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Abstract: 

The development of genetically modified (GM) crops have revolutionized U.S. agriculture by enhancing crop productivity 
and sustainability. However, there is a strong global consensus on the safety of GM crops-evidenced by over 4,400 risk 

assessments confirming no significant difference in risk between GM and non-GM crops, yet there are substantial societal,  

scientific, and governmental obstacles to the future expansion and integration of GM crops. This review looks at the current 

state of GM crop biotechnology in the U.S., focusing on the legal frameworks that control its development, the scientific 

discoveries that spur innovation, and the critical challenges that need addressing to ensure continued progress. The article 
outlines the foundational science behind GM technologies, including gene editing, precision breeding and transgenic 

approaches, which have made it possible to produce crop types that are more resilient and sustainable. Furthermore, the review 

covers the changing regulatory environment, with special attention to the difficulties in navigating federal regulations, public 

perception challenges, ethical considerations, and worries about the effects on the environment and human health. Lastly, the  

article proposes potential pathways forward, emphasizing the necessity of regulatory change, public and policymaker 
education, and research funding to realize the full potential of GM crops. By addressing these challenges, U.S. agriculture 

can continue to benefit from biotechnological advancements while maintaining safety, sustainability, and global 

competitiveness in the agricultural sector. 
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1.Introduction 

In the United States, biotechnology has revolutionized agricultural 

practices, such as, increasing crop production and variety diversification 

(Grossman, 2018).  Along with other industries, the agricultural sector is 

experiencing the most significant impact from the blessings of 

biotechnology, or, in other words, genetic engineering (GE) technology. 

For over 10,000 years, humans have employed conventional methods to 

alter crops and animals according to their preferences and requirements  

(Razzaq et al., 2021; U.S. FDA, 2023a). Examples of conventional 

methods for making these changes include cross-breeding, selective 

breeding, and mutation breeding. These breeding methods frequently 

entail combining the genes from two distinct sources (IAEA, 2022; Lee 

et al., 2015). Scientists trialed these methods to develop familiar crops, 

for instance, modern corn varieties and seedless watermelons (Thompson, 

2023; U.S. FDA, 2023b; Melissa & Schleiger, 2022; Wieczorek et al., 

2012). Scientists now use genetic engineering technology to transfer 

beneficial genes, such as insect resistance or drought tolerance, into plants 

with the blessing of this modern technology (Talakayala et al., 2020, 

Martignago et al., 2020, Gatehouse, 2008, Low et al., 2018, U.S. FDA, 

2024a). In recent years, genome editing technologies have emerged as a 

powerful tool in agricultural biotechnology, facilitating the generation of 

innovative crop varieties devoid of foreign DNA integration. In contrast 

to conventional genetic modification that entails transgene insertion, 

techniques such as CRISPR/Cas9, TALENs, and ZFNs provide accurate 

modifications of an organism's pre-existing genetic material (Malzahn et 

al., 2017). This accuracy facilitates the overexpression or repression of 

particular genes to cultivate desired phenotypes while removing foreign 

sequences (Saravanan et al., 2022). Patel-Tupper et al. (2024) emphasized 

the advancement of disease-resistant crops using genome editing, 
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particularly enhancing bacterial wilt resistance in tomato plants. Hayes 

(2023) illustrated in Nature Biotechnology that genome editing may 

improve maize's drought resilience by altering genes associated with 

water stress response. Cisneros et al. (2023) illustrated the efficacy of 

genome editing in enhancing rice yield and nutritional quality in their 

article in Nucleic Acids Research. The capacity to develop genetically 

modified crops devoid of foreign DNA has considerable benefits for 

public acceptance, since traditional GMOs encountered resistance 

stemming from apprehensions over foreign gene insertion and its long-

term consequences (Aziz et al., 2022). Genome editing can produce 

comparable or superior outcomes while alleviating these issues, 

potentially resulting in diminished regulatory restrictions and more 

consumer acceptance (Callahan, 2023). The objectives behind genetic 

modification remain consistent throughout history: enhancing crop yields, 

reducing crop loss, extending storage life, improving appearance, 

boosting nutrition, or a combination of these beneficial traits (Babe, 2022, 

Butler, 2023, Ramos et al., 2023). We also expect the application of 

genetic engineering (GE) and genetically modified organisms (GMOs) in 

agriculture to enhance resistance to diseases and pests, and secure food 

safety and availability (Hossain & Roslan, 2023).  

Despite its potential, biotechnology in agriculture has been the subject of 

vigorous debate and scrutiny. Particularly, widespread skepticism (Fig. 1) 

(Pew Research Center, 2020) with GMO safety, environmental effects, 

and ethical implications are at the core of these arguments (Abushal et al., 

2021; EFSA, 2011). Research indicates that 32% of Americans with high 

knowledge of science and research believe that researchers often tend to 

favor industries based on their research outcomes related to GM foods 

(Funk & Funk, 2024). Moreover, when biotech crops are close to related 

plants, whether they are weeds or wildflowers, they have the ability to 

exchange traits with each other through pollen (Ellstrand, 2003; Warwick 

et al., 2009; Poppy, 2004; Snow, 1997; Martínez-González et al., 2021). 

The assessment of genetically engineered organisms also considered the 

potential environmental effect on birds, mammals, insects, worms, and 

others, especially when it comes to insect or disease resistance traits 

(Naranjo, 2021; USDA, n.d.; Ghimire et al., 2023; Wei & Stewart, 2023). 

 

Figure: 1:  Widespread skepticism about the safety of GM foods. Note that the respondents who did not give an answer are not shown. The data 

collected from the International Science Survey 2019-2020. Q20. (Pew Research Center, 2020) 

On the contrary, GMO foods are equally healthy and safe as their non-

GMO counterparts (Sims, 2020; Hollingworth et al., 2003; Teferra, 2021; 

Ghimire et al., 2023; U.S. FDA, 2023b). Basically, scientists have 

modified certain genes to improve their nutritional and dietary values. For 

instance, GMO soybean oil is healthier and can be used as a replacement 

for oils that contain transfat (Ghimire et al., 2023; Teferra, 2021; Shen et 

al., 2022). Studies have shown that GMO foods introduced in the 1990s, 

and are as safe as non-GMO counterparts (Shen et al., 2022; Klümper & 

Qaim, 2014; Bawa & Anilakumar, 2012). Moreover, studies indicate that 

GMOs used in animal feed are equally safe compared to non-GMO 

animal food (Norero, 2022; Shen et al., 2022; U.S. FDA, 2024b).  

To address these challenges, regulatory frameworks play a key role in 

ensuring biotechnological progress, whether or not it adversely affects the 

environment or human health (Rozas et al., 2022, Tsioumani, n.d.). The 

U.S. Department of Agriculture (USDA), Food and Drug Administration 

(FDA), and Environmental Protection Agency (EPA) are the principal 

regulatory agencies in the United States responsible for GMOs and 

biotechnology regulations. 

The study aims to assess the scientific foundations, future directions, and 

regulatory challenges of biotechnology in American agriculture. We will 

review the current regulatory framework to find shortcomings and 

propose modifications for sustainable integration. We will also look at the 

scientific foundation of biotechnology, assessments of health and safety, 

and effects on consumers' and growers' socioeconomic situations. The 

study will also review EPA, FDA, and USDA's regulatory measures and 

offer evidence of the security and efficacy of modified species. Our goal 

in tackling ethical concerns and the broader consequences of 

biotechnological developments is to provide insightful analysis and 
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suggestions to the scientific community, industry stakeholders, and 

policymakers 

2. Methodology 

This review investigates agricultural biotechnology operations in the 

United States by examining peer-reviewed articles, regulatory documents, 

and key stakeholder perspectives. The literature search spanned from 

1981 to March 2024, using databases such as Google Scholar, Sci-Hub, 

Pub-Med, Agricola for peer-reviewed articles and official documentation 

from the USDA, FDA, and EPA. In addition, relevant data were retrieved 

from reliable websites related to (agricultural) biotechnology regulation 

and policy. Boolean operators (AND, OR, NOT) were used to refine the 

search. 

Inclusion criteria: consisted of studies focused on US agricultural 

biotechnology (mostly GM crops), regulatory frameworks, safety 

assessments, and socioeconomic impacts. 

Exclusion criteria: removed unreliable sources and studies irrelevant to 

these topics. Articles were selected based on their relevance, and duplicate 

studies were removed using citation management tools, Endnote. 

Semi-structured interviews were conducted with extension associates, 

field officials, and industry experts to gain practical insights into the 

regulatory landscape and its real-world implications. 

3. Problem Statement 

One of the main challenges to the seamless incorporation of 

biotechnology and genetically modified (GM) crops into the American 

agricultural system would be the intricate regulatory complexity and the 

fragmentation of regulations. As there is no dedicated legislation, the 

arrangement instead consists of borrowed portions of the existing laws, 

which makes the whole regulatory framework a very complex. While the 

Coordinated Framework established in 1986, U.S. Department of 

Agriculture (USDA), Food and Drug Administration (FDA), and 

Environmental Protection Agency (EPA) divided the work under this 

“Coordinated Framework for the Regulation of Biotechnology” (Martin, 

A., 2022). Although this framework has functioned for decades, some 

researchers have pointed out potential gaps or overlaps in regulatory 

oversight, particularly when it comes to novel biotechnologies like 

genome editing (McHughen & Smyth, 2007; Montpetit, 2005). To 

improve the efficiency of the system, there may be a need for better 

coordination and streamlining between these regulatory bodies, especially 

as new biotechnologies continue to emerge. 

The main challenges in biotechnology include resource allocation and 

regulatory effort prioritization. Regarding risk-based practice, there is a 

recognition of the need to align regulatory resources with risk levels. But 

still, the question arises as to whether the existing resource allocation 

practices are enough. The scientific and regulatory community generally 

agree on the mechanism of "product, not process" regulation, but further 

research is necessary to determine whether current legislation can 

effectively regulate biotechnology and determine its positive or negative 

impact on regulatory efficiency. 

4. Regulatory Initiatives for Oversight of 

Agricultural Biotechnology in the United States 

The US and Canada, in contrast to Europe, did not pass any new laws 

pertaining to the regulation of biotechnology. Instead, existing statutes 

were adapted to encompass new products and technologies. This strategy 

was driven by the idea that the nation already had enough human and 

juridical power in the appropriate agencies to ensure proper protection of 

the environment and society (Montpetit, 2005). 

The Food and Drug Administration (FDA) published a policy statement 

in 1992 that described the safety and assessment procedure for foods 

made from novel plant kinds, including those made using the technique 

known as recombinant DNA (Federal Register Announcement of May 6, 

1992,” Kok et al., 2008). Since the first genetically modified crops were 

approved in 1994–1995 (U.S. FDA, 2023a; Rangel & Maurer, 2016), they 

have evolved and remain consistent with the oversight framework 

established by the U.S. Department of Agriculture (USDA). 

4.1 USDA Oversight 

Under a permit system, the USDA's Animal and Plant Health Inspection 

Service (APHIS) regulates managed field trials of prohibited genetically 

modified organisms and veterinarian products (Purchase, 1990). Meat and 

some poultry products are subject to safety regulations by the Food Safety 

and Inspection Service (FSIS), a division of the USDA (Brougher, 2011; 

Manchester et al., 1997). The genetic engineering method is the main 

emphasis of the process-based regulatory process at the USDA, which 

calls for permits and oversight for field testing of genetically modified 

organisms (Hoffman, 2021, McHughen, 2016). However, USDA 

regulatory mandates can easily be limited in scope to only environmental 

factors, resulting in whole categories of risk falling outside of regulatory 

scrutiny (Secchi, 2023). 

4.2 FDA Authority 

The FDA assures that genetically modified foods are safe for human and 

animal consumption. Under the Federal Food, Drug, and Cosmetic Act, 

the FDA evaluates food from GM crops with specific concern for 

allergens, toxicants, and the nutritional equivalence of the foods (Shen et 

al., 2022). Specifically, the Centers for Food Safety and Nutrition 

(CFSAN) and the Center for Veterinary Medicine (CVM) of the FDA, in 

particular, evaluate the safety of genetically modified crops, milk, and 

dairy products (Jarrell et al., 2015). In contrast to a process-based 

approach, the FDA evaluates the qualities and attributes of the food before 

imposing regulatory scrutiny based only on the biotechnology process. 

