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Summary

metabolic activities are important characteristics of probiotic lactic

Viability and
microorganisms. They give rise to therapeutic benefits as well as increase physiological activity
of cultured products through liberation of a number of bioactive peptide. The main focus of this
project was to assess the performance of lactic cultures as single strain starters and in mixed
strain in regard to viability, metabolic activity and ability to produce bioactive compounds. For
this, five lactic cultures namely, Lb. casei, Lb rhamnosus, Lb. delbrueckii ssp. Bulgaricus, S.
thermophilus and Lb. helveticus were assessed for their performance in skimmed milk as
fermentation media. The fermentation was carried out for different time intervals of 6h upto 24 h
to achieve maximum free amino acid content and proteolysis. Most of the lactic cultures attained
the similar growth pattern, the cfu counts ranging from 103-10%fu/ml with a pH drop of 2.0 and
acidity in range of 0.7-0.8% (lactic acid equivalent), except Lb rhamnosus which was found to be
weak acid producer. The yoghurt starter (Lb. delbrueckii ssp bulgaricus and S.thermophilus) in
combination of 1:1 were found be the fastest acid producer with maximum proteolysis
(255pg/ml of serine equivalent). The skimmed milk hydrolysate obtained via fermentation of
yoghurt starter showed the highest radical scavenging activity (44%) as estimated by DPPH
method. The fraction also possess antidiabetic potential when assessed by inhibition of o -
amylase (48%). Most of the skimmed milk hydrolysate possessed antibacterial activity against

Gram positive bacteria.

uphaseb %Wo} /éméj"

Subhanshi Agarwal Dr. Gunjan Goel
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The role of proteins as physiologically active components in the diet is being increasingly
acknowledged. Many of the proteins that occur naturally in raw food materials exert their
physiological action either directly or upon enzymatic hydrolysis in vitro or in vivo. In recent
years it has been recognized that dietary proteins provide a rich source of biologically active
peptides. Such peptides are inactive within the sequence of the parent protein and can be released
- in three ways: (a) through hydrolysis by digestive enzymes, (b) through hydrolysis by proteolytic
microorganisms and (c) through the action of proteolytic enzymes derived from microorganisms

or plants.

Bioactive peptides generally consist of between 3 and 20 amino acids and are encrypted within
the primary structure of a dietary protein. It is now well established that physiologically active
peptides are produced from several food proteins during gastrointestinal digestion and

fermentation of food materials with lactic acid bacteria.

Bioactive peptides have been defined as specific protein fragments that have a positive impact on

body functions or conditions and may ultimately influence health. Upon oral administration,

—

bioactive peptides, may affect the major body systems— namely, the cardiovascular, digestive,

———

immune and nervous systems depending on their amino acid sequence. For this reason, the
potential of distinct dietary peptide sequences to promote human health by reducing the risk of
chronic disecases or boosting natural immune protection has aroused a lot of scientific interest

over the past few years.

These beneficial health effects may be attributed to numerous known peptide sequences
exhibiting, e.g., antimicrobial, antioxidative, antithrombotic, antihypertensive and
immunomodulatory activities. The activity 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 reveal multifunctional properties.

Today, 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.

Increased public consciousness of diet related health issues has resulted in a consumers’
orientation towards healthy foods. Numerous scientific studies have confirmed that many chronic

SubhanshiAgarwal 091558 & Neha Sharma 091562 Page 2
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~ cancer, coronary heart diseases and hypertension are linked to
181 :

s some reported that milk and other dairy products have long been

/ / 01‘ﬁ " _onent of a balanced diet. Milk is a natural source which contains

/ ,1‘/ {;-f’ aﬁ pio Jogically active compounds with potential health.
I

e f! / ﬂ{l reported that individuals who constantly consumed milk were
iﬁ J° peart attack than those who did not .Similarly some other studies

0 Oﬂsumed dairy products had a lower incidence of diabetes type II.

T
Q

g en recognized as one of the most significant sources of bioactive
e

' ;,-j / /l"ﬁ, V‘/ith potent physiological activities may be liberated from milk
1) § olytic enzymes in the gut and thus influence the major body’s

/" e
/0

> FVOUS, digestive, cardiovascular and immune systems .

/" 4! s Olated from many protein sources such as soy proteins, gelatine,

,/’ I jIK proteins appear to be the most important sources of bioactive

/f

. / / f/l and whey proteins. Caseins and whey proteins comprise
. / y ;{’9( 65pectively, of total milk proteins. Numerous health advantages

s K is an excellent source of highly valuable proteins which are in
1

/ / 9 e peptides have been claimed for commercial interests in the
/ // ﬁti

g,functional foods defined bioactive peptides as substances that

)

11117
/ /// ;{,1 o8 of the body functions with beneficial effects.

: 4 /
iy

/ n mainly stems from two important properties: rapid utilization
4 : ;
/ 45’ to fast acidification of milk as growth medium, and highly

/
/

ost important starter cultures used in traditional fermented milk

/) ;’ﬂ oapable of supplying essential amino acids required by a fast
// A - £ small and oligo-peptides with different physiological functions
/ (eins through microbial proteolysis and has been well recognized
§ Oientiﬁc studies have confirmed 16 L. helveticus strains, in

dtihypertensive peptides from milk proteins, including Val-Pro-
¥




Pr ) and Ile-Pro-Pro (IPP) with demonstrated in vivo antihypertensive activity in a rat

nd human studies. However limited work has been done on yoghurt starters.

) o re, this investigation was carried out with following objectives:

ﬂf Optimization of fermentation of skimmed milk with different lactic cultures

,f f 17 Functionai attributes of skimmed milk hydrolysate.

9)
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CHAPTER 2

Literature Review

|
ll
SubhanshiAgarwal 091558 & Neha Sharma 091562 Page 5 i




2.1. Bioactive peptides

2.1.1. Definition

Accordingly to a widely shared definition, a bioactive dietary substance is "a food component
that can affect biological processes or substrates and, hence, have an impact on body function or

condition and ultimately health".

