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Abstract

Background and Obijective: Consumption of low-quality food products has become a
serious threat to public health worldwide. Food biotechnology, including the application
of microorganisms, enzymes, fermentation processes, and probiotics, can significantly
improve quality, nutritional value, and safety of food products. This study aims to
provide evidence-based policy recommendations for the targeted development of
biotechnology in food production.

Material and Methods: This policy brief reviewed scientific evidence, FAO/WHO
reports, and experiences of leading countries (China, India, Brazil). Challenges such as
population growth, water scarcity, waste, and climate change were analyzed.
Biotechnological solutions (microorganisms, enzymes, fermentation, probiotics) were
examined.

Results and Conclusion: Biotechnology increases shelf life, nutritional value, and
safety while reducing waste and energy consumption. Developed countries have
improved productivity and exports through targeted investment. Main barriers include
weak research infrastructure, lack of regulatory frameworks, and insufficient public
education.

Conclusion: Targeted development of food biotechnology is a strategic necessity.
Policymakers should support knowledge-based companies, strengthen research and
regulatory infrastructure, and provide public education to enable safe use of this
technology, thereby reducing food dependency and contributing to public health and the
knowledge-based economy.

Keywords: Food Biotechnology, Food Quality Improvement, Functional Foods,
Probiotics, Food Security, Policy Recommendations

1. Introduction and statement of the problem

The increasing consumption of low-quality food
products has become a serious threat to public health and
has intensified social challenges worldwide [1, 2]. Despite
the existence of numerous food safety and quality standards,
the continued prevalence of foodborne diseases indicates
that more effective and innovative solutions are urgently
needed [2, 3]. Food biotechnology, as one of the most
critical technologies of the 21st century, offers significant
potential to improve the quality, nutritional value, safety,
and shelf life of food products [4, 5]. The application of

microorganisms, enzymes, fermentation processes, genetic
engineering, and particularly probiotics and functional
foods, provides a scientific foundation for producing
healthier, safer, and more sustainable foods [6, 7]. Modern
approaches such as synthetic and systems biotechnology
have also opened new perspectives for addressing complex
challenges in food safety [4].

However, contemporary society faces a series of
structural and escalating challenges in the field of food
security [8, 9]. The most significant among these include
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rapid population growth, limitations and depletion of water
resources, dependency on imports of certain food additives
and raw materials, increasing waste throughout the
agricultural supply chain, declining productivity in the food
industry, and the consequences of climate change and global
food crises [3,7,9]. According to the World Health
Organization (WHO) and the Food and Agriculture
Organization (FAO), healthy diets are essential for
preventing chronic diseases, yet millions of people
worldwide lack access to affordable, high-quality food [8,
9]. Developed countries, as well as emerging economies
such as China, India, and Brazil, have successfully enhanced
their production efficiency and strengthened export capacity
through targeted investment in agricultural and food
biotechnology [5, 7]. Therefore, this policy brief aims to
provide evidence-based recommendations for enhancing
food quality through the development of biotechnology in
food production, examining structural challenges and
offering actionable policies for national and international
stakeholders [1, 4, 3].

2. Methods

This study was conducted as a policy brief using a review-
analytical approach. Data and information were gathered
through systematic searches in reputable scientific
databases (e.g., Scopus, PubMed, ScienceDirect) and
reports from international organizations (FAO, WHO) [1, 8,
7]. The experiences of leading countries (China, India,
Brazil) in the development of food biotechnology were also
analyzed [5, 9]. Structural challenges of the food system
(population growth, water scarcity, waste, climate change)
were examined, and biotechnological  solutions
(microorganisms, enzymes, fermentation, probiotics,
functional foods) were reviewed as the basis for formulating
policy recommendations [4, 6]. For detailed methodology
and baseline data, readers are referred to the original article
number 52052.

3. Findings

Food biotechnology effectively increases product shelf
life, reduces waste, and decreases energy consumption [2,
5].

The use of probiotics and functional foods not only
improves public health but also reduces the economic
burden of chronic diseases [6, 3].

Developed countries, through targeted investment in
agricultural and food biotechnology (e.g., China, India,
Brazil), have achieved higher productivity, reduced food
dependency, and increased their share of global markets
[5, 7.

Despite the existence of numerous standards, the
continued prevalence of foodborne diseases indicates that
the simultaneous application of advanced biotech-
nological technologies and innovative approaches in
safety assessment remains essential [2, 3, 10].

Main barriers to the development of food biotechnology in
resource-limited countries include: weak research
infrastructure, lack of efficient regulatory frameworks,
insufficient public education, and hidden costs resulting
from unsustainable agricultural practices (including
environmental degradation and intensified climate change)
[7,9].

4. POLICY

1. National Priority Setting: The development of food
biotechnology (including fermentation, microorganisms,
enzymes, probiotics, and functional foods) should be
considered a main policy priority within the national food
system.

2. Support for Knowledge-Based Companies: Provide
financial facilities, export incentives, and strengthen
research and development infrastructure.

3. Strengthening Regulatory Frameworks and Risk
Assessment: Develop evidence-based quality standards
and ensure strict monitoring of their implementation.

4. Public and Professional Education: Enhance social
acceptance and consumer trust through transparent
communication regarding the safety and benefits of food
biotechnology.

5. Integration of Economic, Environmental, and
Health Considerations: Incorporate these dimensions
into macro-level planning to ensure safe, sustainable, and
cost-effective development of biotechnology.

6. Knowledge-Based Export Development: Produce
high-quality biological products in accordance with
international standards to increase foreign exchange
revenues and strengthen the knowledge-based economy.
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