FDA connection is discretionary, but if harm becomes apparent, not 

participating could lead to a recall that is required and legal action 

(Tennyson, 2011). However, the lack of legal restrictions on the 

recommendations of the FDA to engage in a pre-commercial consultation 

results in wide criticism, with apportionment of allowances to GM food 

developers, while their compliance with the guidelines is purely 

voluntary. These regulatory lapses add to both fragmentation and public 

fear of the processes involved, which in turn contribute to minimal 

transparency (Naveen & Sonatakke, 2024). 

4.3 EPA Involvement 

The EPA is in charge of regulating chemical insecticides and herbicides  

and oversees the evaluation of genetically modified plants that have 

pesticidal, Plant-incorporated Protectant (PIP) genes incorporated into 

them (Murphy & Krimsky, 2003, Ehn RC, & Fox JR, 2019).  The EPA 

basically follows two Acts-the Federal Insecticide, Fungicide, and 

Rodenticide Act (FIFRA) and the Toxic Substances Control Act (TSCA). 

Among other regulatory functions, the agency assesses potential 

environmental impacts of pest-resistant crops, for instance, Bt corn, to 
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ensure that those plants do not pose unintended risks to non-target species 

and the ecosystem. While EPA is focuses on the environmental impacts  

of GM crops, it does not look into larger issues of agricultural 

management or food safety, which fall under USDA and FDA, 

respectively (EPA, 2023). Moreover, FDA and EPA both adhere to 

identical standards for food safety. A thorough dossier must be submitted 

to the EPA and discussions with the FDA are part of the PIP evaluation 

process (McHughen & Smyth, 2007). Mandatory USDA and EPA 

requirements guarantee a rigorous review process (Spector, 1975). 

 

Agency Primary Responsibilities 

USDA It regulates the introduction of genetically engineered organisms(USDA (n.d). 

Assesses environmental impacts and manages field trials (USDA-APHIS (n.d.) 

FDA The FDA operates under the Federal Food, Drug, and Cosmetic Act (FFDCA).  It oversees the 

safety of food and feed products derived from GMOs (US FDA, 2023). 

EPA The FFDCA evaluates safety and nutritional aspects (US FDA, 2023). 

Regulates pesticides produced by genetically modified plants (US EPA (n.d). 

evaluates environmental impacts and effects on non-target organisms (US EPA, 2024). 

 

Table 1: Key regulatory responsibilities of each agency 

 

5. Current GMO Approvals 

(As of 2023) 645 GM crop events are listed by the Center for 

Environmental Risk Assessment, taking into account several breeding 

techniques. GM approval data, including additional crop varieties, is kept 

up to date in a database maintained by the International Service for the 

Acquisition of Agri Biotech Applications (ISAAA.org, n.d.). To ensure 

accessibility, every regulatory body-including the EPA, FDA, and 

USDA-maintains distinct databases for each of their decisions about 

specific GM incidents (Freese & Schubert, 2004). Most genetically 

modified crops (GM) occur in commodity crops such as soybean, canola, 

cotton, and maize.  In 1996, the genetically modified (GE) seed was first 

commercially introduced in the United States as a major field crop. The 

United States has seen a remarkable adoption rate of genetically modified 

crops; in 2014, over 90% of planted maize and soybeans were GM 

varieties (Fernandez-Cornejo et al., 2014). Since the commercial launch 

in 1996, their (GM seeds) adoption rate has increased rapidly. Later, GM 

crops, mostly canola and sugar beets, were broadly adopted. By 2024 (the 

most recent year for which data are available), approximately 55% of the 

total harvested cropland was cultivated with at least one GM trait (Figure. 

2) (USDA-ERS. n.d.). 

 

Figure 2: Recent trends in genetic engineering adoption 

Herbicide tolerance and insect resistance are most common (Table 2) (USDA-ERS. n.d.). For detailed information, the table 2 can be viewed on the 

USDA ERS website here (Accessed October 10, 2024). 

https://primary.ers.usda.gov/data-products/adoption-of-genetically-engineered-crops-in-the-united-states
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Table 2: The data provides an overview of the adoption of herbicide-tolerant and insect-resistant corn, cotton, and soybeans, by State and for the 

Unites States, 2000–24. 

6. Evolution of GM Crop Landscape 

The field of genetically modified crops has evolved, with many GM 

events serving comparable purposes. Some genetically engineered crops 

were removed due to pressures from customers and businesses, but 

others-e.g., viral-resistant papaya-have efficiently addressed certain 
issues and saved the corresponding industries (Kour et al., 2022). Fresh 

GM crop sweet-sorghum participated in a fast-paced adoption in China, 

India, and the United States becoming a major portion of the worldwide 

production of cotton and entering the market (Raman, 2017). Since the 

introduction of GM crops, they have consistently contributing in global 
economic gain. Their cumulative economic contributions are substantial 

(Figure. 3) (Chaudhary & Singh, 2018). In particular, insect-resistant (IR) 

maize and IR cotton stand out with the highest cumulative economic 

benefits, with IR maize alone contributing approximately $33.40 billion 

and IR cotton contributing $11.10 billion. According to the recent reports, 
GM crops produced an estimated $261.3 billion in economic benefits 

from 1996 to 2019 (ISAAA - AFRICENTER, 2019). Moreover, before 

marketing and consumer access, GM products have to undergo strict 

safety and regulatory processes. 

 

Figure 3: Economic benefits by trait/crops (million US$), 2015. The data sources are the Brooks and Bafoot 2017 Forthcoming and the ISAAA GM 

Sanction Catalogue 2016 (Chadhary & Singh, 2018) 
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7. Public Perception and Acceptance of GMOs 

7.1 Socio-Cultural Factors 

Public skepticism towards GMOs often arises from socio-cultural and 

ethical concerns. Many individuals express discomfort with the 

"unnaturalness" of genetic modification that goes against the sanctity of 

nature. These viewpoints are grounded in long-standing agricultural 

practices and cultural norms favoring organic, indigenous varieties of 

crops (Hund & Wald, 2020). Certain religious and ethical perspectives  

condemn the act of altering or tampering with the natural phenomena of 

life or disrupting the natural order of lives, guided by the belief that 

individuals should work in harmony with nature, rather than try to 

manipulate it (Hund & Wald, 2020). Misinformation and lack of clear 

communication of the technology can further increase these concerns. 

7.2 Economic Factors 

 Skepticism towards GMOs is also rooted in economic issues, particularly 

in the developing world. For instance, small-scale farmers may object to 

GMO adoption, as multinational agribusinesses aggressively market and 

sell GMO seeds while exercising rights over the intellectual property of 

their seeds. These farmers cannot afford to pay for the high cost of GM 

seeds, which they may fear could eventually tie them to corporate-

controlled farming practices (Naveen & Sontakke, 2024; Sandhu et al., 

2024). Additionally, some consumers believe that GMOs primarily 

benefits agribusiness, rather than address global hunger or improve 

farmers' livelihood (Sandhu et al., 2024). 

7.3 Political and Regulatory Factors 

The politics of governing GMOs also serves as an important determinant 

of the public opinion. Citizens in several countries, and groups that 

represent them, are opposed to GM crops (Naveen & Sontakke, 2024; 

Turnbull et al., 2021). This is especially true for anti-GMO movements  

created by political parties, environmentalist groups, or consumer rights 

groups who demand that GM products be avoided or demand that the use 

of the technology be restricted or banned. Much of this pressure has 

effectively limited the technology's use within several members of the 

European Union (Bain & Dandachi, 2014). Inconsistencies in regulatory 

policies across the world too has lent a hand in fueling the apprehension 

surrounding GM crops. Although the United States uses a fairly liberal 

policy, EU, in the wave of popular anti-GM sentiment in its member 

countries has set in place regulations that leaves relatively less freedom 

for GM crops to be developed and used in its members. This fragmented 

policy contributed to the divergence of perception over the safety and 

wisdom of utilizing GMOs (Naveen & Sontakke, 2024; Turnbull et al., 

2021).  

8. Outreach Strategies to Enhance Public 

Acceptance 

8.1 Education 

Educational outreach should focus on increasing public awareness of 

demystifying GMOs by providing clear, reliable information regarding 

the science of genetic modification. The targeted public awareness 

campaigns should be grounded on science-based accounts of the safety 

procedures and regulatory framework regarding the production and 

consumption of GMOs and combat common myths (e.g., that GMOs are 

inherently unsafe) (Cornell Chronicle, 2022). In addition, infographics 

and forums hosted in local communities to establish a two-way 

conversation among scientists and communities will encourage members 

of the community to raise their questions and concerns (Biosafety 

Information Centre. (n.d.). Infographics can also be launched to the 

supermarket shelves or labels to inform consumers of the importance of 

re-examining the acceptance of GMOs and the benefits it may have for 

both the food security and environmental sustainability of the nation 

(Verma, S., 2024). 

8.2 Engage with Cultural Values 

Educational effort targeting different cultural groups should also ensure 

that the sensitivity of the region is properly maintained and that important 

ethical or religious concerns are taken into account. This might involve 

partnerships with community leaders, religious leaders, or public figures 

who are well-respected in the community. Community-based 

participatory research process also helps ensure that the voice of small 

farmers and vulnerable community members is heard as well. This makes 

sure that critical ethical and religious concerns are understood and that the 

citizens of that country understand the benefits of GMOs to the food 

security and environmental sustainability (Naveen & Sontakke, 2024; Fan 

et al., 2021). 

8.3 Emphasizing the Role of Genome Editing 

Genome editing, particularly the CRISPR-Cas9 approach may serve as a 

more acceptable approach for biotechnological development. Unlike 

traditional genetic modification where foreign genes are often inserted, 

genome-editing allows for the removal and editing of the genes to be 

modified without the insertion of foreign material (Javaid et al., 2022; 

Reardon, 2023). This may mitigate fears of "unnaturalness" of using 

foreign material in food. Educational efforts can point out the role and 

importance of genome editing to its ability to improve aide the crops in 

climate resilience, increased nutritional content, and reduce pests while 

not changing the crop’s genetic identity (Ronald, P. & Cliegman, M., 

2024). Scientists must especially point to the rigorous standards and 

principles that the product had to meet to gain its regulatory approval 

standards, and regulatory principles and safety standards which is often 

more streamlined than that for GMOs (Chaparro, T., 2024). 

In addition, targeted social media campaigns can effectively promote the 

safety, advantages, and possibilities of GMOs and genome editing, 

engaging younger audiences via concise informative videos. Integrating 

biotechnology and genetic engineering into the school curriculum helps 

enhance scientific literacy and critical thinking. What’s more, 

collaborations among governments, NGOs, and biotechnology firms can 

demonstrate practical instances of GMOs and genome-edited crops 

tackling food security, climate resilience, and nutritional deficiencies . 

These activities can transform the discourse from apprehension to 

optimism over the prospective advantages of biotechnology for society 

(Gene-Editing, 2024).   

9. Review of the Scientific Basis for Agricultural 

Biotechnology Regulations 

The inception of recombinant DNA technology in the early 1970s in the 

United States prompted immediate concerns about potential risks 

associated with genetic engineering (Bur & Wright, 1996). Scientists 

raised apprehensions, leading to the Asilomar Conference in 1975, where 

discussions addressed various risk scenarios related to recombinant DNA 

technology (Krimsky, 2005). In response, the National Institutes of 

Health (NIH) published the guidelines for research involving recombinant 
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DNA molecules in 1976 (NIH, 1987; Singer, 1977). While not codified 

into law, laboratories receiving federal funds adhered to them. Other labs, 

both public and private, voluntarily followed these guidelines, 

recognizing their prudence. 

Certain limitations were eased as time passed on and the scientific and 

regulatory institutions gained greater familiarity with the technology and 

its offerings. When it was suggested that organisms with gene editing 

might be unleashed into the environment in the early 1980s, public 

opinion evolved (Devos et al., 2007).  

The White House Executive Office organized an interagency working 

group to deal with these concerns, which examined the veracity of the 

allegations and suggested a regulatory strategy. The result was the 1984 

draft of the "Coordinated Framework for Regulation of Biotechnology," 

that was finalized by the White House Office of Science and Technology 

Policy (OSTP) in 1986 (Shapiro & States, 1989; OSTP, 1986). This 

paradigm yielded several important findings (summarized from Payne & 

Medley, 1992) that will direct science and policy going forward: 

• Biotechnology goods are not essentially different from 

conventional products or unmodified organisms. 

• Regulation ought to put more emphasis on what is achieved 

than the method. 

• Regulation ought to be case-by-case depending on the product's 

intended purpose. 

