
                                                                                                                Asian J.  Adv. Basic Sci.: 2017, 5(2), 154-167 
                                                                                ISSN (Print): 2454 – 7492 

                                                                                  ISSN (Online): 2347 – 4114   
                                                             www.ajabs.org                                                          

154 
 

INTRODUCTION: Bioactive peptides(BAP’s) have 
been defined as specific protein fragments that have a 
positive impact on body functions and conditions and 
may ultimately influence health ( Kitts; Weiler, 2003). 
According to Fitzgerald and Murray (2006), bioactive 
peptides have been defined as peptides  with hor-
mone- or drug like activity that eventually modulate 
physiological function through binding interactions to 
specific receptors on target cells leading to induction 
of physiological responses. According to their func-
tional properties, bioactive peptides have classified as 
antimicrobial, antithrombotic, antihypertensive, opio-
id, immunomodulatory, mineral binding and antioxid-
ative. These peptides play an important role in human 
health. Bioactive peptides generally contain 3–20 
amino acid units (Pihlanto-Leppala, 2000), but in 
some cases this range is extended. Lunasin, for exam-
ple, is a food-derived peptide with anticancer activity, 
composed of 43 amino acids with a molecular weight 
(MW) of 5400 daltons (JEONG et al., 2002). Biologi-
cally active peptides, once liberated as independent 
entities, act as potential metabolism modulators and 
regulatory compounds with hormone-like activities 
(Korhonen; Pihlanto, 2003). 

BAP’s are food protein derived peptides that posses 
beneficial pharmacological properties beyond normal 
and adequate nutrition (Hartmann; Miesel, 2007). The 
food processing steps lead to concentration of the 
active peptides with the enhancement of the physio-
logical activity of the products, which could also be 
nutritionally beneficial as a source of essential amino 
acids. This approach can provide the opportunity for 
diversification of the use of agricultural crops and 

animal products beyond basic nutritional purposes, 
especially as a source of active ingredients for formu-
lation of food products with health benefits. 

 Fermented milk products have naturally high nutri-
tional value, and have many health-promoting effects, 
such as improvement of lactose metabolism, reduction 
of serum cholesterol and reduction of cancer risk. The 
beneficial health effects associated with some fer-
mented dairy products may, in part, be attributed to 
the release of bioactive peptide sequences during the 
fermentation process. Numerous peptides and peptide 
fractions, having bioactive properties have been iso-
lated from fermented dairy products. Many recent 
articles and book chapters have reviewed the release 
of various bioactive peptides from milk proteins 
through microbial proteolysis (Takano, 2002; Korho-
nen; Pihlanto, 2004; Fitzgerald; Murray, 2006; Jakala; 
Vapaatalo, 2010). 

 Bioactive peptides are included in the group of pro-
tein ingredients which produce functional foods 
(NAGPAL et al., 2011). Within the group of bioactive 
peptides, the ones that have attracted higher scientific 
and industrial interest are those having antihyperten-
sive activity. Interest in studying  these compounds 
has arisen from the increase in mortality  in industria-
lized countries due to hypertension and/or renal, heart 
or brain complications (Rojas-Ronquillo Et Al., 2012; 
Nielsen Et Al., 2009; Hartmann; Meisel, 2007; Wu; 
Ding, 2001; Takano, 1998).  Components of proteins 
in marine foods also contain sequences  of  bioactive  
peptides,  which could  exert  a  physiological effect  
in  the  body.  Especially,  some  of  these  bioactive  
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peptides  have been  identified  to  possess  nutraceut-
ical  potentials  that  are  beneficial  in  human  health  
promotion. Moreover,  the  possible  roles  of marine  
food-derived  bioactive  peptides  in  reducing  the  
risk  of  diseases  have  been  reported. (Erdmann et 
al., 2008; Lee; Maruyama, 1998). 

Sources of bioactive peptides: Numerous animal and 
plant food proteins have been exploited as sources of 
BAPs. Several studies on BAPs were conducted using 
animal proteins mostly milk proteins, casein and 
whey, egg and meat muscle proteins have also yielded 
BAPs. In addition, several BAPs have been produced 
from marine protein sources, including fish, salmon, 
oyster, macro algae, squid, sea urchin, shrimp, snow 
crab, and seahorse. Typical plant food proteins used 
for the production of BAPs include soy, pulses (lentil, 
chickpea, pea, and beans), oat, wheat, hemp seed, 
canola, and flaxseed. Based on the current literature, 
food proteins are selected as sources of BAPs based 
on 2 major criteria (1) a pursuit of value-added use of 
abundant underutilized proteins or protein-rich food 
industry by-products, and (2) utilization of proteins 
containing specific peptide sequences or amino acid 
residues of particular pharmacological interest. 

Dairy products: Milk particularly is a rich source of 
bioactive peptides. These peptides are present in both 
casein (Alpha, Beta, kappa, gamma-casein) and whey 
proteins (alpha-lactalbumin, beta-lactoglobulin, lacto-
ferrin, and immunoglobulins) (Gobbetti et al., 2002; 
Belem et al., 1999) and can be released by enzyme 
hydrolysis or microbial fermentation. For enzyme 
hydrolysis, single enzymes or a combination of pro-
teinases have been used, such as trypsin, alcalase, 
chymotrypsin, carboxypeptidase, pancreatin, pepsin, 
and enzymes from bacterial or fungal origin (for ex-
ample, proteinase K from Tritirachium album). Bioac-
tive peptides have been identified from milk fer-
mented by lactic acid bacteria, such as Lactococcus 
lactis subsp.cremoris, Lactobacillus helveticus, Lac-
tobacillus GG strain, Lactobacillus delbruskii 
subsp.Bulgaricus (Gobbetti et al., 2002; Leblanc et al., 
2002; Korhonen; Pihlanto, 2003). 

