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Abstract: The main milk proteins are caseins and whey proteins, some other minor proteins and peptides, are also found 

in milk. Proteins are vital ingredients for human because they provide all the essential amino acids needed for body and 

human health. Milk proteins are very important sources of bioactive peptides. The bioactive peptides are inactive within the 

sequence of the parent protein and can be released by proteolytic enzymes, during gastrointestinal digestion or during milk 

processing, for example the adding coagulation enzymes and starter culture. Once bioactive peptides are present in the body, 

these peptides may act as regulatory compounds with hormone-like activity. Furthermore, Bioactive peptides from milk 

proteins have many biological activities such as antimicrobial, antihypertensive, antithrombotic, antioxidant, mineral 

binding, and anti-diabetic. Bioactive peptides have potential health and have pharmaceutical applications. Antimicrobial 

peptides are recognized as an important component of innate immunity, particularly at mucosal surfaces such as the lungs 

and small intestine that are constantly exposed to a range of potential pathogens. The ability of protein hydrolysates to 

inhibit deleterious changes caused by lipid oxidation appears to be related to the nature and composition of the different 

peptide fractions. Milk protein hydrolysate possesses free-radical-scavenging and anti-inflammatory activities have many 

beneficial effects on the increase of the glucose-induced insulin secretion and reduction in postprandial glycemia. This 

article is tried through exposure in some detail to review characteristics of some milk protein peptides and its positive 

effects on human health. 
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1. Introduction 

The two major milk proteins are caseins and whey proteins. 

Caseins represent about 80% of the total protein in cow milk; 

exist mainly in macromolecular complexes as casein micelles 

consisting of more than 1,000 casein submicelles. Caseins are 

known to be precursors of several different bioactive peptides. 

Casein is phosphoproteins and consists of about 30 different 

components including genetic variants. Casein consists 

mainly of αs- (αs1-, αs2-), β-, and κ-casein [1]. The whey 

proteins, which presented about 20% of the total milk 

proteins, whey proteins are excellent source of both 

nutritious and functional proteins. The main whey protein 

constituents, α-lactalbumin and β-lactoglobulin, account for 

70–80% of the total whey proteins in bovine milk. Other 

minor components include bovine serum albumin (BSA), 

immunoglobulins (Igs) (mainly the G type), lactoferrin (LF), 

lactoperoxidase (LP), proteose-peptones (PP), and many 

enzymes [2]. Milk proteins have been identified as a very 

important source of most bioactive peptides, these peptides 

are in an inactive state within the milk protein molecule and 

can be released during enzymatic digestion in vitro and in 

vivo [3]. 
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2. Milk Protein Derived Bioactive 

Peptides 

Milk proteins are known as the very important sources of 

bioactive peptides [4]. The health benefits of these peptides 

are classified as cytomodulatory, mineral binding, 

antimicrobial, immunomodulatory, blood-pressure lowering 

(Angiotensin-converting enzyme ACE- inhibitory), 

antithrombotic, antioxidant and opioid like, in addition to 

cholesterol-lowering and mineral absorption/bioavailability 

enhancers [5-8]. Bioactive peptides have been classified as 

specific fragments of protein that have a positive impact on 

body functions or conditions and may ultimately influence 

health [9, 10]. The release of bioactive peptides from milk 

proteins in the gastrointestinal tract results from the action of 

digestive enzymes such as pepsin and pancreatic enzymes 

(trypsin, chymotrypsin, carboxy- and aminopeptidases). The 

efficiency of physiological activity of biopeptides depends on 

their ability to maintain integral state during transport to the 

various functional systems of the body [11, 12]. Additionally, 

bioactive milk peptides can be absorbed intact from the 

intestinal lumen into the blood circulation, these may thus 

serve as novel functional food ingredients or pharmaceutical 

agents [13]. 

2.1. Production of Bioactive Peptides 

Bioactive peptides can be released from the parent protein 

by enzymatic hydrolysis during gastrointestinal digestion, 

fermentation or maturation during food processing or 

proteolysis by food-grade enzymes derived from different 

origins (animal, plants or microorganisms) [1-3, 14, 15]. 