The laws that are now in place give sufficient jurisdiction to regulate 

biotechnology products. Amazingly, it is believed that these foundational 

legal and regulatory safeguards were foreseen about 50 years ago, even 

before any genetically modified organisms were released or ingested by 

humans (Freese & Schubert, 2004). 

In 1992, the Office of Science and Technology Policy (OSTP) released a 

position statement to strengthen the scientific foundation. This declaration 

stressed a risk-based, scientifically sound approach to biotechnology 

products, placing a greater priority on the traits of the product and how it 

impacts the environment than on the method of generation (Freese & 

Schubert, 2004).  

10. Scientific Examination of Genetic Modification 

Risks 

One of the main concerns surrounding GMOs is the possibility of 

unforeseen consequences, particularly those that may pose a risk. 

Thorough evaluations conducted by scholars, including the 2004 report 

from the United States National Academy of Sciences and the Institute of 

Medicine, provide a detailed analysis of the risks involved in plant 

breeding (Kessler & Economidis, 2001; NRC, 2004). It compares 

contemporary genetic modification techniques and those employed in 

earlier times. Unintended consequences are the main focus, seen as 

indicators of unforeseen risks. Modifying the DNA of a plant, animal, or 

microbe can have unforeseen consequences, potentially resulting in 

unintended or risky traits. including gene flow and cross-contamination, 

which may adversely affect the environment. An illustrative instance is 

Star Link Corn, a GMO-approved-only animal feed found in human food 

products in 2000, exacerbating public concern regarding the inadvertent 

dissemination of GM crops. A notable case is the herbicide-resistant 

Brassica napus (canola), wherein transgenes escaped wild relatives, 

resulting in the emergence of herbicide-resistant weeds, a phenomenon 

termed transgene escape, which complicates the management of invading 

species (Shen et al., 2022; Sabat & Tripathy, 2024). It is proven that 

genetic modification may influence the biochemical pathways in ways 

that are not predictable, resulting in unexpected changes, e.g., producing 

new metabolites that were not present in the original organisms 

(Sorochinskii, et al., 2011; Zheng et al., 2020, Goyal et al., 2021), which 

may adversely affect the environment. However, the standard breeding 

process successfully identifies and eliminates undesirable traits before 

introducing them to the market. Modern cultivars have been specifically 

engineered to thrive in optimal farming conditions, effectively 

minimizing the chance of undesirable traits (Benavente & Giménez, 

2021; Sun et al., 2024). 

The breeding techniques used in livestock, fiber, food, and industrial 

applications have a long history of safety, with only a few alleles causing 

harm (Bishop & Van Eenennaam, 2020; Dekkers, 2019). The infrequency 

of unfavorable outcomes among many new varieties highlights the 

general security of breeding methods. Although every breeding technique 

has its own potential effects, a comprehensive evaluation process has 

proven successful in identifying and minimizing any risks involved 

(Zilberman et al., 2018). 

11. Health Risks 

Naturally occurring toxicants found in food and feed plants include 

mycotoxins in cereals and glycoalkaloids in potatoes. Researchers are 

constantly developing plant cultivars free of these dangerous chemicals  

(Kumar et al., 2018, Hansen et al., 2021, WHO, 2023). One obvious sign 

of the attempts made to lessen or completely eradicate the presence of 

toxic compounds is the ongoing work to selectively breed plants (Asghar 

et al., 2024). Many aspects of human existence can be significantly 

disrupted by toxins and allergies. From mild coughing to a runny nose to 

severe symptoms including anaphylaxis (Cleveland Clinic, 2020), 

allergies trigger off immunological reactions. Toxins can throw off cell 

activities, induce inflammation, oxidative stress, and damage to key 

organs (Hoag, 2024). Toxins including heavy metals and mycotoxins can 

damage kidney performance (Ding et al., 2023) by creating oxidative 

stress and damaging renal cells). Long-term exposure to some toxins 

(BiologyInsights, 2024) can cause proactive kidney damage and diseases 

like chronic kidney disease (CKD). Generating DNA changes (Ding ewt 

al., 2023) allows various toxins—including aflatoxins—to be 

carcinogenic and increase a cancer risk. On the other hand, allergies have 

a complex relationship with cancer; some studies indicate a probable risk 

resulting from chronic inflammation (Cleveland Clinic, 2020), while 

others reveal a preventive role resulting from better immune monitoring. 

Allergies induce the immune system to react to innocuous molecules, 

which generates immunoglobulin E (IgE) antibodies and generates  

histamines (Cleveland Clinic, 2020). Toxins can lower immune system 

activity, therefore raising the body's susceptibility to diseases and 

infections (Hoag, 2024). By means of several pathways—DNA damage, 

protein synthesis inhibition, oxidative stress, and immunological 

suppression—mycotoxins produce their toxic consequences 

(BiologyInsights, 2024). Although totally getting rid of allergies and 

toxins is still a difficult task, plant breeders have made use of conventional 

breeding methods (Khan et al., 2020). Notably, in comparison to breeding 

methods, the growing environment frequently has a greater impact on the 

inherent hazards associated with food (NAP 20024; Jiang et al., 2021). 

Rarely do conventionally bred crops produce unexpected effects, such as 

the Lenape potato, which under some circumstances can have high 

selinene levels (Koerth-Baker, 2013; Bradshaw, 2019). Conventional 
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breeding methods have, nevertheless, been continuously shown to be 

rather safe (Thrupp 2000; Kaiser et al., 2020). 

Contrary to popular belief, both conventional breeding techniques and 

genetic engineering can transmit genes between various species. Induced 

mutation, one of the modern breeding methods, has a continuously safe 

history (Parrott, 2010). Observations highlight the significant role of 

unintentional genetic impacts, underscoring the challenge of 

distinguishing between safe and dangerous breeding techniques. 

Recombinant DNA (rDNA) technologies are one of the breeding 

strategies that, according to Berg et al. (1975), presents fewer hazards in 

relation to serious health and safety issues. More research has confirmed 

that, in comparison to other breeding techniques, rDNA does not cause 

the genome to mutate more significantly. This confirms the general 

agreement that breeding methods ought not to be interpreted as 

justifications for regulatory action (McHughen, 2016; Anderson et al., 

2016) 

12. Risk Detection and Prevention Measures 

To alleviate these risks, numerous detection and preventative measures 

have been developed. Molecular markers, like Simple Sequence Repeats 

(SSRs) and Single Nucleotide Polymorphisms (SNPs), are essential for 

detecting gene flow (Taheri et al., 2018). SSR markers have been 

successfully utilized to monitor gene flow from herbicide-resistant canola 

(Zhang et al. 2023), facilitating prompt interventions to avert further 

spread. 

Alongside detection, measures for containment have been developed to 

execute gene flow. A conventional approach is an isolation or physical 

distance, which entails cultivating GM crops considerably from non-GM 

or wild varieties to reduce pollen dispersal (Price & Cotter, 2014). This 

approach has been used in Mexico to protect indigenous maize from 

contamination by GMO maize (Hu et al., 2022). Additional advanced 

strategy involves biological containment, such as Genetic Use Restriction 

Technologies (GURTs), which are commonly referred to as ‘terminator 

technology.’ GURTs assist prevent the unintended spread of transgenes 

through natural reproduction by ensuring that the seeds of GM crops are 

sterile after the first generation (Lombardo, 2014). By combining such 

approaches with regular molecular marker monitoring, a strong barrier 

against the unforeseen ecological effects of GM crops is created (Clark & 

Maselko, 2020).  

13. Analysis and Findings: Regulatory Theory and 

Policy 

The protection of our environment, community, and society as a whole is 

the goal of the regulatory bodies. Ideally, hazards to life, food and feed 

security, and ecosystems would all be eliminated by carefully targeted 

rules and efficient risk management strategies (Hasnas j., 2009, Pacheco-

Vega, R., 2020). But to control and manage certain possible dangers, it is 

necessary to allocate human, financial, and temporal resources wisely for 

pragmatic reasons (US EPA, 2020). No nation can really control every 

facet of every potential threat in its entirety. As a result, a system of 

priority needs to be applied everywhere. The primary cause of the 

variances seen in this study between various jurisdictions is the differing 

priority policies and procedures. 

Effective prioritization necessitates a careful evaluation of the risks 

connected to different hazards and concentrating resources on managing 

and reducing risks from those that pose the biggest danger. 

14. Summary and Recommendations 

Recognizing the merits of the 'product, not process' approach to 

biotechnology product regulation is crucial. Furthermore, it is critical for 

the United States to demonstrate that biotechnology regulation can be 

accommodated within the framework of currently enacted legislation, 

even if it needs modification or interpretation with some flexibility to 

properly address possible targets (McHughen, 2016).  

McHughen (2016) also emphasized the significance of establishing strong 

working ties with various departments and agencies and creating 

appropriate Memorandums of Understanding (MoU), which allowed for 

logical cooperation in carrying out necessary tasks. Further enhancing the 

process is the idea of a "single desk" or "one-window shopping," in which 

a proponent applies to one department or agency, and that agency 

coordinates with any other agency to complete the regulatory evaluation 

for the product. 

A regulatory shortage also occurs when hazards are not sufficiently 

identified and regulatory resources are not allocated in a manner 

commensurate with the amount of risk. As a result, mistakes are made in 

both commission and omission: comparatively higher-risks are under 

regulated, while lower-risk ones are overregulated. In addition to wasting 

resources, misallocating resources to address lower-risk issues exposes 

the environment and public health to possible harm from higher-risk but 

less obvious concerns (US FDA-Office of the Commissioner, 2024). 

In order to successfully regulate and preserve public faith in the regulatory 

mechanism, it is obvious that effective prioritization and coordination are 

essential (US EPA 2016). 

15. Conclusions 

Having a clear understanding of biotechnology and genetically modified 

organisms (GMOs) in American agriculture is the first step in considering 

their potential impact on health and the environment. Without a doubt, 

strong legal and policy implementation through collaborative action and 

communication among the agencies, working towards a common goal 

with one another, can ensure the safe and sustainable development of this 

area. Aside from that, the specific creative approaches that enable 

biotechnology may focus on the good of people, localities, and the planet. 

We can achieve this by acknowledging the challenges highlighted in this 

study and implementing the measures suggested. 

Ethics approval and consent to participate: Not 

applicable 

Consent for publication: Not applicable 

Availability of data and materials: The datasets generated 

and/or analyzed during the current study are available from the 

corresponding author upon reasonable request. 

Competing interests: The authors declare that they have no 

competing interests 

Funding: This research is supported by the Agriculture/Agricultural 

Regulation, University of Arkansas at Pine Bluff, and USDA, Grant # 

100174. 

ORCHID: 0000-0003-3131-6692 (Shahidul Islam). 

Authors' contributions: MSR summarized the data, organized 

the manuscript, and was a major contributor to writing the manuscript. SI 



J. Nutrition and Food Processing                                                                                                                                                                             Copy rights@ Shahidul Islam, 

Auctores Publishing LLC – Volume 8(4)-300 www.auctoresonline.org 

ISSN: 2637-8914    Page 9 of 12 

organized and mentored the research, reviewed the manuscript, provided 

suggestions, and supervised all over the project. MAKA reviewed the 

manuscripts and provided suggestions. All authors read and approved the 

final manuscript. 

References 

1. Abushal, L. T., Salama, M., Essa, M. M., & Qoronfleh, M. W. 

(2021). Agricultural biotechnology: Revealing insights about 
ethical concerns. J Biosci, 46(3).  

2. Adoption of Genetically Engineered Crops in the U.S. USDA-

ERS. (n.d.). Accessed October 10, 2024  

3. Anderson, J. E., Michno, J. M., Kono, T. J. Y., et al. (2016). 

Genomic variation and DNA repair associated with soybean 
transgenesis: a comparison to cultivars and mutagenized plants. 

BMC Biotechnology, 16, 41.  

4. Asghar, N., Hussain, A., Nguyen, D. A., Ali, S., Hussain, I., 

Junejo, A., & Ali, A. (2024). Advancement in nanomaterials for 

environmental pollutants remediation: a systematic review on 
bibliometrics analysis, material types, synthesis pathways, and 

related mechanisms. Journal of Nanobiotechnology, 22(1).  

5. Aziz, M. A., Brini, F., Rouached, H., & Masmoudi, K. (2022). 

Genetically engineered crops for sustainably enhanced food 

production systems. Frontiers in Plant Science, 13.  
6. Babe, M. M. F. (2022). How are crops genetically modified? The 

key approaches. AGDAILY. Retrieved from Accessed October 

12, 2024.  

