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Abstract 
 

Innovations in the field of biotechnology represent a key factor in the development of 
healthy and safe food, with the potential to improve food products and support 
sustainable development. The use of genetic engineering enables the modification of 
plant and animal genomes, resulting in enhanced nutritional properties, resistance to 
pests and diseases, and greater efficiency in food production. These technological 
advancements contribute to the development of functional food products with 
additional health benefits, such as higher levels of vitamins, minerals, and probiotic 
cultures. At the same time, the application of biotechnology reduces the need for 
pesticides and herbicides, thereby contributing to environmental preservation and 
minimizing risks to human health. Food safety is prioritized at every stage of 
biotechnological processes, with regulations and standards ensuring that innovations 
adhere to the highest safety requirements. By integrating scientific achievements and 
cutting-edge technologies, biotechnology offers new opportunities for the 
development of healthy, nutritionally enriched food that can address global 
challenges related to nutrition, including a growing population and climate change. 
This paper underscores the significance of biotechnological innovations for the future 
of food security and human health, with a focus on sustainability and responsible food 
production. 
 

 
44 Aleksandar Stevanović, PhD, Lecturer, Correspondence Academician of IRASA, Academy of 
Applied Studies Polytechnic, Belgrade, Republic of Serbia, phdstevanovic@gmail.com, ORCID 0000-
0002-5137-3283 
45 Snežana Knežević, prim MSc MD, lecturer, Academy of Applied Studies Polytechnic, Belgrade, 
Republic of Serbia, sknezevic@politehnika.edu.rs, ORCID  0000-0001- 9137-2122 
46 Markola Saulic, PhD, Academy of Applied Studies Polytechnic, Belgrade, Republic of Serbia, 
msaulic@politehnika.edu.rs, ORCID  0009-0007-1590-1812 
47 Jelena Bošković, PhD, Full professor, Academician of IRASA, Belgrade University Metropolitan,  
Belgrade, Republic of Serbia, jelena.boskovic@metroplitan.ac.rs,  ORCID 0000-0002-7133-2198 
48 Vera Popović, PhD, Principal Research Fellow, Full Professor, Academician of IRASA, Institute of 
Field and Vegetable Crops, Novi Sad, Republic of Serbia, vera.popovic@ifvcns.ns.ac.rs, ORCID 0000-
0002-7701-9928 
49 Tatjana Marinković, PhD, Academy of Applied Studies Polytechnic, Belgrade, Republic of Serbia, 
tmarinkovic@politehnika.edu.rs, ORCID 0000-0002-3956-1679 
50 Marija Perić, PhD, Professor, Academician of IRASA, Sanitary Medical School Of Applied Sciences 
„Visan“, Belgrade, Republic of Serbia, pericm@yahoo.com, ORCID 0009-0001-8110-0219 

128



 

IRASA International Scientific Conference 
SCIENCE, EDUCATION, TECHNOLOGY AND INNOVATION 

SETI VII 2025 
  B o o k   o f   P r o c e e d i n g s  

 

Key words: Biotechnology, safe food, genetic engineering, sustainable development, 
functional nutrition. 

 
Introduction 

 
The global demand for healthy and safe food is rising rapidly due to a combination of 
demographic, environmental, and socioeconomic factors [1]. Population growth, 
projected to reach nearly 9.7 billion by 2050, exerts increasing pressure on agricultural 
systems to provide sufficient, nutrient-rich, and safe food for all. Urbanization and 
changing dietary patterns further intensify this demand, creating the need for efficient 
and sustainable food production strategies that can ensure both quantity and quality 
of available food sources. At the same time, climate change, land degradation, soil 
fertility loss, and water scarcity pose significant challenges to conventional 
agricultural practices. Extreme weather events, shifting precipitation patterns, and 
rising temperatures negatively affect crop yields and food quality, threatening global 
food security. These environmental constraints demand innovative approaches that 
can enhance productivity while minimizing ecological impact and ensuring the 
resilience of agricultural systems. Biotechnology has emerged as a key 
interdisciplinary tool in addressing these challenges. Through genetic engineering, 
biofortification, microbial fermentation, and advanced molecular breeding 
techniques, it is possible to improve the nutritional quality of crops and animal 
products, enhance resistance to pests and diseases, and increase overall production 
efficiency [2, 3]. Furthermore, the use of biotechnology contributes to environmental 
sustainability by reducing the dependence on chemical fertilizers and pesticides, 
improving soil health, and supporting biodiversity conservation. In addition, recent 
innovations such as the use of nano-biosensors for food quality monitoring and 
CRISPR/Cas-based methods for food safety detection have revolutionized how the 
food industry ensures traceability and consumer protection. The potential of 
biotechnology extends beyond agricultural productivity—it also supports the 
development of functional foods enriched with vitamins, minerals, probiotics, and 
bioactive compounds that promote human health and prevent disease. The 
combination of molecular biology, genomics, and food technology enables the design 
of nutritionally superior and personalized food products that align with the growing 
global trend toward health-conscious consumption. From a policy perspective, 
ongoing international efforts to regulate biotechnological innovations emphasize the 
balance between promoting scientific progress and ensuring consumer safety. For 
example, the European Union and other regions are revising frameworks governing 
the use of new-generation genetically modified organisms (GMOs) to facilitate 
responsible innovation while maintaining transparency and public trust [4]. In this 
context, the integration of modern biotechnological advancements with traditional 
agricultural knowledge represents a promising pathway to achieving global goals of 
sustainable food security, environmental protection, and improved human nutrition. 
This paper aims to explore the latest biotechnological innovations and their impact on 
the development of functional, nutritionally enriched foods while highlighting their 
crucial role in advancing sustainable, safe, and resilient food systems worldwide [5, 
6]. 
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Biotechnology in food production 

