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Abstract: The extraction of proteins and peptides from biomass sources plays a critical role in various fields,
including biotechnology, pharmaceuticals, and food science. This review provides a comprehensive overview of the
techniques used for extracting proteins and peptides from biological sources, ranging from traditional methods to
advanced technologies. We discuss the principles behind each extraction technique, including solubilization,
separation, and purification processes. Additionally, we explore the advantages and limitations of different
extraction methods, considering factors such as yield, purity, and scalability. Furthermore, we highlight recent
advancements and innovations in protein and peptide extraction, including emerging technologies and novel
approaches. By exploring current knowledge and identifying areas for future research, this review aims to
contribute to the development of efficient and sustainable extraction processes for biomolecules from biomass
sources.
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Introduction

Biomass to Biomolecules explores the methods
and techniques used to extract proteins and
peptides biological
including plant, microbial, and animal origins.
These essential biological entities play critical
roles in various biological processes and unlock
insights into cellular function. This combines
cutting-edge technologies and traditional method-
logies to uncover the secrets within biomass,

from various sources,

offering a profound understanding of the world of
This comprehensive
bridging fundamental research and practical
applications in biotechnology. It highlights
principles like solubility, selectivity, and yield
optimization, as well as emerging techno-logies
and innovative approaches. The overview covers
traditional methods like organic solvents and
precipitation, as well as cutting-edge techniques

biomolecules. review
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like chromatography and affinity-based isolation.
The field evolves in response to technological
advancements and discoveries,
providing a foundation for further exploration of
specific extraction techniques. Efficient extraction
techniques for proteins and peptides from
biological sources hold paramount significance
across a spectrum of scientific, industrial, and
medical domains (Bilal and Igbal, 2020). The
effectiveness of these extraction methods directly
influences the quality and quantity of isolated
biomolecules, thereby impacting the outcomes of
downstream analyses and applications. Several
key aspects underscore the importance of
developing and employing efficient extraction
techniques in this context.

scientific

Biomedical Research Advancements

Efficient extraction techniques are foundational to

biomedical research, enabling scientists to
investigate the structure and function of proteins
and peptides (Peluso and Chankvetadze, 2023).
The success of experiments, such as structural
elucidation, functional studies, and biomarker
discovery, relies heavily on obtaining pure and
intact biomolecules through effective extraction

methods.
Diagnostic and Therapeutic Applications

In the realm of medicine, precise and reliable
extraction of proteins and peptides is crucial for
diagnostic tests and therapeutic interventions.
Biomarkers extracted from biological samples can
serve as indicators of disease states, facilitating
early detection and monitoring of various medical
conditions.

Biotechnological and Pharmaceutical Processes

Industries harness protein and peptide extraction
for the production of biopharmaceuticals and
biotechnological applications. Efficient
extraction techniques contribute to cost-effective
and scalable manufacturing processes, ensuring
the consistency and purity of the final products.

other

Environmental and Agricultural Applications

Proteins derived from biological sources play
essential roles in various environmental and

agricultural applications, including soil
improvement, crop protection, and waste
treatment.  Extracting these  biomolecules

efficiently is vital for developing sustainable
solutions in these fields.

Food and Nutrition Sciences

In the food protein and peptide
extraction is integral to the development of
nutritional supplements and functional foods.
Efficient extraction methods are essential for
preserving the nutritional value of proteins and
peptides in food products.

industry,

Resource Optimization

Efficient extraction techniques contribute to

resource optimization by minimizing the
consumption of solvents, reagents, and energy.
This aligns with the principles of green chemistry
and sustainable practices, addressing environ-
mental concerns associated with laboratory and

industrial processes.
Technological Advancements

Ongoing advancements in extraction technologies,
such as high-throughput methods and automation,
enhance the speed and reproducibility of the
extraction process. This, in turn, accelerates the
pace of scientific discovery and application
development.