Bioactive peptides have been defined as specific protein fragments that have a positive impact on
body functions or conditions and may ultimately influence health. Upon oral administration,
bioactive peptides, may affect the major body systems namely cardiovascular, digestive, immune
and nervous systems. The beneficial health effects may be classified as antimicrobial, ant
oxidative, antithrombotic, antihypertensive, antimicrobial or immunomodulatory. The activity of
these bifunctional peptides is based on their inherent amino acid composition and sequence. The

size of active sequences may vary from 2-20 amino acid residues.
2.2. Mechanisms of production of bioactive peptides

Milk-derived bioactive peptides, and more generally food bioactive peptides, are usually
composed of 2-20 amino acids and become active only when they are released from the

precursor protein where they are encrypted.

Different mechanisms can release the encrypted bioactive peptides from the precursor proteins:
(a) enzymatic hydrolysis by digestive enzymes

(b) food processing and

(c) proteolysis by enzymes derived from microorganisms or plants.

2:2.1. Bioactive peptides produced by Enzymatic hydrolysis

Bioactive peptides may be released in vivo during gastrointestinal digestion. These bioactive
peptides are mostly the result of the degradation of casein with several proteases such as pepsin,
trypsin or chymotrypsin. The peptide products resulting from milk proteins digestion with site-

specific pancreatic proteases, such as trypsin or chymotrypsin are well investigated.

SubhanshiAgarwal 091558 & Neha Sharma 091562 Page 6
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PROBIOTIC

| LAGTIC ACID BACTERIA MILK
' Fermentation
[ FERMENTED MILK |
LIVE BACTERIA BIOACTIVE PEPTIDES
AND BACTERIAL AND
CELL COMPONENTS AMINO ACIDS
Modulation of Effects on cardiovascular,
RUDMOCOBRUEE" - | = =+ o === » = = endocrine, immune and
microflora and nervous system and
immune system nutrient utilization

Fig.2.1 Bioactf&e peptides production by Fermentation.

The cleavage of latent bioactive peptides from milk proteins normally occurs during digestion by
pepsin and pancreatic enzymes (trypsin, chymotrypsin, carboxy and amino peptidases),
producing active peptide fragments in the gastrointestinal tract of the milk-consuming individual.
The physiological effects of bioactive peptides depend on their ability to reach their target sites

intact, which may involve absorption through the intestinal epithelium prior to travel to the

any of the known bioactive peptides have been produced in vitro using gastrointestinal
~enzymes, usually pepsin and trypsin. ACE-inhibitory peptides and CPPs, for example, are most
commonly produced by trypsin. Other digestive enzymes and different enzyme combinations of
* proteinases including alcalase, chymotrypsin, pancreatin, pepsin and thermolysin as well as
'enzymes from bacterial and fungal sources have also been utilized to generate bioactive peptides

- from various proteins.

Wﬁ.
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eu2: Bioactive peptides produced by Food Processing

The structural and chemical changes that occur during the processing of food proteins may result
in the release of bioactive peptides. In particular, heat and/or alkali treatment can generate
additional inter-and intramolecular covalent bonds that are resistant to hydrolysis. Such
processing conditions also promote the racemic conversion of L-amino acids to D-isomers and
consequently, lead to indigestible peptide bonds. The potential formation of indigestible peptide
sequences during food processing is noteworthy, because this may promote both formation and
absorption of bioactive peptides that do not occur naturally in the precursor protein. Such

bioactive peptides can be generated during manufacture of several milk products and may thus
be ingested as food components.

For example, partially hydrolyzed milk proteins for hypoallergenic infant formulae and for
clinical applications in nutrition consist exclusively of peptides and contain bioactive peptides. ‘
Cheese contains phosphopeptides as natural constituents and secondary proteolysis during cheese

ripening leads to formation of various ACE inhibitory peptides.

2,23, Bioactive Peptides produced by Microbial fermentation

Many industrially utilized dairy starter cultures are proteolytic to some extent. Bioactive peptides
can, thus, be generated by the proteolytic activities of the strains of starter and non-starter
- bacteria e.g. Lactobacillus helveticus, Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus

plantarum, Lactobacillus ~ rhamnosus, Lactobacillus ~ acidophilus,  Lactococcus  lactis,

Streptococcus thermophilus and Lactobacillus casei used in the manufacture of fermented dairy

products. The proteolytic system of lactic acid bacteria (LAB) is well characterized. This system

consists of a cell wall-bound proteinase and a number of distinct intracellular peptidases,

|

including endopeptidases, aminopeptidases, tripeptidases and dipeptidases. Extracellular ‘
proteinases cause degradation of casein into oligopeptides. The longer chain oligopeptides may i
|

i | it i

be-a-source of bioactive peptides when further degraded by intraceltular peptidases of lysed-

- lactic acid bacteria. }

i The single most effective way to increase the concentration of bioactive peptides in fermented
i dairy products is to ferment or co-ferment with highly proteolytic strains of LAB. The choice of

w
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strains influences the release of effective bioactive peptides. The strain should not be too
proteolytic otherwise the product will be destroyed and must have the right specificity to give
high concentrations of active peptides. Various bioactive peptides including ACE-inhibitory or
Antihypertensive peptides, Anti-diabetic, Immunomodulatory, Antioxidative and Antimicrobial
peptides have been released from milk proteins through microbial proteolysis .The best known
ACE-inhibitory peptides, Val-Pro-Pro (VPP) and Ile-Pro-Pro (IPP), have been identified in milk
fermented with strains of Lb. helveticus and Saccharomyces cerevisiae. In addition to live

microorganisms, proteolytic enzymes isolated from LAB have been successfully employed to

release bioactive peptides from milk proteins.