7. Bawa, A. S., & Anilakumar, K. R. (2012). Genetically modified 

foods: Safety, risks and public concerns—a review. J Food Sci 
Technol, 50(6), 1035–1046.  

8. Benavente, E., & Giménez, E. (2021). Modern Approaches for 

the Genetic Improvement of Rice, Wheat and Maize for Abiotic 

Constraints-Related Traits: A Comparative Overview. 

Agronomy, 11(2), 376.  
9. Berg, P., Baltimore, D., Brenner, S., Roblin, R. O., & Singer, M. 

F. (1975). Summary statement of the Asilomar conference on 

recombinant DNA molecules. Proceedings of the National 

Academy of Sciences, 72(6), 1981–1984.  

10. BiologyInsights. (2024). Understanding Mycotoxins: Types, 
Toxicity, and Health Effects - BiologyInsights. Accessed on 

February 19, 2025 

11. Biosafety Information Centre. (n.d.). Public Awareness, Access 

to Information and Public Participation regarding LMOs/GMOs. 

Accessed on February 22, 2025 
12. Bishop, T. F., & Van Eenennaam, A. L. (2020). Genome editing 

approaches to augment livestock breeding programs. Journal of 

Experimental Biology, 223(Suppl_1).  

13. Bradshaw, J. E. (2019). Improving the Nutritional Value of 

Potatoes by Conventional Breeding and Genetic Modification. 
In Springer eBooks (pp. 41–84).  

14. Brougher, C. M. (2011). The USDA’s authority to recall meat 

and poultry products. Accessed December 1, 2024. 

15. Bur, R., & Wright, S. (1996). Molecular politics: Developing 

American and British regulatory policy for genetic engineering, 
1972-1982. Technol Cult, 37(2), 397.  

16. Butler, M. B. (2023). Crop improvement in agricultural research 

for development: Enhancing yield, resilience, and sustainability. 

ERA ARD. Accessed September 5, 2024. 

17. Callahan, A. (2023). Gene editing: New study reveals shifting 
public sentiment - Boyce Thompson Institute. Boyce Thompson 

Institute. Accessed on February 21, 2025 

18. Chaparro, T. (2024). CRISPR in Agriculture: 2024 in Review. 

Innovative Genomics Institute (IGI). Accessed on February 22, 

2025 
19. Chaudhary, G., & Singh, S. K. (2019). Global status of 

genetically modified crops and its commercialization. In 

Khoobchandani, M., & Saxena, A. (Eds.), Biotechnology 
products in everyday life. EcoProduction. Springer, Cham.  

20. Cisneros, A. E., Martín-García, T., Primc, A., Kuziuta, W., 

Sánchez-Vicente, J., Aragonés, V., Daròs, J., & Carbonell, A. 

(2023). Transgene-free, virus-based gene silencing in plants by 

artificial microRNAs derived from minimal precursors. Nucleic 
Acids Research, 51(19), 10719–10736. Accessed August 22, 

2024. 

21. Clark, M., & Maselko, M. (2020). Transgene Biocontainment 

Strategies for Molecular Farming. Frontiers in Plant Science, 11.  

22. Cleveland Clinic (2020). How environmental toxins can impact 
your health. Accessed February 19, 2025.  

23. Compass, H. (2024). The Silent Killer: How our daily exposure 

to toxins affects our health - Hoag. Accessed February 19, 2025 

24. Cornell Chronicle. (2022). Awareness, not mandatory GMO 

labels, shifts consumer preference. Accessed on February 22, 
2025 

25. Dekkers, J. C. (2019). The impact of new technologies on 

livestock breeding; what’s next? Journal of Animal Science, 

97(3), 53.  

26. Devos, Y., Maeseele, P., Reheul, D., Van, S. L., & De, W. D. 
(2007). Ethics in the societal debate on genetically modified 

organisms: A (re)quest for sense and sensibility. J Agric Environ 

Ethics, 21(1), 29–61.  

27. Ding, W., Lin, L., Yue, K., He, Y., Xu, B., Shaukat, A., & 

Huang, S. (2023). Ferroptosis as a potential therapeutic target of 
traditional Chinese medicine for mycotoxicosis: a review. 

Toxics, 11(4), 395.  

28. Ehn, R. C., & Fox, J. R. (2019). A comparative analysis of 

conventional, genetically modified (GM) crops and organic 
farming practices and the role of pesticides in each. American 

Sugarbeet Growers Association. Accessed July 22, 2024 

29. Ellstrand, N. C. (2003). Current knowledge of gene flow in 

plants: Implications for transgene flow. Phil. Trans. R. Soc. 

Lond, B358, 1163–1170.  
30. Environmental Protection Agency. (2023). Federal Insecticide, 

Fungicide, and Rodenticide Act (FIFRA) and Federal Facilities . 

Accessed July 10, 2024 

31. Fan, Z., Mu, Y., Sonstegard, T., Zhai, X., Li, K., Hackett, P. B., 

& Zhu, Z. (2021). Social acceptance for commercialization of 
genetically modified food animals. National Science Review, 

8(8).  

32. Federal Register Announcement of May 6, 1992. (1992). Human 

Gene Therapy, 3(5), 559–562.  

33. Fernandez-Cornejo, J., Wechsler, S., Livingston, M., & 
Mitchell, L. (2014). Genetically engineered crops in the United 

States. SSRN Electronic Journal. Accessed October 15, 2024 

34. Freese, W., & Schubert, D. (2004). Safety testing and regulation 

of genetically engineered foods. Biotechnol Genet Eng Rev, 

21(1), 299–324.  
35. Funk, C., & Funk, C. (2024). Public opinion about genetically 

modified foods and trust in scientists connected with these foods. 

Pew Research Center. Accessed July 20, 2024.  

36. Gatehouse, J. A. (2008). Biotechnological prospects for 

engineering insect-resistant plants. Plant Physiol, 146(3), 881–
887.  

37. Gene-Editing. (2024). United States: Crops / food. Global Gene 

Editing Regulation Tracker. Accessed on February 22, 2025 

38. Ghimire, B. K., Yu, C. Y., Kim, W. R., Moon, H. S., Lee, J., 

Kim, S. H., & Chung, I. M. (2023). Assessment of benefits and 
risk of genetically modified plants and products: Current 

controversies and perspective. Sustainability, 15(2), 1722.  

39. Goyal, K., Goel, H., Baranwal, P., Dixit, A., Khan, F., Jha, N. 

K., Kesari, K. K., Pandey, P., Pandey, A., Benjamin, M., 

Maurya, A., Yadav, V., Sinh, R. S., Tanwar, P., Upadhyay, T. 
K., & Mittan, S. (2021). Unravelling the molecular mechanism 