Biological Sources of Proteins and Peptides

The realm of protein and peptide extraction is
intricately linked to the diversity of biological
sources from which these essential biomolecules
are derived. This section of the review focuses on
categorizing and exploring the various biological
origins, spanning the plant, microbial, and animal
kingdoms, that serve as reservoirs for proteins
and peptides. Each source brings forth unique
challenges and opportunities, shaping the
extraction techniques
multifaceted field.

employed in this
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theisolation process.

Plant * Technigues such as homogenization, centrifugation, and specificbuffer systems are tailoredto addressthe challenges posed by

plant-based matrices[1].
Sources

* Plants, with their complex cellular structures and diverse biochemical compositions, offer arich repertoire of proteins and peptides.
+ Extractionfrom plant tissuesinvolves overcoming cellwall barriers and dealingwith secondary metabolitesthat may interfere with

microorganisms.

Microbial

. sonication or enzymatictreatment[2]
Kingdom !

+ Microorganisms, including bacteria, fungi, and algae, represent prolificsources of proteins and peptides with diverse functionalities.
+ Advancesin bioprocess engineeringand fermentation contributeto the scalability and efficiency of extractingbiomolecules from

+ Extraction from microbial sourcesinvelves breaking down cellwalls and membranes, often necessitating cell disruption methods like

J

Animal peptides from complex animal sources[3]

Origins

+ Animals provide avast array of proteins and peptides crucialfor physielogical functions, research, andtherapeutic application
* Tissues such asmuscles, organs, and fluids present unigue challenges due to the complexity of animal-derived matrices.
+ Technigues such as differential centrifugation, chrematography, andimmunoprecipitation are tailoredtoisolate specificproteins or

~

Emerging Biological
Sources

Integration of
Genomics and
Proteomics

J
~\
+Beyondtraditional categories, the review explores emerging biological sources, such as extremophiles, marine erganisms, and
genetically modified organisms, as potentialreserveirsfor novel proteins and peptides4].
+ Understandingthe unique characteristics and adaptations of these sourcesis essentialfor developing specialized extraction
technigues.
J
~\
* The integration of genomics and proteomics has revelutionized the identification and extraction of proteins and peptides from
various biological sources.
+ Genomicdata aids in predicting potential proteintargets, guidingthe selection of suitable extraction methods for specific
applications[5].
J/

(A) Plant-based sources:

Plants represent a rich and diverse source of
proteins and peptides, playing pivotal roles in
ecological systems, human nutrition, and various
Extracting  these
biomolecules from plant-based sources presents

industrial applications.
unique challenges owing to the complex cellular
structures, diverse secondary metabolites, and
variable concentrations across different tissues
(Hu, 2003). This section delves into the intricacies
of protein and peptide extraction from plant
materials, elucidating key methodologies and
considerations.

Plant cells have rigid cell walls, making them
difficult to
Homogenization techniques are used to break

extract proteins and peptides.

down these walls, balancing efficiency with

biomolecular integrity. Centrifugation and
clarification are used to separate cellular debris
and isolate proteins and peptides. Specific buffer
systems are used to solubilize proteins and
peptides, while reducing interference from
secondary metabolites (Table 1). Differential
extraction methods target specific classes of
proteins, such as membrane proteins or soluble
proteins. Specialized extraction techniques, like
enzyme-assisted or supercritical fluid extraction,
are used to isolate specific biomolecules.
Challenges in plant-based extraction include the
presence of polyphenols, protease inhibitors, and
other secondary metabolites. Future develop-
ments may involve integrating omics data and
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Table 1: Examples and methods of extraction of proteins and peptides from Plant sources