2.3. Sources of Bioactive peptides

2.3.1. Milk

Milk is an excellent source of well balanced nutrients and also exhibits a range of biological
activities that influence digestion, metabolic responses to absorbed nutrients, growth and
development of specific organs, and resistance to disease. These biological activities are mainly
due to the peptides and proteins in milk. However, some of the biological activity of milk protein
components is latent, and is released only upon proteolysis action. Bioactive peptides are
produced during digestion of milk in the gastrointestinal tract, and also during fermentation and

food processing.

Milk is a rich source of protein. Casein and whey proteins are the two main protein groups in
milk, caseins comprises about 80 percent of the total protein content in bovine milk and are
divided into a-, B- and «k-caseins. Whey protein is composed of f-lactoglobulin, a-
lactalbumin, immunoglobulins (IgGs), glycomacropeptides, bovine serum albumin, and minor
proteins such as lactoperoxidase, lysozyme and lactoferrin. Each of the subfractions found in
casein or whey has its own unique biological properties. Milk proteins can be degraded into
UmCrous peptide fragments by enzymatic proteolysis and serve as source of bioactive peptides.
It has been well established that a number of Lactobacillus sp. grow well in skim milk (Gilbert et
al,, 1996)

Sy e R
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the proteolytic activity of starter cultures. As a result, peptides with various bioactivities can be
found in the end-products, such as various cheeses and fermented milks. These traditional dairy

|

|

|

[t is now well documented that bioactive peptides can be generated during milk fermentation by
|

|

l

products may under certain conditions have specific health effects when ingested as part of the '
: |

daily diet. |
|

Table 2.1 Examples of the identified bioactive peptides in fermented milk and their

corresponding physiological activity

Micro-organisms used Precursor Peptide Bioactivity References
proteins sequence
Lb. helveticus Beta-cn Lys-Val-Leu- | ACE Maeno et al
Pro-Val-Pro- | inhibitory (1996)
(Glu)
Lb.helveticus Whey Try-Pro ACE Yamamomoto et
proteins inhibitory al. (1999) |
Lb. delbrueckii | Beta-cn Ser-Lys-Val- | ACE Ashar and Chand |
subsp.bulgaricus Tyr-Pro-Phe- | inhibitory (2004) i
Pro-Gly-Pro- |
Ile /!
Streptococcus Beta-cn Ser-Lys-Val- | ACE Pan et al. (2004)
thermophilus+Lc. lactis Tyr-Pro inhibitory
subsp.lactis
biovar.diacetylactis

References: Korhone & Pihlanto. Bioactive peptides: Production and functionality (2006).

Table 2.2 Occurrence of peptides in fermented milk products:

Product Examples of identified | Bioactivity References
bioactive peptides
Sour milk b-cn {7476, f(84-86), k-cn | Antihypertensive Nakamura et al
f(108—111) (1995)
Emmental Active peptides not identified | ACE inhibitory Parrot et al. (2003)
Fermented _ |
milks ' i
| Yoghurt Active peptides not identified | Weak ACE- | Meisel et al. (1997) '
inhibitory |
Dahj Ser-Lys-Val-Tyr-Pro ACE inhibitory Ashar and Chand
(2004)
Gouda asl-cn f{1-9), b-cn f{60-68) | ACE inhibitory Saito et al. (2000) |

Refi Korhone & Pihlanto. Bioactive peptides: Production and functionality. (2006)

SubhanshiAgarwal 091558 & Neha Sharma 091562 Page 10




The occurrence of various bioactive peptides in fermented milks, e.g. yoghurt, sour milk and
«“Dahi’’, has been reported in many studies, as shown in Table 2. ACE inhibitory,
immunomodulatory and opioid peptides, have been found in yoghurt and in milk fermented with
a probiotic Lb. caseissp. rhamnosus strain. Most studies have employed strongly proteolytic Lb.
helveticus strains for the production of antihypertensive peptides in fermented milk products . At
present, at least two fermented sour-milk products containing the ACE-inhibitory tripeptides

VPP and IPP have been launched commercially in Japan and Finland, respectively.

Table 2.3 Commercial dairy products with health or function claims based on bioactive

peptides.
Brand Claimed functional bioactive | Health/function Manufacturers
name peptides claims
Calpis Val-Pro-Pro, Ile-Pro- | Reduction of blood | Calpis Co.
Pro,derived from b-casein and | pressure Japan
k-casein
BioZate b-lactoglobulin fragments Reduction of blood | Davisco, USA
pressure
Cl12 Casein derived peptide Reduction of blood | MV International,
Pressure Netherlands
Vivin Whey derived peptide Aids relaxation and | Borculo Domo
Alpha sleep Ingredients, Netherland

Ref: Korhone & Pihlanto. Bioactive peptides: Production and functionality (2006).

The Japanese product ‘“‘Calpis’ is fermented with a culture containing Lb. helveticus and
S.cerevisiae and the Finish product ‘‘Evolus’ contains the same tripeptides produced by
Lb.helveticus. In animal model studies, single oral administration of these products has been
shown to have an antihypertensive effect and ““Evolus’* has also been demonstrated to prevent

the development of hypertension.

An increasing number of ingredients' containing specific bioactive peptides based on casein or
whey protein hydrolysates have been launched on the market within the past few years or are
currently under development by international food companies. Such peptides possess

anticarcinogenic , antihypertensive , mineral-binding and stress-relieving properties.

SubhanshiAgarwal 091558 & Neha Sharma 091562 Page 11




253105 Soybeans

Soybean-based foods contain an array of biologically active compounds that can confer
important health benefits such as antioxidant effects (Setchell, 1998; Tsai & Huang, 1999).
These phytochemicals include saponins, phytates, protease inhibitors, phenolic acids, and
lecithin, all known for their anticancer potential (Cohen et al,, 2000; Messina & Flickinger,
2002); phytosterols, which have hypocholesterolemic effects; isoflavones, which are known for
several health benefits (Fukui et al., 2002); and omega-3 fatty acids, which have well recognized

© cardioprotective effects. Among these compounds, isoflavones have attracted the most attention.