https://link.springer.com/article/10.1007/s12038-021-00203-0
https://link.springer.com/article/10.1007/s12038-021-00203-0
https://link.springer.com/article/10.1007/s12038-021-00203-0
https://globalaffairs.org/sites/default/files/2024-04/BTG-RT2-April2024.pdf
https://globalaffairs.org/sites/default/files/2024-04/BTG-RT2-April2024.pdf
https://link.springer.com/article/10.1186/s12896-016-0271-z
https://link.springer.com/article/10.1186/s12896-016-0271-z
https://link.springer.com/article/10.1186/s12896-016-0271-z
https://link.springer.com/article/10.1186/s12896-016-0271-z
https://link.springer.com/article/10.1186/S12951-023-02151-3
https://link.springer.com/article/10.1186/S12951-023-02151-3
https://link.springer.com/article/10.1186/S12951-023-02151-3
https://link.springer.com/article/10.1186/S12951-023-02151-3
https://link.springer.com/article/10.1186/S12951-023-02151-3
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.1027828/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.1027828/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2022.1027828/full
https://link.springer.com/article/10.1007/s13197-012-0899-1?sa=U&ei=kNb_VPK0McHWoAT4lIGQBw&ved=0CNkBEBYwIA&usg=AFQjCNFZgE2UQXib7c642VvM6TBOSIa8vw
https://link.springer.com/article/10.1007/s13197-012-0899-1?sa=U&ei=kNb_VPK0McHWoAT4lIGQBw&ved=0CNkBEBYwIA&usg=AFQjCNFZgE2UQXib7c642VvM6TBOSIa8vw
https://link.springer.com/article/10.1007/s13197-012-0899-1?sa=U&ei=kNb_VPK0McHWoAT4lIGQBw&ved=0CNkBEBYwIA&usg=AFQjCNFZgE2UQXib7c642VvM6TBOSIa8vw
https://www.mdpi.com/2073-4395/11/2/376
https://www.mdpi.com/2073-4395/11/2/376
https://www.mdpi.com/2073-4395/11/2/376
https://www.mdpi.com/2073-4395/11/2/376
https://www.pnas.org/doi/abs/10.1073/pnas.72.6.1981
https://www.pnas.org/doi/abs/10.1073/pnas.72.6.1981
https://www.pnas.org/doi/abs/10.1073/pnas.72.6.1981
https://www.pnas.org/doi/abs/10.1073/pnas.72.6.1981
https://journals.sagepub.com/doi/abs/10.1177/1934578X221119910
https://journals.sagepub.com/doi/abs/10.1177/1934578X221119910
https://journals.sagepub.com/doi/abs/10.1177/1934578X221119910
http://repository.maseno.ac.ke/handle/123456789/5683
http://repository.maseno.ac.ke/handle/123456789/5683
http://repository.maseno.ac.ke/handle/123456789/5683
https://journals.biologists.com/jeb/article-abstract/223/Suppl_1/jeb207159/224598
https://journals.biologists.com/jeb/article-abstract/223/Suppl_1/jeb207159/224598
https://journals.biologists.com/jeb/article-abstract/223/Suppl_1/jeb207159/224598
https://link.springer.com/chapter/10.1007/978-3-030-04609-5_3
https://link.springer.com/chapter/10.1007/978-3-030-04609-5_3
https://link.springer.com/chapter/10.1007/978-3-030-04609-5_3
https://books.google.com/books?hl=en&lr=&id=vTL8ufJl3asC&oi=fnd&pg=PR9&dq=Bur,+R.,+%26+Wright,+S.+(1996).+Molecular+politics:+Developing+American+and+British+regulatory+policy+for+genetic+engineering,+1972-1982.+Technol+Cult,+37(2),+397.+&ots=v83OnI-1L5&sig=WO63GXYs3bk6YXLc3o1yE2JCHuc
https://books.google.com/books?hl=en&lr=&id=vTL8ufJl3asC&oi=fnd&pg=PR9&dq=Bur,+R.,+%26+Wright,+S.+(1996).+Molecular+politics:+Developing+American+and+British+regulatory+policy+for+genetic+engineering,+1972-1982.+Technol+Cult,+37(2),+397.+&ots=v83OnI-1L5&sig=WO63GXYs3bk6YXLc3o1yE2JCHuc
https://books.google.com/books?hl=en&lr=&id=vTL8ufJl3asC&oi=fnd&pg=PR9&dq=Bur,+R.,+%26+Wright,+S.+(1996).+Molecular+politics:+Developing+American+and+British+regulatory+policy+for+genetic+engineering,+1972-1982.+Technol+Cult,+37(2),+397.+&ots=v83OnI-1L5&sig=WO63GXYs3bk6YXLc3o1yE2JCHuc
https://www.cell.com/heliyon/fulltext/S2405-8440(24)06626-X
https://www.cell.com/heliyon/fulltext/S2405-8440(24)06626-X
https://www.cell.com/heliyon/fulltext/S2405-8440(24)06626-X
https://books.google.com/books?hl=en&lr=&id=HWUWEQAAQBAJ&oi=fnd&pg=PT15&dq=Callahan,+A.+(2023).+Gene+editing:+New+study+reveals+shifting+public+sentiment+-+Boyce+Thompson+Institute.+Boyce+Thompson+Institute.+Accessed+on+February+21,+2025&ots=2uQWSZ6Cco&sig=_h7mPzcNHxvKrCShf1AEAjCEJwQ
https://books.google.com/books?hl=en&lr=&id=HWUWEQAAQBAJ&oi=fnd&pg=PT15&dq=Callahan,+A.+(2023).+Gene+editing:+New+study+reveals+shifting+public+sentiment+-+Boyce+Thompson+Institute.+Boyce+Thompson+Institute.+Accessed+on+February+21,+2025&ots=2uQWSZ6Cco&sig=_h7mPzcNHxvKrCShf1AEAjCEJwQ
https://books.google.com/books?hl=en&lr=&id=HWUWEQAAQBAJ&oi=fnd&pg=PT15&dq=Callahan,+A.+(2023).+Gene+editing:+New+study+reveals+shifting+public+sentiment+-+Boyce+Thompson+Institute.+Boyce+Thompson+Institute.+Accessed+on+February+21,+2025&ots=2uQWSZ6Cco&sig=_h7mPzcNHxvKrCShf1AEAjCEJwQ
https://link.springer.com/chapter/10.1007/978-3-319-92399-4_10
https://link.springer.com/chapter/10.1007/978-3-319-92399-4_10
https://link.springer.com/chapter/10.1007/978-3-319-92399-4_10
https://link.springer.com/chapter/10.1007/978-3-319-92399-4_10
https://academic.oup.com/nar/article-abstract/51/19/10719/7275011
https://academic.oup.com/nar/article-abstract/51/19/10719/7275011
https://academic.oup.com/nar/article-abstract/51/19/10719/7275011
https://academic.oup.com/nar/article-abstract/51/19/10719/7275011
https://academic.oup.com/nar/article-abstract/51/19/10719/7275011
https://academic.oup.com/nar/article-abstract/51/19/10719/7275011
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clark%2C+M.%2C+%26+Maselko%2C+M.+%282020%29.+Transgene+Biocontainment+Strategies+for+Molecular+Farming.+Frontiers+in+Plant+Science%2C+11.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Clark%2C+M.%2C+%26+Maselko%2C+M.+%282020%29.+Transgene+Biocontainment+Strategies+for+Molecular+Farming.+Frontiers+in+Plant+Science%2C+11.+&btnG=
https://www.acepnow.com/wp-content/uploads/2024/10/ACEP_October-2024.pdf
https://www.acepnow.com/wp-content/uploads/2024/10/ACEP_October-2024.pdf
https://www.ncbi.nlm.nih.gov/books/NBK605851/pdf/Bookshelf_NBK605851.pdf
https://www.ncbi.nlm.nih.gov/books/NBK605851/pdf/Bookshelf_NBK605851.pdf
https://www.ncbi.nlm.nih.gov/books/NBK605851/pdf/Bookshelf_NBK605851.pdf
https://academic.oup.com/jas/article-abstract/97/Supplement_3/53/5665589
https://academic.oup.com/jas/article-abstract/97/Supplement_3/53/5665589
https://academic.oup.com/jas/article-abstract/97/Supplement_3/53/5665589
https://link.springer.com/article/10.1007/s10806-007-9057-6
https://link.springer.com/article/10.1007/s10806-007-9057-6
https://link.springer.com/article/10.1007/s10806-007-9057-6
https://link.springer.com/article/10.1007/s10806-007-9057-6
https://www.mdpi.com/2305-6304/11/4/395
https://www.mdpi.com/2305-6304/11/4/395
https://www.mdpi.com/2305-6304/11/4/395
https://www.mdpi.com/2305-6304/11/4/395
https://americansugarbeet.org/wp-content/uploads/2019/04/A-Comparative-Analysis-of-Coventional-Genetically-Modified-GM-Crops-and-Organic-Farming-Practices-and-the-Role-of-Pesticides-in-Each.pdf
https://americansugarbeet.org/wp-content/uploads/2019/04/A-Comparative-Analysis-of-Coventional-Genetically-Modified-GM-Crops-and-Organic-Farming-Practices-and-the-Role-of-Pesticides-in-Each.pdf
https://americansugarbeet.org/wp-content/uploads/2019/04/A-Comparative-Analysis-of-Coventional-Genetically-Modified-GM-Crops-and-Organic-Farming-Practices-and-the-Role-of-Pesticides-in-Each.pdf
https://americansugarbeet.org/wp-content/uploads/2019/04/A-Comparative-Analysis-of-Coventional-Genetically-Modified-GM-Crops-and-Organic-Farming-Practices-and-the-Role-of-Pesticides-in-Each.pdf
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2003.1299
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2003.1299
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2003.1299
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/colenvlp35&section=18
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/colenvlp35&section=18
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/colenvlp35&section=18
https://academic.oup.com/nsr/article-abstract/8/8/nwab067/6244245
https://academic.oup.com/nsr/article-abstract/8/8/nwab067/6244245
https://academic.oup.com/nsr/article-abstract/8/8/nwab067/6244245
https://academic.oup.com/nsr/article-abstract/8/8/nwab067/6244245
https://www.transformation.dk/www.raven1.net/mcf/ethicalissues-research-human-participants.htm
https://www.transformation.dk/www.raven1.net/mcf/ethicalissues-research-human-participants.htm
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2503388
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2503388
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2503388
https://www.tandfonline.com/doi/pdf/10.1080/02648725.2004.10648060
https://www.tandfonline.com/doi/pdf/10.1080/02648725.2004.10648060
https://www.tandfonline.com/doi/pdf/10.1080/02648725.2004.10648060
https://journals.sagepub.com/doi/abs/10.1177/0963662518821017
https://journals.sagepub.com/doi/abs/10.1177/0963662518821017
https://journals.sagepub.com/doi/abs/10.1177/0963662518821017
https://academic.oup.com/plphys/article-abstract/146/3/881/6107322
https://academic.oup.com/plphys/article-abstract/146/3/881/6107322
https://academic.oup.com/plphys/article-abstract/146/3/881/6107322
https://www.liebertpub.com/doi/abs/10.1089/genbio.2021.0009
https://www.liebertpub.com/doi/abs/10.1089/genbio.2021.0009
https://www.mdpi.com/2071-1050/15/2/1722
https://www.mdpi.com/2071-1050/15/2/1722
https://www.mdpi.com/2071-1050/15/2/1722
https://www.mdpi.com/2071-1050/15/2/1722
https://link.springer.com/article/10.1007/s11356-021-15442-9
https://link.springer.com/article/10.1007/s11356-021-15442-9
https://link.springer.com/article/10.1007/s11356-021-15442-9
https://link.springer.com/article/10.1007/s11356-021-15442-9


J. Nutrition and Food Processing                                                                                                                                                                             Copy rights@ Shahidul Islam, 

Auctores Publishing LLC – Volume 8(4)-300 www.auctoresonline.org 

ISSN: 2637-8914    Page 10 of 12 

of mutagenic factors impacting human health. Environmental 
Science and Pollution Research, 29(41), 61993–62013.  

40. Grossman, M. R. (2018). Agricultural Biotechnology: 

Regulation in the United States and the European Union. In 

Springer eBooks (pp. 331–380).  

41. Guidance for risk assessment of food and feed from genetically 
modified plants. (2011). EFSA Journal, 9(5).  

42. Hansen, H. C. B., Hilscherova, K., & Bucheli, T. D. (2021). 

Natural toxins: environmental contaminants calling for attention. 

Environmental Sciences Europe, 33(1).  

43. Hasnas, J. (2009). TWO THEORIES OF ENVIRONMENTAL 
REGULATION. Social Philosophy and Policy, 26(2), 95–129.  

44. Hayes, R. (2023, November 23). Dr Michael Mosley’s diet plan 

(in a nutshell). The Fast 800. Accessed June 30, 2024.  

45. Hoffman, N. E. (2021). Revisions to USDA biotechnology 

regulations: The SECURE rule. Proceedings of the National 
Academy of Sciences, 118(22).  

46. Hollingworth, R. M., Bjeldanes, L. F., Bolger, M., Kimber, I., 

Meade, B. J., Taylor, S. L., & Wallace, K. B. (2003). The safety 

of genetically modified foods produced through biotechnology. 

Toxicol Sci, 71(1), 2–8.  
47. Hossain, M. A., & Roslan, H. A. (2023). Editorial: Emerging 

genomic technologies for agricultural biotechnology: Current 

trends and future prospects. Front Plant Sci, 14.  

48. Hu, N., Hu, J., Jiang, X., Xiao, W., Yao, K., Li, L., Li, X., & Pei, 

X. (2022). Application of the maximum threshold distances to 
reduce gene flow frequency in the coexistence between 

genetically modified (GM) and non‐GM maize. Evolutionary 

Applications, 15(3), 471–483.  

49. Hunt, K. P., & Wald, D. M. (2020). The role of scientific source 
credibility and goodwill in public skepticism toward GM foods. 

Environmental Communication, 14(7), 971–986.  

50. IAEA. (2022). What is mutation breeding? Accessed August 6, 

2024. 

51. ISAAA.org. (n.d.). GM Crop Events List - GM Approval 
Database. Accessed September 3, 2024 

52. Jarrell, D., Hamrick, M., Good, M., Chopp, A., & Brown, M. 

(2015). Navigating commercial approval of therapeutics: The 

evolution of the United States Food and Drug Administrations. 

Integrative Cancer Science and Therapeutics, 2(3).  
53. Javaid, D., Ganie, S. Y., Hajam, Y. A., & Reshi, M. S. (2022). 

CRISPR/Cas9 system: A reliable and facile genome editing tool 

in modern biology. Molecular Biology Reports, 49(12), 12133–

12150.  

54. Jiang, S., Wang, F., Li, Q., Sun, H., Wang, H., & Yao, Z. (2021). 
Environment and food safety: a novel integrative review. 

Environmental Science and Pollution Research, 28(39), 54511–

54530.  

55. Kaiser, N., Douches, D., Dhingra, A., Glenn, K. C., Herzig, P. 

R., Stowe, E. C., & Swarup, S. (2020). The role of conventional 
plant breeding in ensuring safe levels of naturally occurring 

toxins in food crops. Trends in Food Science & Technology, 

100, 51–66.  

56. Kessler, C., & Economidis, I. (2001). EC-sponsored Research on 

Safety of Genetically Modified Organisms. Accessed on 
October 26, 2024  

57. Khan, A. H., Hassan, M., & Khan, M. N. (2020). Conventional 

Plant Breeding Program for Disease Resistance. In 

Sustainability in plant and crop protection (pp. 27–51).  

58. Klümper, W., & Qaim, M. (2014). A meta-analysis of the 
impacts of genetically modified crops. PloS One, 9(11), 

e111629.  

59. Koerth-Baker, M. (2013). How the ‘Poison Potato’ impacted the 

GMO debate. GLP. RAccessed October 20, 2024. 

60. Kok, E., Keijer, J., Kleter, G., & Kuiper, H. (2008). Comparative 
safety assessment of plant-derived foods. Reg Toxicol 

Pharmacol, 50(1), 98–113.  

61. Kour, J., Sangeeta, D. H., Tomar, M., Bala, K., & Chandra, M. 

R. (2022, September 27). Genetically modified plant and animal 

foods. Genetically Modified Crops and Food Security, 1–16.  
62. Krimsky, S. (2005). From Asilomar to industrial biotechnology: 

Risks, reductionism and regulation. Science as Culture, 14(4), 

309–323.  

63. Kumar, M., Chand, R., & Shah, K. (2018). Mycotoxins and 

Pesticides: Toxicity and Applications in Food and Feed. In 
Springer eBooks (pp. 207–252).  

64. Lee, J., Chin, J. H., Ahn, S. N., & Koh, H. J. (2015). Brief history 

and perspectives on plant breeding. In Springer eBooks (pp. 1–

14).  

65. Lombardo, L. (2014). Genetic use restriction technologies: a 
review. Plant Biotechnology Journal, 12(8), 995–1005.  

66. Low, L. Y., Yang, S. K., Kok, D. X. A., Ong-Abdullah, J., Tan, 

N. P., & Lai, K. S. (2018). Transgenic plants: Gene constructs, 

vector and transformation method. New Vision in Plant Science- 

eBooks.  
67. Malzahn, A., Lowder, L. & Qi, Y (2017). Plant genome editing 

with TALEN and CRISPR. Cell Biosci 7(21),  

68. Manchester, A. C., Runyan, J. L., Buzby, J. C., Crutchfield, S. 

R., Martinez, S. W., & McBride, W. D. (1997). An economic 

assessment of food safety regulations. U.S. Department of 
Agriculture, ERS, 748-57. Accessed November 30, 2024. 

69. Martignago, D., Rico-Medina, A., Blasco-Escámez, D., 

Fontanet-Manzaneque, J. B., & Caño-Delgado, A. I. (2020). 

Drought resistance by engineering plant tissue-specific 
responses. Front Plant Sci, 10.  

