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Abstract: Animal-derived biomolecules, sourced from terrestrial and marine species, play a 

crucial role in biomedical applications such as wound healing, drug delivery, and tissue 

engineering. These molecules, including proteins, enzymes, lipids, and polysaccharides, possess 

unique bioactivity and biocompatibility, often surpassing synthetic alternatives. However, 

challenges such as sustainability, safety, and ethical concerns demand innovative solutions like 

recombinant production and nanotechnology integration. This paper explores their classification, 

applications, challenges, and future prospects, emphasizing their transformative potential in 

modern medicine. 
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I. Introduction 

A. Background 

Overview of Biomolecules from Animal Sources 

Animal-derived biomolecules, such as proteins, lipids, and polysaccharides, have long been 

integral to biomedical advancements due to their bioactivity and compatibility with human 

systems. These molecules are sourced from diverse organisms, including terrestrial animals, 

marine species, and insects, offering unique properties for specific applications (Zhang et al., 

2020). For example, collagen, predominantly sourced from bovine and marine species, is widely 

used in tissue engineering and cosmetic products due to its structural properties and low 

immunogenicity (Wang et al., 2018). Similarly, chitin and its derivative chitosan, extracted from 

crustaceans, have gained attention for their wound-healing properties and antimicrobial effects 

(Goy et al., 2021). The historical importance of these biomolecules lies in their early uses, such 
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as heparin for anticoagulation therapy in the mid-20th century, which paved the way for modern 

biomedical interventions (Maruyama et al., 2019). 

 

Historical Significance in Biomedical Applications 

The significance of animal-derived biomolecules in the biomedical field extends back to ancient 

practices where animal fats, extracts, and secretions were used for healing and preservation. The 

systematic application of these molecules, however, began with the advent of modern 

biochemistry. Heparin, a naturally occurring anticoagulant derived from porcine intestinal 

mucosa, remains a cornerstone in preventing thrombosis (Linhardt et al., 2012). More recently, 

advances in biotechnology have enabled the isolation and functional modification of 

biomolecules such as fibrinogen and thrombin for use in tissue adhesives and regenerative 

medicine (Pillai et al., 2017). Marine sources, including sponges and corals, have also 

contributed significantly, with bioactive compounds like squalene being studied for their 

anticancer properties (Kim et al., 2023). 

 

B. Importance of Animal-Derived Biomolecules 

Unique Properties and Functions 

Animal-derived biomolecules possess unique structural and functional attributes that make them 

invaluable in medical and pharmaceutical applications. Collagen, for instance, exhibits high 

tensile strength and biocompatibility, making it ideal for sutures, wound dressings, and scaffold 

development (Ramachandran et al., 2021). Enzymes such as hyaluronidase, extracted from 

bovine testes, enhance tissue permeability and are frequently used in ophthalmic surgeries and 

drug delivery systems (Jain et al., 2020). Moreover, lipids like omega-3 fatty acids from fish oil 

are widely recognized for their role in reducing cardiovascular risk factors and modulating 

inflammation (Calder, 2013). These properties underscore the distinct advantages of animal 

biomolecules over synthetic alternatives, which often lack comparable bioactivity or 

biocompatibility. 

 

Comparison with Synthetic Alternatives 
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While synthetic biomolecules have made strides in recent years, they often fail to replicate the 

complexity and functionality of naturally occurring counterparts. For example, synthetic 

polymers used in tissue engineering lack the cell-signaling capabilities of animal-derived 

collagen, leading to inferior integration with host tissues (Sun et al., 2021). Similarly, synthetic 

anticoagulants such as fondaparinux mimic heparin’s activity but are limited by high production 

costs and reduced efficacy in some patient populations (Bhattacharyya et al., 2016). The 

resilience of animal biomolecules under physiological conditions and their ability to interact with 

human biological pathways offer significant advantages in therapeutic applications (Zhou et al., 

2022). However, ethical concerns and the potential for allergenic reactions remain critical 

challenges, necessitating further innovation in this field. 

