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ABSTRACT

Bioactive peptides have been defined as specific functional protein fragments that have health beneficial
properties. They are also known as ‘functional peptides’ derived from food and exert physiological effects in the
health. But these peptides are inactive within the original protein, but once released, function as regulatory
compounds with hormone like activity. This activity is based on their inherent amino acid composition and
sequence. Milk contains different peptide fractions that cause behavioral, physiological and vaso-regulatory
systems and also helps in immune system. However, parent milk protein is hydrolyzed with pancreatic
proteinase, mostly trypsin. Enzymatically hydrolysis is most common way to obtain bioactive peptides. Lactic
acid bacteria have strong proteolytic system to degrade milk proteins, mainly caseins, producing initially
peptides and then amino acids needed for their growth. These functional peptides derived from milk during the
fermentation by lactic acid bacteria has been exhibited several bio-functional properties like antimicrobial,
antioxidative and anti-cardiovascular activities.
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INTRODUCTION

Milk is considered as food for all. Apart from providing valuable nutrients, milk also offers wide
variety of health beneficial components. Milk is known to contain about 10,000 compounds in
different concentration with the advent of nutraceuticals and functional foods. Gradually, consumption
of functional dairy products is increasing to combat the life style diseases. The scientific breakthrough
in food biotechnology and medical sciences will have a significant effect on the therapeutics in the
coming century. Mellander (1950) was the first to report the biologically active peptides that
generallycasein-derived phosphorylated peptide acts as mineral carriers by enhancing vitamin-D
independent bone calcification in rachitic infants. Bioactive peptides have been defined as specific
protein fragments that have positive impact on health and may ultimately influence the health benefits.
They are also known as ‘functional peptides’ derived from food and exert physiological effects on the
health. These bioactive peptides are inactive within the original protein, but once released, function as
regulatory compounds with hormone like activity. This activity is based on their inherent amino acid
composition and sequence. Milk contains various peptide fractions that cause behavioral,
physiological and vaso-regulatory systems and also help in immune system (Clare and Swaisgood,
2000). However, parent milk protein is hydrolyzed with pancreatic proteinase, mostly trypsin.
Enzymatically hydrolysis is most common way to obtain bioactive peptide includes trypsin, pepsin
and chymotrypsin. Generally, other enzymes provide the activities like endopeptidaseviz.,
chymotrypsin, thermolysin, elastage and carboxypeptidase. Lactic acid bacteria (LAB) have strong
proteolytic system allowing for degradation of milk proteins for their growth (Takano, 2002).
Generally, caseins are composed of all amino acids required for the growth of lactic acid bacteria in
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milk to high cell density. It has been well established that a number of Lactobacillus sp. grow well in
skim milk (Smacchi and Gobbetti, 1998). It has also been reported that amino acids and peptides
produced by enzymatic hydrolysis of milk proteins by LAB proteolytic system and utilization of these
amino acids are a central and integral part of their metabolic activity during fermentation. During
fermentation, milk cannot supply all essential amino acids required for LAB growth in free form;
therefore, LAB have developed ability to degrade milk proteins, mainly caseins, by their proteolytic
system producing initially peptides and then amino acids needed for their growth (Takano, 2002).
Minor milk constituents like whey proteins, caseins, peptides, lactose and lactose derivatives have
been thoroughly investigated by scientists for their nutritional and therapeutic characteristics and
promising ingredients for pharmaceutical industry as well as food or dairy industry. Some of the
prospective and promising milk peptides available in the markets that have potential effect on
antibacterial, antioxidative, anticancer and angiotensin converting enzyme (ACE) inhibitory activity
and designing of new functional dairy products enriched with milk derived bioactive peptides
targeting a group of populations has been in the pipeline of coming future.