The proteins -conglycinin (7S globulin) and glycinin (118 globulin) constitute up to 90% of the
total soy protein (Gianazza et al., 2003). Evaluation of these dietary proteins is very interesting

' because their hydrolysis by proteases produces peptides with biological activities.

Soybean, an important source of food proteins, has received increasing interest from the public
because of its reported health benefits. These health benefits are attributed to its components,
including isoflavones, saponins, proteins, and peptides. Lunasin, Bowman-Birk inhibitor, lectin,

and 3-conglycinin are some of the biologically active peptides and proteins found in soybean.

Hydrolysates of soy proteins contain antioxidant peptides (Chen et al., 1998). These peptides
show high activity against the peroxidation of linoleic acid, paraquat-induced oxidative stress in
rats, and scavenging effects on peroxynitrite, active oxygen, and free radical species (Takenaka

et al,, 2003). They may thercfore help prevent some free radical-related diseases.

Soybean is a valuable source of inhibitors of the angiotensin-converting enzyme (Ahn et
al.,2000; Shin et al., 2001). Inhibitors of this enzyme are now widely used as antihypertensive
agents, causing a fall in blood pressure comparable to that produced by thiazides, and calcium
antagonists (Pool et al., 1989). Many peptides isolated by the hydrolysis of food proteins have
nhibitory activity against the enzyme and reduce blood pressure after oral administration (Ahn
“ctal;2000; Je et al., 2004; Yamamoto, 1997). Daily use of food with such peptides may be

effective in maintaining blood pressure at the normal level.
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2.3.3. Fish

The muscles, skeleton, skin, and internal organs of fish can be used as a source of biologically

active peptides. Enzymatic hydrolysis of these materials can provide biologically active peptides
 with different physicochemical properties. These peptides can demonstrate antihypertensive,
anticoagulant, immunomodulative, antioxidant, and other pharmacological properties.

Peptides extracted from the protein hydrolyzate of walleye pollock (Therragra chalcogramma)
skeleton were shown to significantly inhibit the effects of the angiotensin I converting enzyme
(ACE). An enzymatic hydrolysis of the fillet of the Pacific hake, Merluccius productus, using
Protamex protease yields a protein hydrolyzate that has an inhibitive activity against ACE in
vitro. An enzymatic alkaline hydrolysis of proteins from fillets of catfish yielded several
fractions of hydrolyzates with different degree of hydrolysis. The anticoagulant and
antithrombotic effects of fish protein hydrolyzates found in experiments in vitro indicated that

the fish peptides may affect blood coagulation at the stage of the activation of the coagulation

pathway .

A peptide fraction with a molecular weight of approximately 10 kDa isolated from the protein
hydrolyzate of cod skeletons demonstrated high antioxidative activity. Antiskeletons of yellow

fin sole, Limanda aspera ,tuna and the hoki, Johnius belengerii.
2.4. Properties of lactic acid bacteria

The lactic acid bacteria are defined as Gram-positive cocei or rods with a low-GC. These are
acid-tolerant, generally non-spore forming bacteria and associated by their common metabolic
and physiological characteristics. Furthermore, LAB can be found in spoiling plants and lactic
products which produce lactic acid as the major metabolic end product as a result of
carbohydrate fermentation. Several strains of LAB produce proteinaceous bacteriocins that

create an additional hurdle for spoilage and pathogenic microorganisms.

Moreover, it seems that lactic acid and other metabolic activity products contribute to the
organoleptic and textural profile of a food item. Due to their ubiquitous presence in fermented
foods and their contribution to the intestinal microflora of human mucosal surfaces, the industrial

importance of the LAB is more manifested by their generally recognized as safe (GRAS) status.
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The genera that comprise the LAB are at its core Lactobacillus, Leuconostoc, Pediococcus,
Lactococcus, and Streptococciis as well as the more peripheral Aerococcus, Carnobacterium,
FEnterococcus, Oenococcus, Sporolactobacillus, Tetragenococcus, Vagococcus, and Weisella;

these belong to the order Lactobaciliales (Sonomoto, 2011).

Two main pathways for hexose fermentation have been used to classify LAB genera. Under
certain conditions (excess glucose and limited oxygen), homolactic LAB catabolize one mole of
glucose in the Embden-Meyerhof-Parnas path to produce two moles of pyruvate. Intracellular
redox balance can be maintained through the oxidation of NADH, associated with pyruvate
reduction to produce lactic acid. This process yields two moles of ATP per 33 mole of glucose
consumed. Representative homolactic LAB genera include Lactococcus, Enterococcus,

Streptococcus, Pediococcus.

Heterofermentative LAB use the second pathway which is called pentose phosphoketolase
pathway. In this pathway, one mole of glucose-6-phosphate is initially dehydrogenated to 6-
phosphogluconate and afterward decarboxylated to yield one mole of CO2. Pentose-5-phosphate
formed is split into one mole glyceraldehyde phosphate (GAP) and one mole acetyl phosphate.
GAP also subjected to further metabolized to lactate as in homofermentation, with the acetyl
phosphate reduced to ethanol via acetyl-CoA and acetaldehyde intermediates. In theory, end-
products (including ATP) are producéd in equimolar quantities from the catabolism of one mole
of glucose. Obligate heterofermentative LAB include Leuconostoc, Oenococcus, Weissella

(Sonomoto, 2011).
2.5. Proteolytic activity of LAB

Lactic acid bacteria isolated from fermented dairy products, need from 4 up to 14 amino acids
for growth depending on the strain (Chopin, 1993). It has been confirmed that the quantity of
free amino acids and short peptides in milk is very low. Therefore, LAB use developed
—Proteolytic-system allowingfor-degradation-of -milk-proteinsfor-their growth (Juillard et al.,
1995b). Caseins are composed of all amino acids required for the growth of 37 lactic acid

bacteria in milk to high cell density. Nevertheless, only less than 1% of the total casein
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constituents, is actually required (Kunji et al., 1996). It has been well established that a number

of Lactobacillus sp. grow well in skim milk (Gilbert et al., 1996b).

