
AG Publishing House 

82 

 

Recent Trends in Biotechnology Engineering: 

Innovations and Applications across Sectors 

Er. Dinesh Dwivedi1* 

1Asst Professor, Deptt.of Biotechnology, Institute of engineering and technology, Bundelkhand University. 

 

Abstract 

The term "biotechnology" refers to biology-based technology that employs living things or their 

components to create or alter goods or enhance microbes, plants, and animals. From a global standpoint, 

biotechnology is the use of biological systems, creatures, or derivatives to create novel goods and 

procedures that improve people's quality of life and solve global issues. Review the many studies on 

innovations, cross-sector applications, and current developments in biotechnology engineering that have 

been published in this article. This review highlight that recent advancements in biotechnology 

engineering have revolutionized multiple sectors, including medicine, agriculture, industry, and the 

environment. Innovations such as AI-driven automation, gene editing, bioprinting, and precision 

medicine are enhancing scalability, efficiency, and personalization of solutions. Startups are leveraging 

omics technologies, microfluidics, and additive manufacturing to develop cutting-edge applications. The 

integration of biotechnology with culturally relevant, inclusive healthcare models is crucial, especially 

in developing regions. Emphasizing decentralized healthcare and context-specific tools fosters equitable 

health outcomes. A holistic, interdisciplinary approach is essential to harness biotechnology's full 

potential and ensure sustainable, accessible solutions across diverse global populations. 
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1 Introduction 

Aiming to enhance human health and society, biotechnology is the application of biology to the creation 

of novel products, methods, and organisms. Because of the domestication of plants and animals as well 

as the discovery of fermentation, biotechnology—often abbreviated as "biotech"—has existed since the 

dawn of civilisation [1]. As a result of the initial applications of biotechnology, vaccines and bread were 

developed. Nonetheless, throughout the last century, the field has seen tremendous change in ways that 

affect living things' genetic architecture and biomolecular functions. The most common method used in 

contemporary biotechnology applications is genetic engineering, sometimes referred to as recombinant 

DNA technology [2]. Genetic cell structures are altered or interacted with in order for genetic 

engineering to function. Genes that create proteins are found in every cell of an animal or plant. The 

traits of the organism are determined by those proteins. Scientists may increase an organism's traits or 

develop a whole new one by altering or interacting with its DNA. Humans may benefit from these new 

and altered organisms in the form of more drought-resistant crops or crops with better yields. Animal 

cloning and genetic alteration are two contentious advances made possible by genetic engineering [3], 

[4]. 

A. History of biotechnology 

Since the agricultural revolution at least 6,000 years ago, biotechnology has existed. Selective breeding 

was employed to modify the genetic composition of living organisms or to exploit them in their natural 

state during this early era. Humans discovered how to use fermentation, a biological process, to make 

cheese, bread, and alcohol about the same period. Selective breeding was also implemented by humans 

to modify the genetic composition of domesticated animals and vegetation [5]. In order to exhibit or 

eradicate certain genetic traits in their children, selective breeding involves selecting parents who possess 

desired traits [6]. Selectively produced organisms change over time to diverge from their wild 

counterparts. In contrast to wild wheat, which fell to the ground when harvested, wheat was carefully 

developed to remain on its stem during the agricultural revolution. Compared to their wolf relatives, 

dogs were deliberately developed to be more submissive [7]. 

Nevertheless, it may take a while for biotech techniques like selective breeding to result in species 

changes. Until the 19th century, when the scientist Gregor Mendel uncovered the fundamentals of 

heredity and genetics, biotechnology was restricted to these laborious, agricultural practices. As well, 

during that period, the microbial processes of fermentation were discovered by scientists Louis Pasteur 

and Joseph Lister [8], [9]. This paved the way for the biotechnology sector, which allows researchers to 

work more closely with the genetic and molecular mechanisms of living things. Genetic engineering was 

created in 1973 as a result of the efforts of these scientists. Recent developments and contemporary 

biotechnology procedures are based on this approach. It facilitated the initial direct manipulation of the 

genomes of plants and animals, which are the entire collection of genes that are present in a cell [10], 

[11]. 
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B. Trends in Biotechnology  

 Artificial Intelligence: Startups in the biotechnology industry may expand their operations by 

automating a variety of activities using AI. To expedite the medication development process, 

biopharma firms, for example, use AI to analyse biomarkers and comb through scientific 

literature to find new drugs. Algorithms for image classification are used to quickly identify 

characteristics, such as cancer cells in medical scans or signs of crop diseases in leaf photos. 