Egg: Several bioactive peptides with vasodilatation, 
ACE-inhibitory activities have been found in egg 
ovalbumin treated with chymotrypsin and pepsin 
(Korhonen; Pihlanto, 2003). 

Meat: Chicken meat was found to be a source of anti-
hypertensive peptides. For example, with the action of 
the enzyme thermolysin, 2 antihypertensive, Ile-Lys-
Trp and Leu-Lys-Pro have been detected (Korhonen; 
Pihlanto, 2003). 

Fish and Sea foods: Bioactive peptides can also be 
found in fish products, such as sardine muscle, tuna 

muscle, bonito (Yamamoto et al., 2003) and Alaska 
Pollack skin (Korhonen; Pihlanto, 2003). 

Insects: Royal jelly (RJ), a bee product rich in pro-
teins, has also been found as a good source of ACE-
inhibitory peptides. Matsui et al (2002) found that 
intact RJ and its protein fraction did not show ACE-
inhibitory activity. However, after pepsin and the sub-
sequent trypsin and chymotrypsin hydrolysis, ACE 
inhibitor capacity was developed. 

Soybean: Soybean-based foods contain an array of 
biologically active compounds that can confer impor-
tant health benefits such as antioxidant effects (Set-
chell, 1998; Tsai; Huang, 1999). These phytochemi-
cals include saponins, phytates, protease inhibitors, 
phenolic acids, and lecithin, all known for their anti-
cancer potential (Cohen et al., 2000; Messina; Flick-
inger, 2002); phytosterols, which have hypocholeste-
rolemic effects; isoflavones, which are known for 
several health benefits (Fukui et al., 2002) and omega-
3 fatty acids which have well recognized cardiopro-
tective effects. Among these compounds, isoflavones 
have attracted the most attention (Messina; Flickinger, 
2002; Messina; Loprinzi, 2001). 

Production of bioactive peptides: There are a num-
ber of methods by which peptides with biological 
activity can be produced from precursor proteins. The 
most common ones are  
(a) Enzymatic hydrolysis with digestive enzymes,  
(b) By means of the microbial activity of fermented 
foods, or 
(c) By the action of enzymes derived from proteolytic 
micro-organisms. 

Production by microbial fermentation: Fermenta-
tion is considered to be an efficient way to produce 
bioactive peptides. Bioactive peptides can be released 
by the microbial activity of fermented food or through 
enzymes derived from microorganism (Korhonen; 
Pihlanto, 2003). Fermented milk and cheese have 
been extensively studied to investigate their potential 
to form bioactive peptides. Interest in fermented soy-
bean products, such as natto, tempeh, soy sauce, soy 
paste, has grown in recent years. Many bioactive pep-
tides have been identified. For example, ACE-
inhibitory peptides containing Ala, Phe, and His have 
been isolated from soybeans fermented by Bacillus 
natto and chunggugjang fermented by Bacillus subtilis 
(Korhonen; Pihlanto, 2003). ACE-inhibitory peptides 
were also found in soybean paste (His-His-Leu) 
(SHIN et al., 2001), soy sauce (Okamoto et al., 1995), 
natto, and tempeh (Gibbs et al., 2004).Three potent 
ACE-inhibitors, 3 thrombin inhibitors, 5 peptides with 
surface-active properties, and 1 peptide with antibac-
terial activity were also found in enzymatic hydroly-
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sates of soy fermented foods. They were all derived 
from glycinin, while -conglycinin was found more 
stable to proteolytic attack even by multi-enzyme 
preparations (Gibbs et al., 2004). 

Many industrially utilized dairy starter cultures are 
highly proteolytic. Bioactive peptides can, thus, be 
generated by the starter and non-starter bacteria used 
in the manufacture of fermented dairy products. The 
proteolytic system of lactic acid bacteria (LAB), e.g. 
Lactococcus lactis, Lactobacillus helveticus and Lb. 
delbrueckii ssp.bulgaricus, is already well characte-
rized. This system consists of a cell wall-bound pro-
teinase and a number of distinct intracellular peptidas-
es, including endopeptidases, aminopeptidases, tripep-
tidases and dipeptidases (Christensen et al., 1999). 
Rapid progress has been made in recent years to elu-
cidate the biochemical and genetic characterization of 
these enzymes. The fact that the activities of peptidas-
es are affected by growth conditions makes it possible 
to manipulate the formation of peptides to a certain 
extent (Williams et al., 2002). Many recent articles 
and book chapters have reviewed the release of vari-
ous bioactive peptides from milk proteins through 
microbial proteolysis (Gobbetti et al., 2004; Gobbetti 
et al., 2002; Korhonen; Pihlanto, 2001, 2004; Matar et 
al., 2003). Most of these studies report the production 
of ACE-inhibitory or antihypertensive peptides, and 
immunomodulatory, antioxidative and antimicrobial 
peptides have also been identified. Lb. helveticusis 
widely used as a dairy starter in the manufacture of 
traditional fermented milk products, such as Emmen-
tal cheese and highly proteolytic Lb. helveticus strains 
capable of releasing ACE-inhibitory peptides, in par-
ticular, have been demonstrated in several studies. 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 (Nakamura 
et al., 1995, Sipola et al., 2002). Pihlanto-Leppala et 
al., (1998), studied the potential formation of ACE-
inhibitory peptides from cheese whey and caseins 
during fermentation with various commercial dairy 
starters used in the manufacture of yoghurt, ropy milk 
and sour milk. 