Sources Considerations Examples Details References
e Tissue Complexity and a) WheatBran Rich in fibre and outer Janssen et al
Plant Cellular Barriers layers, requiring (2023)
Sources efficient extraction
methods to access
proteins within.
Cellulosic barriers Cheran et al
b) Corn Husks necessitate (2024)
homogenization for
protein extraction.
Fibrous structure Mazumder and
c) Coconut Coir presents challenges in Zhang (2023)
breaking down cell walls
for protein release.
d) Sugar Beet Pulp Contains complex cell Mondal and
wall components, Katiyar (2024)
requiring specialized.
e) OatHulls Rigid structures demand | Meyllianawaty et
mechanical disruption al. (2024)
for effective protein
extraction.
e Homogenisation a) Soyabeans Grinding or blending Umaru et al
Techniques breaks down cell walls, (2024)
facilitating protein
release.
b) Almonds Mechanical disruption is | Shietal (2023)
essential for accessing
proteins in almond
kernels.
c¢) Pumpkin seeds Homogenization aids in Ramondo et al
breaking down cell (2024)
structures for protein
extraction.
d) Sunflower Grinding is employed to | Arrutia et al
seeds release proteins (2020)
embedded in seeds.
Blending helps disrupt Mahdavi Yekta et
e) Quinoa the outer coating, al. (2020)
allowing for protein
extraction.
e  (Centrifugation and a) Spinach Leaves Centrifugation separates | Valente et al
Clarification cellular debris from (2022)
protein-containing
supernatant.
b) Broccoli Florets Clarification steps are Thery et al
crucial for obtaining a (2020)
pure protein extract.
c) Cabbage Centrifugation is Ali Al Jabr et al
employed to isolate (2020)
proteins after
homogenization.
Clarification enhances Prade et al
d) Kale the purity of proteins (2021)

extracted from kale.
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e) Lettuce

Centrifugation aids in
separating cellular
components for protein
isolation.

Trigo et al (2021)

o Buffer Systems for a)
Protein Solubilization

Barley seeds

Detergent-containing
buffers solubilize
proteins while
mitigating interference.

Jaeger et al
(2021)

b) Rye Flour

Deleu et al.
(2020)

Specific buffer
formulations enhance
the solubility of proteins
inrye.

c) Chickpeas

Kumar et al
(2022)

Buffer systems are
tailored to solubilize
proteins while
preserving their
integrity.

d) Lentils

Detergents and reducing
agents are incorporated
for optimal protein
solubilization.

Islam et al. (2023)

e) Kidney Beans

Buffer composition is
adjusted to enhance the
solubility and stability of
extracted proteins.

Higa et al. (2024)

e Differential Extraction a)

Arabidopsis
thaliana
(Thale’s cress)

Laihonen et al
(2024)

Differentially extracts
proteins based on
solubility for diverse
studies.

b) Maize Sequential extraction Solomon et al
isolates different classes (2023)
of proteins for analysis.

c¢) Sorghum Differential extraction Kamal et al

methods target specific
protein fractions for
research purposes.

(2021)

d) Sweet Potatoes

Ghoshal and Kaur
(2023)

Different solubilization
steps are employed for
varied protein classes.

e) Tomatoes

Sequential extraction
allows for the isolation
of proteins.

Yuetal (2023)

advanced extraction technologies for precise
targeting of proteins and peptides from specific
plant sources.

(B) Animal-derived sources:

Animal-derived sources provide a vast array of
various

food
production, and pharmaceuticals (Table 2). This

proteins and peptides crucial for

applications in biomedical research,

section explores the intricacies of extracting

proteins and peptides from animal-based

matrices, highlighting specific methodologies and
considerations.

Understanding the nuances of protein and
peptide extraction from diverse animal sources is
vital for researchers and industries aiming to
harness the functional and therapeutic potential of
these biomolecules. Each source presents unique

challenges, necessitating tailored extraction
strategies.

