world population is predicted to double by the year 2050, with 95% living in developing countries. Furthermore, it is estimated that 840 million people in that part of the world are chronically undernourished, having to survive on less than 1000 kJ/day or have substantially limited access to food. Moreover, farming in such countries is extremely hard due to poor soil, lack of irrigation of fields, necessity of purchasing pesticides or herbicides to protect the crops and the inability to buy a good quality seeds that constantly leads to failing harvest. Consequently, there is a need to develop food production to meet those requirements. According to Herrera-Estrella (2000) plant biotechnology can be a chance for farming in developing countries. A major benefit of using GMO is virus and insect resistance, delaying ripening, higher productivity of farm animals and increasing the content of nutrients in food. Furthermore, the cultivation of GM crops can have an impact on improving the environment. Adenle (2010) shows that growing crops using GM plants widely contributed to reduced chemical use, fuel use, preserving soil structure, controlling water waste, and lowering tillage operations. Moreover, other studies show that GM cultivation has a positive impact on human health due to the reduction in harmful pesticides and herbicides use, for example among poorly trained cotton farmers in China a number of illnesses that are linked with chemicals use has been reduced (Pray et al., 2002). Another finding shows that cultivation of other crops such as GM maize leads to health benefits. The GM corn can contain low number of mycotoxins responsible for cancer and other human diseases. This case shows that a reduced level of toxicity thereby results in the number of poisoned farmers being significantly reduced (Wu, 2015). Another important aspect of engineered food is that they are richer in nutrients and contain more minerals and vitamins to those traditionally grown. Moreover, it is estimated that contrary to developed countries, where nutritional content of food is not playing an equally major role due to easy access to a wide variety of food, in the developing world people often rely on a narrow variety of energy intake. Hence, GM technology can alleviate some of these problems. According to Hefferon (2015) malnutrition is often caused by a scarce diversity of food consumed, thus a poor diet. This is often a result of lack of access to a wider range of fruits and vegetable in cases where the diet is based around a staple crop. Consequently, almost a third of childhood deaths under the age of five worldwide has its roots in undernutrition. Moreover, one in four children are stunted as a result of poor nutrition. There are multiple examples of the potential of this technology. The ‘Golden Rice Project’ was developed in the poorest countries to help fight vitamin A deficiency, which is widespread among children in the developing world. It is estimated that lack of this vitamin results in blindness and is responsible for deaths of about 2 million children per year (Christou and Twyman, 2004; WHO, 2001). Consequently, this strategy helped to moderate the level of beta-carotene in the engineered rice which provides a stable level of vitamin A for children (Paine et al., 2005). Wheat is another grain that has been modified for several health benefits. It is estimated that wheat contains 80 % of gluten proteins, they are classified into two families: glutenins and gliadins; where gliadins are the main cause of coeliac disease. The character of the disease causes inflammation within the small intestine, and the only treatment is a lifelong gluten-free diet. For this reason, gliadins in wheat have been lowered by the RNAi-based engineering. Consequently, this provides more options for individuals who are gluten sensitive or intolerant (Gil-Humanes et al., 2014). Moreover, the level of essential amino acids (lysine) that are in deficient scale in wheat, has been successfully increased and this modified crop enables higher levels of iron and zinc to be included in the diet of those living in the poorest countries, where wheat is used as a staple food (Hotz, 2009).  
     Zhang, Wohlhueter and Zhang (2016) shows that there are three major potential risks with GM food on human health: toxicity, allergenicity and genetic hazards. 
Potential sources can be recognised by: the inserted gene and their expressed proteins; secondary (pleiotropic) effects deriving from the products of gene expression; and the possible distortion of natural genes in the modified organisms. 
Some evidence shows that GM crops are potentially toxic. Ewene and Pusztai (1999) proved that rats fed with GM potatoes, which expressed the gene for the lectin Galanthus nivalis agglutinin, suffered damage to gut mucosa.  However, the Royal Society (1999) states that the study is flawed in many aspects, for example the author used too few rats per test group to derive meaningful, statistically significant data. 
   Johal and Hubert (2009) report that that over 80% of GM crops grown worldwide are engineered to tolerate being sprayed with glyphosate herbicides. This weed killer was developed in 1974 by the agricultural company, Monsanto and marketed as Roundup. This is the most commonly used and sold herbicide worldwide. The glyphosate is a chelating agent with capability to isolate particular micronutrient metals such as zinc, cobalt and manganese. This concentration of herbicides can modify the absorption of these micronutrients for crops, people, wildlife, pets, and livestock. Consequently, the loss these micronutrient metals can lead to several deleterious effects, especially on kidney and liver function. People and animals that eat GM glyphosate-tolerant crops, as well as processed food are eating potentially high levels of Roundup residues (Schütte et al., 2017). Moreover, there is evidence of incidences that in the United Kingdom the Food Standard Agency (FDA) residue testing conducted in October 2012 found glyphosate residues at or above 0.2 mg/kg in 27 out of 109 samples of bread (Myers et al, 2016). Seralini et al. (2014), demonstrate that glyphosate concentration can provide endocrine disturbance in human cells, multiply steroid hormones and overall toxic effects. Multiple experiments on rats shows that after a few months of consumption of Roundup tolerant crops, the liver, and kidneys have been oxidative damaged (Peixoto, 2005; Gasnier et al., 2009). Moreover, its estimated that herbicide exposure will vary on timing, age, and health status of exposed organisms and other biotic or abiotic stressors. However, it can trigger several biological effects that may culminate and result many years later in chronic degenerative diseases or other serious complications on health (Zoeller et al., 2012). Another study shows the link between exposure of glyphosate and cancer. However, European Chemicals Agency state that glyphosate has no impact on developing cancer and is safe to use, but WHO’s International Agency for Research on Cancer, after an independent study, concluded the link between glyphosate exposure and carcinogenicity in humans (ECHA, 2017). Consequently, in June 2017, the California state categorised glyphosate as a known product causing cancer (OEHHA, 2017). 