BIOACTIVE PEPTIDES

Generally, biologically active peptides can be produced from precursor milk proteins in the various
ways: (a) enzymatic hydrolysis by different digestive enzymes, (b) fermentation of milk with
proteolytic lactic acid bacteria, and (c) proteolysis by enzymes derived from microorganisms or plants.
However, these methods are being followed for the production of short functional peptides (Korhonen
and Pihlanto, 2003). Biologically active peptides are of particular interest for pharmaceutical industry
because they have been shown to play different physiological roles, including opioid like activity,
antimicrobial, immunomodulatory and antihypertensive. Such peptides can be released during
hydrolysis by digestive or microbial enzymes. Microbial enzymes from lactic acid bacteria have
demonstrated to be able to liberate these peptides from milk proteins, in various fermented milk
products. Upon oral administration bioactive peptides may affect the major body systems, namely the
cardiovascular, digestive, immune and nervous systems. For this reason, the potential of certain
peptide sequences to reduce the risk of chronic diseases or boost natural immune protection has
aroused a lot of scientific interest over the past few years. These beneficial health effects may be
attributed to known peptide sequences exhibiting, e.g., antimicrobial, antioxidative, antithrombotic,
antihypertensive and immunomodulatory activities. The activity of peptides is based on their inherent
amino acid composition and sequence. The size of active sequences may vary from two to twenty
amino acid residues, and many peptides are known to possess multi-functional properties. Milk
proteins are considered the most important source of bioactive peptides and an increasing number of
bioactive peptides have been identified in milk protein hydrolysates and fermented dairy products.
Enzymatic hydrolysis has been the most common route to produce functional peptides and pancreatic
enzymes, especially trypsin, have been associated with efforts toward production, characterization and
identification of many known peptides. The release of various bioactive peptides from milk proteins
through microbial proteolysis has been reported.

BIOACTIVE PEPTIDE RICH DAIRY PRODUCTS
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Bioactive peptides can be generated during milk fermentation with the lactic starter cultures
traditionally employed by the dairy industry. As a result, peptides with various bioactivities can be
found in the end-products, such as various cheese varieties and fermented milks. These traditional
dairy products may under certain conditions carry specific health effects when ingested as part of the
daily diet. A great variety of peptides are formed during cheese ripening, many of which have been
shown to exert biological activities. Caseinophosphopeptides (CPPs) have been found as natural
constituents in Comte´ and Cheddar cheese (Singh et al., 1997). Furthermore, secondary proteolysis
during cheese ripening may lead to the formation of other bioactive peptides, and the occurrence of
bioactivity appears to be dependent on the ripening stage of the cheese. ACE-inhibitory activities in
middle-aged Gouda cheese have been found in short-termed or long-termed ripened cheese. These
results suggest that the concentration of active peptides in cheese increases with cheese maturation.
ACE-inhibitory, immunomodulatory and opioid peptideshave been found in yoghurt and in milk
fermented with a probiotic Lactobacillus caseiand L. rhamnosus strain (Rokka et al., 1997). Most
studies have strongly employed proteolyticL. helveticus strains for the production of antihypertensive
peptides in fermented milk products (Gobbetti et al., 2004). However, two fermented sour-milk
products containing the ACE-inhibitory tripeptides i.e. Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP) have
been commercially available in Japan and Finland, respectively. The Japanese product ‘‘Calpis’’ is
fermented with a culture containing L. helveticusand S. cerevisiae (Takano, 1998) and the Finnish
product ‘‘Evolus’’ contains the same tripeptides produced by L. helveticus LBK-16H strain (Seppo et
al., 2002). In in-vivo studies, single oral administration of these products has been shown to have an
antihypertensive effect in rats (Sipola et al., 2002), and ‘‘Evolus’’ has also been demonstrated to
prevent the development of hypertension in rats (Sipola et al., 2001). Both of these fermented drinks
have proven effective in the reduction of blood pressure in mildly hypertensive human subjects also.