2.1.1. Enzymatic Hydrolysis 

The hydrolysis of proteins by enzymes is a vital bioprocess 

to improve the physicochemical, functional and nutritional 

properties of original proteins or to prepare extensively 

hydrolyzed proteins for hypoallergenic infant diets and 

nutritional therapy [16-18]. The most used way to produce 

bioactive peptides is through enzymatic hydrolysis of whole 

protein molecules. Many of bioactive peptides have been 

produced using gastrointestinal enzymes, usually pepsin and 

trypsin, for example, Angiotensin-converting enzyme 

inhibitory (ACEI) peptides and calcium-binding 

phosphopeptides (CPPs), are most commonly produced by 

trypsin from milk proteins [19-22]. The most notable 

enzymes are pepsin, trypsin and chymotrypsin that have been 

shown to release bioactive peptides such as antihypertensive 

peptides, calcium-binding phosphopeptides (CPPs), 

antibacterial, immunomodulatory and opioid peptides from 

different casein (α-, β- and κ-casein) and whey proteins, e.g., 

α-lactalbumin (α-la), β-lactoglobulin (β-lg) and 

glycomacropeptide (GMP) [23, 24]. Bioactive peptides have 

been isolated from many milk and dairy products including 

cheese, kefir and yoghurt. These peptides are inactive within 

protein molecules and can be released in three ways by 

enzymatic hydrolysis by digestive enzymes predominantly 

alcalase, pepsin, trypsin, pancreatin, thermolysin and 

chymotrypsin, fermentation of milk with proteolytic starter 

cultures or proteolysis by enzymes derived from 

microorganisms or plants [25-27]. It was reported that the 

enzymatic hydrolysis of whey proteins had yielded bioactive 

peptides those similarity opioid receptor ligands invitro and 

invivo [28]. Opioid agonists have been found in whey 

proteins such as α-LA, ß-LG, and BSA, whereas opioid 

antagonists have been isolated from lactoferrrin. Peptides 

from both α-LA or ß-LG contain sequences in their primary 

structure similar to typical opioid peptide sequences, whereas 

serorphin (BSA f (399–404)) can be classed as an atypical 

opioid peptide with a dissimilar amino sequence. The 

complete hydrolysis is desirable for the production of 

bioactive peptides; meanwhile partial hydrolysis increases 

the number of peptides. The intricacy which induces a variety 

of bio-functional and techno-functional peptides can be 

reduced by using selective enzymes in incorporation with 

downstream processes [29]. 

2.1.2. Microbial Fermentation 

The proteolytic system of lactic acid bacteria (LAB) is 

very complicated. It is possessed of an extracellular located 

serine proteinase, a transport system specific for di-, tri-, and 

oligopeptides, and a multitude of intracellular peptidases. 

Proteinases of lactic acid bacteria may hydrolyze more than 

40% of the peptide bonds of αs1- and β-caseins, producing 

oligopeptides of 4 to 40 amino acid residues [30]. Most of 

industrially utilized dairy starter cultures have proteolytic 

systems. Bioactive peptides can be generated by the starter 

and non-starter bacteria used in the production of fermented 

dairy products. Todays, the proteolytic system of most lactic 

acid bacteria (LAB) strains, e.g. Lactococcus lactis, 

Lactobacillus helveticus and Lb. delbrueckii ssp bulgaricus, 

is already well characterized. This system consists of a cell 

wall-bound proteinase and several distinct intracellular 

peptidases, including endopeptidases, aminopeptidases, 

tripeptidases and dipeptidases [31]. Lactobacillus helveticus 

is widely used as a dairy starter in the manufacture of 

traditional fermented milk products, such as Emmental 

cheese and highly proteolytic Lb. helveticus strains capable 

of releasing ACE-inhibitory peptides. The best-known 

ACE-inhibitory peptides, Val-Pro-Pro (VPP) and Ile-Pro-Pro 

(IPP), have been identified in milk fermented with Lb. 

helveticus strains [32, 33]. Lb. rhamnosus GG was studied 

for capable of suppressing immune function by generating 

peptides from the hydrolysis of casein [34]. It was reported 

that the digests of casein by peptidases produced by Lb. 

rhamnosus inhibited protein kinase C translocation and down 

regulated IL-2 expression. Taken together, these results 

indicate suppression of T cell activation by casein digests. 

Lactobacillus paracasei was investigated for capable of 

suppressing immune function by generating peptides from 

the hydrolysis of β-lactoglobulin (β-lg) [35]. It was found 

that the Lb. paracasei was capable of inducing oral tolerance 

to β-lg by producing peptidases that can hydrolysis of β-lg. 

The proteolytic activities of several dairy LAB cultures and 

probiotic strains (Lactobacillus acidophilus, Bifidobacterium 
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lactis and Lactobacillus casei) were studied as determinant of 

growth and in vitro ACE-inhibitory activity in milk 

fermented with these single cultures [36]. All the cultures 

released ACE-inhibitory peptides during growth with a 

Bifidobacterium longum strain and the probiotic Lb. 

acidophilus strain.  

2.2. General Classification of Milk Bioactive Peptides 

In most studies the primary classes of bioactive milk 

peptides, based on their specific physiological functions 

[37-40]: 

1. Antimicrobial Peptides. 

2. ACE Inhibitors. 

3. Antithrombotic Peptides. 

4. Opioid Milk Peptides. 

5. Immunomodulatory peptides. 

6. Mineral binding peptides. 

7. Antidiabetic peptides. 

To exert physiological effects in vivo, bioactive peptides 

must be released during intestinal digestion and then reach 

their target sites at the luminal side of the intestinal tract or 

after reabsorption, in the peripheral organs. 

2.2.1. Antimicrobial Peptides 

The antibacterial properties of milk have been known for a 

long time. In fact, the incidence of diseases like diarrhea or 

respiratory infections is significantly lower in breastfed 

infants than in formula-fed infants; a variety of protective 

factors in human milk are thought to be responsible for this 

effect. During the first few days postpartum, the specific 

activity of immunoglobulins is the dominant factor for 

immunity [41, 42]. The first discovery about the 

antimicrobial properties of milk was made by Jones and 

Simms [43]. They identified substance capable of inhibiting 

the growth of streptococci called lactenin. However, the first 

antimicrobial activities attributable to peptides isolated from 

bovine milk peptide were discovered in the late 1960s. These 

poorly defined peptide fractions were derived from chymosin 

digestion of casein and referred to as casecidins [44]. Later, 

another group identified a group of basic, high molecular 

weight polypeptides released from heated and rennin-treated 

casein [45]. These polypeptides, denoted as casecidins, were 

probably derived from κ-casein and αs1-casein, and displayed 

bactericidal properties against several resistant strains of 

Staphylococcus aureus, as well as against lactobacilli. The 

antimicrobial and immunological functions of some of the 

bovine milk proteins; and their proteolytic products have 

been proposed to assist the survival of the neonate, which 

lacks a well-developed immune system. The best 

characterized of the antimicrobial proteins in bovine milk 

include lactoferrin, lactoperoxidase and lysozyme. In some 

species minor proteins, including a folate binding protein, are 

also regarded [10, 46]. 

