
Bioactive Peptides from Food Proteins: Extraction, 
Health Benefits, and Industrial Applications

1.	Introduction
Bioactive peptides are emerging as pivotal bio 
functional compounds with considerable potential 
in health promotion and disease prevention [1]. 
These peptides, generally composed of between 2 
and 20 amino acid residues, are not biologically 
active in their native protein con�iguration. Instead, 
they are released and activated through speci�ic 
processes  such as  enzymatic  hydrolysis , 
gastrointestinal digestion, microbial fermentation, 
or during food processing operations like 
fermentation and aging [2]. Once liberated, 
bioactive peptides can exert various physiological 
effects, in�luencing key biological systems and 
processes in the human body. In recent years, there 
has been a growing interest in identifying and 
characterizing bioactive peptides due to their broad 
spectrum of health-promoting properties. These 
include antihypertensive (through angiotensin-
converting enzyme inhibition), antioxidant (by 
neutralizing free radicals), antimicrobial (targeting 
foodborne and pathogenic microorganisms), 
antidiabetic (modulating insulin activity or glucose 
metabolism), anticancer, immunomodulatory, and 
cholesterol - lowering  act iv i t ies  [3] .  Such 
multifaceted functionalities make bioactive 
peptides valuable components in the development 
of next-generation functional foods, nutraceuticals, 
and therapeutic agents.
The sources of bioactive peptides are diverse and
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span both plant and animal-based proteins. Dairy 
proteins (casein, whey), meat proteins, �ish and 
marine resources, egg proteins, and plant proteins 
(such as soy, wheat, rice, and legumes) are all 
recognized reservoirs of bioactive sequences [4]. 
With the increasing shift toward sustainable food 
systems and the valorization of by-products from 
the food industry, the extraction of peptides from 
underutilized or waste protein sources is also 
gaining traction. In the context of modern food 
science and nutrition, bioactive peptides offer a 
natural, safe, and cost-effective alternative to 
synthetic additives and drugs [5]. They align well 
with consumer demand for clean-label, health-
enhancing, and minimally processed food products. 
Moreover, the development of bioactive peptide-
enriched products is being accelerated by advances 
in proteomics, peptidomics, and bioinformatics, 
which facilitate high-throughput screening, 
identi�ication, and functional characterization of 
peptide sequences, the successful integration of 
bioactive peptides into commercial applications 
presents several challenges [6]. These include the 
stability of peptides during processing and 
digestion, scalability of extraction and puri�ication 
processes, regulatory approval, and ensuring 
bioavailability and ef�icacy in vivo. Addressing 
these challenges requires multidisciplinary 
collaboration involving food technologists, 
biochemists,  nutritionists ,  and industrial 
stakeholders. 
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T h i s  r e v i e w  a r t i c l e  a i m s  t o  p r o v i d e  a 
comprehensive synthesis of the current state of 
knowledge regarding bioactive peptides derived 
from food proteins. It explores their methods of 
extraction and production, highlights their health-
related functionalities, examines their role in 
industrial and therapeutic applications, and 
discusses  ongoing chal lenges  and future 
perspectives in the �ield [7]. By elucidating these 
aspects, the review underscores the promise of 
bioactive peptides in promoting human health and 
shaping the future of functional food development 
and biopharmaceutical innovation.
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Marine organisms, in particular, are gaining attention due 
to the bioactivity and novelty of their peptides.

Ÿ Plant	Proteins: Legumes (e.g., soy, lentils, chickpeas) 
and cereals (e.g., wheat, rice, oats) are valuable plant-
based sources of bioactive peptides. These plant 
proteins are abundant, sustainable, and often rich in 
peptides with antioxidant, antihypertensive, and 
hypocholesterolemic effects. Moreover, they align 
with the growing demand for plant-based nutrition.

Ÿ Byproducts	and	Waste	Streams: The valorization of 
food industry byproducts such as whey permeate, �ish 
skin, scales, bones, and oilseed meals represents a 
cost-effective and environmentally sustainable 
approach. These underutilized protein sources can be 
enzymatically hydrolyzed to generate peptides with 
promising bioactivities, contributing to circular 
bioeconomy models.