 

C. Objectives of the Study 

To Explore Key Applications in Biomedicine 

This study aims to provide an in-depth exploration of the biomedical applications of animal-

derived biomolecules, focusing on their roles in tissue engineering, drug delivery, and disease 

management. Key applications include the use of collagen in regenerative medicine, heparin in 

anticoagulation therapy, and omega-3 fatty acids in cardiovascular health (Müller et al., 2020). 

Additionally, emerging technologies such as nanotechnology are expanding the potential of these 

biomolecules, with lipid nanoparticles being utilized in mRNA vaccine delivery during the 

COVID-19 pandemic (Hou et al., 2021). By analyzing these applications, the study seeks to 

highlight the contributions of animal biomolecules to modern healthcare and identify areas for 

further research. 

 

To Analyze Challenges and Future Prospects 

While the benefits of animal-derived biomolecules are well-documented, challenges such as 

sustainable sourcing, safety concerns, and regulatory hurdles persist. For instance, the extraction 

of chitosan from crustaceans raises environmental concerns due to overfishing, while the use of 

porcine-derived products may conflict with cultural and religious beliefs (Nguyen et al., 2019). 

Advances in biotechnology, including recombinant DNA technology, offer promising solutions 

by enabling the production of animal biomolecules in microbial systems, reducing reliance on 

animal sources (Kaur et al., 2022). This study also examines the potential for integrating animal 
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biomolecules with advanced materials, such as graphene, to create hybrid biomaterials with 

enhanced properties (Liu et al., 2023). 

 

II. Sources of Animal-Derived Biomolecules 

A. Classification of Sources 

Table 1.1: Classification of Animal-Derived Biomolecules by Source 

Source Examples Key Biomolecules Applications 

Marine Organisms 
Fish, Sponges, 

Crustaceans, Corals 

Collagen, Chitin, 

Squalene, Bioactive 

Peptides 

Wound healing, 

Antimicrobials, 

Anticancer therapy 

Terrestrial 

Animals 
Cattle, Pigs, Sheep 

Collagen, Heparin, 

Hyaluronidase, 

Fibrinogen 

Tissue engineering, 

Anticoagulants, Drug 

delivery 

Insects Silkworms, Bees Silk Fibroin, Propolis 

Tissue scaffolding, 

Antimicrobials, Drug 

encapsulation 

Amphibians Frogs, Toads 
Antimicrobial Peptides, 

Skin Secretions 

Antibiotic development, 

Neurological research 

 

Marine Organisms 

Marine life, including sponges, corals, and crustaceans, provides a vast array of biomolecules 

such as chitin, squalene, and marine collagen. These biomolecules exhibit unique properties, 

such as antimicrobial activity and tissue compatibility, making them suitable for applications in 

drug delivery and regenerative medicine (Zhang et al., 2020). For instance, marine sponges have 

been explored as sources of bioactive peptides with anticancer and antiviral properties (Kim et 

al., 2023). 

 

Terrestrial Animals 

Biomolecules sourced from terrestrial animals, such as bovine collagen and porcine-derived 

heparin, have been extensively used in biomedicine. These molecules provide structural and 

functional roles in tissue repair and blood coagulation, respectively (Maruyama et al., 2019). 
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Animal-derived lipids, like lanolin from sheep, are also common in pharmaceutical formulations 

(Linhardt et al., 2012). 

 

Insects and Amphibians 

Insects and amphibians are emerging as unconventional sources of biomolecules. For example, 

silk fibroin from silkworms is widely studied for its use in drug delivery and tissue engineering 

(Ramachandran et al., 2021). Frog skin secretions, rich in antimicrobial peptides, offer potential 

for combating antibiotic-resistant bacteria (Nguyen et al., 2019). 