Microbial enzymes have been used successfully for 
the production of bioactive peptides from milk pro-
teins. Yamamoto et al., (1994) reported that casein 
hydrolyzed by the cell wall-associated proteinase from 
L. helveticus showed antihypertensive activity. Sever-
al ACE inhibitory and one antihypertensive peptide 
were isolated from the hydrolysate. Using the same 
proteinase, Maeno et al., (1996) identified a beta -
casein-derived antihypertensive peptide from the case-
in hydrolysate. This peptide did not show a strong 
ACE-inhibitory activity as such, but a corresponding 

synthetic hexa-peptide—deleted by Gln (Lys-Val-Leu-
ProVal-Pro) - exhibited strong ACE-inhibitory activity 
as well as a significant antihypertensive effect in 
SHR(Spontaneously Hypertensive Rat). It was sug-
gested by these researchers that both the proline resi-
due in the C-terminus and the amino acid sequence 
might be important for ACE-inhibition of the hex-
apeptide. Proline is generally known to be resistant to 
degradation by digestive enzymes. 

Synthesis of bioactive peptides: Peptides synthesis is 
a useful method to prepare bioactive peptides in large 
scale and also to study their mechanism of action. At 
present, 3 main approaches are available:  

(1) Chemical synthesis, 
(2) Recombinant DNA technology, and  
(3) Enzymatic synthesis (GILL, 1996). 

 Chemical synthesis is the most widely used approach 
at laboratory scale, existing 2 variants, liquid-phase 
and solid phase. The solid phase approach is the most 
powerful method for synthesis of peptides composed 
of about 10 to over 100 residues on a small scale 
(most practical for sequences of intermediate lengths). 
However, the high cost of the instrumentation and 
reagents has largely restricted its use. On the other 
hand, liquid phase synthesis is the preferred method 
for large-scale synthesis of relatively short peptides 
and for carrying out the condensation of peptide frag-
ments (Gill, 1996). Recombinant DNA technology is 
the preferred choice for relatively large peptides with 
up to several hundred amino acids (GILL, 1996). Due 
to the low expression efficiencies obtained and diffi-
culties encountered in product extraction and recov-
ery, attempts to extend this approach to the prepara-
tion of short peptides have not yet been truly success-
ful (Korhonen; Pihlanto, 2003). Using genetic engi-
neering techniques, Yoshikawa et al., (2002) intro-
duced a highly potent antihypertensive peptide, into 3 
homologous sites in soybean beta conglycinin alpha 
subunit by site-directed mutagenesis. In practice, en-
zymatic synthesis is currently limited to relatively 
short sequences. 

Characterization of bioactive peptides: The isola-
tion and purification of bioactive peptides are very 
important for exploration of their physicochemical 
properties and evaluation of their in vitro and in vivo 
bioactivities. Bioactive peptides can be separated from 
a protein hydrolysate mixture by a number of ap-
proaches, mainly, different kinds of chromatography 
and membrane-based separation techniques.  Prior to 
the separation process, a peptide mixture can be sub-
jected to ammonium sulfate precipitation, salting out, 
and solvent extraction in order to remove proteins, 
enzymes, and other components in the source materi-



[(Asian J. Adv. Basic Sci.: 5(2), 2017, 154-167) Fermentable Bioactive Peptides as a Functional Molecule] 

157 
 

al. Most chromatographic techniques for protein puri-
fication are also applicable to peptide purification, 
given special consideration on size difference, such as 
size-exclusion chromatography .HPLC is the most 
commonly used method for peptide separation. Mem-
brane-based separation processes are techniques in 
which a component is separated from a mixture as the 
latter is forced through a porous membrane under 
applied pressure, hence the name pressure-driven 
membrane-based separation. They are further divided 
into microfiltration (MF), ultrafiltration (UF), nanofil-
tration (NF), and reverse osmosis (RO), depending on 
the properties of the membrane used. (Shahidi; Zhong, 
2008) 

Health Benefits: 

Antihypertensive activity: Antihypertensive peptides 
are probably the most extensively studied bioactive 
peptides from exogenous sources such as food. There 
has been a growing interest in antihypertensive pep-
tides for their effectiveness in lowering blood pres-
sure, since hypertension has become a serious health 
problem, occurring at increasingly high rates, espe-
cially in developed countries, and has been considered 
a risk factor for developing cardiovascular diseases. 
Antihypertensive peptides have been found effective 
in preventing/treating hypertension mainly by inhibit-
ing the angiotensin-converting enzyme (ACE), which 
plays a key role in the regulation of blood pressure 
and electrolyte homeostasis (the equilibrium of water 
and salt in the body; Papadimitriou et al ., 2007, Tsai 
et al., 2008). ACE is a nonspecific dipeptidyl carbox-
ypeptidase that converts decapeptide angiotensin I 
into octapeptide angiotensin II, which is known as a 
potent vasoconstrictor. Angiotensin II also has a regu-
latory effect on cellular lipoxygenases which catalyse 
low-density lipoprotein (LDL) oxidation, a process 
associated with atherogenesis (Abubakar et al., 1998). 
Furthermore, ACE catalyses the inactivation of the 
vasodilator bradykinin, which in turn leads to in-
creased blood pressure. ACE inhibitors can decrease 
the activity of ACE and indirectly reduce the level of 
angiotensin II, thereby exerting a vasorelaxing effect 
on blood vessels. Clinical studies have revealed that 
ACE inhibitors significantly reduced the morbidity 
and mortality of patients with myocardial infarction or 
heart failure (Geisterfer et al., 1988; Daemon et al., 
1991).  