Rapid diagnostics development, phenotypic screening, and microbiome research are more 

applications of deep learning. AI is also used in environmental biotechnology to monitor and 

manage ecosystems more efficiently. 

 Big Data: The integration of sensors and IoT devices has enabled the access to a vast quantity 

of data in the field of biotechnology due to the expansion of omics technologies. Using big data 

and analytics solutions, biotechnology entrepreneurs can innovate in response to the abundance 

of data. It makes it possible for biopharma businesses to more efficiently find individuals for 

clinical trials. Bioinformatics solutions are implemented by startups and corporations to enhance 

the quality of feed, investigate previously undiscovered microorganisms, and promote the 

development of new crop and livestock varietie. [12]. 

 Gene Editing: Random DNA insertions have given way to precise genome modifications as 

genetic engineering has advanced. CRISPR and engineered nucleases, which function as 

molecular scissors, have improved the effectiveness of gene editing. Through the addition, 

replacement, or silence of certain genes, gene therapy has expanded its use to treat genetic 

illnesses and other ailments. Additionally, the development of better transgenic plants and 

animals is made easier by focused gene alteration. In order to develop cutting-edge treatments, 

especially for the treatment of cancer, the pharmaceutical sector also uses gene editing [8]. 

 Precision Medicine: These technologies are becoming more widely used in clinical practice 

because to their decreasing prices. Precision medicine, a tactic that enables doctors to identify 

the best preventative and treatment plans for certain populations, has emerged as a result. It also 

enables the provision of personalised treatment for a diverse array of diseases, such as cancer. 

Precision medicine is being used by biotechnology entrepreneurs to develop novel 

pharmaceuticals, find new drug targets, provide gene treatments, and create new drug delivery 

systems. Based on unique genetic mutations, precision medicine in oncology allows for 

customised cancer therapies. Research on rare diseases is also seeing this trend, as novel genetic 

discoveries are resulting in ground-breaking treatments [13]. 

 Biomanufacturing: Biomaterials, food and drink, speciality chemicals, and medicinal goods 

and treatments are all produced using biological systems in biomanufacturing. Startups are 

developing a variety of recombinant production, fermentation, and cell culture technologies to 

facilitate the scalability and affordability of biomanufacturing. In comparison to other 

manufacturing paradigms, it is also relatively more sustainable due to the use of biological raw 

resources. Additionally, automation and machine learning are being incorporated into the 

industry's production methods. To optimise every stage of the manufacturing process, 

biotechnology entrepreneurs are offering bioprocessing 4.0 via the integration of Industry 4.0 

models. 
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 Bioprinting: Bioprinting enterprises have emerged as a result of additive manufacturing in 

biotechnology, which provides a wide range of materials and products. Bioprinters are used, 

using bio-inks made from bio-based or biomaterial content. In medical applications, cells are 

substrates that grow around a scaffold to create vascular, cutaneous, or bone transplants. This 

procedure makes it possible to use the patient's own cells to create personalised therapy. 

Bioprinting is also employed in the development of biopolymers and rapid prototyping [14]. 

 Tissue Engineering: The number of tissue engineering firms has increased significantly in 

recent years, mostly due to advancements in microfluidics and bioprinting. Autologous tissue 

grafts may be made for regenerative medicine, organ transplantation, and burn treatment thanks 

to it. Tissue engineering has historically concentrated on biomedical uses, although it is now 

investigating sustainable substitutes for animal products like meat or leather. However, food 

items must be produced on a scale that allows them to be priced similarly to those derived from 

animals. Additionally, cardiac tissue engineering has the potential to provide solutions for heart 

disease remedies, thereby addressing the limitations of conventional transplant methods [15]. 

C. Applications of biotechnology 

Agriculture, industry, medicine, and the environment are the four primary domains in which 

contemporary biotechnology is used and commercialised. 

1. Environment 

Creating sustainable environmental techniques that cut down on waste and pollution is the goal of 

environmental biotechnology. Examples of environmental biotechnology include the following: 

 Heavy metals and other contaminants are removed from soils by phytoremediation, which 

employs genetically modified microbes. 

 Through the introduction of microorganisms, bioremediation breaks down nonrecyclable 

garbage in an organic manner. 

 Waste materials like plastic are broken down in soils and water by bacteria that consume plastic. 

 Food waste is reduced and GMO goods remain fresher for an extended period. 

 Restoring endangered species, like the American chestnut tree, is the goal of genetic restoration. 

 Corn and other cover crops are converted into biofuels, which take the place of conventional 

fuel sources that emit greenhouse gases during their extraction and usage. 