 
Biotechnology has become an indispensable component of modern food production, 
enabling the development of crops, livestock, and functional food products with 
enhanced nutritional, safety, and environmental attributes. By integrating molecular 
biology, genetics, microbiology, and bioprocess engineering, biotechnology allows 
precise interventions that improve food quality and productivity while supporting 
sustainability. Various tools—such as genetic engineering, microbial fermentation, 
and biofortification—are widely applied to enhance the health-promoting properties 
of food and to address global challenges in agriculture and nutrition [7]. 
 

Genetic engineering 
 
Genetic engineering involves the deliberate modification of an organism’s genome to 
introduce or enhance specific traits. In plants, this technology has been used to 
improve nutritional content, such as the development of golden rice enriched with 
provitamin A, which addresses vitamin A deficiency in developing countries. Other 
examples include protein-enhanced maize and iron-fortified beans, which target 
malnutrition and micronutrient deficiencies in vulnerable populations. 
Beyond nutritional enhancement, genetic engineering enables crops to resist pests, 
diseases, and abiotic stresses such as drought or salinity. For example, Bt cotton and 
Bt maize express insecticidal proteins that reduce reliance on chemical pesticides, 
thereby lowering environmental contamination and production costs. Drought-
tolerant maize varieties and salt-tolerant rice strains illustrate how genetic 
modifications can sustain crop yields under climate change conditions. 
In livestock, genetic engineering allows for improvements in growth rates, disease 
resistance, and nutrient composition. Examples include genetically modified pigs 
resistant to porcine reproductive and respiratory syndrome (PRRS) and dairy cows 
producing milk with higher levels of essential fatty acids. These innovations enhance 
food security by increasing productivity and reducing losses due to disease or 
environmental stress [7, 8]. 
 

Microbial and fermentation technologies 
 
Microbial biotechnology and fermentation are essential for producing functional 
foods enriched with probiotics, vitamins, and bioactive compounds. Fermentation 
enhances nutrient bioavailability, digestibility, and the production of health-
promoting metabolites [9].  
Probiotic-enriched dairy products, such as yogurt and kefir, provide beneficial 
bacteria like Lactobacillus and Bifidobacterium, which support gut microbiota balance, 
immune function, and metabolic health. Fermented plant-based foods—tempeh, 
miso, kimchi, and kombucha—contain bioactive peptides, antioxidants, and organic 
acids with anti-inflammatory and antimicrobial properties (Figure 1). 
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Figure 1. Fermented foods  

Source: https://media.licdn.com/dms/image/v2/D5622AQEyWR0AZY-2EA/feedshare-
shrink_800/B56ZTgMM4MGUAg-/0/1738928083063?e=2147483647&v= 

beta&t=a1K5ETB1TEG7WsWQ5MTD-_YkeY9YVW_9aXarSGvhuQM 
 
Microbial fermentation is not limited to traditional foods. Advanced biotechnology 
enables the production of enzymes, vitamins, amino acids, and bioactive molecules in 
industrial-scale fermentation systems, which can be incorporated into nutraceuticals 
and functional food products. These innovations not only enhance food quality but 
also offer sustainable alternatives to synthetic additives and supplements [9, 10]. 
 