(C) Microbial sources:

Microorganisms as prolific sources: Micro-

organisms, including bacteria, fungi, and algae, are
abundant sources of proteins and peptides with
industrial applications (Table 3). Bacteria like E.
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Table 2: Examples and methods of extraction of proteins and peptides for Animal sources

Sources | Considerations Examples Details References
a) Chicken Muscle | Extraction from muscle tissue Wang et al.
Animal | e  Tissue Diversity  and Tissue involves  breaking down (2024)
Sources Complexity connective tissues and
myofibrillar structures.
b) Liver (Pig/Cow) Liver tissue extraction | Llauger etal
requires  addressing the (2024)
presence of enzymes and
cellular membranes.
Extracting proteins from Rajabimashha
scales involves dealing with dietal
c) Fish Scales unique structural (2023)

components and the potential
presence of bioactive
peptides.

d) EggWhites

Extraction involves
separating proteins like
ovalbumin, conalbumin, and
lysozyme from the complex
matrix of egg white.

Liu et al
(2020)

Extraction involves careful Liu et al
handling to obtain serum (2020)
e) Bovine Blood | proteins, including albumins
serum and globulins.
e Homogenization & Tissue | a) Brain Tissue (Rat | Homogenization is essential | Xu et al
Disruption. or Mouse) for breaking down complex (2023)

neural tissues and obtaining
brain-specific protein.

Mechanical disruption is

Rana et al

employed to release proteins (2023)
b) Fish Eyes from the intricate eye

structures.

Homogenization is necessary | Lu et al

to access proteins embedded (2023)
¢) Chicken Cartilage in the tough extracellular

matrix.

Mechanical processing is | Dewi et al

used to break down the (2023)

d) Pork Skin

collagen-rich structure for
protein extraction.

e  Centrifugation
Fractionation

and

e) Shellfish Mechanical methods are Rebougas et
Exoskeleton applied to disrupt al. (2023)
exoskeletons and release
proteins from crustaceans.
a) Bovine Milk | Separation of proteins like | Haller (2023)
Centrifugation. casein and whey from the

liquid component by using
centrifuge machines.

b) Chicken Egg Yolk

Centrifugation aids in
isolating proteins from egg
yolk, including lipovitellin

and positing.

Mourad et al.
(2023)
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c) Bone Marrow Centrifugation and Huang et al.
(Cow) fractionation are used to (2024)
obtain proteins from the
complex bone marrow
matrix.
d) Blood Plasma Centrifugation separates Sietal
(Human) plasma proteins, including (2024)
fibrinogen and
immunoglobulins.
e) PigIntestinal Fractionation methods help | Mamone and
Mucosa. isolate proteins from the Picariello
mucosal layer of the intestine. (2023)
e Enzymatic & Chemical | a) Bee Venom Enzymatic digestion is | von Reumont
Digestion. employed to isolate peptides etal
from complex venom (2022)
compositions.

b) Stomach  Digesta | Chemical digestion is used to | van Rensburg

(Ruminant) break down food particles (2024)
and extract proteins from the
stomach.

c) PigPancreas Enzymatic digestion liberates Luetal
proteins from pancreatic (2021)
tissues.

d) Ratkidneys Chemical digestion aids in McCabe et al.
extracting proteins from the (2023)
kidney's complex cellular
structure.

e) Insect Enzymatic methods are Gianazza et al.

Haemolymph applied for extracting (2021)
peptides from insect
circulatory fluids.
e  Challenges and Ethical | a) Frog Skin Ethical considerations arise Indriani et al,
Considerations Secretions. in extracting bioactive (2023)
peptides from amphibian
secretions.
Challenges include the limited | Kheiralipour
availability of ostrich eggs etal

b) Ostrich Eggs and the need for specialized (2024)
extraction methods.

Ethical considerations and | Halm (2024)
safety precautions are crucial

c) Snake Venom in handling and extracting
proteins from snake venom.

d) Shark Cartilage Extraction challenges involve | Ermakova et
the dense and Ccalcified al.
nature of shark cartilage. (2024)

e) Whale Blubber Extraction poses challenges | Escheretal

due to the unique lipid-rich
composition of blubber.