70. Martin, A. (2022). Regulation of genetically modified and gene-

edited foods: An overview. In Kumar, A., Patruni, K., & Singh, 

V. (Eds.), Recent advances in food biotechnology (pp. 483-500). 

Springer, Singapore.  
71. Martínez-González, C., Castellanos-Morales, G., Barrera-

Redondo, J., La Vega, G. S. D., Hernández-Rosales, H. S., 

Gasca-Pineda, J., Aguirre-Planter, E., Moreno-Letelier, A., 

Escalante, A. E., Montes-Hernández, S., Lira-Saade, R., & 

Eguiarte, L. E. (2021). Recent and historical gene flow in 
cultivars, landraces, and a wild taxon of Cucurbita pepo in 

Mexico. Front Ecol Evol, 9.  

72. McHughen, A. (2016). A critical assessment of regulatory 

triggers for products of biotechnology: Product vs. process. GM 

Crops & Food, 7(3–4), 125–158.  
73. McHughen, A., & Smyth, S. (2007). US regulatory system for 

genetically modified [genetically modified organism (GMO), 

rDNA or transgenic] crop cultivars. Plant Biotechnology 

Journal, 6(1), 2–12.  

74. Melissa, H., & Schleiger, R. (2022). 13.5: Selective breeding and 
genetic engineering. LibreTextsTM Biol. Accessed December 7, 

2024. 

75. Montpetit, R. (2005). A policy network explanation of 

biotechnology policy differences between the United States and 

Canada. J Public Policy, 25(3), 339–366.  
76. Murphy, N., & Krimsky, S. (2003). Implicit precaution, 

scientific inference, and indirect evidence: The basis for the US 

Environmental Protection Agency's regulation of genetically 

modified crops. New Genetics and Society, 22(2), 159-175.  

77. Naranjo, S. E. (2021). Effects of GE crops on non-target 
organisms. Springer eBooks, 127–144.  

78. National Institute of Health (NIH). (1978). Recombinant DNA 

Technical Bulletin. Accessed August 30, 2024 

79. Naveen, A. K., & Sontakke, M. (2024). A review on regulatory 

aspects, challenges and public perception in acceptance of 

https://link.springer.com/article/10.1007/s11356-021-15442-9
https://link.springer.com/article/10.1007/s11356-021-15442-9
https://link.springer.com/chapter/10.1007/978-3-319-77045-1_15
https://link.springer.com/chapter/10.1007/978-3-319-77045-1_15
https://link.springer.com/chapter/10.1007/978-3-319-77045-1_15
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2011.2150
https://efsa.onlinelibrary.wiley.com/doi/abs/10.2903/j.efsa.2011.2150
https://link.springer.com/article/10.1186/s12302-021-00543-6
https://link.springer.com/article/10.1186/s12302-021-00543-6
https://link.springer.com/article/10.1186/s12302-021-00543-6
https://www.cambridge.org/core/journals/social-philosophy-and-policy/article/two-theories-of-environmental-regulation/C7002B90780852CC10066F066B5A3D13
https://www.cambridge.org/core/journals/social-philosophy-and-policy/article/two-theories-of-environmental-regulation/C7002B90780852CC10066F066B5A3D13
https://www.pnas.org/doi/abs/10.1073/pnas.2004841118
https://www.pnas.org/doi/abs/10.1073/pnas.2004841118
https://www.pnas.org/doi/abs/10.1073/pnas.2004841118
https://digitalcommons.unl.edu/usdaarsfacpub/1257/
https://digitalcommons.unl.edu/usdaarsfacpub/1257/
https://digitalcommons.unl.edu/usdaarsfacpub/1257/
https://digitalcommons.unl.edu/usdaarsfacpub/1257/
https://www.frontiersin.org/articles/10.3389/fpls.2023.1263289/full
https://www.frontiersin.org/articles/10.3389/fpls.2023.1263289/full
https://www.frontiersin.org/articles/10.3389/fpls.2023.1263289/full
https://onlinelibrary.wiley.com/doi/abs/10.1111/eva.13361
https://onlinelibrary.wiley.com/doi/abs/10.1111/eva.13361
https://onlinelibrary.wiley.com/doi/abs/10.1111/eva.13361
https://onlinelibrary.wiley.com/doi/abs/10.1111/eva.13361
https://onlinelibrary.wiley.com/doi/abs/10.1111/eva.13361
https://www.tandfonline.com/doi/abs/10.1080/17524032.2020.1725086
https://www.tandfonline.com/doi/abs/10.1080/17524032.2020.1725086
https://www.tandfonline.com/doi/abs/10.1080/17524032.2020.1725086
https://link.springer.com/chapter/10.1007/978-3-031-28146-4_4
https://link.springer.com/chapter/10.1007/978-3-031-28146-4_4
https://link.springer.com/article/10.1007/s10068-024-01669-y
https://link.springer.com/article/10.1007/s10068-024-01669-y
https://www.researchgate.net/profile/Dillon-Jarrell/publication/283527771_Navigating_commercial_approval_of_therapeutics_The_evolution_of_the_United_States_Food_and_Drug_Administrations/links/577d66f808aeaa6988abb012/Navigating-commercial-approval-of-therapeutics-The-evolution-of-the-United-States-Food-and-Drug-Administrations.pdf
https://www.researchgate.net/profile/Dillon-Jarrell/publication/283527771_Navigating_commercial_approval_of_therapeutics_The_evolution_of_the_United_States_Food_and_Drug_Administrations/links/577d66f808aeaa6988abb012/Navigating-commercial-approval-of-therapeutics-The-evolution-of-the-United-States-Food-and-Drug-Administrations.pdf
https://www.researchgate.net/profile/Dillon-Jarrell/publication/283527771_Navigating_commercial_approval_of_therapeutics_The_evolution_of_the_United_States_Food_and_Drug_Administrations/links/577d66f808aeaa6988abb012/Navigating-commercial-approval-of-therapeutics-The-evolution-of-the-United-States-Food-and-Drug-Administrations.pdf
https://www.researchgate.net/profile/Dillon-Jarrell/publication/283527771_Navigating_commercial_approval_of_therapeutics_The_evolution_of_the_United_States_Food_and_Drug_Administrations/links/577d66f808aeaa6988abb012/Navigating-commercial-approval-of-therapeutics-The-evolution-of-the-United-States-Food-and-Drug-Administrations.pdf
https://link.springer.com/article/10.1007/s11033-022-07880-6
https://link.springer.com/article/10.1007/s11033-022-07880-6
https://link.springer.com/article/10.1007/s11033-022-07880-6
https://link.springer.com/article/10.1007/s11033-022-07880-6
https://link.springer.com/article/10.1007/s11356-021-16069-6
https://link.springer.com/article/10.1007/s11356-021-16069-6
https://link.springer.com/article/10.1007/s11356-021-16069-6
https://link.springer.com/article/10.1007/s11356-021-16069-6
https://www.sciencedirect.com/science/article/pii/S0924224419310817
https://www.sciencedirect.com/science/article/pii/S0924224419310817
https://www.sciencedirect.com/science/article/pii/S0924224419310817
https://www.sciencedirect.com/science/article/pii/S0924224419310817
https://www.sciencedirect.com/science/article/pii/S0924224419310817
https://www.cabidigitallibrary.org/doi/full/10.5555/20043028143
https://www.cabidigitallibrary.org/doi/full/10.5555/20043028143
https://www.cabidigitallibrary.org/doi/full/10.5555/20043028143
https://link.springer.com/chapter/10.1007/978-3-030-35955-3_3
https://link.springer.com/chapter/10.1007/978-3-030-35955-3_3
https://link.springer.com/chapter/10.1007/978-3-030-35955-3_3
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0111629&_r=0
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0111629&_r=0
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0111629&_r=0
https://www.sciencedirect.com/science/article/pii/S0273230007001341
https://www.sciencedirect.com/science/article/pii/S0273230007001341
https://www.sciencedirect.com/science/article/pii/S0273230007001341
https://www.taylorfrancis.com/chapters/edit/10.4324/9781003278566-1/genetically-modified-plant-animal-foods-jasmeet-kour-sangeeta-himjyoti-dutta-mansi-tomar-kiran-bala-ramesh-chandra-mishra
https://www.taylorfrancis.com/chapters/edit/10.4324/9781003278566-1/genetically-modified-plant-animal-foods-jasmeet-kour-sangeeta-himjyoti-dutta-mansi-tomar-kiran-bala-ramesh-chandra-mishra
https://www.taylorfrancis.com/chapters/edit/10.4324/9781003278566-1/genetically-modified-plant-animal-foods-jasmeet-kour-sangeeta-himjyoti-dutta-mansi-tomar-kiran-bala-ramesh-chandra-mishra
https://www.tandfonline.com/doi/full/10.1080/09505430500368998
https://www.tandfonline.com/doi/full/10.1080/09505430500368998
https://www.tandfonline.com/doi/full/10.1080/09505430500368998
https://link.springer.com/chapter/10.1007/978-981-10-7140-9_11
https://link.springer.com/chapter/10.1007/978-981-10-7140-9_11
https://link.springer.com/chapter/10.1007/978-981-10-7140-9_11
https://link.springer.com/chapter/10.1007/978-94-017-9996-6_1
https://link.springer.com/chapter/10.1007/978-94-017-9996-6_1
https://link.springer.com/chapter/10.1007/978-94-017-9996-6_1
https://onlinelibrary.wiley.com/doi/abs/10.1111/pbi.12242
https://onlinelibrary.wiley.com/doi/abs/10.1111/pbi.12242
https://www.intechopen.com/chapters/63134
https://www.intechopen.com/chapters/63134
https://www.intechopen.com/chapters/63134
https://www.intechopen.com/chapters/63134
https://link.springer.com/article/10.1186/s13578-017-0148-4
https://link.springer.com/article/10.1186/s13578-017-0148-4
https://ageconsearch.umn.edu/record/34009/
https://ageconsearch.umn.edu/record/34009/
https://ageconsearch.umn.edu/record/34009/
https://ageconsearch.umn.edu/record/34009/
https://www.frontiersin.org/articles/10.3389/fpls.2019.01676/full
https://www.frontiersin.org/articles/10.3389/fpls.2019.01676/full
https://www.frontiersin.org/articles/10.3389/fpls.2019.01676/full
https://www.frontiersin.org/articles/10.3389/fpls.2019.01676/full
https://link.springer.com/chapter/10.1007/978-981-16-8125-7_23
https://link.springer.com/chapter/10.1007/978-981-16-8125-7_23
https://link.springer.com/chapter/10.1007/978-981-16-8125-7_23
https://link.springer.com/chapter/10.1007/978-981-16-8125-7_23
https://www.frontiersin.org/articles/10.3389/fevo.2021.656051/full
https://www.frontiersin.org/articles/10.3389/fevo.2021.656051/full
https://www.frontiersin.org/articles/10.3389/fevo.2021.656051/full
https://www.frontiersin.org/articles/10.3389/fevo.2021.656051/full
https://www.frontiersin.org/articles/10.3389/fevo.2021.656051/full
https://www.frontiersin.org/articles/10.3389/fevo.2021.656051/full
https://www.frontiersin.org/articles/10.3389/fevo.2021.656051/full
https://www.tandfonline.com/doi/abs/10.1080/21645698.2016.1228516
https://www.tandfonline.com/doi/abs/10.1080/21645698.2016.1228516
https://www.tandfonline.com/doi/abs/10.1080/21645698.2016.1228516
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-7652.2007.00300.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-7652.2007.00300.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-7652.2007.00300.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1467-7652.2007.00300.x
https://www.cambridge.org/core/journals/journal-of-public-policy/article/policy-network-explanation-of-biotechnology-policy-differences-between-the-united-states-and-canada/CCCE6FF5476CD04E2AF2C6B9AB72539F
https://www.cambridge.org/core/journals/journal-of-public-policy/article/policy-network-explanation-of-biotechnology-policy-differences-between-the-united-states-and-canada/CCCE6FF5476CD04E2AF2C6B9AB72539F
https://www.cambridge.org/core/journals/journal-of-public-policy/article/policy-network-explanation-of-biotechnology-policy-differences-between-the-united-states-and-canada/CCCE6FF5476CD04E2AF2C6B9AB72539F
https://www.tandfonline.com/doi/abs/10.1080/1463677032000102602
https://www.tandfonline.com/doi/abs/10.1080/1463677032000102602
https://www.tandfonline.com/doi/abs/10.1080/1463677032000102602
https://www.tandfonline.com/doi/abs/10.1080/1463677032000102602
https://link.springer.com/chapter/10.1007/978-3-030-68345-0_10
https://link.springer.com/chapter/10.1007/978-3-030-68345-0_10
https://www.liebertpub.com/doi/full/10.1089/genbio.2023.29122.fli
https://www.liebertpub.com/doi/full/10.1089/genbio.2023.29122.fli
https://link.springer.com/article/10.1007/s10068-023-01481-0
https://link.springer.com/article/10.1007/s10068-023-01481-0


J. Nutrition and Food Processing                                                                                                                                                                             Copy rights@ Shahidul Islam, 

Auctores Publishing LLC – Volume 8(4)-300 www.auctoresonline.org 

ISSN: 2637-8914    Page 11 of 12 

genetically modified foods. Food Science and Biotechnology, 
33(4), 791–804.  