Biofortification 
 
Biofortification is a strategic approach aimed at increasing the nutrient density of 
staple crops through either conventional breeding, marker-assisted selection, or 
genetic engineering [11]. Its goal is to address micronutrient deficiencies in 
populations with limited access to diverse diets. Examples include iron- and zinc-
fortified beans, vitamin A-enriched sweet potatoes, folate-enriched rice, and 
selenium-fortified wheat. Biofortification offers a cost-effective, sustainable solution 
to combating “hidden hunger” and contributes to long-term public health 
improvements. By integrating biofortified crops into existing agricultural systems, 
countries can enhance nutritional outcomes without significantly altering 
consumption patterns [11, 12]. In combination with genetic engineering and microbial 
biotechnologies, biofortification forms a comprehensive strategy to produce foods that 
are not only safe and nutritious but also capable of supporting human health on a 
global scale. The convergence of these technologies illustrates the potential of modern 
biotechnology to meet the nutritional needs of a growing population while 
maintaining environmental sustainability (Figure 2). 
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Figure 2. Revolutionary approaches in microbial biotechnology to 

 enhance food security 
Source: https://ejbio.org/index.php/ejbio/article/downloadFullTextAssoc/503/1570/1471 

 
Impact on food safety 

 
Ensuring the safety of food is a fundamental aspect of biotechnological applications 
in agriculture and food production. Biotechnology contributes not only to the 
improvement of nutritional quality but also to reducing risks associated with chemical 
residues, pathogens, and environmental contaminants. Through targeted genetic 
modifications, microbial applications, and controlled bioprocessing, food products 
can be made safer for human consumption while promoting sustainable agricultural 
practices [12, 13]. 

 
Reduction of chemical inputs 

 
One of the primary contributions of biotechnology to food safety is the significant 
reduction in the use of chemical pesticides and herbicides. Genetically engineered 
crops, such as Bt maize and Bt cotton, produce specific insecticidal proteins that target 
pest species without harming beneficial organisms. This decreases the need for broad-
spectrum chemical insecticides, lowering both environmental contamination and 
human exposure to toxic compounds. 
Herbicide-tolerant crops allow for more efficient weed control with reduced chemical 
applications, which minimizes soil and water pollution and preserves ecosystem 
health. The reduction in agrochemical use also contributes to the sustainability of 
farming systems by protecting soil microbiota, conserving biodiversity, and 
decreasing the risk of chemical residues entering the food chain [14, 15]. 
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Regulatory frameworks 
 
To ensure that biotechnologically derived foods are safe for human consumption, 
rigorous regulatory frameworks have been established worldwide. Safety assessment 
protocols typically include evaluations of allergenicity, toxicity, nutritional 
equivalence, and environmental impact. Comprehensive risk assessment procedures 
are applied before commercialization, with ongoing post-market monitoring to detect 
any unexpected effects. 
International standards, such as those established by the Codex Alimentarius 
Commission, the World Health Organization (WHO), and the Food and Agriculture 
Organization (FAO), provide harmonized guidelines for the evaluation and labeling 
of genetically modified foods. These standards help maintain consumer confidence 
and facilitate global trade by ensuring that biotechnologically produced foods meet 
consistent safety and quality criteria. Through the combined effect of reduced 
chemical inputs and strict regulatory oversight, biotechnology enhances food safety 
while supporting environmentally responsible and sustainable production practices. 
This dual benefit reinforces the importance of integrating biotechnological 
innovations into modern food systems to address both public health and ecological 
challenges [15, 16]. 

 
Functional foods and health benefits 

 
Functional foods are foods that, beyond providing essential nutrients, exert positive 
physiological effects and contribute to the prevention or management of chronic 
diseases. These foods often contain bioactive compounds such as probiotics, 
prebiotics, polyphenols, omega-3 fatty acids, carotenoids, and fortified vitamins or 
minerals. Examples include probiotic-enriched dairy products (yogurt, kefir), omega-
3-enriched eggs and dairy, plant-based foods with high polyphenol content (berries, 
green tea extracts), and biofortified staple crops like vitamin A-enriched sweet 
potatoes, iron-fortified beans, and folate-enriched rice [16]. 
Functional foods play a crucial role in preventing micronutrient deficiencies, 
particularly in populations with limited dietary diversity or access to fortified 
products. They also support immune system function by modulating the gut 
microbiota, enhancing natural killer cell activity, and stimulating the production of 
immunoglobulins. Furthermore, bioactive compounds in functional foods contribute 
to metabolic regulation, including glucose homeostasis, lipid metabolism, and anti-
inflammatory pathways, thereby helping to reduce the risk of obesity, type 2 diabetes, 
cardiovascular diseases, and certain cancers (Figure 3). 
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Figure 3. Types of functional foods, bioactive ingredients, and common products 

Source: https://www.mdpi.com/foods/foods-13-03546/article_deploy/html/images/foods-13-03546-g001-550.jpg 
 
Biotechnological innovations allow for the targeted enhancement of these health-
promoting compounds. For instance, genetic modification and metabolic engineering 
can increase the levels of specific vitamins, antioxidants, or polyunsaturated fatty 
acids in crops and livestock products. Microbial fermentation technologies optimize 
the production of bioactive peptides and probiotic strains, ensuring stability, 
bioavailability, and efficacy in human nutrition. Such innovations integrate traditional 
dietary practices with scientific advancements to create functional foods with 
measurable health benefits [16, 17]. 