Many peptides arising from the hydrolysis of milk protein 

have already been demonstrated to have important 

non-nutritional roles including immunomodulatory, mineral 

stabilizing, antibacterial, antiviral and antifungal activities. In 

addition, it has been recognized for a longtime that 

breast-feeding of infants provides protection from a range of 

enteric and respiratory infections. Antibacterial peptides are 

recognized as an important component of innate immunity, 

particularly at mucosal surfaces such as the lungs and small 

intestine that are constantly exposed to a range of potential 

pathogens [46-49]. Antimicrobial peptides are usually 

composed of a hydrophobic surface and a hydrophilic surface. 

This distinct amphipathic characteristic is believed to play a 

role in the antimicrobial mechanism of action allowing the 

peptide to interact with the bacterial membrane [50]. 

Antimicrobial peptides usually have less than 50 amino acid 

residues, of which nearly 50% are hydrophobic and have a 

molecular weight below 10 kDa. These peptides can be 

generated in vitro by enzymatic hydrolysis. Many of these 

small molecules (< 10 kDa; 3–50 amino acid residues) have 

proven to be potent antimicrobial substances with 

promising applications in medicine or food preservation. 

Therefore, intensive research work has been carried out to 

detect, purify and characterize as many of these peptides as 

possible for application in industrial production [51, 52]. 

Most Antimicrobial peptides, with their amphipathic nature, 

directly act on the membrane of the pathogen. The cationic 

properties of Antimicrobial peptides are implicated in their 

selective interaction with the negatively charged surfaces of 

microbial membranes, resulting in the accumulation of 

Antimicrobial peptides on the membrane surface. Then, 

their hydrophobic portions are responsible for the 

interaction with hydrophobic components of the membrane. 

From this complex interaction with the membrane, major 

rearrangements of its structure occur, which may result 

from the formation of peptide-lipid specific interactions, the 

peptide translocation across the membrane and interaction 

with intracellular targets or the most common mechanism, a 

membranolytic effect [53, 54]. The antimicrobial activity of 

ovine whey proteins and of their peptic hydrolysates was 

measured against different pathogenic microbial strains. 

The peptic hydrolysates inhibited the growth of Escherichia 

coli HB101, Escherichia coli Cip812, Bacillus subtilis 

Cip5265, and Staphylococcus aureus, but no peptide 

identification was carried out [55]. The digestion of caprine 

whey proteins was investigated in vitro by two-steps 

degradation assay, using human gastric juice at pH 2.5 and 

human duodenal juice at pH 7.5 [56]. The protein 

degradation and antibacterial activity obtained were 

compared with those obtained after treatment with 

commercial enzymes, by using pepsin and a mixture of 

trypsin and chymotrypsin. The two methods resulted in 

different caprine protein and peptide profiles. Active 

growing cells of E. coli were inhibited by the digestion 

products from caprine whey obtained after treatment with 

human gastric juice and human duodenal juice. Cells of 

Bacillus cereus were inhibited only by whey proteins 

obtained after reaction with human gastric juice, while the 

products after further degradation with human duodenal 

juice demonstrated no significant effect. 
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2.2.1.1. Whey Proteins Derived Antimicrobial Peptides 

Lactoferricin is a potent bactericidal peptide specifically 

generated by enzymatic degradation of lactoferrin, also 

exhibit antimicrobial activity against both Gram-positive and 

Gram-negative microorganisms. Lactoferricin B obtained 

from bovine lactoferrin and lactoferricin H obtained from 

human lactoferrin. The fragments were characterized and 

named human (H) and bovine (B) lactoferricin. The structure 

activity relation of lactoferricin fragment has been studied 

during last year’s. Some studies have been shown that 

antimicrobial, antifungal, antitumor, and antiviral properties 

of lactoferricin can be associated to tryptophan/Arginine-rich 

proportion of the peptide. Also the anti-inflammatory and 

immunomodulating properties are associated to a positively 

charged region of the molecule [57, 58]. It has been 

demonstrated that Lactoferricin starts electrostatic interaction 

with the negatively charged membranes of bacteria in initial 

binding, lipopolysaccharide and teichoic acid as binding site 

in Gram-negative and Gram-positive bacteria have been 

identified. It has been demonstrated the peptide approach the 

cytoplasm and suppress the bacterial protein synthesis that 

exact mechanism is not clear [59]. Lactoferrampin is an 

antimicrobial cationic domain in the N1-domain of 

lactoferrin. It includes amino acids 268-284 of bovine 

lactoferrin. It has been demonstrated that lactoferrampin 

display higher candidacidal activity than the lactoferrin. 

Furthermore, lactoferrampin has antimicrobial activity 

against of Bacillus subtilis, Escherichia coli, and 

Pseudomonas aeruginosa, but not against of the fermenting 

bacteria, Actinomyces naeslundii, Porphyromonas gingivalis, 

Streptococcus mutans and Streptococcus sanguis. 