Cholesterol Lowering Effect: Hyperlipidemia, espe-
cially hypercholesterolemia, is one of the most impor-
tant risk factors contributing to the development of 
cardiovascular diseases (Kannel et al., 1971). Numer-
ous synthetic drugs and natural extracts with choles-
terol-lowering effect have been explored for their 
potential in prevention and treatment of hypercholes-

terolemia. A large body of literature indicates that 
proteins from soybean can reduce blood cholesterol 
level in experimental animal models as well as in 
human subjects (Kim et al., 1980; Potter, 1995). An 
early clinical study clearly revealed that the substitu-
tion of animal proteins with soy protein resulted in a 
22–25% decrease in LDL cholesterol and a 20–22% 
decrease in total cholesterol in hypercholesterolemic 
patients. The hypocholesterolemic effect of soy pro-
tein was later confirmed by more animal and clinical 
studies (Sagara et al., 2004; Wang et al., 2004; Adams 
et al., 2004; Moriyama et al., 2004; Tachibana et al., 
2005), and soybean-rich diet has become the most 
potent dietary tool for treating hypercholesterolemia, 
although the mechanism has not yet been fully estab-
lished. The USFDA recommended a daily intake of 25 
g of soybean protein for lower level of serum choles-
terol and reduction in the risk of cardiovascular dis-
ease (U.S. FOOD AND DRUG ADMINISTRATION, 
1999). The hypocholesterolemic effect of soybean was 
first attributed to the presence of isoflavones, accord-
ing to Adams et al. 2002, Zhan; HO, 2005, since etha-
nol-washed isoflavone-free soy protein showed less 
cholesterol-lowering capacity than that containing 
isoflavones. However, another experiment by Fukui et 
al. 2002 indicated that isoflavones alone did not exhi-
bit a cholesterol-lowering effect. Hence, it was specu-
lated that the isoflavone-protein interaction may con-
tribute to the hypocholesterolemic effect of soy pro-
teins (HSU, et al., 2001). More recently, it has been 
demonstrated that soy peptides may be responsible, at 
least in part, for the hypocholesterolemic property of 
soy proteins, based on the observation that soy protein 
hydrolysate showed a stronger serum cholesterol lo-
wering effect than intact soy protein(Anderson et al., 
1995; Sugano et al., 1990; Nagaoka et al., 1999). 

Antioxidant Activity: Bioactive peptides which have 
an antioxidative effect have previously been obtained 
from various dietary proteins after enzymatic hydroly-
sis. The presence of such peptides, derived from hy-
drolyzed food proteins such as caseins, whey proteins, 
soybean, rice bran, quinoa seed protein, buckwheat 
protein, egg-yolk protein, porcine myofibrillar pro-
teins and aquatic by-products proteins, has been inves-
tigated in a number of studies (Pihlanto, 2006). They 
are effective against enzymatic and nonenzymatic 
peroxidation of lipids and essential fatty acids, as free 
radical scavengers, in metal ions chelation and in ad-
duct formation. The inhibition of oxidative processes 
is of particular importance for the survival of cells in 
an organism. However, undesired oxidative processes 
also occur in foods. The formation of free radicals 
results in a deterioration of food quality, for example 
rancid flavor, unacceptable taste, and shortening of 
shelf life. Proteins, protein hydrolysates, individual 
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peptides, and amino acids have been shown to have 
significant antioxidant activities. Some amino acids 
were found to possess strong antioxidant activity in 
linoleic acid and methyl linoleate model systems 
(Marcuse, 1962). A mixture of tryptophan and lysine 
was able to inhibit oxidation of butter fat (Merzame-
tov et al., 1976). Moreover, antioxidant properties of 
proline in sardine oil (Revankar, 1974), methionine in 
vegetable oils (Sims; Fioriti, 1977), and histidine, 
threonine, lysine, and methionine in a sunflower oil 
emulsion (Riison et al., 1980) have been reported. 
Protein digests have varied antioxidant activities de-
pending on the peptide structure, i.e., size of the pep-
tides and their amino acid sequences, which are influ-
enced by the source of protein and conditions of the 
hydrolysis process involved. Soy peptides, for exam-
ple, obtained from native or heated soy protein by 
different enzymes, such as pepsin, papain, chymotryp-
sin, Alcalase, Protamex, and Flavourzyme, resulted in 
different degrees of hydrolysis, ranging from 1.7 to 
20.6% and antioxidant activity ranging from 28 to 
65%, measured as inhibition against formation of 
thiobarbituric acid-reactive substances (TBARS) in a 
liposome-oxidizing system (Pena-Ramos Et; Xiong, 
2002). 

Antithrombotic Activity: Functional similarities be-
tween milk and blood coagulation as well as sequence 
homologies exist in the fibrinogen g-chain and k-
casein (Jolles; Caen, 1991). Jolles et al., (1986) 
showed that bovine k-casein f106-f116 inhibited 
platelet aggregation and combined with the receptor 
site, consequently preventing fibrinogen binding with 
blood platelets. This inhibition was dependent on pep-
tide concentration. The two smaller tryptic peptides 
(k-casein f106-f112 and f113-f116) exerted a much 
more minimal effect on platelet aggregation and did 
not inhibit fibrinogen binding. These peptides are 
referred to as casoplatelins. The behavior of k-casein 
f106-f116 is similar to that of the C-terminal peptide 
of the human fibrinogen g-chain (Fiat et al., 1989).  
The mechanism involved in milk clotting, defined by 
interaction of k-casein with chymosin  bear a remark-
able similarity to the process involved in blood clot-
ting, defined by interaction  of fibrinogen with throm-
bin (Jolles; Henschen, 1982) . The k-casein fragment 
named casoplatelins, obtained from tryptic hydroly-
sates, shows antithrombotic activity by inhibiting 
fibrinogen binding platelet (Jolles et al., 1986; Jolles; 
Henschen, 1982). These peptides are released during 
gastrointestinal digestion and absorbed intact into the 
blood, which supports the concept that they exert an 
antithrombotic effect in vivo. The potential physiolog-
ical effects of these antithrombotic peptides have not 
been established, but such peptides have been detected 
in the plasma of newborn children after breastfeeding 

or ingestion of cow milk-based infant formula (Jolles; 
Henschen, 1982). 