HEALTH BENEFITS OF BIOACTIVE PEPTIDES

Regulation of digestive system

Peptides may play important roles in the intestinal tract before hydrolysis to amino acids and
subsequent absorption. These include regulation of digestive enzymes and modulation of nutrient
absorption in the intestinal tract (Shimizu, 2004). Mellander in 1950, suggested that casein-derived
phosphorylated peptides, caseinophosphopeptides (CPPs), enhanced vitamin D-independent bone
calcification in rachitic infants (Mellander, 1950). Bovine αs1-, αs2- and β-casein contain
phosphorylated regions which can be released by digestive enzymes. Specific CPPs can form soluble
organophosphate salts and lead to enhanced calcium absorption by limiting the precipitation of
calcium in the distal ileum. However, CPPs can bind and solubilize minerals, they have been
considered physiologically beneficial in the prevention of osteoporosis, dental caries, hypertension and
anemia.

Peptides with opioid activity

The opioid peptides originate from three precursor proteins: proopiomelanocortin (endorphins),
proenkephalin (enkephalin) and prodynorphin (dynorphins). These peptides have the same N terminal
sequence, Tyr – Gly – Gly – Phe. Opioid peptides that are derived from a variety of precursor proteins
are called “atypical”, since they carry various amino acids sequence at their N terminal regions; only
the N terminal tyrosine is conserved. The N terminal sequence of “atypical” opioid peptides is Tyr – X
– Phe or Tyr – X1 – X2 – Phe. The tyrosine residue at the N terminal and the presence of another
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aromatic amino acid at the third or fourth position form an important structural motif that fits into the
binding site of the opioid receptors (Teschemacher, 2003).Whey proteins contain opioid-like
sequences, namely -Lactalbumin (both bovine and human) f (50-53) and -Lactoglobulin (bovine) f

(102-105), in their primary structure. Proteolysis of -Lactalbumin with pepsin produces -

Lactorphin, and while that digestion of -Lactoglobulin with pepsin and then with trypsin, or with

trypsin and chymotrypsin, yields -Lactorphin. Bovine blood serum albumin f (399-404) named
serrophin, displays opioid activity. Peptides with an affinity for opioid receptors have been observed in
an artificially methyl-esterified peptic digest of human Lactoferrin. These peptides are named
Lactoferroxins and behave like opioid antagonist peptides, such as Casoxins.

Peptides with angiotensin-I converting enzyme inhibition activity
Angiotensin, a blood polypeptide exists in two forms, the physiologically inactive angiotensin-I and
the active angiotensin-II. The inactive form is converted into active by angiotensin-I converting
enzyme (ACE), which is a key enzyme in the regulation of peripheral blood pressure. ACE plays a
major physiological role in the regulation of local levels of several endogenous bioactive peptides.
Various ACE inhibitors have been isolated from enzymatic hydrolysates and related synthetic peptides
of milk proteins, namely bradykinins (vasodilator). Fermented milk products contain these kinds of
ACE inhibitors.
Hati and Prajapati (2014) conducted a study on eight lactic cultures for peptide production analyzed by
RP-HPLC under specified conditions [Flow rate: 1ml/min, Wave-length: 214 nm, Oven temperature:
37C, Solution-B: Acetoitrile: H20 60:40 + 0.08% TFA, solution-A: H2O + 0.6% TFA]. It was found
that Lactobacillus delbruckii009 gave maximum peptide production during HPLC analysis comparing
all other isolates in this study. However, two organisms Lactobacillus rhamnosus NS6 and ND11 also
showed optimum peptide productionunder these conditions. Results indicated that NS6, 009 and ND11
are more efficient for peptide production than other isolates during 24 hrs of fermentation at 37°C.
They are the promising bacteria for remarkable production of peptides derived from milk after
fermentation with these cultures in a specified growth conditions.

Peptides with anti-thrombotic activity
Milk peptides are known to inhibit platelet fixation. Hydrolysis of bovine -casein by chymosin

constitutes the first stage of milk clotting. In this reaction, one bond (Phe105–Met106) of -casein is

rapidly hydrolyzed, leading to the release of an insoluble N–terminal fragment (para--casein; residues
1-105) and a soluble C–terminal fragment (caseinomacropeptide; residues 106-169) from which a
series of tryptic peptides active in platelet function has been characterized. These peptides are called as
casoplatelins. Jolles et al. (1986) reported that a dodecapeptide, inhibits ADP–induced platelet
aggregation and combines with the fibrinogen–binding with blood platelets, in a concentration-
dependent manner. Three peptides, which completely inhibit thrombin induced aggregation, have been
derived from an enzymatic hydrolysate of caseinoglycopeptide (Qion et al., 1995).