Lactoferrampin plays a critical role in membrane- mediated 

activities of lactoferrin [60]. ß-Lactoglobulin exhibit around 

half of the whole protein in bovine whey, while human milk 

contains no ß- lactoglobulin. Proteolytic digestion of bovine 

ß-lactoglobulin by trypsin bears four peptide segments with 

bactericidal activity. These peptides corresponded to 

ß-lactoglobulin f (15–20), f (25–40), f (78–83) and f (92–

100). These peptides only effect on Gram-positive bacteria 

and inhibit them. The amino acid sequence of peptide 

fragment f (92–100) is altered by replacing of Asp with Arg 

and the substitute of a Lys residue at the C-terminal end to 

enhance the bactericidal activity to Gram-negative bacteria 

[61]. The charge, hydrophobicity and cationic=anionic 

character are important factors for bactericidal activity. The 

β-Lactoglobulin as source of bioactive peptides 261 negative 

charge of these peptides explains why they were only weakly 

effective against Gram-negative bacteria whose membranes 

contain lipopolysaccharide, a negatively charged molecule 

[62]. The antimicrobial potential of whey protein isolate 

hydrolyzed by gastrointestinal enzymes was revealed that the 

pepsin hydrolysates exhibited significant activity [63]. 

Fractionation of 60-min hydrolysate by reversed-phase high 

performance liquid chromatography yielded five fractions 

that were antibacterial, with minimum inhibitory 

concentrations comprised between 20 and 35 mg mL
-1

. Five 

peptide fragments derived from β-Lb, and one fragment from 

α-La (f117-121) were identified as antibacterial. Another 

antibacterial fragment (f14-18) very close to a peptide 

sequence previously identified was also derived from β-Lg 

[63]. Some studies have been shown that α-lactalbumin 

provided bactericidal peptides after digestion with trypsin 

and chymotrypsin, but not with pepsin. It has bactericidal 

activity against of Gram-positive bacteria [61]. The 

antibacterial peptides derived from α-La were negatively 

charged at the pH of the antibacterial assay. This character 

may explain why they were weakly active against 

Gram-negative bacteria whose outer membranes contain 

negatively charged lipopolysaccharide as a major component 

[61]. 

2.2.1.2. Casein Derived Antimicrobial Peptides 

Isracidin, is that N-terminal segment of αs1-CN (2770 Da, 

f (1–23) that inhibit the in vitro growth of Lactobacilli and 

other Gram positive bacteria. This peptide also protects sheep 

and cows against mastitis. Isracidin has a strong protective 

effect against Staphylococcus aureus, Streptococcus 

pyogenes and Listeria monocytogenes when administered at 

low dose as 10 µg per mouse prior to bacterial challenge [64]. 

Casein derived immunopeptides including immunopeptides 

from αSl-casein (residues 194-199) and αs-casein (residues 

63-68 and 191-193) have been shown to stimulate 

phagocytosis of sheep red blood cells by murine peritoneal 

macrophages, and to exert a protective effect against 

Klebsiella pneumoniae [65]. Conversely, in vivo, isracidin 

has proven competitive with antibiotics in therapeutic use 

and provided a strong protective effect in mice against 

Staphylococcus aureus, Streptococcus pyogenes and Listeria 

monocytogenes [66]. The isracidin is active against emerging 

pathogens of major concern to food safety, including 

Escherichia coli O157: H7, Enterobacter sakazakii and Staph. 

aureus [67]. The production of three peptides, generated by 

Lactobacillus acidophilus DPC6026 fermentation of 

αs1-casein (Caseicin A, B and C), have common features with 

other reported antibacterial peptides, given by a high degree 

of homology with isracidin for istance [67]. Caseicin A and B 

were able to inhibit Escherichia coli O157: H7 and 

Enterobacter sakazakii, while Caseicin C displayed only 

minor activity against Listeria innocua. Casocidin-1 is 

αS2-casein (150–188), has a mass of 4870 Da, and a regular 

alternation of hydrophobic and hydrophilic residues. It also 

contains a high proportion of basic amino acyl residues (10 

of 39) and as a consequence has a pI of 8.9. With such 

characteristics, Casocidin-1 resembles the amphipathic 

defensins and was proposed to cause disruption of bacterial 

membranes, which is responsible for its antimicrobial activity 

against Staphylococcus carnosus and E. coli. In addition, 

another αS2-casein peptide, αS2-casein (183–207), displayed 

antibacterial activity against similar bacterial species to 

αS2-casein (164–179) and had an over representation of basic 

amino acyl residues in its sequence [68]. Chymosin digest of 

bovine casein released five different antibacterial peptides 

originated from the C-terminal of bovine αs2-casein. The 

identified peptides, f (181-207), f (175-207), and f (164-207), 
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were active against a wide variety of Gram-positive and also 

Gram-negative bacteria, with MIC ranging from 21 to 168 

mg mL
-1

, 10.7e171.2 mg mL
-1

, and 4.8e76.2 mg mL
-1

, 

respectively [69]. In addition, these peptides inhibited 

sensitive Gram-positive bacteria as effectively as nisin and 

lactoferricin B. Therefore, they had a high potential to be 

used as food-grade preservatives [69]. Four antibacterial 

peptides have been identified from a pepsin hydrolysate of 

ovine αs2-casein. The peptides correspond to sequences 

αs2-casein (f165–170), (f203– 208), (f165–181), and (f184–

208), taking into account that the last two fragments were 

homologous to those previously identified in the bovine 

protein. In this study, the ovine αs2-casein peptides (f165–

181) showed the highest antibacterial activity against all 

bacteria tested while the fragment (f203– 208) revealed itself 

a good example of a multifunctional peptide because it 

exhibited not only antimicrobial activity, but also, potent 

antihypertensive and antioxidant activity [70]. The αs2-casein 

peptide f (183-207) generated pores in the outer membrane of 

Gram-negative bacteria and in the cell wall of Gram-positive. 