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, 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 (Savijoki et al., 2006). Milk proteins during fermentation are subjected
to slight proteolytic degradation resulting in a number of potentially bioactive peptides which

may vary between 2-20 amino acid residues.

Lactobacillus helveticus have been especially reported as a species with very high proteolytic

and peptidolytic activity in comparison to other LAB strains presumably due to the structure of

N
their proteolytic system consisting of proteases, peptidases and a transport system. )
i
2.6. Physiological functions of dairy derived bioactive peptides !
4
/

Fermented dairy foods, in addition to providing energy and nutrients, also are a source of
physiologically important peptides that have a positive impact on body’s functions. These
potential health benefits may be due to the production of microbial metabolites, such as cell wall
components (Nakajima et al., 1995), bacteriocins (Hernandez et al., 2005) and the hydrolysis of
cell-free extracts containing proteinase and peptidase activities on milk proteins substrates (Pan

et al., 2005).

They have been found to have specific activities, such as antihypertensive, antioxidative,

antimicrobial, immunomodulatory, opiod or mineral-binding activities.

Fitzgerald and Meisel (2003) reported that some of the well-recognized activities of known
bioactive peptides are antihypertensive and immunomodulatory activities. Moreover, risks of
acquiring some of chronic diseases and metabolic disorders that are associated with unbalanced
diet may be reduced by consumption of fermented dairy products. Some of the explored risk

lowering effects involved cancer, osteoporosis, coronary heart diseases, hypertension and

obesity.
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due to vasoconstricting action . Inhibition of ACE exerts an antihypertensive effect through a

decrease of angiotensin II and an increase of bradykinin.

The primary structural feature governing this inhibitory response is the C-terminal tripeptide
sequence and thus these peptides may interact with subsites at the active site of ACE (Hong et
al., 2008). ACE preferentially interacts with substrates and inhibitors containing hydrophobic
amino acid residues in the three C-terminal positions (Cheung et al., 1980). The positive charge
of Arg or the e-amino group of Lys at the C-terminus has also been shown to contribute to the

ACE-inhibitory potential of several peptides (Cheung et al., 1980).

Lactic acid bacteria possess the proteolytic system that hydrolyses milk proteins which present a

potential for release of ACE-inhibitory peptides (Yamamoto et al., 1993).
2.6.3. Anti-Oxidative Peptides

Antioxidant activity of bioactive peptides can be attributed to their radical scavenging, inhibition
of lipid peroxidation and metal ion chelation properties of peptides. It also has been proposed

|
that peptide structure and its amino acid sequence can affect its antioxidative properties. |

Antioxidants may function by preventing the formation of radicals or by scavenging radicals or
hydrogen peroxide and other peroxides. Milk contains several antioxidant factors, like vitamins
and enzymes. Peptides generated from the digestion of milk proteins are reported to have
antioxidative activities. Milk-derived antioxidative peptides are composed of 511 amino acids
including hydrophobic amino acids, proline, histidine, tyrosine or tryptophan in the sequence.
Antioxidant activity of the hydrolysates seems to be inherent to the characteristic amino acid

sequences ol peptides derived, depending on the protease specificity.

Oxidative metabolism is crucial for the survival of human cells (Pihlanto, 2006a). However, the
risk associated with this activity is that the production of free radicals may cause oxidative
changes. Free radicals have also been linked with many other pathological conditions such as
atherosclerosis, diabetes, rheumatoid arthritis. Inhibition of the free radicals formed in the living

body and foodstuff is an important way to protect body from these serious diseases.

Many artificial antioxidative agents are prohibited in some countries because of the risk

associated with their consumption (Pihlanto, 2006). Peptide produced from f#-casein f(177-183),

T T S T T S T I S B T T T T o B 0 oty
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for example, which known asACE-I, it has been reported to have antioxidant activity .
Furthermore, a potent antioxidant activity was found in the peptide Tyr—Phe—Tyr—Glu-Pro—Leu.
Casein hydrolysates were reported to have higher concentration of histidine, lysine, proline and
sine, which are able to react with free radical and serve as scavengers (Suetsuna et al., 2000).

tyro
However, few antioxidant peptides have been observed in microbial fermented milk.

2.6.4. Anti-Diabetic peptides

From time to time, research suggests that consumption of milk and dairy products may help
prevent weight gain or obesity or even prevent type 2 diabetes. Whey protein accounts for 30
percent of total protein in milk and the remaining 70 percent is casein. Whey protein isolate and

whey protein concentrates are commonly used by bodybuilders.

Recent studies have shown whey protein has beneficial insulin otropic and glucose-lowering

properties in both healthy and type 2 diabetes individuals.

Whey protein releases bioactive peptides and amino acids upon being digested in the
gastrointestinal tract. These amino acids and peptides promote the release of several gut
hormones including cholecystokinin, peptide YY and the incretins gastric inhibitory peptide, and
glucagon-like peptide 1 that potentiate insulin secretion from f-cells and are linked with

regulation of food intake.

Additionally, these whey protein derived bioactive peptides may also function as endogenous
inhibitors of dipeptidyl peptidase-4 (DPP-4) in the proximal gut, preventing incretin degradation,

which is good for type 2 diabetes management.

Whey protein in forms of whey protein hydrolysates and whey protein concentrate is available as
a dietary supplement. In addition to their potential benefits for people with type 2 diabetes, these
Products can help maintain muscle health including help repair muscle damage induced during
physical exercise. For individuals who do not use animal products yet want to maintain muscle

health, they may use supplements of branched chain amino acids, leucine, isoleucine and valine.