Opioid Activity: Short sequences of amino acids that 
bind to opioid receptors in brain are known as opioid 
receptors. They play active role in nervous system. 
Endogenous and many exogenous opioid agonists and 
antagonists have been characterized as peptides. Their 
binding to opioid receptors in the central nervous sys-
tem as well as in many peripheral tissues has been 
related to a numberof physiological and path of physi-
ological functions, including immunological func-
tions, gastrointestinal function control reproductive 
mechanism control, and regulation of many central 
nervous functions such as stress handling, depres-
sion,and other emotional behaviors. Beta-
Casomorphins from beta-casein were the first opioid 
peptides identified from food protein sources and have 
so far been most frequently studied. Peptides with 
opioid activity have been identified in various casein 
fractions hydrolyzed by digestive enzymes (Brantl et 
al., 1979; Pihlanto-Leppala et al., 1994; Teschemach-
er, 2003). These opioid peptides are opioid receptor 
ligands with agonistic or antagonistic activities. Opio-
id receptors are located in the nervous, endocrine and 
immune systems as well as in the gastrointestinal tract 
of mammals and can interact with their endogenous 
ligands and with exogenous opioids and opioid anta-
gonists. Thus, orally administered opioid peptides 
may modulate absorption processes in the gut and 
influence the gastrointestinal function in two ways: 
first, by affecting smooth muscles, which reduces the 
transit time, and second, by affecting the intestinal 
transport of electrolytes, which explains their anti-
secretory properties. The actual physiological effects 
of milk-derived opioid peptides remain, however, to 
be confirmed. Beta-Casein-derived opioid peptides 
(beta-casomorphins) or their precursors have been 
detected in the duodenal chyme of minipigs, in the 
plasma of newborn calves and in the human small 
intestine upon oral administration of casein or milk 
(Miesel, 1998; Meisel; Fitzgerald, 2000; Meisel; Fitz-
gerald, 2003). Opioid casein fragments have not been 
detected in the plasma of adult mammals and, there-
fore, it is suggested that only the neonatal intestine is 
permeable to casomorphins. Interestingly, a as1-
casein-derived peptide f (91–100) has been demon-
strated to possess anxiolytic-like stress-relieving 
properties in animal model and human studies (Le-
franc, 2001). This peptide has been employed com-
mercially as an ingredient, e.g. for confectionery and 
soft drinks. 

Mineral Binding Activity: Peptides derived from in 
vivo and/or in vitro enzymatic proteolysis of whole 
protein exhibit mineral-binding activity, which contri-
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butes both to their antioxidant activity and mineral 
absorption-enhancing activity. Bioactive peptides such 
as caseinophosphopeptides from beta casein are able 
to chelate pro-oxidant metals, in particular iron and 
copper, and therefore protect from lipid oxidation-
caused food deterioration and oxidative stress-
mediated cellular damage. Copper-chelating peptides 
have been purified from sunflower protein hydroly-
sates, and their metal-chelating activity was found to 
be dependent on histidine content and peptide size 
(Megias et al., 2007). The metal-chelation property of 
the peptides was attributed to the imidazole ring in 
histidine, which is directly implicated in peptide bind-
ing to copper. The results suggested the potential anti-
oxidant role of food-derived peptides in preventing 
copper-induced in vivo oxidative damage, including 
DNA and LDL oxidation, which are involved in athe-
rogenesis and other chronic diseases (Megias et al., 
2007). More importantly, mineral-binding peptides are 
effective in enhancing in vivo absorption of metals, 
including copper, calcium, iron, zinc, and other trace 
elements and therefore improving their bioavailability. 
Binding of copper to certain amino acids such as his-
tidine, methionine, and cysteine in small peptides 
mediates absorption of copper through these amino 
acid transporters (Gaetke et al., 2003). Caseinophos-
phopeptides, which in most cases contain a serine 
phosphate cluster and glutamyl residues in the se-
quence of 3 phosphoseryl groups followed by 2 glu-
tamic acid residues, can bind to calcium at the nega-
tively charged side chains and form a soluble complex 
(MEISEL, 1998). This leads to enhancement of cal-
cium absorption across enterocytes in the distal intes-
tine (Rutherfurd- Markwick et al., 2005). Use of ca-
seinophosphopeptides in preventing dental caries has 
also been proposed because of their role in recalcifica-
tion of the dental enamel (Reynolds, 1987). 