 
Sustainability and environmental impact 

 
Biotechnology contributes significantly to sustainable agriculture and food 
production. Genetically engineered crops with enhanced nutrient use efficiency, pest 
and disease resistance, or tolerance to abiotic stress reduce the reliance on chemical 
fertilizers, pesticides, and irrigation, thereby conserving natural resources. For 
example, nitrogen-use-efficient maize or drought-tolerant rice cultivars require fewer 
inputs while maintaining or increasing yields, directly decreasing the environmental 
footprint of crop production (Figure 4). 
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Figure 4. Biotechnologies for a Sustainable  

Source: https://www.fao.org/media/images/biotechnologylibraries/default-album/biotech-
conference.png?sfvrsn=4b64b707_1 

 
Targeted microbial inoculants and biofertilizers also enhance soil fertility, promote 
plant growth, and improve nutrient uptake while minimizing harmful runoff into 
aquatic ecosystems. These interventions support the conservation of biodiversity by 
preserving natural habitats, reducing pesticide-induced mortality in non-target 
species, and encouraging polyculture systems over monocultures. 
Moreover, biotechnological approaches allow for the valorization of agricultural by-
products and food waste through microbial fermentation and enzymatic processing, 
producing biofuels, bioplastics, or nutrient-rich feed for livestock. Such circular 
bioeconomy strategies enhance sustainability by closing resource loops and reducing 
greenhouse gas emissions. Overall, biotechnology offers solutions that align 
productivity with environmental stewardship, promoting resilient and climate-smart 
food systems [17, 18]. 

 
Challenges and ethical considerations 

 
Despite its benefits, biotechnology faces significant challenges in public acceptance, 
ethical deliberation, and socioeconomic equity. Public perception of GMOs is often 
shaped by concerns about potential health risks, environmental safety, and the 
monopolization of seed markets by multinational corporations. Misconceptions 
regarding “unnatural” genetic modification contribute to hesitancy in adopting 
biotechnological products. 
Ethical debates encompass the manipulation of genetic material in plants and animals, 
the potential for unintended ecological effects, and the equitable distribution of 
biotechnological benefits. For instance, the introduction of genetically modified crops 
may affect smallholder farmers’ autonomy or access to traditional varieties. 
Regulatory frameworks must balance innovation with precaution, ensuring that the 
deployment of biotechnological solutions aligns with societal values and global health 
priorities. Socioeconomic considerations include affordability, accessibility, and 
intellectual property rights. Advanced biotechnological foods may be expensive or 
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concentrated in high-income countries, potentially exacerbating global inequalities in 
nutrition. Addressing these issues requires transparent communication, inclusive 
policy-making, and investment in capacity-building for developing countries. Public 
engagement and education are crucial to fostering trust, understanding, and 
acceptance of biotechnology’s potential benefits [18]. 

 
Future perspectives 

 
Emerging technologies in biotechnology hold transformative potential for the global 
food system. CRISPR-Cas and other gene-editing tools allow for precise modifications 
without introducing foreign DNA, reducing off-target effects, and enabling rapid 
development of improved crops and livestock. Synthetic biology enables the design 
of microbial systems capable of producing vitamins, amino acids, or bioactive 
compounds at an industrial scale, enhancing functional food production. Precision 
fermentation allows the production of proteins and nutraceuticals in controlled 
microbial systems, offering sustainable alternatives to animal-based products. 
Personalized nutrition is an evolving frontier, integrating genomics, metabolomics, 
and microbiome analyses to tailor dietary interventions according to individual health 
profiles. Biotechnologically enhanced foods can be optimized for specific nutritional 
requirements, disease prevention, or metabolic regulation, representing a shift from 
population-based to precision dietary strategies. 
Integrating these innovations into global food systems requires multidisciplinary 
approaches that include sustainable agricultural practices, harmonized regulations, 
ethical oversight, and equitable distribution of technology. The combination of 
traditional knowledge, cutting-edge biotechnology, and sustainability principles can 
create resilient, nutritious, and safe food systems capable of addressing the challenges 
of a growing population and climate change [18, 19]. 

 
Conclusion 

 
Biotechnology is pivotal in shaping the future of healthy, safe, and sustainable food 
production. Through genetic engineering, microbial fermentation, biofortification, 
and emerging biotechnologies, it enhances nutritional quality, supports functional 
food development, and mitigates environmental impact.  
The successful application of biotechnology requires a balance between innovation 
and responsibility, ensuring that safety, ethical considerations, and ecological 
sustainability are fully addressed.  
By integrating scientific advances with traditional practices and sustainable strategies, 
biotechnology offers effective solutions to global challenges in nutrition, health, and 
environmental stewardship. Its adoption has the potential to improve food security, 
public health, and resilience of food systems, creating pathways toward a more 
sustainable and health-oriented future [19, 20]. 
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