These amino acids are helpful when a person uses a protein-restricted diet.( Journal of

Nutritional Biochemistry, published online Sept 2012).

e S L e
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2.7. Bioactive peptides: Current status in India

Tﬁe Fermented dairy products (FDP) at National Dairy Research Institute has extablished
antifungal peptides from fermented milk using lactic cultures. FDP laboratory is also engaged in
production of antimicrobial bioactive peptides from milk whey & casein, imparts training to
entrepreneurs as well as provides consultancy to dairy industries through Consultancy Cell of the
[nstitute. Work has also being done at SRM University on isolation, identification and
characterization of bioactive peptides and determination of its gastroprotective,
immunomodulatory and anti-genotoxic activities. The milk was fermented with Lactobacillus
acidophilus, Lactobacillus ~ bulgaricus to obtain Casein Phosphopeptide (CPP) with
gastroprotective, immunomodulatory and anti-genotoxic activity. At CFTRI,Mysore, the
research is on progress on stabilization of peptides in cosolvents. Two peptides with
multifunctional properties from alpha (S2)-casein were stabilized in presence of cosolvents for
their biological activities like ACE inhibition activity and antioxidant activity. These bioactive
peptides in cosolvents were also thermostable. Infra red spectra of peptides in cosolvents reveal
no change in the secondary structure in presence of cosolvents. Correlation between sequence,
structure and composition of peptides on biological activities were studied. Another group at
Sardar vallabh bhai patel university of agriculture and technology , Meerut (U.P.). are working
on In silico study for prediction of structures of bioactive peptides by using homology approach
and different bioinformatics tools as Basic Local Alignment Search Tool (BLAST) Swiss Model
workspace repository and template were applied. The homology model comprises four main
steps find out the homology model against query protein identification of structural template(s)
alignment of target sequence and template structure(s) model building and model quality
evaluation. The feasible structures of antimicrobial antithrombotic casein derived

immunomodulatory and mineral binding peptides were designed.

2.8. Future perspectives for bioactive peptides

Fermented dairy products and other foods containing bioactive peptides would appear to have
the potential to offer specific health benefits to consumers. While there is a need for further basic

rescarch to clarify why these peptides have physiological effects, commercial products

W
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containing bioactive peptides are now commercially available. Food and pharmaceutical
companies are actively considering how to exploit bioactive peptides in both human nutrition

and in health promotion.

Bioactive peptide preparations have the potential to be used in the formulation of functional
foods, cosmetics and as potent drugs having well defined pharmacological effects. With the rise
of consumer concerns about the deleterious effects of chemical preservatives and the increasing
preference for natural components, milk derived bioactive substances may have value in food
preservation and nutraceuticals. Application of enrichment protocols such as membrane
processing and chromatographic isolation may also be an area of future interest in the extraction
of potent biofunctional peptides from fermented dairy products and their subsequent utilization
as functional food ingredients. Molecular studies are required to study the mechanisms by which
the bioactive peptides exert their activities. Ultimately this research may be helpful in

y
understanding, preventing and treating life-style related diseases such as cardiovascular disease, |
cancers, osteoporosis, stress and obesity. \

F‘

2.8.1. Food and pharmaceutical companies

There is a mounting worldwide interest in the therapeutic potential of bioactive peptides.
Bioactive peptides trigger certain useful functionalities such as antioxidative, antimicrobial,
antihypertensive, and immunomodulatory activities in the living body system. With the needed
research and development, there exist enormous opportunities to effectively harness these
diverse functionalities of bioactive peptides for the treatment and prevention of different medical
conditions, and this can be a profitable commercial focal point of operation for the production of

novel blockbuster products in biopharmaceutical manufacturing industries.
2.8.2. Formulation of functional foods, and nutraceutical

Functional foods and nutraceuticals provide an opportunity to improve the human health and
reduce health care costs. The phrase "Let food be the medicine and medicine be the food,"
coined by Hippocrates is receiving a lot of interest today as food scientists and consumers realize

the many health benefits of certain foods. The challenges and opportunities, motivating the

W
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development and regulations of functional foods and nutraceuticals. The examples of the
functional foods and nutraceuticals and their health benefits, like probiotics and prebiotics,

proteins and peptides.
2.8.3. Formulations in cosmetic industry

Recent studies have shown that peptides with antioxidative properties can be released from

caseins by hydrolysis with digestive enzymes and by proteolytic LAB in fermented milks

(Korhonen and Pihlanto, 2003a). Most these were derived from os-casein and have been shown |
to possess free radical-scavenging activities and to inhibit enzymatic and non-enzymatic lipid
peroxidation . In the future, antioxidative peptides may find applications as ingredients in
different fields, e.g. in the prevention of oxidation in fat-containing foodstuffs, cosmetics and ‘
pharmaceuticals. More research is needed to demonstrate if peptides produced during

fermentation can prevent oxidative damage in vivo .
2.8.4. Food preservation Il

Food safety is a growing concern of great importance worldwide. The consumption of processed f
foods with chemical preservatives has led to increased consumer concern and the demand for
more natural and minimally processed foods. As a result, researchers have shown a growing
interest in natural antimicrobial agents such as certain peptides. Peptides with antimicrobial
properties are used as the first chemical barrier against microbial attack, being synthesized in
response to bacterial infections. They are produced by almost all species of life, from

microorganisms, plants and animals, to humans (St Georgiev 1990; Hancock and Diamond