2. Medicine 

The objective of medical biotechnology, which is also referred to as biopharma, is to enhance healthcare 

and combat and prevent disease. Contemporary pharmaceuticals are built on biotechnology and 

biomedical research [16]. Among the uses are the following: 

 Research on stem cells that assists in the replacement or restoration of deceased or defective 

cells; 

 creation of antibiotics; gene treatments for illnesses like leukaemia; 
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 Investigating the antibodies that combat hazardous pathogens; 

 Organs and bones that can be 3D printed or grown in a lab; mRNA vaccinations; COVID-19 

research; and monoclonal antibody therapies. 

3. Industry 

Microorganisms are used in industrial biotechnology to create industrial products. Here are a few 

examples: 

 In order to simplify chemical manufacture and lower operating costs and chemical emissions, 

fermentation and the utilisation of enzymes and microorganisms are used. 

 biofuels, which generate combustible fuel from renewable crops like maize rather than from 

natural, nonrenewable fossil fuels like oil and petroleum sources. 

 biodegradable clothing and textiles derived from living things' proteins, such spider silk proteins. 

4. Agriculture 

Plants and animals are genetically modified using agricultural biotechnology to improve agricultural 

productivity, boost nutritional content, and lessen food poverty [17]. Here are a few instances of 

agricultural biotechnology: 

 Less toxic to people than chemical pesticides and herbicides produced by biological means. 

 Drought-resistant crops. 

 Minimal space-resilient crops. 

 Meat grown in labs or using 3d printers. 

 Gluten-free grains friendly to sufferers of celiac. 

 Producing larger, healthy livestock and commodities through selective breeding. 

 Adding extra nutrients to meals via supplementation may enhance diets and medical 

interventions. 

2 Literature Review 

(Macwan et al., 2025) [18] Biotechnology is a multidisciplinary discipline that connects biology, 

technology, and engineering. It has a big influence on important industries including healthcare, 

agriculture, environmental management, and industrial operations. The primary objective of agricultural 

biotechnology is to ensure food security by creating genetically modified (GM) crops that are more 

resistant to parasites, have higher yields, and are more adaptable to climate change. Biotechnology is 

used in the environment in the production of biodegradable products to minimise waste, bioremediation 

to fight pollution, and biofuels to lessen dependency on fossil fuels. Biotechnology uses microbes and 

enzymes to maximise manufacturing efficiency in industrial processes, which promotes sustainable 

production. Biotechnology tackles urgent issues such as environmental degradation, food hunger, health 
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disparities, and climate change on a global scale. It is essential to sustainable development because it 

promotes environmentally friendly solutions and increases the resilience of society and economies. 

(Singh et al., 2025) [19] In the past two decades, this technology has contributed to the enhancement of 

quality, yield, and tolerance to both biotic and abiotic stress. Additionally, it has played a critical role in 

the introduction of numerous new features in agricultural development programs. It has a wide range of 

uses in the agricultural industry, including improving crops, fisheries, and cattle. In terms of the overall 

agricultural improvement program, the introduction of genetically modified and biofortified crops has 

proven to be significant. Not only has biotechnology increased farmer incomes in both wealthy and 

developing nations, but it has also significantly improved agricultural sustainability. Promoting the 

application of biotechnology in agriculture and related sectors is crucial to improving farmers' quality of 

life and the state of agriculture while maintaining global standards for food quality and nutritional 

content. 

(Zhang et al., 2025) [12] The special qualities that make microalgae appealing candidates for the 

generation of biofuel are covered in this review study. In order to increase biomass and lipid productivity, 

new developments in cultivation techniques were investigated, including the design of photo-bioreactors, 

co-cultivation strategies (microalgae-microalgae, microalgae-bacteria, and microalgae-fungi), and the 

optimisation of environmental factors (salinity, light, and temperature) as well as nutrient conditions 

(carbon, nitrogen, and phosphorus). In order to better understand the metabolism of microalgal lipid 

production, omics technologies (genomics, transcriptomics, and proteomics) and genetic engineering 

methods (genetic elements, gene interference, genome editing, and genome reconstruction) were also 

covered. Enhanced lipid yield, increased stress tolerance, optimised carbon sequestration and utilisation, 

and lower harvesting and processing costs are all made possible by the use of these approaches in 

microalgae. 