(2023)
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Table 3: Examples and methods of extraction of proteins and peptides for Microbial sources

Microbial o Cell
Sources Disruption
Methods

a) Sonication

High-frequency ultrasound waves
generate cavitation forces that disrupt
microbial cells, allowing the extraction
of intracellular components. For
example, sonication is often used to
extract proteins from E. coli cells for
various research or biotechnological
applications

Jawed
(2023)

b) Enzymatic
Treatment

Steinbruc
hetal
(2023)

Cell wall-degrading enzymes like
lysozyme or zymolase can be used to
break down microbial cell walls
selectively. These enzymes are
commonly used for the extraction of
proteins and peptides from yeast or
fungal cells.

coli and Bacillus subtilis produce enzymes,
antimicrobial agents, and bioactive peptides. Fungi
like Aspergillus and Penicillium produce secondary
metabolites with pharmaceu-tical, agricultural,
and industrial potential. Algae like Chlorella and
Spirulina are also explored as sources of proteins
and peptides. Advances in bioprocess engineering
and fermentation techniques have enabled
efficient extraction of proteins and peptides from
microorganisms, optimizing factors like nutrient
supply, pH control, and oxygenation (Titiri et al.,
2023).

(D) Marine sources:

Marine sources also play a significant role in
providing proteins and peptides with diverse
functionalities. Table 4 illustrates some explana-
tions and examples.

Overall, marine sources offer a wide array of
proteins and peptides with various functionalities.
The diversity of marine organisms and their
unique adaptations to the marine environment
provide ample opportunities for discovering novel
bioactive compounds for pharmaceutical, nutra-
ceutical, and cosmetic applications.

Methods for Protein and Peptide Extraction:

Table 5 depicts extraction methods and their
examples. Extraction metods are - (A) Chemical
extraction methods, (B) Physical extraction

methods, (C) Enzyme-assisted extraction, and (D)
Emerging extraction techniques.

Factors Influencing Extraction Efficiency:

(A) Influence of biological source characteristics:
This refers to the inherent properties of the
biological material from which proteins and
peptides are being extracted. Factors such as
tissue type, cell wall composition, presence of
secondary metabolites, and overall biochemical

composition can impact the efficiency of
extraction. Different biological sources may
require different extraction methods or

optimization strategies to effectively release
proteins and peptides (Anal et al.,, 2013).

(B) Impact of extraction conditions: Extraction
conditions encompass various parameters such as
pH, temperature, solvent composition, extraction
time, and the presence of additives like detergents
or chaotropic agents. These conditions can

significantly influence the efficiency and
selectivity of protein and peptide extraction.
Optimizing extraction conditions is crucial to
achieve high yields while maintaining the integrity
and functionality of the extracted biomolecules

(Mostashari et al,, 2023).

(C) Role of target protein or peptide properties:
This factor focuses on the specific characteristics
of the proteins or peptides being targeted for
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Table 4: Examples and methods of extraction of proteins and peptides for Marine sources

Marine
Sources

Description

References

Micro-
organism

Marine microorganisms, including bacteria, fungi, algae,
and archaea, inhabit various marine environments such
as the ocean, seabed, and coastal regions. For instance,
marine bacteria like Vibrio species produce antimicrobial
peptides with potential therapeutic applications. Marine
fungi have been found to produce bioactive compounds
such as marine fungal extracts containing antimicrobial
peptides.

Alves et al
(2020)

Animals

Sponges are well-known for producing bioactive
compounds, including proteins and peptides with
potential medicinal uses. Fish, such as salmon and tuna,
are rich in proteins, including essential amino acids, and
are commonly consumed as food for their nutritional
value.

Caruso et al
(2020)

Algae and
Seaweeds

For instance, spirulina, a type of blue-green algae, is rich
in proteins, essential amino acids, antioxidants, and other
bioactive peptides, making it a popular dietary
supplement. Seaweeds like kelp, nori, and wakame are
also consumed and used in food products due to their
protein content and potential health benefits.