Antimicrobial Activty: The best investigated antimi-
crobial peptide is the fragment 17-41 of lactoferrin, 
more commonly known as lactoferricin. Antimicrobial 
peptides are effective against different bacteria and 
yeasts but only a few in vivo studies have been carried 
out to date. A protection against pathogens has been 
attributed to α-lactalbumin and involves the release of 
peptides, which support the immune function in hu-
mans. Different antimicrobiological functions have 
been attributed to the CMP (caseino macropeptides) 
that is formed during cheese manufacture or digestion 
from K-casein. It binds enterotoxins (cholera and 
E.coli), modulates the immune system response, inhi-
bits bacterial and viral adhesion, suppresses gastric 
secretions and promotes bifidobacterial growth. The 
other fragment of alpha s1-casein, viz.f1–23, known 
as isracidin, has demonstrated antibiotic-type activity 
in vivo versus S. aureus and Candida albicans; it can 

protect sheep and cows against mastitis (Laho; Regel-
son, 1996). Fragments of human b-casein have also a 
protective effect against Klebsiella pneumoniaein 
mice (Migliore-Samour et al., 1989). The immune 
modulatory peptide derived from bovine b-casein, viz. 
f193–209, was shown to enhance the antimicrobial 
activity of mouse macrophages, which had been ob-
tained either from germ-free or from human flora 
associated mice, without pro inflammatory effects 
(Sandre et al., 2001).All these results pertaining to 
animals have been obtained in vivo by injecting pep-
tides therein; at present, no studies are yet available 
that provide evidence for their putative effect when 
ingested. 
 
IMMUNO AND CYTO MODULATORY ACTIV-
ITY: Immuno-modulatory peptides can modulate the 
proliferation of human lymphocytes, down-regulate 
the production of certain cytokines, and stimulate the 
phagocytic activities of macrophages. As a result, they 
can regulate the development of the immune system in 
newborn infants. Cytomodulatory peptides have been 
shown to influence the viability as well as the prolife-
ration, differentiation, and apoptosis of different cell 
types. Immunomodulation involves suppression or 
stimulation of human immune functions. Immunomo-
dulatory food peptides act by enhancing the functions 
of immune system including regulation of cytokine 
expression, antibody production, and ROS-induced 
immune functions (Hartmann; Meisel, 2007; Yang et 
al., 2009) For example, a tryptic digest of rice protein 
improved immune function by promoting phagocyto-
sis and increasing superoxide anion production in 
human polymorphonuclear leukocytes (Takahashi et 
al., 1994). In addition, egg-derived peptides also 
showed immunostimulating activities and were used 
to increase immune functions during cancer immuno-
therapy (Mine; Kovacs-Nolan, 2006). Moreover, a 
recent work showed that oral administration of a pea 
protein hydrolysate to mice led to reduced NO pro-
duction by activated macrophages as well as reduced 
secretion of the proinflammatory cytokines, tumor 
necrosis factor (TNF)-Alpha and interleukin (IL)-6, 
by up to 35% and 80%, respectively (Ndiaye et al., 
2012). 

Anticancer Activity: Proteins, peptides, and amino 
acids have been implicated in preventing the devel-
opment of different types of cancer. Bowman Birk 
protease inhibitor (BBI), a water-soluble protein iso-
lated from legumes and many monocotyledonous 
seeds, has shown anticarcinogenic activity in in vitro 
and animal models and is now intensively studied as a 
cancer chemopreventive agent in clinical trials 
(Armstrong et al., 2000; Meyskens, 2001). Another 
protease inhibitor, soybean Kunitz trypsin inhibitor, 
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was reported to suppress ovarian cancer cell invasion 
by blocking urokinase upregulation (Kobayashi et al., 
2004). Bovine lactoferrin and lactoferricin from bo-
vine milk were able to inhibit lung metastasis and 
angiogenesis in mice transplanted with murine mela-
noma, lymphoma, or colon carcinoma 26 cells (Yoo et 
al., 1997, Iigo et al., 1999). Lectins from mistletoe 
extract induced powerful anticancer effects in mice 
inoculated with tumor cells (Pryme et al., 2002). The 
anticancer activities of these proteins may, at least 
partially, be attributed to encrypted bioactive peptides. 
Numerous peptides in different sizes from various 
sources have been indicated to render an anticancer 
effect in in vivo studies. Lunasin, a novel chemopre-
ventive peptide from soybean, has been found to sup-
press chemical carcinogen and viral oncogene-
induced transformation of mammalian cells and inhi-
bit skin carcinogens in mice. Lunasin is a 43-amino-
acid peptide containing 9 aspartic acid residues at the 
C-terminus, a tripeptide arginine-glycine-aspartic acid 
cell adhesion motif, and a predicted helix whose struc-
ture is similar to a conserved region of chromatin-
binding proteins (Galvez et al., 2001). Lunasin exhi-
bits an inhibition effect against core histone acetyla-
tion in mammalian cells (Jeong et al., 2007,) suggest-
ing its involvement in chromatin modification, a 
process implicated in cell-cycle control and suppres-
sion of carcinogenesis. In addition to lunasin, other 
soy protein-derived peptides have also shown promis-
ing activities for anticancer therapy. Wang et al., 
(2008) reported that enzymatic hydrolysates from 
different soy varieties inhibited the viability of cul-
tured leukemia cells which were significantly lower 
than the activity of lunasin. Moreover, a lunasin-
containing glutelin fraction of Amaranthus hypochon-
driacus, when digested with trypsin, induced pro-
grammed cell death (apoptosis) in cervical cancer 
cells by 30% and 38% at 1 and 5μg/mL, respectively 
(Silva et al., 2008). It was not reported whether the 
anticancer peptides were derived from lunasin primary 
sequence or from other protein precursors present 
within the fraction. A similar study also demonstrated 
that a soy protein-derived hydrophobic peptide frac-
tion exhibited cytotoxicity against macrophage-like 
murine tumor cell line by arresting cell cycle progres-
sion at the G2/M phases (Kim et al., 2000). 