In the Gram-negative bacteria, the f (183-207) originated the 

cytoplasm condensation, and in the Gram-positive bacteria, 

the cytoplasmic content leaked to the extracellular medium 

[71]. Substitution of the also positively charged Lys residues 

at positions 15 and 17 of the αs2-casein f (183–207) peptide 

also caused a significant reduction of the effectiveness 

against C. sakazakii, which points toward the importance of 

the positive charge of the peptide for its biological activity 

[72]. Fractions of human ß-casein have also a protective 

effect against Klebsiella pneumoniae in mice. The 

immunomodulatory peptide derived from bovine ß-casein f 

(193-209), was shown to enhance the antimicrobial activity 

of mouse macrophages [37]. Kappacin is an antimicrobial 

peptide that obtained from κ-casein. This peptide was 

non-glycosylated portion of human κ-casein f (63–117) and it 

was obtained after acidification of human milk and 

incubation with pepsin [73]. Kappacin corresponds to the 

non-glycosylated, phosphorylated form of 

caseinomacropeptide (CMP) which exhibited growth 

inhibitory activity against Gram-positive (Streptococcus 

mutans) and Gram negative (Porphyromonas gingivals) 

bacteria. It has been demonstrated that active component of 

this peptide that exhibit growth inhibitory activity against 

Gram-positive (Streptococcus mutans) and Gram-negative 

Porphyromonas gingivals) bacteria is phosphorylated and 

non-glycosylated. Also, it has been demonstrated that 

non-phosphorylated and glycosylated forms don’t exhibit any 

activity against Streptococcus mutans [74]. The mechanism 

that by this kappacin limit gastrointestinal tract infection in 

the growing neonate, may be release of kappacin in stomach 

that by which increase sensitivity of bacteria to gastric acid 

by collapsing important trans membrane cation gradients. 

Molecular modeling suggests that the reason why the 

glycosylated forms of kappacin don’t have antimicrobial 

activity because of sugar moieties would block pore 

formation [75]. κ-casecidin is a pentapeptide with 

antimicrobial activity that was isolated from trypsin digest of 

bovine κ-casein. It can suppress growth of some pathogenic 

bacteria such as Staph. aureus, E. coli and Salmonella 

typhimurium. Also, this peptide displays cytotoxic activity 

against some mammalian cells such as human leukemic cell 

lines. Cytotoxic effect of this peptide may be inducing 

apoptosis [39]. Mean over a C-terminal chymosin-digest of 

bovine κ-casein [κ-CN f (106-169)], called 

caseinomacropeptide (CMP), and exerts in vitro antibacterial 

activity against major oral pathogens (e.g. Streptococcus 

mutans, Porphyromonas gingivalis and Actinomyces 

naeslundii) and E. coli [48, 74]. Caseinomacropeptide (CMP) 

interacts with toxins, viruses and bacteria, thus it can 

promote health. Glycosylated CMP suppresses the binding of 

cholera toxins to their oligosaccharide receptors on cell walls 

and defends cells from infection induced by influenza virus. 

CMP also suppresses the adhesion of cariogenic bacteria 

such as Streptococcus mutans, S. sanguis and S. sobrinus to 

the oral cavity and regulates the composition of the dental 

plaque micro biota. This could help to influence acid 

formation in the dental plaque, in turn reducing 

hydroxyapatite dikssolution from tooth enamel and 

promoting remineralisation. For this, it has applied for oral 

care products to prevent dental caries [76]. 

2.2.2. ACE-inhibitory Peptides 

Angiotensin-converting enzyme (ACE; EC 3.4.15.1) plays 

a dual role in the regulation of hypertension: it catalyzes the 

production of the vasoconstrictor angiotensin II and it 

inactivates the vasodilator bradykinin. By inhibiting these 

processes, ACE inhibitors have antihypertensive effects. 

Peptides derived from milk proteins can have ACE-inhibiting 

properties and may thus be used as antihypertensive 

components [77]. Through fermentation, peptides that have 

an ACE-inhibiting and thus a blood pressure–lowering effect 

can be derived from milk proteins [78]. A fermented milk 

product with the biologically active peptides 

valyl-prolyl-proline (Val-Pro-Pro) and 

isoleucyl-prolyl-proline (Ile-Pro-Pro) was shown to lower 

blood pressure in spontaneously hypertensive rats [32]. Many 

ACE inhibitory peptides have been isolated and identified in 

enzymatic hydrolysates of bovine casein. The isolation of 

ACE inhibitory peptides from whey protein is usually limited 

by the rigid structure of native β-lactoglobulin because it is 

resistant to digestive enzymes such as pepsin and pancreatin 

[79]. Several ACE inhibitory and antihypertensive peptides 

prepared by enzymatic digestion of cheese whey proteins as 

byproducts from the manufacture of cheese [80]. 

2.2.3. Antioxidative Peptides 

The importance of oxidation in the body and in foodstuffs 

has been widely recognized. Oxidation is a vital process in 

aerobic organisms, particularly in vertebrates and humans 

although it leads to the formation of free radicals [52]. When 

an excess of free radicals is formed, they can overwhelm 

protective enzymes like superoxide dismutase, catalase and 

peroxidase, and cause destructive and lethal cellular effects 

(e.g. apoptosis) by oxidizing membrane lipids, cellular 

proteins, DNA and enzymes, thus shutting down cellular 
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respiration. It is well known that lipid peroxidation occurring 

in food products causes deteriorations in food quality, for 

example rancid flavour, unacceptable taste and shortening of 

shelf life. In addition, it has been recognized that oxidative 

stress plays a significant role in a number of age specific 

diseases [81-83]. Radical scavenging is the main mechanism 

by which antioxidants act in foods. The radical scavenging 

assays primarily operate by direct measurement of hydrogen 

donation or electron transfer from the potential antioxidant to 

a free radical in simple ‘‘lipid free’’ systems. The ability to 

scavenge specific radicals may be targeted as, for example, 

hydroxyl radical, superoxide radical or nitric oxide radical. 