2.2	Methods	of	Extraction	and	Production
The generation of bioactive peptides involves the 
cleavage of parent proteins using various hydrolytic 
methods [9]. The choice of method depends on the source 
material,  desired peptide activity, and scale of 
production. Common extraction approaches include:
Ÿ Enzymatic	Hydrolysis: This is the most widely used 

method for producing bioactive peptides. It involves 
the use of speci�ic proteolytic enzymes (e.g., trypsin, 
pepsin, alcalase, papain) to cleave proteins under 
controlled pH and temperature conditions. The 
hydrolysate is then subjected to separation and 
puri�ication steps such as ultra�iltration and 
chromatography.

Ÿ Fermentation: Lactic acid bacteria and other 
microbial strains can naturally hydrolyze proteins 
during fermentation processes, releasing bioactive 
peptides. This method is widely used in the 
production of fermented dairy and soy products and 
is favored for its mild processing conditions and 
natural appeal.

Ÿ Chemical	 Hydrolysis: Although effective, chemical 
hydrolysis using acids or bases is less preferred due to 
the risk of peptide degradation, toxicity, and lack of 
speci�icity.

Ÿ Novel	 Techniques: Emerging technologies such as 
high-pressure processing, ultrasound-assisted 
hydrolysis, and pulsed electric �ields are being 
explored to enhance peptide yield, maintain 
bioactivity, and improve ef�iciency in large-scale 
applications.

After hydrolysis, peptide fractions are typically puri�ied 
using techniques like ultra�iltration, reverse-phase high-
performance liquid chromatography (RP-HPLC), or ion-
exchange chromatography [10]. Advanced analytical 
tools such as mass spectrometry (MS) and nuclear 
magnetic resonance (NMR) are employed for peptide 
identi�ication and characterization.

Figure	1:	Overview	of	Bioactive	Peptides	from	Food	Proteins	–	Sources,	
Bene�its,	and	Applications

2.	Sources	and	Extraction	of	Bioactive	Peptides
Bioactive peptides can be generated from a wide range of 
protein-rich sources, including both animal- and plant-
based materials. Their origin signi�icantly in�luences 
their structure, functionality, and potential applications 
[8]. As these peptides are encrypted within the parent 
proteins, they require speci�ic processing techniques for 
release and activation. The identi�ication and extraction 
of bioactive peptides from food proteins is a growing area 
of interest, driven by advancements in proteomic tools 
and sustainable processing technologies.

2.1	Major	Sources	of	Bioactive	Peptides
Ÿ Dairy	 Proteins: Milk-derived proteins, especially 

casein and whey, are among the most studied sources 
of bioactive peptides. These peptides exhibit various 
h e a l t h - p r o m o t i n g  p r o p e r t i e s ,  i n c l u d i n g 
a n t i h y p e r t e n s i v e ,  a n t i m i c r o b i a l ,  a n d 
immunomodulatory effects. Notable examples 
include casokinins and lactokinins, which act as 
angiotensin-converting enzyme (ACE) inhibitors.

Ÿ Egg	Proteins: Egg white proteins, such as ovalbumin, 
ovotransferrin, and lysozyme, have demonstrated 
potential for generating peptides with antioxidant, 
antimicrobial, and antihypertensive properties. Their 
relative purity and high digestibility make them 
attractive substrates for enzymatic hydrolysis.

Ÿ Meat	and	Fish	Proteins: Muscle proteins from beef, 
pork, poultry, and seafood, as well as collagen-rich 
tissues, have been successfully used to generate 
bioact ive  pept ides  with  ant ioxidant ,  ant i -
in�lammatory, and satiety-inducing activities. 
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Table	1.	Major	Food	Sources	of	Bioactive	Peptides	and	Their	Applications
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Table	2.	Biological	Activities	of	Selected	Bioactive	Peptides

Table	3.	Challenges	and	Solutions	in	Bioactive	Peptide	Commercialization

3.	Health	Bene�its	of	Bioactive	Peptides
Bioactive peptides exert a broad spectrum of biological 
activities, positioning them as multifunctional agents in 
the prevention and management of various chronic and 
metabolic diseases. Their ef�icacy is closely linked to their 
amino acid composition and sequence, molecular size, 
and structural conformation [11]. The mechanisms of 
action vary widely and often involve interactions with 
cellular receptors, enzymes, or microbial membranes. 
The following sections elaborate on the key physiological 
bene�its of food-derived bioactive peptides.