 

B. Common Biomolecules 

Proteins (e.g., Collagen, Gelatin) 

Collagen, primarily extracted from bovine and fish sources, is a structural protein used in wound 

healing and as a scaffold material in regenerative medicine. Gelatin, a hydrolyzed form of 

collagen, is employed in drug encapsulation (Wang et al., 2018). 

 

Enzymes (e.g., Hyaluronidase, Trypsin) 

Hyaluronidase, derived from bovine testes, enhances drug absorption by breaking down 

hyaluronic acid in tissues (Jain et al., 2020). Trypsin, an enzyme from the pancreas of animals, is 

crucial in wound debridement and enzymatic hydrolysis processes (Sun et al., 2021). 

 

Lipids and Fatty Acids 

Omega-3 fatty acids from fish oils are recognized for their anti-inflammatory and cardiovascular 

benefits (Calder, 2013). Squalene, a lipid found in shark liver oil, is utilized in vaccine adjuvants 

and skin treatments (Kim et al., 2023). 

 

Polysaccharides (e.g., Chitin, Heparin) 

Chitin, a polysaccharide from crustaceans, is widely used in wound dressings and as a 

biodegradable polymer. Heparin, a glycosaminoglycan, remains a standard anticoagulant in 

clinical practice (Maruyama et al., 2019). 

 

C. Extraction Techniques 
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Conventional Methods 

Traditional methods of extraction involve solvent-based techniques and enzymatic hydrolysis. 

For example, collagen is extracted through acid or enzymatic treatment of animal skin and bones 

(Ramachandran et al., 2021). While effective, these methods often have environmental 

drawbacks, such as chemical waste generation. 

 

Modern Biotechnological Approaches 

Advances in biotechnology have introduced recombinant DNA techniques for producing animal 

biomolecules in microbial systems, reducing dependence on animal sources (Kaur et al., 2022). 

For example, recombinant collagen and heparin have been successfully synthesized using 

engineered bacteria and yeast. 

 

III. Biomedical Applications 

A. Wound Healing and Tissue Engineering 

Role of Collagen and Fibrin 

Collagen and fibrin are essential components in wound healing and tissue engineering. Collagen-

based hydrogels promote cell adhesion and proliferation, while fibrin is used in surgical 

adhesives and hemostatic agents (Pillai et al., 2017). 

 

Development of Scaffolds 

Scaffolds made from animal-derived biomaterials, such as decellularized extracellular matrices, 

support tissue regeneration by mimicking the native extracellular environment (Zhang et al., 

2020). 

 

B. Drug Delivery Systems 

Liposomes and Micelles 

Lipids derived from animal sources, such as phospholipids, are key components of liposomes 

and micelles used in drug delivery systems. These carriers improve the solubility and 

bioavailability of drugs (Hou et al., 2021). 

 

Protein-Based Carriers 
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Proteins such as albumin and gelatin serve as drug carriers, offering controlled release and 

targeted delivery capabilities (Liu et al., 2023). 

 

C. Antimicrobial and Antiviral Applications 

Peptides from Marine Animals 

Bioactive peptides isolated from marine species exhibit potent antimicrobial and antiviral 

properties. For example, peptides from fish skin have shown efficacy against drug-resistant 

pathogens (Kim et al., 2023). 

 

Use of Enzymes for Pathogen Control 

Enzymes like lysozyme and proteases disrupt bacterial cell walls, providing a natural defense 

against infections (Jain et al., 2020). 

 

D. Cardiovascular Health 

Antithrombotic Properties of Heparin 

Heparin is widely used to prevent blood clots during surgery and dialysis. Its anticoagulant 

properties make it indispensable in cardiovascular procedures (Linhardt et al., 2012). 

 

Omega-3 Fatty Acids and Heart Disease Prevention 

Omega-3 fatty acids from fish oils reduce triglyceride levels and inflammation, lowering the risk 

of cardiovascular diseases (Calder, 2013). 