Peptides generated from the digestion of various proteins are 

reported to have antioxidative activities. Studies with 

peptides containing histidine have demonstrated that these 

peptides can act as metal-ion chelators, active-oxygen 

quencher, and hydroxyl radical scavenger. The ability of 

protein hydrolysates to inhibit deleterious changes caused by 

lipid oxidation appears to be related to the nature and 

composition of the different peptide fractions produced, 

depending on the protease specificity [83]. Antioxidant 

peptides contain of 5–16 amino acid residues. Antioxidative 

peptides from foods are considered safe and healthy 

compounds with low molecular weight, low cost, high 

activity and easy absorption. They have some advantages in 

comparison to enzymatic antioxidants; that is, with simpler 

structure they have more stability in different situation and 

no hazardous immunoreactions [84]. The peptides generated 

from the digestion of milk proteins are reported to have 

antioxidant activity. These peptides are composed of 5–11 

amino acids including hydrophobic amino acids, proline, 

histidine, tyrosine or tryptophan [85]. Treatment with milk 

bioactive peptides improved activities of antioxidant 

enzymes (catalase, superoxide dismutase, reduced 

glutathione, glutathione-S-transferase, and glutathione 

peroxidase) in healthy and diabetic rats [86]. 

A. Casein Derived Antioxidative Peptides 

Caseins have been shown to provide antioxidant activity 

against TBARS in both Fe/ascorbate induced peroxidation of 

arachidonic derived liposomes and model linoleic acid 

systems [87]. Caseins have polar domains that contain 

phosphorylated serine residues, and their characteristic 

sequences, -SerP-SerP-SerP-Glu-Glu, are effective cation 

chelators that form complexes with calcium, iron and zinc. 

Thus, phosphorylated caseins and/or their peptides in the 

aqueous phase could be a source of natural chelators to 

control lipid oxidation in food emulsions by binding and 

partitioning transition metals away from the emulsion droplet 

[88]. Suetsuna et al. [89] found that a casein hydrolysate 

exerted (Tyr–Phe–Tyr–Pro– Glu–Leu) scavenging activity 

towards the superoxide anion, hydroxyl radical, and 2, 

2-diphenyl-1-picrylhydrazyl (DPPH) radical. It is suggested 

that the casein-derived Glu-Leu sequence is important for 

this radical scavenging action, thus the primary structure of 

the protein plays a role in determining the antioxidant 

activity. 

Tryptic β-casein digest and tryptic and subtilisin digests of 

whole casein retained their inhibitory properties. The highest 

inhibition of linoleic acid oxidation was observed in the 

fraction containing β-casein f (169–176) with a trace amount 

of β-casein f (33–48). The effect was lower than that of the 

unfractionated digest but higher than the fraction containing 

the undigested casein [90, 91]. Casein hydrolysates and low 

molecular weight casein hydrolysates had better peroxyl 

radical scavenging activities than enriched CPP at equal 

phosphorous content. Antioxidant properties might, therefore 

not be uniquely attributed to chelating metals by 

phosphoseryl residues but also to scavenging of free radicals 

[88]. Casein hydrolysates were reported to have higher 

concentration of histidine, lysine, proline and tyrosine than 

caseinophosphopeptides CPP, and all these amino acids have 

been previously found to act as free radical scavengers [92].  

Casein hydrolysates affected both cellular catalase activity 

and GSH content in Jurkat cells [14]. In addition, they found 

that casein hydrolysates contained a certain degree of 

electron donating capacity as determined by the ferric 

reducing antioxidant power (FRAP) assay (17–32 mmol L
-1

). 

The bioactive peptides in commercial Cheddar cheese 

showed the highest inhibition of 2, 2-diphenyl- 

1-picrylhydrazyl (DPPH) [93]. The results indicate that the 

higher the concentration of peptide, the higher the inhibition 

of DPPH. The antioxidant activity increased in all the casein 

fractions (β-, κ- and αs-caseins) after their hydrolysis by 

pepsin, trypsin and chymotrypsin, the effect was particularly 

remarkable in the κ-casein fraction, which increased its 

antioxidant activity almost threefold [94]. Further assays in a 

linoleic acid oxidation system showed that κ -casein 

hydrolysate inhibited lipid peroxidation. The CPP reduced 

glutathione (GSH) concentration and increased 

GSH-reductase activity in Caco-2 cells [95]. Yak casein 

hydrolysate possesses free-radical-scavenging and 

anti-inflammatory activities, and thus it can possibly be used 

in the prevention of oxidative stress and inflammation related 

disorders [96]. The antioxidant activities, as determined 

using the 2, 2_-azinobis-(3-ethylbenzothiazoline-6-sulfonic 

acid) (ABTS), of the 24-h and 48-h hydrolysates of bovine 

casein after fermentation with Bifidobacterium longum 

KACC91563 were higher than that of the 4-h hydrolysate 

[97]. Three fractions (≥ 10 kDa, ≥ 3 but < 10 kDa, and < 3 

kDa) were separated from the 24-h hydrolysate by 

ultrafiltration. Among these fractions, the < 3 kDa fraction 

exhibited the highest antioxidant activity (936.7 µM) 

compared with the other fractions (42.1 and 34.2 µM for > 10 

kDa and 3–10 kDa fractions, respectively) [97]. 