80. Norero, D. (2022). GMO 25-year safety endorsement: 280 

science institutions, more than 3,000 studies. Genetic Literacy 

Project. Accessed September 14, 2024. 

81. NRC. (2004). Safety of genetically engineered foods: 
Approaches to assessing unintended health effects. Accessed on 

December 23, 2024 

82. Pacheco-Vega, R. (2020). Environmental regulation, 

governance, and policy instruments, 20 years after the stick, 

carrot, and sermon typology. Journal of Environmental Policy & 
Planning, 22(5), 620–635.  

83. Parrott, W. (2010). Genetically modified myths and realities . 

New Biotechnology, 27(5), 545–551.  

84. Patel-Tupper, D., Kelikian, A., Leipertz, A., Maryn, N., 

Tjahjadi, M., Karavolias, N. G., Cho, M., & Niyogi, K. K. 
(2024). Multiplexed CRISPR-Cas9 mutagenesis of rice PSBS1 

noncoding sequences for transgene-free overexpression. Science 

Advances, 10(23).  

85. Payne, J. H., & Medley, T. L. (1992). Risk assessment for federal 

regulatory decisions on organisms produced through 
biotechnology. IAEA. 

86. Pew Research Center. (2020). Widespread skepticism about the 

safety of genetically modified foods. Accessed June 25, 2024. 

87. Poppy, G. M. (2004). Geneflow from GM plants – towards a 

more quantitative risk assessment. Trends Biotechnol, 22(9), 
436–438.  

88. Price, B., & Cotter, J. (2014). The GM Contamination Register: 

a review of recorded contamination incidents associated with 

genetically modified organisms (GMOs), 1997–2013. 
International Journal of Food Contamination, 1(1).  

89. Purchase, H. G., & MacKenzie, D. R. (1990). Agricultural 

biotechnology: Introduction to field testing. Office of 

Agricultural Biotechnology. U.S. Dept. of Agriculture. Accessed 

November 18, 2024. 
90. Raman, R. (2017). The impact of genetically modified (GM) 

crops in modern agriculture: A review. GM Crops & Food, 8(4), 

195–208.  

91. Ramos, P. D., Almeida, M. S., & Olsson, I. A. S. (2023). What 

do people think about genetic engineering? A systematic review 
of questionnaire surveys before and after the introduction of 

CRISPR. Front Genom Ed, 5.  

92. Rangel, G., & Maurer, A. (2016). From corgis to corn: A brief 

look at the long history of GMO technology. SITN. Harvard 

Kenneth C Griffin. Grad. School of Arts. Accessed October 25, 
2024.  

93. Razzaq A, Kaur P, Akhter N, Wani SH & Saleem F. )2021). 

Next-Generation Breeding Strategies for Climate-Ready Crops. 

Frontiers in Plant Science, 12, Article 620420.  

94. Reardon, S. (2023). ‘Treasure trove’ of new CRISPR systems 
holds promise for genome editing. Nature, 624(7990), 17–18.  

95. Ronald, P. & Cliegman, M. (2024). CRISPR in Agriculture. 

Innovative Genomics Institute (IGI). Accessed on February 22, 

2025 

96. Rozas, P., Kessi-Pérez, E. I., & Martínez, C. (2022). Genetically 
modified organisms: Adapting regulatory frameworks for 

evolving genome editing technologies. Biol Res, 55, 31.  

97. Sabat, M., & Tripathy, A. (2024). Genetically Modified and 

Gene-Edited Food Crops: Recent Status and Future Prospects. In 

Advances in Science, Technology & Innovation/Advances in 
science, technology & innovation (pp. 211–222).  

98. Safety of Genetically Engineered Foods. (2004). NAP eBooks.  

99. Sandhu, R., Chaudhary, N., Shams, R., & Dash, K. K. (2024b). 

Genetically modified crops and sustainable development: 

Navigating challenges and opportunities. Food Science and 
Biotechnology.  

100. Saravanan, K., Praveenkumar, K., Vidya, N., Gowtham, K., & 
Saravanan, M. (2022). Enhancement of Agricultural Crops: A 

CRISPR/Cas9-Based Approach. IntechOpen. Accessed on 

February 26, 2025   

101. Secchi, S. (2023). The role of conservation in United States’ 

agricultural policy from the Dust Bowl to today: A critical 
assessment. AMBIO, 53(3), 421–434.  

102. Shapiro, S. A., & Admin Cong. (1989). U.S. Biotechnology and 

the Design of Regulation. Accessed on November 20, 2024 

103. Shen, C., Yin, X., Jiao, B., Li, J., Jia, P., Zhang, X., Cheng, X., 

Ren, J., Lan, H., Hou, W., Fang, M., Li, X., Fei, Y., Robinson, 
N., & Liu, J. (2022). Evaluation of adverse effects/events of 

genetically modified food consumption: A systematic review of 

animal and human studies. Environmental Sciences Europe, 

34(1).  

104. Sims, T. (2020). GMO crops: Safety, regulation and 
sustainability insights. Food Insight. Accessed October 3, 2024 

105. Singer, M. F. (1977). A summary of the national institutes of 

health (USA) guidelines for recombinant DNA research. Gene, 

1(2), 123–139.  

106. Snow, A. A. (1997). Commercialization of transgenic plants: 
Potential ecological risks. Biosci, 47(2), 86–96.  

107. Sorochinskii, B., Burlaka, O. M., Naumenko, V. D., & Sekan, A. 

S. (2011). Unintended effects of genetic modifications and 

methods of their analysis in plants. Cytology and Genetics, 45, 

324–332.  
108. Special Report: Biotech Crops Continue to Help Meet the 

Challenges of Increased Population and Climate Change. 

ISAAA - AFRICENTER. (2019). Accessed October 20, 2024 

109. Spector, P. L. (1975). Regulations of pesticides by the 
environmental protection agency. Ecol LQ, 5, 233. Accessed 

August 5, 2024 

110. Sun, L., Lai, M., Ghouri, F., Nawaz, M. A., Ali, F., Baloch, F. 

S., Nadeem, M. A., Aasim, M., & Shahid, M. Q. (2024). Modern 

Plant Breeding Techniques in Crop Improvement and Genetic 
Diversity: From Molecular Markers and Gene Editing to 

Artificial Intelligence—A Critical Review. Plants, 13(19), 2676.  

111. Taheri, S., Abdullah, T. L., Yusop, M., Hanafi, M., Sahebi, M., 

Azizi, P., & Shamshiri, R. (2018). Mining and Development of 

Novel SSR Markers Using Next Generation Sequencing (NGS) 
Data in Plants. Molecules, 23(2), 399.  

112. Talakayala, A., Katta, S., & Garladinne, M. (2020). Genetic 

engineering of crops for insect resistance: An overview. J Biosci, 

45(1).  

113. Teferra, T. F. (2021). Should we still worry about the safety of 
GMO foods? Why and why not? A review. Food Sci Nutri, 9(9), 

5324–5331.  

114. Tennyson, E. G. (2011). A phantom recall does not comport with 

FDA's regulatory practice—or does it: The need for more 

stringent mandatory reporting in FDA matters. Iowa L. Rev, 97, 
1839. Accessed on August 12, 2024 

115. Thompson, J. (2023). All about seedless watermelons - 

Minneopa Orchards. Minneopa Orchards. Accessed December 

7, 2024. 

116. Thrupp, L. A. (2000). Linking Agricultural Biodiversity and 
Food Security: the Valuable Role of Agrobiodiversity for 

Sustainable Agriculture. International Affairs, 76(2), 265–281.  

117. Tsioumani, E. (n.d.). Biosafety: Ensuring the safe use of modern 

biotechnologies. International Institute for Sustainable 

Development. Accessed July 8, 2024. 
118. Turnbull, C., Lillemo, M., & Hvoslef-Eide, T. a. K. (2021). 

Global regulation of genetically modified crops amid the gene 

edited crop boom – A review. Frontiers in Plant Science, 12.  

119. U.S. FDA. (2023a). Science and history of GMOs and other food 

modification processes. Accessed December 7, 2024. 