 

E. Neurological Disorders 

Role of Squalene and Neurotrophic Factors 

Squalene has neuroprotective effects and is being investigated for its role in treating 

neurodegenerative disorders (Nguyen et al., 2019). Additionally, neurotrophic factors derived 

from animal tissues support neuronal growth and repair (Sun et al., 2021). 

 

Biomolecules in Brain Tissue Repair 

Animal-derived extracellular matrix proteins are used in therapies aimed at repairing brain tissue 

after injury or stroke (Ramachandran et al., 2021). 
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F. Cancer Treatment 

Bioactive Compounds as Chemotherapeutic Agents 

Compounds such as squalene and chitin derivatives have shown anticancer activity by inducing 

apoptosis and inhibiting tumor growth (Kim et al., 2023). 

 

Immune Modulation by Animal-Derived Proteins 

Proteins like lactoferrin modulate immune responses, enhancing the body’s ability to fight cancer 

(Pillai et al., 2017). 

 

IV. Challenges and Ethical Considerations 

A. Sourcing and Sustainability 

Overexploitation of Animal Resources 

The increasing demand for animal-derived biomolecules has led to concerns about the 

overexploitation of natural resources. For instance, the widespread harvesting of marine species 

for collagen and chitin extraction has disrupted marine ecosystems, threatening biodiversity 

(Zhang et al., 2020). Similarly, overharvesting of sharks for squalene, often used in vaccine 

adjuvants, has been a significant environmental issue (Kim et al., 2023). Sustainable practices, 

such as aquaculture and controlled farming, are needed to balance the demand while preserving 

natural habitats. 

 

Environmental Impact of Extraction 

The extraction processes for biomolecules often involve harsh chemicals, which can result in 

significant environmental pollution. For example, traditional methods of collagen extraction use 

acidic or alkaline treatments, generating chemical waste that can harm ecosystems if not properly 

managed (Ramachandran et al., 2021). Modern green extraction technologies, such as enzymatic 

hydrolysis, offer a more eco-friendly alternative but require further optimization for large-scale 

applications (Liu et al., 2023). 

 

 



Journal of Computational Analysis and Applications                                                                          VOL. 33, NO. 1A, 2024 
   

                                                                                                                             10.48047/jocaaa.2024.33.1A.43 

                                                                                                        661                              Ms. Urvashi Sharma et al 653-665 

 

 

Figure 1: Challenges in the Use of Animal-Derived Biomolecules 

 

B. Safety Concerns 

Allergenic Responses 

Animal-derived biomolecules can trigger allergenic reactions in some individuals, limiting their 

widespread use. For example, gelatin derived from bovine or porcine sources has been linked to 

allergic responses, particularly in vaccines and pharmaceutical formulations (Jain et al., 2020). 

The need for thorough allergen testing and alternative sources is critical for ensuring safety. 

 

Risk of Zoonotic Diseases 

The use of animal tissues and fluids poses a risk of transmitting zoonotic diseases. For instance, 

bovine spongiform encephalopathy (BSE) has been a concern in the use of bovine-derived 

biomaterials (Nguyen et al., 2019). To mitigate these risks, rigorous quality control measures and 

adherence to regulatory standards, such as those established by the World Health Organization 

(WHO), are essential (Kaur et al., 2022). 

 

C. Ethical Implications 

Animal Welfare Issues 
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The ethical implications of sourcing biomolecules from animals have been widely debated. 

Concerns about the welfare of animals used for biomolecule extraction, such as those involved in 

the production of heparin from pigs, have prompted calls for stricter regulations and alternative 

sourcing methods (Linhardt et al., 2012). Technologies like recombinant DNA production offer a 

viable solution by reducing reliance on live animals. 