Bioactive Lunasin in Current Research: Lunasin is 
a 43-amino acid peptide with nine aspartate residues 
(D) at the C-terminus, an  Arg-Gly-Asp (RGD) cell 
adhesion motif, and a conserved region of chromatin-
binding  proteins (Odani et al., 1987a, 1987b). Pre-
vious studies showed that lunasin suppresses carcino-
genesis triggered by chemical carcinogens and onco-
genes bothin vitro and in a mouse skin cancer model 
(Galvez et al., 2001). Hsieh et al., (2010) recently 

evaluated the anticancer properties of lunasin in breast 
cancer by using a xenograft mouse model. The US 
Food and Drug Administration recommend the con-
sumption of 25 g of soy protein per day to lower cho-
lesterol levels and reduce the riskof heart disease 
(Xiao, 2008); this supplies approximately 250 mg of 
lunasin. Whether this dose is sufficient for chemopre-
vention still needs to be determined. In a human feed-
ing trial for detecting the presence of lunasin in plas-
ma after soy protein consumption, lunasin was found 
in the circulation, a key requirement for its bioactivity 
in the target organs (Dia et al., 2009). Recently, some 
studies showed that lunasin can reduce  low-density 
lipoprotein and total cholesterol levels by directly 
inhibiting gene expression of  3-hydroxy-3-methyl-
glutaryl-CoA reductase,  which reduces cholesterol 
biosynthesis, and  increasing low-density lipoprotein 
receptor expression, which enhances clearance of 
plasma low-density lipoprotein cholesterol (Galvez, 
2001). In 2001, Galvez applied the Pichia yeast ex-
pression system for large-scale production of lunasin. 

Anti-human Immunod Efficiency Virus Activity 
(Anti-HIV): Numerous  studies  have  been  reported  
that  marine  bioactive peptides  can  be  used  as  anti-
HIV  components  in  functional  foods  or nutraceuti-
cals  and  pharmaceuticals  due  to  their  therapeutic  
potential  in  the  treatment  or  prevention  of  infec-
tious  diseases. Lee and Maruyama (Lee et al., 1998) 
searched for HIV-1 protease-inhibiting substances 
from oyster C.  Gigas.  Two  peptides  inhibiting  HIV-
1 protease, were  isolated  from  the  hydrolysate of  
oyster  proteins  prepared  with  thermolysin. These 
two peptides exhibited  strong  inhibition  of  HIV-1  
protease  at  IC50 values  (50% inhibitory  concentra-
tion)  of  20 and  15  nM,  respectively,  and behaved  
as  competitive  inhibitors  for  HIV-1  protease  with  
Ki  values  of  13  and  10  nM,  respectively.  Lee and 
Maruyama (Hartmann; Meisel,   2007)  have searched  
that  the  length  of  amino  acid  sequence  and  the  
presence of  C-,  N-terminal  hydrophobic  amino  
acids  in  these  peptides  are important  for  their  
inhibitory  activity. Depsipeptides  isolated  from  a  
number  of marine  sponges  have  been  identified  to  
be  active  as  HIV  inhibitors. Neamphamide  A,  a  
novel  HIV-inhibitory  depsipeptide  obtained from  
marine  sponge  Neamphius  huxleyi,  exhibited  a  
potent  cytoprotective  activity  against  HIV-1  infec-
tion  with  an  EC50(50%  effective concentration)  of  
28  nm (Hartmann; Meisel, 2007). Sponges-derived  
peptides  are  indicated  as  promising  candidates  for 
the  design  of  novel  strong  inhibitors  of  viral  in-
fection. 

Nutritional Activity: Some peptides are able to se-
quester calcium and other minerals, hence acting as 
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biocarriers—they are called phosphopeptides; glyco-
macropeptide (GMP) may also exhibit a number of 
nutritional features. 
Caseinophosphopeptides: The term phosphopeptide 
was pioneered by Mellander (1950), and it means a 
casein-derived phosphorylated peptide which en-
hances vitamin D-independent bone calcification in 
rachitic infants. Chabance et al., (1998), have proven 
the occurrence of caseinophosphopeptides (CPPs) in 
the stomach and duodenum following milk ingestion. 
Recently, Meisel; Fitzgerald (2003) have reviewed the 
structural features and physiological potential of milk-
protein-derived caseinophosphopeptides, which were 
also shown to exert cytomodulatory effects. Iron defi-
ciency, a major worldwide nutritional problem, can be 
reduced by CPPs; in fact, binding of Fe to phospho-
peptides prevents formation of high-molecularweight 
ferric hydroxides, which are poorly absorbed. In vitro 
studies with rats (Ait-Oukhatar et al., 1999) have 
demonstrated that Fe bound to the phosphoserine resi-
dues of low-molecular-weight CPPs, namely beta-
casein, improved their ability to treat anaemia and 
restore Fe storage tissues, when compared with Fe 
bound to whole casein and inorganic salts. It has been 
shown that Ca-binding phosphopeptides have antica-
riogenic effects via inhibition of caries lesion through 
recalcification of the dental enamel—hence, their 
application in the treatment of dental diseases has 
been proposed (Clare; Swaisgood, 2000; Reynolds, 
1987; Tirelli et al., 1997), namely as additives to 
toothpaste (Reynolds, 1994). The consumption of 
cheese has an anticariogenic effect as well; a signifi-
cant correlation was found between the high content 
of casein in cheese and the caries-protective effect 
thereof (Pause; Lembke, 1993). Moreover, anticari-
ogenic activity has also been reported for phospho-
peptides from eggs (viz. phosvitin and phosphopho-
rin) (Reynolds, 1994; Tirelli et al., 1997). 