[bookmark: _Hlk530820550]   Allergenicity of the GM food is another commonly expressed public concern. Allergies to non-GM foods that include peanuts, soybeans, cow's milk, eggs, fish, shellfish, wheat and tree nuts are widespread. It is estimated that both techniques of breeding crops through either GM technology, or conventional method of cultivation, can have the potential to be allergenic (Malarkey, 2003). Key, Ma and Drake (2008) suggests that there are two factors related to increased potentiality of allergenicity of GM.  First, there is a risk that genes from allergens may be introduced into crops not typically allergenic; and second, there is a possibility of creating new, insofar unknown allergens via the process of insertion of new genes into crops or altering the expression of endogenous proteins. Maghari and Ardekani (2011) show evidence that biotech companies avoid the direct link between the GMFs consumption and human health problems. However, the opponents to the engineering method highlight how soya allergies increased over the last decade in USA and UK, whereas in India, hundreds of villagers developed skin allergy. Moreover, there is an evidence that maize expresses an allergenic protein that increase various immunological reactions in the body (Pasini et al., 2002). Moreover, the opponents of the engineering method found that a project which developed genetically modified peas by adding a protein from beans caused a lung allergy in mice, and soybean engineered to express a protein obtained from Brazil nut was found to be allergenic in tests and has since been withdrawn from production (Prescott et al., 2005; Nordlee et al., 1996). In turn Xu (2015) states that GMF cannot be more allergenic than conventional breeding due to comprehensive inspection for market approval and only adequate labelling can minimize the risks of food allergies. Moreover, Herman (2003) claims that GM technology can have an impact on decreasing the levels of allergens that naturally occur in crops by reducing numbers of the particular genes that can help to reduce allergenicity in food and feed. Soybean is an example where research was successfully undertaken to identify major allergens and eliminate them from the plant.
[bookmark: _Hlk530639149]    The use of antibiotic resistance marker genes in plant genetic modification has increased concerns relating to the possible risk to human health, as these genes are found to decrease the effectiveness of prescribed antibiotics through the establishment of antibiotic effects in the food chain (Hug, 2008). Furthermore, the concern of medical science is the growing resistance to antibiotics, which can be traced back to the over-use of therapeutic antibiotics in medicine and agriculture. In this process antibiotics are usually employed as selection markers for successfully altering bacteria from those in which the transfecting genes did not take hold. Consequently, that modification can provide the risk of transferring the genes of antibiotic resistance into the good bacteria harboured in the human gastrointestinal tract, or worse yet, to pathogenic bacteria nourished by GMF, because those bacteria (good or bad) are able to carry useful genes which protect them from bad antibiotics. 
Additionally, another potential danger pointed out by researchers is that the gene introduced artificially may disrupt the integrity of existing genomic information in the plant, causing inactivation, or other alternation, of endogenous genes (Zhang, Wohlhueter, and Zhang, 2016). 
Conclusion 
   To conclude, GM plants currently account for more than 180 million hectares in 28 countries. The biggest number of increasing GM crops is in developing countries which significantly helps to fight malnutrition. Moreover, due to growth population and decreased availability of land for farming and unfavourable environments for agriculture, modern biotechnology will continue to resolve these issues. With GM food production becoming the norm, it is important to give more consideration to assessing food safety and the potential for threats related to the spread of GMOs. In particular, a lot of attention is paid to the direct assessment of the impact of GMF on human health. It has been estimated that risks caused by the use of GM vegetables appear to be so low that they are negligible in comparison with their potential benefits, and researchers continue to work on developing foods that might have the ability to alleviate certain disorders and diseases. On the contrary, the possibility of increasing the unpredictable exposure to allergens and toxins through new gene combinations has also given cause for attention. Furthermore, the possibility of decreasing the nutritive value, or the occurrence of anti-nutritional effects of GM food have also raised serious concerns. Transgenic foods are still new on the market and the careful assessment of their safety is essential. Moreover, before consuming engineered foods it is very important to know about their advantages and disadvantages, particularly with consideration on human health and livestock. Consequently, to check the stability of GMF in the human body more human/animal studies and effective data bank research are required. 
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