 

Regulatory Frameworks 

Regulatory frameworks play a crucial role in addressing ethical and safety concerns. Agencies 

like the U.S. Food and Drug Administration (FDA) and the European Medicines Agency (EMA) 

have established guidelines for the safe and ethical use of animal-derived biomolecules 

(Maruyama et al., 2019). However, there is a need for global standardization to ensure consistent 

practices across countries. 

 

V. Future Perspectives 

A. Advances in Biotechnology 

Recombinant Production of Animal Biomolecules 

Advances in biotechnology have enabled the production of animal biomolecules through 

recombinant DNA technology. For example, recombinant collagen produced in microbial 

systems offers a sustainable and scalable alternative to traditional animal-derived sources (Kaur 

et al., 2022). Similarly, recombinant heparin has shown potential for large-scale applications, 

reducing the environmental and ethical issues associated with animal sourcing (Sun et al., 2021). 

 

Genetic Engineering and Synthetic Biology 

Synthetic biology allows for the creation of biomolecules with enhanced properties, such as 

increased stability or specific bioactivity. Genetic engineering techniques, such as CRISPR-

Cas9, are being used to optimize the production of biomolecules in animal and microbial systems 

(Zhou et al., 2022). These advancements hold promise for producing highly tailored biomaterials 

for specific medical applications. 

 

B. Integration with Nanotechnology 

Development of Hybrid Biomaterials 



Journal of Computational Analysis and Applications                                                                          VOL. 33, NO. 1A, 2024 
   

                                                                                                                             10.48047/jocaaa.2024.33.1A.43 

                                                                                                        663                              Ms. Urvashi Sharma et al 653-665 

 

The integration of animal-derived biomolecules with nanotechnology has led to the development 

of hybrid biomaterials with improved functionality. For instance, collagen nanoparticles 

combined with gold or silver have shown enhanced antimicrobial and wound-healing properties 

(Hou et al., 2021). These materials are paving the way for advanced applications in regenerative 

medicine and drug delivery. 

 

Applications in Precision Medicine 

Nanotechnology-enabled delivery systems, such as lipid nanoparticles incorporating omega-3 

fatty acids or squalene, are being explored for precision medicine. These systems allow for 

targeted delivery of drugs, minimizing side effects and improving therapeutic outcomes (Kim et 

al., 2023). 

 

C. Emerging Trends 

Focus on Rare and Underutilized Animal Sources 

Researchers are increasingly exploring underutilized animal sources, such as insects and 

amphibians, for novel biomolecules. For example, peptides derived from frog skin have shown 

potential as antimicrobial agents, while silk proteins from insects are being used in tissue 

engineering (Nguyen et al., 2019). 

 

Potential for Personalized Medicine 

The combination of biomolecules with advanced diagnostic tools is creating opportunities for 

personalized medicine. Biomolecules such as neurotrophic factors are being investigated for their 

potential in treating patient-specific neurological conditions (Liu et al., 2023). This trend 

highlights the importance of tailoring treatments to individual needs using biomolecule-based 

solutions. 

 

VI. Conclusion 

The field of animal-derived biomolecules continues to play a critical role in advancing 

biomedicine. From their applications in wound healing and drug delivery to their integration with 

emerging technologies like nanotechnology, these biomolecules offer immense potential for 

improving healthcare outcomes. However, challenges such as sustainability, safety, and ethical 



Journal of Computational Analysis and Applications                                                                          VOL. 33, NO. 1A, 2024 
   

                                                                                                                             10.48047/jocaaa.2024.33.1A.43 

                                                                                                        664                              Ms. Urvashi Sharma et al 653-665 

 

concerns must be addressed through innovation and regulatory oversight. Advances in 

biotechnology, particularly recombinant production and genetic engineering, offer promising 

solutions to these issues. By exploring rare and underutilized sources and focusing on 

personalized medicine, the future of animal-derived biomolecules is poised to be transformative. 

A commitment to sustainable and ethical practices will ensure that these resources continue to 

benefit humanity without compromising environmental and animal welfare. 
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