2000). In animals, antimicrobial peptides are produced mainly in those tissues exposed to
adverse conditions such as skin, eyes, and lungs, which are more likely to be in contact with
microorganisms (Zasloff 2002; Papo and Shai 2003). Antimicrobial peptides have found many
applications, including those in biomedical devices, food processing equipment, and food
~—— 1 preservation. In food preservation, peptides can be incorporated into materials to create
antimicrobial packaging (Appendini and Hotchkiss 2002). In this way, antimicrobial packaging
plays an important role in maintaining the safety and quality of food, since the aim is to prolong

food shelf life and to reduce bacterial growth on the product surface (Soares and others 2009a).
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CHAPTER 3

Materials and Methods
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Chemicals

3,1 T decyl sulphate (SDS) , Di-Sodium tetra decahydrate, O- phthalaldehyde, Serine,
odjtl ol Sodium bi-carbonate, Sodium Potassium tartarate, Copper sulphate, Folin &
I ]
d ot s phenol reagent, Bovine serum albumin, Casein enzyme hydrolysate , Sodium acetate,
U

e acl'd’ Tween 80, 2,3,5triphenyltetrazolium chloride, Crystal violet solution, Grams

5} . med milk was obtained from Shimla market. The pure lactic cultures were obtained

i
sk Microbioiogy lab, JUIT. Following strains were used:

gpmcoccus thermophilus (NCDC-144 )
tr

¢ : obacfllus helveticus, (NCDC-292)
pe
4 mbacilfus delbrueckii ssp. bulgaricus , (NCDC-144)
pae
. mbacillus rhamnosus, (MTCC-1408)
ac

tobacillus casei (MTCC-1423)

[4

e

! jurt culture. (NCDC 144) were obtained from National Collection of Dairy Culture,
0,

¢ Ialrllal
Maintenance of lactic culture

gltures were maintained by inoculating each culture individually in MRS broth and
c

"tlcbat od at 37°C for 24 hrs.
u
,ﬂﬁ

Preparation of chalk litmus milk
4 milk tubes were prepared by adding a pinch of calcium carbonate and litmus to 20

U
litrﬂ 1‘11 od milk. The tubes were then sterilized at 121°C for 15 min and kept at 4°C until
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3.3.2  Propagation of cultures
An aliquot of inoculums (50ul) of lactic culture and yoghurt culture was added to 20ml of
sterilized skimmed milk and incubated for 24hr at 37°C. After incubation the tubes were checked

for setting of the curd and presence of any gas (indicates contamination).

3.3.3 Confirmation of lactic cultures by microscopy

A drop of curd/fermented milk was spread on slide and stained following the procedure of

Grams stain and observed at 100x under microscope.

3.4 Optimization of fermentation of milk

The optimization of fermentation of milk to achieve maximum proteolysis was done in three test
tubes of skimmed milk (20 ml each). The tubes were inoculated with respective lactic cultures
and incubated at 37° C for different time intervals. The incubated tubes were observed at 6, 12
and 24 h for pH , titratable acidity, wheying off, total protein content and degree of hydrolysis as

per the methods described below.

3.5 Preparation of fermented milk

A 100ml of skimmed milk was added in flask and sterilized at 121°C at 37°C for 15 minutes. The
flasks were inoculated with different lactic cultures and yoghurt cultures (Lb. delbrueckii ssp.
bulgaricus and S.thermophilus, 1:1) individually and were incubated for 24 and 4 hrs

respectively at 37°C .
3.6  Processing of fermented milk

Yoghurt and Fermented milk were taken and centrifugation was done at 7000rpm for 15 min.

The supernatant of the samples was taken and lyophilized to obtain powdered form.
3.7  Analysis

3._7.1 pH :-pH of yoghurt (1% & 2%) and fermented milk was estimated with help of pH

meter .

8.7.2 Acidity:-Acidity of the samples were estimated by adding few drops of phenolphthalein
to yoghurt (1% & 2%) and fermented milk samples and titrated against 0.1N NaOH .

e e S s
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3.7.3 Estimation of Protein content (Lowry’s assay):-

Standard —-BSA(1mg/ml)

0.2, 0.4, 0.6, 0.8 and 1mL of the working standard was pipetted into

a series of test tube. Preparation of lyophilized sample was done by taking

Img of sample in 1 ml of distilled water and dilutions were made (1/10, 1/50, 1/100).
5ml of alkaline solution was added and vortexed it and kept at 37°Cfor 15 mins.

0.5 ml of folin phenol reagent (1N) was added and incubated it for 30 min in dark
and absorbance was taken at 750nm.

Sample measuring :- The sample solution was prepared as follows:

Img of lyophilized protein samples(1%, 2% yogurt /fermented milk) in I ml

of distilled water. And following dilutions of sample were made (1/10, 1/50, 1/100).
5ml of alkaline solution was added and vortexed it and kept at 37°Cfor 15 mins.

0.5 ml of folin phenol reagent (1N) was added and incubated it for 30 min in dark

and absorbance was taken at 750nm.
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3.7.4 Estimation of proteolytic activity

Proteolytic activities of cultures used in the production of all batches of yoghurts were assessed

by measuring liberated amino acids and peptides using the o-phthaldialdehyde(OPA) method.
The OPA reagent was prepared as follows:

7.620 g di- Natetraborate decahydrate and 200 mg Na-dodecyl-sulfate (SDS) were dissolved in
150 mL deionized water. The reagents were completely dissolved before continuing. 160 mg o-
phthaldialdehyde 97% (OPA) was dissolved in 4 mL ethanol. The OPA solution was then
transferred quantitatively to the above-mentioned solution by rinsing with deionized water.176
mg dithiothreitol 99% (DTT) was added to the solution by rinsing with deionized water. The

solution was made up to 200 mL with deionized water.
Procedure:-
Standard :- Serine I mg/ml

Serine standard was made using dilutions of 50ul,100ul,150ul,200ul,250ul. 3mL OPA reagents
was added and mixed for 5 s. The mixture stood for exactly 2 min before being read at 340 nm in

the spectrophotometer. Note the readings.