Pandey et al
(2020)

By-products

Protein and peptide extraction from marine sources often
involves utilizing byproducts generated during fish or
seafood processing. For example, fish processing waste,
such as, bones, and skin, can be sources of collagen
proteins and peptides. Collagen peptides derived from

Rajabimashhadi
etal (2023)

marine sources

have gained popularity for their
applications in skincare and other industries

extraction. Properties such as size, structure,
hydrophobicity, stability, = post-translational
modifications, and abundance can affect their
extractability. Understanding these properties is
essential for selecting appropriate extraction
methods and optimizing protocols to maximize
extraction efficiency and preserve the integrity of
the target biomolecules (Reeves, 2010).

Applications of Extracted Proteins and Peptides:

(i) Food and beverage industry: Proteins and
peptides extracted from biological sources find
numerous applications in the food and beverage
industry. They can be utilized as functional
ingredients to improve the texture, flavour, and
nutritional profile of food products. For example,
proteins such as casein and whey are commonly
used in dairy products for their emulsifying and

gelling properties. Peptides derived from plant or
animal sources may also be incorporated into food
formulations for their bioactive properties, such as
antioxidant, antimicrobial, or health-promoting
effects (Roy et al, 2023).

(ii) Pharmaceutical and medical applications:
Extracted proteins and peptides play crucial roles
in pharmaceutical and medical applications. They
serve as active pharmaceutical ingredients (APIs)
in drug formulations, where they can act as
therapeutic agents or drug carriers. Peptides, in
particular, are increasingly utilized in drug
their

specificity, potency, and lower toxicity compared

discovery and development due to

to small-molecule drugs. Proteins and peptides

derived from biological sources also have

applications in regenerative medicine, tissue
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Table 5: Extraction Methods and their examples

Extraction Method

A. Chemical Extraction

Organic solvent extraction
(Bourgou et al, 2021)

Detergent-based extraction
(Das and Negi, 2024)

Acidic extraction
(Liuetal, 2023)

Salting-out extraction
(Suman and Yugandhar, 2024)

Metal-based extraction
(Holte et al., 2023)

B. Physical Extraction

Homogenization
(Zweng et al., 2023)

Examples

Extraction of lipids from plant seeds using hexane.

Isolation of proteins from animal tissues using acetone
precipitation.

Extraction of membrane proteins using chloroform-methanol
mixture.

Ethanol precipitation method for the extraction of nucleic
acids from cell lysate

Isolation of hydrophobic proteins using a mixture of ethanol
and ether.

Solubilization of membrane proteins using Triton X-100.
Extraction of integral membrane proteins using sodium
dodecyl sulphate (SDS).

Isolation of nuclear proteins using NP-40 detergent.
Extraction of membrane-bound enzymes using digitonin.
Purification of membrane vesicles using octyl glucoside.

Extraction of histones using hydrochloric acid (HCI).

Acid precipitation method for the removal of albumin from
serum samples.

Solubilization of collagen from connective tissues using
acetic acid.

Extraction of plant cell wall proteins using sulfuric acid.
Acidic extraction of ribosomal proteins from cells using
perchloric acid.

Precipitation of proteins using ammonium sulphate.
Fractionation of proteins based on solubility using sodium
chloride.

Isolation of DNA-binding proteins using ammonium sulphate
precipitation.

Salt-assisted extraction of intracellular proteins using
potassium phosphate buffer.

Purification of enzymes using ammonium sulphate
fractionation.

Immobilized Metal Affinity Chromatography (IMAC) for
purification of His-tagged proteins.

Zinc chloride precipitation for isolation of metalloproteins.
Nickel-nitrilotriacetic acid (Ni-NTA) chromatography for
purification of recombinant proteins.

Extraction of iron-binding proteins using iron chloride.
Copper sulphate precipitation for removal of albumin from
serum samples.