https://link.springer.com/article/10.1007/s10068-023-01481-0
https://link.springer.com/article/10.1007/s10068-023-01481-0
https://www.sciencedirect.com/science/article/pii/S0273230008001700
https://www.sciencedirect.com/science/article/pii/S0273230008001700
https://www.sciencedirect.com/science/article/pii/S0273230008001700
https://www.tandfonline.com/doi/abs/10.1080/1523908X.2020.1792862
https://www.tandfonline.com/doi/abs/10.1080/1523908X.2020.1792862
https://www.tandfonline.com/doi/abs/10.1080/1523908X.2020.1792862
https://www.tandfonline.com/doi/abs/10.1080/1523908X.2020.1792862
https://www.sciencedirect.com/science/article/pii/S1871678410004516
https://www.sciencedirect.com/science/article/pii/S1871678410004516
https://www.science.org/doi/abs/10.1126/sciadv.adm7452
https://www.science.org/doi/abs/10.1126/sciadv.adm7452
https://www.science.org/doi/abs/10.1126/sciadv.adm7452
https://www.science.org/doi/abs/10.1126/sciadv.adm7452
https://www.science.org/doi/abs/10.1126/sciadv.adm7452
https://www.osti.gov/etdeweb/biblio/20577159
https://www.osti.gov/etdeweb/biblio/20577159
https://www.osti.gov/etdeweb/biblio/20577159
https://www.mdpi.com/2304-8158/13/15/2348
https://www.mdpi.com/2304-8158/13/15/2348
https://www.sciencedirect.com/science/article/pii/S0167779904001982
https://www.sciencedirect.com/science/article/pii/S0167779904001982
https://www.sciencedirect.com/science/article/pii/S0167779904001982
https://link.springer.com/article/10.1186/s40550-014-0005-8
https://link.springer.com/article/10.1186/s40550-014-0005-8
https://link.springer.com/article/10.1186/s40550-014-0005-8
https://link.springer.com/article/10.1186/s40550-014-0005-8
https://books.google.com/books?hl=en&lr=&id=-nxRAQAAMAAJ&oi=fnd&pg=PR3&dq=Purchase,+H.+G.,+%26+MacKenzie,+D.+R.+(1990).+Agricultural+biotechnology:+Introduction+to+field+testing.+Office+of+Agricultural+Biotechnology.+U.S.+Dept.+of+Agriculture.+Accessed+November+18,+2024.&ots=L6p3RP2G9m&sig=8t1VPKrOaeeSAFxH0-_AJav-c8s
https://books.google.com/books?hl=en&lr=&id=-nxRAQAAMAAJ&oi=fnd&pg=PR3&dq=Purchase,+H.+G.,+%26+MacKenzie,+D.+R.+(1990).+Agricultural+biotechnology:+Introduction+to+field+testing.+Office+of+Agricultural+Biotechnology.+U.S.+Dept.+of+Agriculture.+Accessed+November+18,+2024.&ots=L6p3RP2G9m&sig=8t1VPKrOaeeSAFxH0-_AJav-c8s
https://books.google.com/books?hl=en&lr=&id=-nxRAQAAMAAJ&oi=fnd&pg=PR3&dq=Purchase,+H.+G.,+%26+MacKenzie,+D.+R.+(1990).+Agricultural+biotechnology:+Introduction+to+field+testing.+Office+of+Agricultural+Biotechnology.+U.S.+Dept.+of+Agriculture.+Accessed+November+18,+2024.&ots=L6p3RP2G9m&sig=8t1VPKrOaeeSAFxH0-_AJav-c8s
https://books.google.com/books?hl=en&lr=&id=-nxRAQAAMAAJ&oi=fnd&pg=PR3&dq=Purchase,+H.+G.,+%26+MacKenzie,+D.+R.+(1990).+Agricultural+biotechnology:+Introduction+to+field+testing.+Office+of+Agricultural+Biotechnology.+U.S.+Dept.+of+Agriculture.+Accessed+November+18,+2024.&ots=L6p3RP2G9m&sig=8t1VPKrOaeeSAFxH0-_AJav-c8s
https://www.tandfonline.com/doi/abs/10.1080/21645698.2017.1413522
https://www.tandfonline.com/doi/abs/10.1080/21645698.2017.1413522
https://www.tandfonline.com/doi/abs/10.1080/21645698.2017.1413522
https://www.frontiersin.org/articles/10.3389/fgeed.2023.1284547/full
https://www.frontiersin.org/articles/10.3389/fgeed.2023.1284547/full
https://www.frontiersin.org/articles/10.3389/fgeed.2023.1284547/full
https://www.frontiersin.org/articles/10.3389/fgeed.2023.1284547/full
https://www.frontiersin.org/articles/10.3389/fpls.2021.620420/full
https://www.frontiersin.org/articles/10.3389/fpls.2021.620420/full
https://www.frontiersin.org/articles/10.3389/fpls.2021.620420/full
https://osf.io/m4ws7/download
https://osf.io/m4ws7/download
https://londonic.uk/js/index.php/jis/article/view/301
https://londonic.uk/js/index.php/jis/article/view/301
https://londonic.uk/js/index.php/jis/article/view/301
https://www.scielo.cl/scielo.php?pid=S0716-97602022000100503&script=sci_arttext&tlng=en
https://www.scielo.cl/scielo.php?pid=S0716-97602022000100503&script=sci_arttext&tlng=en
https://www.scielo.cl/scielo.php?pid=S0716-97602022000100503&script=sci_arttext&tlng=en
https://link.springer.com/chapter/10.1007/978-3-031-51647-4_18
https://link.springer.com/chapter/10.1007/978-3-031-51647-4_18
https://link.springer.com/chapter/10.1007/978-3-031-51647-4_18
https://link.springer.com/chapter/10.1007/978-3-031-51647-4_18
https://books.google.com/books?hl=en&lr=&id=vxedAgAAQBAJ&oi=fnd&pg=PA1&dq=Safety+of+Genetically+Engineered+Foods.+(2004).+NAP+eBooks.+&ots=xZNzZCm6Mw&sig=F7DvsJDS09Xxgk1PRUbjI4NTgPg
https://link.springer.com/article/10.1007/s10068-024-01669-y
https://link.springer.com/article/10.1007/s10068-024-01669-y
https://link.springer.com/article/10.1007/s10068-024-01669-y
https://link.springer.com/article/10.1007/s10068-024-01669-y
https://www.intechopen.com/chapters/79452
https://www.intechopen.com/chapters/79452
https://www.intechopen.com/chapters/79452
https://www.intechopen.com/chapters/79452
https://link.springer.com/article/10.1007/s13280-023-01949-7
https://link.springer.com/article/10.1007/s13280-023-01949-7
https://link.springer.com/article/10.1007/s13280-023-01949-7
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/berktech39&section=8
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/berktech39&section=8
https://link.springer.com/article/10.1186/s12302-021-00578-9
https://link.springer.com/article/10.1186/s12302-021-00578-9
https://link.springer.com/article/10.1186/s12302-021-00578-9
https://link.springer.com/article/10.1186/s12302-021-00578-9
https://link.springer.com/article/10.1186/s12302-021-00578-9
https://link.springer.com/article/10.1186/s12302-021-00578-9
http://theses.ncl.ac.uk/jspui/handle/10443/6335
http://theses.ncl.ac.uk/jspui/handle/10443/6335
https://www.sciencedirect.com/science/article/pii/0378111977900245
https://www.sciencedirect.com/science/article/pii/0378111977900245
https://www.sciencedirect.com/science/article/pii/0378111977900245
https://www.jstor.org/stable/1313019
https://www.jstor.org/stable/1313019
https://link.springer.com/article/10.3103/S0095452711050124
https://link.springer.com/article/10.3103/S0095452711050124
https://link.springer.com/article/10.3103/S0095452711050124
https://link.springer.com/article/10.3103/S0095452711050124
https://jscires.org/article/7022
https://jscires.org/article/7022
https://jscires.org/article/7022
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/eclawq5&section=12
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/eclawq5&section=12
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/eclawq5&section=12
https://www.mdpi.com/2223-7747/13/19/2676
https://www.mdpi.com/2223-7747/13/19/2676
https://www.mdpi.com/2223-7747/13/19/2676
https://www.mdpi.com/2223-7747/13/19/2676
https://www.mdpi.com/2223-7747/13/19/2676
https://www.mdpi.com/1420-3049/23/2/399
https://www.mdpi.com/1420-3049/23/2/399
https://www.mdpi.com/1420-3049/23/2/399
https://www.mdpi.com/1420-3049/23/2/399
https://link.springer.com/article/10.1007/s12038-020-00081-y
https://link.springer.com/article/10.1007/s12038-020-00081-y
https://link.springer.com/article/10.1007/s12038-020-00081-y
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.2499
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.2499
https://onlinelibrary.wiley.com/doi/abs/10.1002/fsn3.2499
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/ilr97&section=64
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/ilr97&section=64
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/ilr97&section=64
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/ilr97&section=64
https://academic.oup.com/ia/article-abstract/76/2/265/2434613
https://academic.oup.com/ia/article-abstract/76/2/265/2434613
https://academic.oup.com/ia/article-abstract/76/2/265/2434613
https://policycommons.net/artifacts/1528871/biosafety/2218650/
https://policycommons.net/artifacts/1528871/biosafety/2218650/
https://policycommons.net/artifacts/1528871/biosafety/2218650/
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2021.630396/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2021.630396/full
https://www.frontiersin.org/journals/plant-science/articles/10.3389/fpls.2021.630396/full
https://www.frontiersin.org/articles/10.3389/fgeed.2024.1376927/full
https://www.frontiersin.org/articles/10.3389/fgeed.2024.1376927/full


J. Nutrition and Food Processing                                                                                                                                                                             Copy rights@ Shahidul Islam, 

Auctores Publishing LLC – Volume 8(4)-300 www.auctoresonline.org 

ISSN: 2637-8914    Page 12 of 12 

120. U.S. FDA. (2023b). Agricultural biotechnology. Accessed 
December 7, 2024. 

121. U.S. FDA. (2024a). GMO crops and food for animals. Accessed 

November 2, 2024. 

122. U.S. FDA. (2024b). How GMOs are regulated in the United 

States. Accessed July 15, 2024. 
123. US EPA (2016). Progress on Modernizing the Regulatory 

System for Biotechnology Products. Accessed on February 22, 

2025  

124. US EPA (2024). EPA’s Regulation of Biotechnology for use in 

Pest Management. Accessed on February 22, 2025 
125. US EPA. (2020). Reducing risk: Setting priorities and strategies  

for environmental protection. on February 22, 2025 

126. US FDA (2023). FDA releases new “Feed Your Mind” 

education materials on GMOs for consumers. Accessed on 

February 22, 2025  
127. US FDA-Office of the Commissioner. (2024). EPA, FDA, and 

USDA issue joint regulatory plan for biotechnology. Accessed 

on February 22, 2025 

128. USDA (n.d.). Regulation of biotech plants. Accessed on 

February 22, 2025 
129. USDA. (n.d.). Biotechnology FAQs. Accessed August 18, 2024 

130. USDA-APHIS (n.d.). Biotechnology Regulations | Animal and 

Plant Health Inspection Service. Accessed on February 22, 2025  

131. USDA-ERS. (n.d.). Recent Trends in GE Adoption. Accessed 

September 1, 2024 

132. Verma, S. (2024). The role of GMOs in global food security. 
SynapseWaves.  

133. Warwick, S. I., Beckie, H. J., & Hall, L. M. (2009). Gene flow, 

invasiveness, and ecological impact of genetically modified 

crops. Ann NY Acad Sci, 1168(1), 72–99.  

134. Wei, W., & Stewart, C. N. (2023). Biosafety and ecological 
assessment of genetically engineered and edited crops. Plants, 

12(13), 2551.  

135. White House, OSTP. (1986). Coordinated framework for 

regulation of biotechnology. 51-Federal Register-23302-23393.  

136. WHO. (2023). Mycotoxins. Accessed November 15, 2024 
137. Wieczorek, A. M., & Wright, M. G. (2012). History of 

agricultural biotechnology: How crop development has evolved. 

Nature Education Knowledge, 3(10), 9. Accessed December 7, 

2024. 

138. Zhang, J., Yang, J., Lv, Y., Zhang, X., Xia, C., Zhao, H., & Wen, 
C. (2023). Genetic diversity analysis and variety identification 

using SSR and SNP markers in melon. BMC Plant Biology, 

23(1).  

139. Zheng, Q., Maksimovic, I., Upad, A., & David, Y. (2020). Non-

enzymatic covalent modifications: a new link between 
metabolism and epigenetics. Protein & Cell, 11(6), 401–416.  

140. Zilberman, D., Holland, T. G., & Trilnick, I. (2018). Agricultural 

GMOs—What We Know and Where Scientists Disagree. 

Sustainability, 10(5), 1514.  

 

 

 
 

 

 

 

 
 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI:10.31579/2637-8914/300

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  
➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 
➢ immediate, unrestricted online access 

 

At Auctores, research is always in progress. 
 

Learn more https://auctoresonline.org/journals/nutrition-and-food-processing  

https://www.frontiersin.org/articles/10.3389/fbioe.2023.1256388/full
https://www.frontiersin.org/articles/10.3389/fbioe.2023.1256388/full
https://link.springer.com/chapter/10.1007/978-3-031-63917-3_3
https://link.springer.com/chapter/10.1007/978-3-031-63917-3_3
https://www.frontiersin.org/journals/genome-editing/articles/10.3389/fgeed.2024.1467080/full
https://www.frontiersin.org/journals/genome-editing/articles/10.3389/fgeed.2024.1467080/full
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/icpelr2&section=19
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/icpelr2&section=19
https://heinonline.org/hol-cgi-bin/get_pdf.cgi?handle=hein.journals/icpelr2&section=19
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2010.0390
https://royalsocietypublishing.org/doi/abs/10.1098/rstb.2010.0390
https://library.oapen.org/bitstream/handle/20.500.12657/94227/9781612498621.pdf?sequence=1#page=156
https://library.oapen.org/bitstream/handle/20.500.12657/94227/9781612498621.pdf?sequence=1#page=156
https://library.oapen.org/bitstream/handle/20.500.12657/94227/9781612498621.pdf?sequence=1#page=156
https://www.agi.gov.vn/files/files/ISAAA/ISAAA%20Brief%20No_%2053%20-%202017_compressed.pdf
https://www.agi.gov.vn/files/files/ISAAA/ISAAA%20Brief%20No_%2053%20-%202017_compressed.pdf
https://www.frontiersin.org/articles/10.3389/fbioe.2023.1256388/full
https://www.osti.gov/servlets/purl/2477568
https://www.osti.gov/servlets/purl/2477568
https://ageconsearch.umn.edu/record/349026/
https://ageconsearch.umn.edu/record/349026/
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.2009.04576.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.2009.04576.x
https://nyaspubs.onlinelibrary.wiley.com/doi/abs/10.1111/j.1749-6632.2009.04576.x
https://www.mdpi.com/2223-7747/12/13/2551
https://www.mdpi.com/2223-7747/12/13/2551
https://www.mdpi.com/2223-7747/12/13/2551
https://www.idpublications.org/wp-content/uploads/2025/01/Full-Paper-MYCOTOXINS-IMPACT-IN-FOOD-HUMAN-AND-ANIMAL-HEALTH-WITH-SPECIAL-REFERENCE-TO-AFLATOXINS-FUMONISINS.pdf
https://link.springer.com/article/10.1186/s12870-023-04056-7
https://link.springer.com/article/10.1186/s12870-023-04056-7
https://link.springer.com/article/10.1186/s12870-023-04056-7
https://link.springer.com/article/10.1186/s12870-023-04056-7
https://academic.oup.com/proteincell/article-abstract/11/6/401/6746832
https://academic.oup.com/proteincell/article-abstract/11/6/401/6746832
https://academic.oup.com/proteincell/article-abstract/11/6/401/6746832
https://www.mdpi.com/2071-1050/10/5/1514
https://www.mdpi.com/2071-1050/10/5/1514
https://www.mdpi.com/2071-1050/10/5/1514
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=33
https://auctoresonline.org/journals/nutrition-and-food-processing