(Ibraimov et al., 2024) [20] In order to enhance health outcomes, this review summarises the results of 

many research that support customised, culturally appropriate solutions. It is emphasised that addressing 

complicated medical diseases requires personalised therapy, which is fuelled by genetic insights and 

cutting-edge technology like artificial intelligence. Furthermore, the potential of new digital 

technologies, such as blockchain and the Internet of Things, to improve patient empowerment and 

healthcare access is investigated. The need of fair access and community engagement is highlighted by 

ethical issues surrounding biotechnology, especially with relation to health inequities. In order to 

promote inclusion and lessen health disparities, this research concludes by highlighting the significance 

of incorporating cutting-edge technology into healthcare delivery systems. In an effort to disrupt 

conventional models and advance sustainable, effective health solutions, these innovations concentrate 

on the distinctive contexts of diverse populations. 

(Sivalinga et al., 2024) [21] One example of evolving scientific technology in the modern world is the 

creation of new construction materials and procedures that use biobased components, such as 

microorganisms and materials mediated by microbes. In order to evaluate current advancements and 

propose new, promising paths for the development of construction biotechnology, this review effort aims 
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to provide a current assessment of biotechnology and biobased materials. The results of this investigation 

showed that adding biotechnology may greatly improve the engineering behaviour of weak foundation 

soil and cement concrete. Therefore, it was advised that the biotechnology concept be used as 

successfully as possible in the construction sector in order to reap the significant financial and 

environmental advantages it provides. 

(Ma, 2022) [22] This analyses the situation of biotechnology now and looks at its prospects. Nowadays, 

biotechnology is essential to business, agriculture, and medicine. The best medical tools for preventing 

infectious diseases are vaccines, which are still produced using biological systems; antibodies and 

RNA/DNA probes have been essential for identifying and treating illnesses; and genetic editing and gene 

therapy are enabling the treatment of inherited diseases. In the field of agriculture, biotechnology is 

producing crops with improved nutrition profiles, high yields, and reduced input requirements that need 

fewer pesticide treatments. In the industrial sector, biotechnology is used to produce chemicals, process 

food, process metal ore, and lower pollution and energy consumption. 

(Nezameddin Ashrafizadeh & Seifollahi, 2021) [23] Biotechnology creates technologies and products 

that may enhance human existence by developing cellular and molecular processes. Numerous uses of 

this technology contribute significantly to human welfare. In this article, the significance and efficacy of 

biotechnology are discussed, and comprehensive reviews of notable recent publications are provided 

after a concise history of the technology and its definition and description. In this essay, one of the goals 

has been to explain how biotechnology is related to other scientific fields, particularly chemical 

engineering. Furthermore, in accordance with the writers' perspective on the student body's familiarity 

with this technology, the current essay has been written effectively, avoiding the need to communicate 

specific specifics. 

(C & M, 2018) [24] In a variety of fields, including food and medication manufacturing, criminal 

isolation, and environmental protection, modern biotechnology shows promise. Cloning, gene therapy, 

recombinant DNA technology, embryonic stem cell research, nanotechnology, biofuels, biobanks, and 

biotechnological businesses are among the fields in which it finds use. The advancement of the life 

sciences, as well as related applied sciences and technologies, is strongly tied to biotechnology and 

bioindustries, which are increasingly becoming an essential component of the knowledge-based 

economy. The use of the newest biological technology has greatly expanded the global economy in 

recent years. Many nations have now established a biosafety regulatory framework to control the 

transboundary movement of genetically modified organisms in order to prevent potential threats to 

biodiversity, human health, and the environment at large. 

3 Conclusion 

In conclusion, recent advancements in biotechnology engineering have transformed multiple sectors, 

including healthcare, agriculture, environment, and industry. The integration of AI, omics technologies, 

IoT devices, and genetic engineering has revolutionized data analysis, enabling precision medicine, 

enhanced gene editing, and improved clinical outcomes. The decline in sequencing and editing costs has 



Er. Dinesh Dwivedi 

89 

democratized access to personalized treatments. Biomanufacturing and additive manufacturing, 

particularly bioprinting, have spurred innovations in tissue engineering, contributing to regenerative 

medicine and pharmaceutical development. Environmental biotechnology focuses on sustainable 

practices to combat pollution and waste, while agricultural biotechnology enhances food production, 

nutrition, and food security through genetic modifications. Industrial biotechnology leverages 

microorganisms for efficient, eco-friendly production of goods. These innovations also highlight the 

importance of context-specific and culturally sensitive solutions, especially in developing nations. 

Emphasizing a shift from centralized to decentralized healthcare systems, biotechnology innovations 

must align with local needs and healthcare disparities. Telemedicine and health IT play crucial roles in 

expanding access, but the success of such technologies depends on their adaptability to cultural and 

socioeconomic contexts. A holistic and inclusive approach to biotechnology is essential to ensure 

equitable benefits, promote global health equity, and drive sustainable development across diverse 

communities and sectors. 
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