High-speed blender homogenization for plant tissue
extraction.

Bead beating method for microbial cell lysis.

French press homogenization for bacterial cell disruption.
-Tissue grinder homogenization for animal tissue extraction.
Ultrasonic homogenization for small-scale protein extraction.
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Extraction Method

Sonication
(Gokulakrishnan et al.,, 2023)

Freeze-thaw cycling
(Gokulakrishnan et al., 2023)

Pressure-based extraction
(Leeetal, 2024)

Grinding/milling

(Evangelista et al., 2021)

C. Enzyme-assisted Extraction

Trypsin digestion
(Bailey etal, 2024)

Pepsin digestion
(Loveday, 2022)

Cellulase treatment
(Khan et al, 2023)

Lytic enzyme cocktails
(Singh et al,, 2023)

Examples

Bath sonication for microbial protein extraction.

Probe sonication for cell disruption and release of
intracellular proteins.

Flow cell sonication for continuous protein extraction.

Water bath sonication for solubilization of membrane
proteins.

Microplate  sonication for high-throughput protein
extraction.

Freeze-thaw lysis for bacterial cell disruption.

Freeze-thaw extraction for release of membrane proteins.
Freeze-thaw cycling for protein release from animal tissues.
Freeze-thaw lysis for disruption of plant cell walls.
Freeze-thaw extraction for extraction of intracellular
proteins.

High-pressure homogenization for microbial protein
extraction.

Pressure cycling technology for rapid protein extraction.
High-pressure cell disruption for recombinant protein
production.

High-pressure syringe homogenization for tissue lysis.
-Pressure-driven cell disruption for protein purification.

Cryogenic grinding for plant tissue protein extraction.

Ball milling for disruption of microbial cells.

Mortar and pestle grinding for tissue homogenization.
Vibratory disc mill for extraction of proteins from seeds.
Knife mill grinding for isolation of proteins from food
samples.

Trypsin digestion for protein identification in proteomics.
In-gel trypsin digestion for protein identification in gel
electrophoresis.

Trypsin digestion for peptide mapping.

Trypsin digestion for peptide library generation of protein
sequencing.

Pepsin digestion for food protein hydrolysis.
Pepsin digestion for collagen extraction.
Pepsin digestion for peptide synthesis.
Pepsin digestion for protein fragmentation.
Pepsin digestion for peptide mapping.

Cellulase treatment for plant protein extraction.
Cellulase treatment for biomass protein isolation.
Cellulase treatment for cellulose-free protein extraction.
Cellulase treatment for plant cell wall protein analysis.
Cellulase treatment for plant protein crystallization.

Lysozyme and mutanolysin cocktail for bacterial cell lysis.
Cellulase and hemicellulose cocktail for plant cell wall
disruption.

Protease and lipase cocktail for tissue protein extraction.
Chitinase and glucanase cocktail for fungal cell lysis.
Pectinase and cellulase cocktail for fruit protein extraction.
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Extraction Method

Examples

e Lipase treatment for lipid-rich sample protein extraction.
e Lipase treatment for membrane protein isolation.

Lipase treatment .
(Nimkande et al, 2023)

Lipase treatment for
purification.

detergent removal in protein

e Lipase treatment for milk protein extraction.
e Lipase treatment for oilseed protein isolation.

D. Emerging Extraction Techniques

e Ultrasound-assisted extraction for plant protein isolation.
e Ultrasound-assisted extraction for marine protein extraction.

e Ultrasound-assisted extraction for

Ultrasound-assisted extraction

intracellular protein

release.

(Zhang et al, 2024)

e Ultrasound-assisted

extraction for microbial protein

isolation.
e Ultrasound-assisted extraction for food protein recovery.

e Microwave-assisted extraction for plant protein extraction.

e Microwave-assisted
isolation.
Microwave-assisted extraction for tissue protein extraction.

