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Abstract
Milk and milk related products are strongly considered as rich source of bioactive peptides which have potential to be used as ingredients
in nutraceutical foods. Dairy peptides play a key role to increase the antioxidant efficiency in multiplication order. These health promoting
components have beneficial effects on health as antioxidant, antimicrobial, antihypertensive, anticancer etc. Enzymatic hydrolysis action can
easily produce peptides during gastrointestinal digestion that can be facilitated by utilization of fermented dairy products like cheese, sour milk
and yogurt. Milk related bioactive peptides are getting attention in context of commercial interest. On commercial scale, emerging techniques
e.g. chromatography and membrane separation are applied in the production of milk derived bioactive peptides. In industries, to produce such
ingredients, techniques like ultrafiltration and nanofiltration are also employed. Production of such type of peptides from high protein raw
material can be uplifted to commercial level using controlled fermentation with LAB in bioreactor. In future, isolation of peptides from microbial
strains recombined technology and production of explicit strains are likely to be employed.
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Introduction
Bioactive peptides having diverse functional activities are
found in numerous milk products including fermented milk and
different types of cheese. Production of bioactive peptides during
fermentation of milk using starter cultures has been reported in
various studies [1-4]. These peptides are the fragments of proteins
which are produced upon cleavage or modification of the parent
protein and comprised of 2-20 amino acids [5]. Though bioactive
peptides may be produced upon hydrolysis of proteins [6,7]
lactoferrin, hormones, growth factors lysozyme, immunoglobulins
etc. are the naturally occurring bioactive molecules in milk [7-9].
As a part of the parent proteins, these peptides are inactive which
may be released by the action of the digestive enzymes while
passing through the GI tract or during fermentation and ripening
processes [10,11].

Health Promoting Effects

In the human body, these bioactive peptides perform many
biological functions such as on nervous, digestive, immune
[5,12], cardiovascular, endocrine systems [11,13], and exert
a number of health beneficial effects including anti-oxidative,
antithrombotic, antihypertensive, antimicrobial, anticancer
and immunomodulation, which have been well documented
in a number of studies [5,7,14]. Due to these health promoting
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properties, these bioactive molecules may be added to the
functional foods [7].

Bioactive Peptides Digestion and Absorption

A number of milk proteins and peptides from gastrointestinal
hydrolysis have been investigated by in vitro trials. It is a
stepwise process like breakdown with pepsin and pancreatic
enzymes. It is concluded that gastrointestinal degradation is a
main step for the evaluation of biological activities according to
amenable studies [15]. There are several factors like pH, enzyme
preparation, and incubation time which affects the hydrolysis of
peptides [16]. Major degradation of peptides occurs in stomach
and small intestine which have finger like projections. Due to
these projections the surface area is increased for digestion
and absorption. The metabolic activities including selection
of enzymes, transporters and receptors is provided by brush
border membrane that covers whole internal lumen and provide
additional surface area [17]. Most of the nutrients are absorbed in
small intestine in digestive track that provides obstacle to foreign
substances and digestive enzymes. The diverse nature of small
intestine in term of absorption is due to the epithelial cells as well
as endocrine cells, cup cells, M cells, goblet cell and Paneth cells.
Physiologically, function of GI tract is to digest dietary proteins
and peptides into smaller units and make them small enough to
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be absorbed [18]. Peptides are hydrolyzed by multiple enzymes,
known as peptidases having peptide bond specificity which
promote the absorption [17]. Peptides are categorized into 2
classes: (1) exopeptidases, break the peptide linkage having link
N-terminal amino and C-terminal amino of peptide molecules and
(2) endopeptidases, facilitate the breakdown of interior bond of
peptide chain [18].

Acidic environment of stomach due to the presence of pepsin
facilitates the initial step of digestion which is hydrolysis of peptides.
In simple words it is easy to say that initiation of digestion is take
place in stomach. Pepsin, the most important endopeptidases
enzymes present in stomach convert the polypeptides into
oligopeptides and these oligopeptides are moved towards
intestinal lumen. A few acids are released into blood stream
after protein hydrolysis and others are passed to duodenum
[19]. Amino acid composition and size is considered during
luminal degradation [20]. At brush border carboxypeptidases and
aminopeptidases are present and hydrolyze into tri, dipeptides
and free amino acids [17].

Absorption of Bioactive Peptides

It is reported that specific effect is produced by physiologically
active peptides which may enter directly into circulation system
without degradation [20]. These may be absorbed by two
different ways; (1) carrier mediated transport and (2) paracellular
diffusion. These two systems are known mechanism for peptide
transport through cell monolayer [21]. Transporters like PepT1
readily transport these hydrolyzed peptides through paracellular
diffusion which keeps the peptides as it is instead of degenerating
into subunits [22]. Moreover, vesicle-mediated transcellular
transport i.e. transcytosis, may also be facilitated for the
transportation of oligopeptides [23]. It is concluded that size of
peptides as well as molecular weight, hydrophobicity, charge and
hydrogen bonding are the key factors which affect the selection of
transport method [20].

Commercial Applications

Due to health promoting effects, bioactive paptides have
received the increased interest. Though milk proteins are
considered to be the excellent source of these peptides, there may
be other sources and methods to produce these compounds [11].
Bioactive peptides can be produced by different ways including
breakdown with digestive enzymes or the enzymes from plants,
fermentation (using cultures containing proteolytic bacteria)
[2] and chemical synthesis [24]. The main blood protein known
as serum albumin has attained attention for the production of
bioactive peptides. By using different concentration of trypsin
serum albumin was hydrolyzed and peptide sequences in the
hydrolysates presented the following activities: inhibition
(glucose regulation), DPP-IV and antioxidation angiotensinconverting enzyme (ACE) inhibition (antihypertensive activity)
[25]. According to recent study 75 different types of unique
peptides were unambiguously recognized by using low liquid
chromatography analysis of low resolution [26].
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Human diet contains major portion of cereals like rice,
wheat, barley sorghum, corn, oat and rye utilized since ancient
time. These cereals have higher quantities of bioactive peptides.
So, the diseases like cancer, cardiovascular disease and diabetes
may be controlled by the consumption of cereals according to
different scientific studies. Inhibitory peptides and dipeptidyl
peptides inhibitor are present in wheat and oat with hypotensive,
antioxidant antithrombotic and opioid activities. On the other
hand, peptidic sequences of rice and wheat protein have effect
against cancer. Barley and wheat have potential activities
and abundance of peptides among other cereal proteins [27].
However, more attention required to launch the mechanism to
release the active peptides sequences from cereal grains. In olive
oil processing industry two major types of wastes are produced;
the solid waste which is combination of aqueous liquor olive pulp
and stone, soft olive tissues and water added during refinement.
These residues are not easily biodegradable difficult to treat and
cause pollution. In recent study, antioxidant and antihypertensive
potential of waste proteins from olive seed has been investigated
[28,29].

Conclusion

Bioactive peptides are gaining mounted attention in scientific
community dur to their health promoting properties. These
peptides possess antioxidant, antimicrobial, antihypertensive,
immunomodulation properties etc. and have positive effects
on cardiovascular, immune, nervous systems etc. Though milk
is the natural and best source of these peptides, a number of
other food items may also be used as a source of these peptides
besides chemical synthesis. In human body, these compounds are
produced in GI tract as result of digestion through peptides and
other digestive enzymes or may be absorbed directly. For analysis
and commercial applications, these peptides can be identified and
isolated by chromatographic techniques and membrane filtration
techniques. Produced in a number of ways such as by enzymes,
fermentation and microbial strains, these compounds may be
used as nutraceutical foods.
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