B. Whey Proteins Derived Antioxidative Peptides 

The AO activity of the WPC was attributed to the Cys 

content [98]. And the ability to elevate cellular GSH Whey 

protein hydrolysates can help decrease oxidative stress by 

their radical scavenging activity and by their ability to 

increase the production of antioxidant enzymes in vivo. 

Similarly, caseins and casein-derived peptides have been 

associated with radical-scavenging properties in vitro and 
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with their ability to increase cellular catalase activity and 

GSH levels in human lymphocyte (Jurkat) cells [99, 100]. 

Hydrolysates of WPI have been shown to possess AO activity. 

Five hour digestion with Alcalase produced a hydrolysate 

with strong reducing power (Ferric reducing antioxidant 

power FRAP). When fractionated on the basis of molecular 

mass, the low molecular weight fraction (0.1–2.8 kDa) was 

most potent [101]. A Corolase PP digest of β-Lg produced the 

most potent peptide (f19–29; Trp–Tyr–Ser–Leu–Ala–Met–

Ala– Ala–Ser–Asp–Ile). Synthetic β -Lg f19–29 had a higher 

radical scavenging ability than BHA (2.62 µmol Trolox/ 

µmol peptide vs. 2.43 µmol Trolox/µmol BHA). The 

Antioxidant (AO) activity was attributed to the presence of 

tryptophan (Trp), Tyr and Met residues in the peptide. The 

radical scavenging ability of another β -Lg peptide (f42–46; 

Tyr–Val– Glu–Glu–Leu) was compared to an equimolar 

mixture (Tyr + Val + 2 (Glu) + Leu) of amino acids and the 

peptide was more potent (0.8 µmol Trolox/µmol peptide vs. 

0.4 µmol Trolox/µmol amino acid mixture). This suggests 

that in some instances the peptide bond or structural 

conformation of the peptide can enhance AO activity [102]. 

Timón et al. [103] identified three peptides (derived from 

β-casein and αs1-casein) with radical scavenging activity 

from Burgos type cheese. Peptides derived from β-casein 

(f193-209 (YQQPVLGPVRGPFPIIV) and (f191-209 

(LLYQQPVLGPVRGPFPIIV)) have already being described 

as antioxidant peptides; however, peptide fromαs1-casein 

(f180-199 (SDIPNPIGSENSEKTTMPLW)) could become a 

potential new antioxidant peptide. 

2.2.4. Anti-diabetic Peptides 

The worldwide incidence of type2 diabetes is increasing. It 

was estimated in 2000 that there were 171 million diabetics, 

while incidences for 2030 are estimated to reach 366 million 

people [104]. Diabetes is prevalent in about 3% to 5% of the 

population in industrial countries. The major forms of 

diabetes, type 1 and type 2 diabetes, contribute at about 10 

percent and 90 percent, respectively [105]. The World Health 

Organization has estimated that there are 3.2 million deaths 

per year because of this disease [106]. The number of 

patients (20– 79 years) diagnosed with diabetes reached 425 

million in 2017 and 90% of which were classified as T2DM 

cases [107]. Type 2 diabetes is a heterogeneous clinical 

syndrome characterized by elevated blood glucose levels due 

to defective insulin secretion and/or insulin action [108]. 

When insulin secretion cannot compensate for insulin 

resistance, type 2 diabetes develops [109]. Insulin deficiency 

lead to various metabolic aberrations in animal such as 

increased blood lipid, total cholesterol, and free fatty acids 

arrive at the liver in large amount and triglyceride 

accumulates in the liver which becomes fatty [110]. Whey 

and casein ingestion stimulate increased insulin secretion. 

Ingestion of whey protein leads to more rapid secretion of 

insulin than micellar casein, however, hydrolysis of casein 

speeds up the absorption of AAs and secretion of insulin 

relative to the micellar form of casein [111]. The intake of 

hydrolysed milk proteins generally results in higher in vivo 

insulinotropic effects compared with unhydrolysed proteins 

[112]. Also whey-derived bioactive compound is the 

tripeptide Ile-Pro-Ala, released from β-lactoglobulin 

hydrolysis, which may act as inhibitor of dipeptidyl 

peptidase-4, reducing glucose levels and stimulate insulin 

[113]. In the same trend, other reports mention the possible 

role of whey bioactive peptides in reducing type 2 diabetes 

and obesity [114]. The levels of blood glucose of β-CM-7 

treatment rats group decreased compared with model group 

(P < 0.01) accompanied with their alleviated symptoms of 

diabetes [115]. 

2.2.5. Dipeptidyl Peptidase-IV Inhibitory Peptides 

Glucose-dependent insulinotropic polypeptide (GIP) and 

glucagon-like peptide-1 (GLP-1) are gut-derived peptides (so 

called incretin hormones) that potentiate insulin secretion 

from the islet β-cells in a glucose-dependent manner [116]. 

The aminopeptidase, dipeptidyl peptidase-4 (DPP-IV (EC 

3.4.14.5)) is the principal enzyme responsible for the rapid 

degradation of these peptides in vivo [113]. DPP-IV 

inhibitors can improved the insulin blood level, decreased the 

blood glucose level and limit hypoglycaemia and caused 

increase in body weight [117]. The degradation of GLP-1 and 

GIP by DPP-IV results in a loss in the bioactive properties of 

these hormones. DPP-IV drug inhibitors are utilized to 

prevent incretin degradation in vivo, thereby increasing their 

half-life [118]. The stimulatory effect of whey protein on 

GLP-1 may have many beneficial effects not only on the 

increase of the glucose-induced insulin secretion and 

reduction in postprandial glycemia. Enhanced GLP-1 levels 

also increase the synthesis of proinsulin and insulin stores in 

β-cells; promote differentiation of precursor cells into β-cells; 

lead to proliferation of β-cell lines resulting in increased 

β-cell mass; and reduce the rate of β-cell apoptosis [119, 120]. 