Peptides with immuno modulating activities
Milk protein-derived peptides are known to have an effect on the cells of the immune system, as well
as on downstream immunological responses and cellular functions. The immune system employs non-
specific and specific responses to confer protection against the disease. Specific immune responses are
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mediated by antibodies (IgG, IgA, IgM, IgE, and IgD) produced by -lymphocytes (humoral
immunity), while T–lymphocytes give rise to T-helper, T-successor, and cytotoxic lymphocytes (cell
mediated immunity) (Bounous and Kongshavan, 1985). Immunopeptides formed during milk
fermentation have been shown to contribute to the antitumor effects observed in many studies with
fermented milks.  CPPs have been shown to exert cytomodulatory effects are of particular interest in
this context. Cytomodulatory peptides derived from casein fractions inhibit cancer cell growth or
stimulate the activity of immunocompetent cells and neonatal intestinal cells (Meisel and FitzGerald,
2003). In addition, GMP and its derivatives have been shown to exhibit a range of immunomodulatory
functions, such as immunosuppressive effects on the production of IgG antibodies (Mansoand Lo´pez-
Fandino, 2004) and immunoenhancing effects on proliferation and phagocytic activities of human
macrophagelike cells U937 (Li and Mine, 2004).

Antimicrobial peptides
The natural antimicrobial activity of milk is mainly associated with whey proteins, primarily
lactoferrin. However, hydrolysis of lactoferrin by pepsin produces hydrolysates in which the
antimicrobial potency is higher than in undigested lactoferrin. The iron binding capacity of the
hydrolysates is lost, but the antimicrobial activity is not affected by the addition of iron. The
antibacterial activity of these lactoferrinhydrolysates is not dependent on iron. All the identified
antimicrobial peptides, called Lactoferricins, are cationic and originate from the N-terminal of the
molecule (Bellamy et al., 1992). These peptides have antimicrobial activity against various Gram-
positive and Gram-negative bacteria, yeast and filamentous fungi. An antibacterial peptide has also
been purified from bovine milk hydrolyzed by serine proteases. This peptide was identified as
s2casein f (165-203), casocidin-I, and it inhibits the growth of Escherichia coli and Staphylococcus
carnosus (Zucht et al., 1995).

Mineral binding peptides
Enzymatic hydrolysis of casein using trypsin and alcalase, results in formation of several
caseinophosphopeptides (CPPs). The calcium chelating activity of CPP fragments in vitro has been
attributed to the role of component phosphoserine residue in stabilizing the colloidal calcium
phosphate of casein micelles.Dephospharylated peptides don’t bind minerals. The proportion of
phosphopeptides interacting with colloidal calcium phosphate correlates with their relative content of
phosphoserine residues. In addition, peptides binding minerals have been found in whey proteins, i.e.,
from β-lactoglobulin and α-lactalbumin and lactoferrin. Since these proteins are not phospharylated,
the minerals seem to bind through other binding sites than caseins. -Lactoglobulin and -
Lactalbumin peptides show a higher affinity for iron than the native proteins (Vegarud et al., 2000).

CONCLUSION
In recent years, functional dairy products are occupying the food market as per the demand of the
health conscious consumers, which was never seen earlier. Many companies are taking interest to
develop functional dairy foods supplementing wide range of functional ingredients that are natural,
healthy and functional as well. However, there is an immense scope in technological front for
preparation, isolation and purification of these functional components from milk like milk derived
bioactive peptides with multifunctional health attributes. But the need of the hour is well-documented
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therapeutic roles to be established through intensive scientific investigations conducting clinical
studies to evaluate their physiological bioavailability and also the proposed required dosage of the
functional dairy products for a particular health claim.
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