3.1	Antihypertensive	Activity
One of the most widely studied functions of bioactive 
peptides is their antihypertensive effect, primarily 
through inhibition of angiotensin-I converting enzyme 
(ACE), a key regulator in the renin-angiotensin system 
responsible for blood pressure control. By inhibiting ACE, 
these peptides prevent the conversion of angiotensin I to 
angiotensin II, a potent vasoconstrictor, thereby reducing 
vascular resistance and lowering blood pressure [12]. 
Notable peptides such as IPP (Isoleucine–Proline– 
Proline) and VPP (Valine–Proline–Proline), isolated from 
fermented milk products, have demonstrated clinically 
validated antihypertensive effects in both animal models 
and human trials. These peptides are particularly 
promising as natural alternatives to synthetic ACE 
inhibitors, which often have undesirable side effects.

3.2	Antioxidant	Properties
Oxidative stress is a major contributing factor in aging 
and the pathogenesis of chronic diseases such as cancer, 
cardiovascular disease, and neurodegenerative 
disorders. Bioactive peptides with antioxidant properties 
mitigate oxidative stress by scavenging reactive oxygen 
species (ROS), chelating pro-oxidative metal ions, and 
upregulating endogenous antioxidant enzymes [13]. 
These peptides often contain amino acids like histidine, 
tyrosine, tryptophan, methionine, and cysteine, which 
donate hydrogen atoms or electrons to neutralize free 
radicals. Antioxidant peptides derived from sources such 
as soy, egg, and marine proteins have shown potential in 
extending shelf life and enhancing the nutritional value of 
functional foods.

3.3	Antimicrobial	Effects
Antimicrobial peptides (AMPs) represent a critical class 
of bioactives with the ability to inhibit or kill a wide range 
of pathogenic microorganisms, including bacteria, fungi, 
and viruses. These peptides typically exert their effects by 
disrupting microbial membranes, forming pores, or 
inhibiting essential metabolic pathways [14]. Food-
derived AMPs such as lactoferricin (from milk) and 
lysozyme-derived fragments (from egg white) are being 
explored as natural food preservatives to enhance safety 
and shelf life. Additionally, AMPs are being evaluated for 
therapeutic applications to combat antibiotic-resistant 
strains, offering a promising alternative to conventional 
antimicrobials.

3.4	Antidiabetic	and	Hypocholesterolemic	Effects
Bioactive peptides have demonstrated multiple 
mechanisms in managing metabolic disorders such as 
type 2 diabetes and hypercholesterolemia. Peptides that 
inhibit dipeptidyl peptidase-IV (DPP-IV) can enhance 
incretin activity, improve insulin secretion, and regulate 
blood glucose levels. Other peptides act by mimicking 
insulin or enhancing glucose transporter expression [15]. 
In the context of cholesterol metabolism, some peptides 
inhibit the intestinal absorption of cholesterol by 
interfering with micelle formation, while others enhance 
hepatic cholesterol excretion through bile acid synthesis. 
Peptides derived from soy, oat, and �ish proteins have 
shown lipid-lowering properties in both in vitro and in 
vivo studies.

3.5	 Immunomodulatory	 and	 Anti-in�lammatory	
Effects
The immunomodulatory potential of bioactive peptides 
is gaining recognition for its relevance in managing 
a u to i m m u n e  d i s e a s e s ,  a l l e rg i e s ,  a n d  c h ro n i c 
in�lammation. These peptides can stimulate or suppress 
immune cell activity, regulate cytokine production, and 
enhance phagocytic capacity [16]. Examples include 
casein-derived peptides that stimulate lymphocyte 
proliferation and soy-derived peptides that modulate 
macrophage activity. Anti-in�lammatory effects are often 
mediated through the downregulation of  pro-
in�lammatory cytokines (e.g. ,  TNF-α ,  IL-6) and
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upregulation of anti-in�lammatory mediators. Such 
properties make these peptides attractive candidates for 
n u t ra c e u t i c a l s  t a rg e t i n g  i m m u n e  h e a l t h  a n d 
in�lammatory diseases.