Uchida et al. [121] found that a DPP-IV inhibitory tryptic 

digest of β-lactoglobulin induced a decrease in blood glucose 

level in mice following an oral glucose tolerance test when 

administered orally at 300 mg/kg body weight. The DDP-IV 

inhibitory peptide Leu-Pro-Glu-Arg-Ile-Pro-Pro-Leu from 

Gouda type cheese induced a significant reduction of blood 

glucose in rats following a glucose challenge [122]. The 

DPP-IV inhibitory activity of sodium caseinate, skim milk 

powder and milk protein concentrate hydrolysates increased 

over the course of in vitro pepsin-pancreatin digestion, whey 

protein isolate (WPI) hydrolysate showed highest inhibitory 

activity following peptic digestion [123]. Hydrolysates 

produced from sodium caseinate using 11 different proteases 

displayed higher inhibitory activity than most WPI 

hydrolysates. However, among all enzymatic treatments 

investigated, peptic digestion of WPI resulted in the greatest 

DPP-IV inhibitory activity (IC50 of 0.075 mg mL
-1

). It was 

found that three amino acids (Met, Leu and Trp) and eight 

dipeptides (Phe-Leu, Trp-Val, His-Leu, Glu-Lys, Ala-Leu, 

Val-Ala, Ser-Leu and Gly-Leu) released from whey proteins 

hydrolysate inhibited DPP-IV. Trp and Trp-Val were 

multifunctional inhibitors of xanthine oxidase (XO) and 

DPP-IV [124]. Protein hydrolysates and dipeptides which can 
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be released by the action of food-grade gastrointestinal 

enzyme preparations on milk proteins were shown to inhibit 

DPPIV [100]. An LF-derived hydrolysate (LFH1) and 

Trp-Val may act as multifunctional agents in the management 

of type 2 diabetes. Milk proteins, particularly, milk 

protein-derived peptides and amino acids have also been 

linked with the regulation of postprandial glycaemia and 

insulin secretion in normoglycaemic and type 2 diabetic 

subjects. Silveira et al. [125] studied the peptides with 

DPP-IV inhibitory activity which released from 

β-lactoglobulin by hydrolysis with trypsin. Some of the 

identified sequences showed moderate or high inhibitory 

activity. Jakubowicz and Froy [114] studied the effect of 

dietary whey protein on obesity and Type 2 diabetes and they 

found that whey protein, via bioactive peptides and amino 

acids generated during gastrointestinal digestion, enhances 

the release of several hormones, such as gastric inhibitory 

peptide (GIP), glucagon-like peptide 1 (GLP-1) and insulin, 

that lead to reduced food intake and increased satiety. Insulin 

secretion is associated with the glucose lowering effect and 

with the control of food intake. The mechanism by which 

whey protein leads to the increased insulin secretion is 

currently not known and should be investigated. One possible 

mechanism is the production of bioactive peptides that serve 

as endogenous inhibitors of Dipeptidyl peptidase-4 (DPP-4) 

in the proximal gut, preventing the degradation of the 

insulinotropic incretins GLP-1 and GIP. Another mechanism 

may involve branched-chain amino acids (BCAAs), 

specifically leucine, which activate the mammalian target of 

rapamycin (MTOR) signaling pathway and protein synthesis 

leading to elevated hormone expression and secretion and 

increased thermogenesis. The treatment of animals with 

alloxn alone caused a significant increasing (p < 0.05) in 

plasma glucose level by about three-fold when compared to 

control group [40]. Meanwhile, treatment with oral intake 

milk protein concentrate hydrolysate MPCH of diabetic rats 

caused significant (p < 0.05) decreasing of plasma glucose 

level compared to diabetic group, but the glucose level was 

not reached the values of control group. These results showed 

that the MPCH had a best significant effect in reduction 

blood glucose level of diabetic rats while there was no effect 

on normal healthy rats. 

3. Conclusion 

Bioactive peptides have been isolated from many milk and 

dairy products including cheese, kefir and yoghurt. These 

peptides are inactive within protein molecules and can be 

released in three ways by enzymatic hydrolysis. Bioactive 

peptides have been defined as specific protein fragments that 

have a positive impact on body functions or conditions and 

may ultimately influence the health benefits. The activity of 

peptides is based on their inherent amino acid composition 

and sequence. The size of active sequences may vary from 2 

– 20 amino acid residues, and many peptides are known to 

reveal multifunctional properties. The best-characterized 

sequences include antihypertensive, antithrombotic, 

antimicrobial, antioxidative, immunomodulatory, and opioid 

peptides. Milk protein hydrolysate is characterized by a high 

biological value such as improvement the kidney and liver 

functions of diabetic rats. Milk proteins could be used as a 

natural source of peptides with antioxidant activities. So, 

these peptides may be play an important role in human health 

specially in reducing the harmful of T2 diabetic, free radical 

and pathogenic bacteria. It also encourages the use of milk 

proteins and its hydrolysates as antioxidant agents for human 

consumption and as an ingredient in nutraceutical and 

pharmaceuticals as well as in different health-oriented food 

products to enhance its functionalities and shelf life. 
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