Microwave-assisted extraction
(André et al, 2023) .

extraction for microbial protein

e Microwave-assisted extraction for food protein recovery.
e Microwave-assisted extraction for marine protein isolation.

Reverse micelle extraction )
(Zhao et al, 2023) )

engineering, and diagnostic assays (Rostami et al.,
2023).

(iii) Biotechnological and industrial applications:
Proteins and peptides extracted from biological

sources have diverse biotechnological and
industrial applications. They are wused in
biocatalysis, where enzymes derived from

proteins facilitate chemical reactions in various
industrial processes, such as food processing,
biofuel production, and pharmaceutical synthesis.
Additionally, proteins and peptides are employed
as bioremediation agents to degrade pollutants
and contaminants in environmental cleanup
efforts. In the field of biotechnology, proteins and
peptides are crucial components of biologics,
including therapeutic antibodies, vaccines, and
recombinant proteins produced through genetic
engineering techniques (Chauhan and Kanwar,

2020).
Challenges and Future Perspectives:

(A) Current challenges in protein and peptide
extraction:

-Reverse micelle extraction for membrane protein isolation.
Reverse micelle extraction for hydrophobic protein isolation.

Efficiency and Yield: Despite advancements in
extraction techniques, achieving high extraction
efficiency and yield challenge,
particularly for complex
proteins and peptides.

remains a
low-abundance or

Selectivity: Selective extraction of target proteins
and peptides while minimizing co-extraction of
unwanted contaminants is challenging, especially
from complex biological matrices.

Preservation of Biomolecule Integrity: Maintaining

the integrity, stability, and functionality of
extracted proteins and peptides during extraction
processes is crucial but can be difficult, especially

for fragile or sensitive biomolecules.

Standardization: Lack of standardized protocols
and variability in extraction conditions hinder
reproducibility and comparability of results across
different studies and laboratories.

Scalability: Scaling up extraction processes from
laboratory-scale to industrial-scale remains a
challenge, requiring optimization of extraction
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techniques and equipment to meet large-scale
production demands.

(B) Potential advancements and areas for future
research:

Development of Innovative Extraction Techniques:
Continued research into novel extraction methods,
such as advanced chromatographic approaches,
enzymatic digestion strategies, and emerging
technologies like ultrasound-assisted extraction or
microfluidics, can improve efficiency, selectivity,
and scalability of protein and peptide extraction.

Integration of Omics Technologies: Integration of
omics  technologies, including  genomics,
proteomics, and metabolomics, can provide
valuable insights into the composition, structure,
and interactions of proteins and peptides within
biological sources, guiding the development of
targeted extraction approaches.

Bioinformatics and Machine Learning: Leveraging

bioinformatics tools and machine learning
algorithms for data analysis and prediction can aid
in the optimization of extraction protocols,
identification of target biomolecules, and charac-

terization of extraction efficiency.

Sustainable Extraction Practices: Research into
sustainable extraction methods utilizing green
solvents, renewable resources, and eco-friendly
processes can reduce environmental impact and
promote the development of environmentally

sustainable protein and peptide extraction
techniques.

Standardization and Quality Control:
Establishment of standardized protocols,

reference materials, and quality control measures
for protein and peptide extraction will enhance
reproducibility, reliability, and comparability of
results across different studies and applications.

Conclusion

In conclusion, protein and peptide extraction from
biological processes with
widespread applications in various industries,
including food, pharmaceuticals, and biotech-
nology. While significant progress has been made

sources are vital

in extraction techniques, numerous challenges
remain, including efficiency, selectivity, scalability,
and standardization. Addressing these challenges
requires interdisciplinary efforts,
research approaches, and collaboration between
academia, industry, and regulatory bodies. Future
advancements in extraction technology, coupled
with advancements in omics, bioinformatics, and
sustainability, hold promise for
current limitations and unlocking the full potential
of protein and peptide extraction for scientific,
industrial, and societal benefit.

innovative

overcoming
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