Glycomacropeptide: The glycomacropeptide (GMP) 
is formed during theenzymatic cheesemaking process. 
Rennet or chymosin hydrolyses the peptide bond be-
tween residues 105 and 106 of k-casein, and the re-
sulting molecule, GMP, is eluted in the whey. This 
molecule contains residues 106–169 of k-casein; the 
C-terminal portion of said molecule is more hydro-
philic, as it contains the oligosaccharides that are O-
linked to threonine and serine. The large GMP mole-
cule cannot be absorbed as such, so it has to be broken 
down into smaller peptides before an effect on blood 
components arises. GMP is unique in its amino-acid 
composition—it lacks aromatic amino acids and is 
rich in branched chain ones. Glycomacropeptide is 
also known to allow absorption of calcium, iron or 
zinc. Kelleher et al (2003), studied GMP and alpha-
lactalbumin supplementation of infant formulae on the 

nutritional status in infant rhesus monkeys, and found 
that both increase zinc absorption—which may allow 
reduction of formula zinc concentrations and promote 
a plasma amino-acid pattern similar to that of 
breastfed infant monkeys, respectively.       

Future Application of Bioactive Peptides: The oc-
currence of many biologically active peptides in dieta-
ry proteins is now well-established.  Numerous scien-
tific, technological and regulatory issues have, how-
ever, to be resolved before these substances can be 
optimally exploited for human nutrition and health. 
Firstly, there is a need to develop novel technologies, 
e.g., chromatographic and membrane separation tech-
niques by means of which active peptide fractions can 
be produced and enriched. (Korhonen, 2002)  Second-
ly, it is important to study the technological properties 
of the active peptide fractions and to develop model 
foods which contain these peptides and retain their 
activity for a certain period. It is recognized that pep-
tides can be more reactive than proteins, due to their 
lower molecular weight, and the peptides that are 
present in the food matrix may react with other food 
components. The interaction of peptides with carbo-
hydrates and lipids as well as the influence of the 
processing conditions (especially heating) on peptide 
activity and bioavailability should also be investigated 
(Korhonen et al., 1998). Furthermore, molecular stu-
dies are needed to assess the mechanisms by which 
the bioactive peptides exert their activities. This re-
search area is currently considered as the most chal-
lenging one, due to the understanding that most 
known bioactive peptides are not absorbed from the 
gastrointestinal tract into the blood circulation. Their 
effect is, therefore, likely to be mediated directly in 
the gut lumen or through receptors on the intestinal 
cell wall. In this respect, the target function of the 
peptide concerned is of utmost importance. It is antic-
ipated that in the near future such targets shall be the 
following lifestyle-related disease groups: a) cardi-
ovascular diseases, b) cancers, c) osteoporosis, d) 
stress and d) obesity. Peptides derived from dietary 
proteins offer a promising approach to prevent, con-
trol and even treat such disease conditions through a 
regulated diet (Korhonen; Pihlanto, 2003). 
 
CONCLUSION: Bioactive proteins are a part of our 
daily food intake and their effects on the human body 
mainly take place in the lumen and mucosa of the 
digestive tract. Bioactive peptides, which are en-
crypted in native peptides, are primarily found in fer-
mented foods, especially in fermented dairy products. 
The quantities in which they are present are highly 
dependent on the specific effects of the lactic acid 
bacteria involved, which can result in substantial vari-
ations in traditional dairy products, as our studies on 
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cheese have shown. In addition, bioactive peptides 
may be formed or degraded in the digestive tract by 
proteases and peptidases. The issue of whether bioac-
tive peptides or proteins can have an effect outside the 
intestinal tract is questionable as their absorption is 
limited or impossible due to the size of their mole-
cules. In recent years, new peptides demonstrating 
biological activity have steadily been discovered in 
different foods. Bioactive peptides from milk proteins 
have been studied most intensively so far. Nowadays, 
the application of proteolytic enzymes in combination 
with new technologies such as chromatographic and 
membrane separation techniques as well as the use of 
specific cultures allow the large scale production of 
bioactive peptides from various food proteins. This 
enables the enrichment of selected foods with bioac-
tive peptides or the development of new functional 
foods. Although a large number of physiological ef-
fects of bioactive peptides have been described in 
vitro assays, no clinical studies involving humans 
have been performed yet, with the exception of those 
on ACE-inhibitory peptides from milk proteins. For 
this reason, randomized controlled trials are needed in 
order to evaluate the health potential of bioactive pep-
tides and proteins in the diet. Bioactive peptides are 
ubiquitous biomolecules widely abundant and easily 
obtainable from food proteins. There is no limit there-
fore to the number of peptides that can be obtained 
from a single food protein. Each of these peptides may 
present unique structure and biofunctionalities that 
can be exploited in the pharmaceutical industry. As 
research continues to uncover technologies and means 
to overcome challenges to the use of peptide therapeu-
tics,the prospects of food-derived bioactive peptides 
will likely fuel in the pharmaceutical on exodus from 
small molecules and biologics to bioactive peptides.  

It  is  assumed  that  much  attention  has  been  paid  
recently  by researchers  toward  marine  compounds  
as  the  safe  and  efficient agents  in  prevention  or  
treatment  of  chronic  diseases.  Consequently,  a  
large  number  of  bioactive  agents  from  marine  
organisms have  been  identified  based  on  the  spe-
cific  assay  system  or  screening  approach.  Interes-
tingly,  marine  peptides  have  been  found  due to  
their  various  biological  activities  and  health  bene-
ficial  effects. Moreover,  the  extensive  studies  ma-
rine  organisms-derived  peptides  will  contribute to  
the  generation  of  novel  functional  food as  well  as  
pharmaceutical  products. 
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