4.	 Applications	 in	 the	 Food	 and	 Pharmaceutical	
Industries
Bioactive peptides are increasingly incorporated into 
functional foods, nutraceuticals, and therapeutic 
products.

4.1	Functional	Foods	and	Beverages
Peptides are added to yogurts, protein bars, infant 
formula, and sports drinks to provide added health 
bene�its. Peptide-rich hydrolysates can improve texture 
and �lavor while enhancing nutritional pro�iles.

4.2	Dietary	Supplements
Many commercial supplements contain puri�ied or semi-
puri�ied peptide preparations aimed at cardiovascular 
health, immune support, or sports recovery [17].

4.3	Pharmaceuticals	and	Cosmeceuticals
Peptides with high bioactivity and stability are being 
formulated into therapeutic agents, especially for 
cardiovascular and metabolic disorders [18]. Some 
peptides are also used in skincare for their anti-aging and 
anti-in�lammatory properties.

5.	Challenges	in	Commercialization
The potential of bioactive peptides, several barriers must 
be overcome:
Ÿ Stability	 and	 Bioavailability: Peptides can be 

degraded in the gastrointestinal tract before reaching 
target sites.

Ÿ Standardization: Variability in raw materials and 
hydrolysis conditions makes reproducibility 
challenging.

Ÿ Regulatory	 Approval: Health claims must be 
validated through clinical trials, requiring time and 
resources.

Ÿ Taste	and	Solubility: Some hydrolysates have bitter 
�lavors and poor solubility, affecting consumer 
acceptance [19-21].

6.	Future	Prospects
The future of bioactive peptides is promising, driven by 
technological and scienti�ic advances:
Ÿ Peptidomics	and	Bioinformatics: These tools allow 

identi�ication of novel peptides and prediction of 
their activity using in silico methods.

Ÿ Encapsulation	 Technologies: Liposomes and 
nanoemulsions are being developed to enhance 
peptide delivery and stability.

Ÿ Sustainable	Sourcing: Food industry byproducts are 
increasingly explored as cost-effective peptide 
sources, supporting a circular bioeconomy.

Ÿ Prec is ion 	 Nutr i t ion :  P e r s o n a l i z e d  d i e t s 
incorporating speci�ic peptides based on individual 
health pro�iles may become a key strategy in 
preventive medicine.

7.	Conclusion
Bioactive peptides derived from food proteins represent 
a promising class of functional ingredients that offer a 
safe, natural, and effective approach to promoting health 
and managing chronic diseases. Their diverse biological 
activities—including antihypertensive, antioxidant, 
antimicrobial, antidiabetic, and immunomodulatory 
effects—highlight their signi�icant therapeutic potential. 
As consumer demand grows for health-enhancing foods 
and natural remedies, bioactive peptides are increasingly 
positioned at the intersection of nutrition, medicine, and 
biotechnology. The existing challenges—such as issues 
related to stability, bioavailability, standardization, and 
regulatory hurdles—the progress in enzymatic 
hydrolysis techniques, peptide characterization, and 
delivery systems is paving the way for broader 
commercial application. Moreover, the integration of 
advanced tools such as bioinformatics, peptidomics, and 
precision nutrition platforms is accelerating the 
discovery and development of novel peptides with 
targeted physiological effects, sustainable sourcing from 
food processing byproducts, along with interdisciplinary 
collaboration between food scientists, biotechnologists, 
and healthcare professionals, will be crucial for fully 
realizing the potential of bioactive peptides. Their 
appl icat ion across  food,  pharmaceutical ,  and 
cosmeceutical industries not only enhances product 
functionality but also contributes to the development of 
personalized and preventive health strategies. As such, 
bioactive peptides stand as a cornerstone in the future of 
functional foods and evidence-based nutrition.
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