Sample measuring :- The sample solution was prepared as follows: 0.01gm of lyophilized
protein samples (1%, 2% yogurt /fermented milk) in Iml of distilled water. And following
dilutions of sample were made (25ul,50ul ,100ul). 3mL OPA rcagents was added and mixed for
3 8. The mixture stood for exactly 2 min before being read at 340 nm in the spectrophotometer.

Note the readings.

SEI‘iIle-NHz = (ODsamplc T OD[‘)I;mk)/(ODs%:md;lrd & ()Dhlzmk)-
x 0:915 meqv I™' x S x D/(P/V),

Where serine-NH2 is meqv serine NH2 g)1 protein; S is sample volume in litre; D is dilution

Volume; P is protein content in the volume of the sample; V is sample volume in assay;

T e e e S
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assay; ), « and h,,, are constants for whey 04, 1:0 and 8-8.

DH% = h/hi x 100%,

where h = (serine-NH, — f)/ameqv/g/protein.

3.8 Estimation of Functional attributes of skim milk hydrosylates.

3.8.1 Estimation of Anti-oxidative activity

3.8.1.1 ABTS method

The scavenging activity was estimated according to the procedure of Pellegrino et al. (1993)
ABTS (7mM in water) was prepared by mixing an stock solution with potassium per sulphate
(245mM) in an equal quantities and left to stand for 12-16 h at room temperature in the dark
until reaching a stable oxidative state. The ABTS™" solution was diluted with 80% ethanol to an
absorbance of 0.80 + 0.05 at 734 nm. 100 pL of sample was mixed with 2.9 ml of the ABTS"
Solution and the mixture was allowed to stand at room temperature for 30 min. in dark condition.
The absorbaice was determined at 734 nm.

SCaVenging effect (%) = 1 - [(Absorbance gmpie/ Absorbance coniror) X 100
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38.1.2 DPPH method
The assay was done according to the procedure modified by Shimada et al. (1992). 0.3mM of

DPPH solution was prepared in 80% ethanol. A 500 pL of sample was allowed to react with 2.5
ml of DPPH solution. The reaction mixture was vortexes thoroughly and incubated at 30°C for
30 min. in a dark room and decrease in absorbance was measured at 517nm. The DPPH reagent
only instead of sample was taken as a control and blank was 80% ethanol.

The free radical activity scavenging activity was calculated as following:

Scavenging effect (%) = 1 — [(Absorbance sample/ Absorbance conrol) X 100]

3.8.2 Estimation of Anti-diabetic activity:-
3.8.2.1 a-Amylase Inhibition Assay

Porcine pancreatic a-amylase (EC3.2.1.1) was purchased from Sigma Chemical Co. A total of
500 fal sample and of 0.02M sodium phosphate buffer (pH6.9) incubated for 10 min. After pre-
incubation, 500 Exll of a 1% starch solution in 0.02 M sodium phosphate buffer (pH6.9 with i
0.006M sodium chloride) was added to such tube at timed intervals. The reaction mixture were "
then incubated at 25°C for 10 min. The reaction was stopped with 1.0 ml of Di nitro salicylic
acid colour reagent. The test tube were then incubated in a boiling water bath for 5 min, then
cooled to room temperature. The reaction mixture was then diluted after adding 10 ml distilled

water, and absorbance was measured at 540 nm
3.8.3 Estimation of Anti microbial activity :-

Anti microbial activity of bioactive peptides was estimated against £.coli , Salmonella typhi ,
S.aureus , Bacillus sp. Agar well method. Agar plates of individuals bacterial species were

made and wells were inoculated with 200 ul of bioactive peptide

e e ———
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CHAPTER 4

Results and Discussion

SubhanshiAgarwal 091558 & Neha Sharma 091562 Page 30




I P

4.1 Microscopic observation of lactic cultures:-

4.1.1 Confirmation of lactic cultures by microscopy

All the lactic acid bacteria’s were tested for gram staining using gram staining technique. And

the result was all of them were Gram positive in nature.

4.1.2 pH and acidity in fermented skimmed milk

The initial pH of the sterilized skimmed milk was 6.5. The lactic cultures reduced the pHto 4.5

when incubated for 24 h. The lactic cultures differed in their ability to reduce the pH of milk

with Lb.rhamnosus being the weakest acid producer. Most of the cultures reduced the pH to 5.0

within 6 h of incubation. Nevertheless, the ApH of the strains were similar and ranged between

1.7 to 2.0, except for strain L. rhamnosus, which had a ApH (24 h) of 1.00. The yoghurt culture

in ration of 1:1 produced the lowest pH due to synergism between the two bacterial species.

There was no whey separation upto 24 h of incubation and the coagulated skimmed milk was

having thick consistency in all the test cultures
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Fig 4.1: Changes in pH in skimmed milk fermented by lactic cultures
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4.2  Titrable acidity

All the lactic cultures were evaluated for there acidic content with the help of titration technique.

And then we had calculated the level of different organic acid content.
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Fig 4.1: Acidity profile of skimmed milk fermented by lactic cultures

The titrable acidity was estimated using titration method. The yoghurt starters in combination
were found be the fast acid producers compared to other cultures when used as single culture.
The weak acid production was observed only for Lb. rhamnosus. The upsurge in cell growth for
all lactic cultures from 6 h to 12 h (Fig.4.3) resulted in increases in the concentration of organic
acids and decline in pH (Fig. 4.1) but the concentration of organic acids attained did not affect
the cell growth as noted in other studies. The organisms appeared to have maintained appreciable

cell counts during the 24 h fermentation in RSM possibly due to efficient proteolytic systems
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Fig 4.1: Changes in cell concentration in skimmed milk fermented by lactic cultures

4.3 Growth characteristics of lactic culture

Lactic acid bacteria are nutritionally fastidious organisms which require more free amino acids
or peptides than present in milk. Thus proteolytic activity is important requirement for achieving
a minimum level of 10° to 10" CFU/mL of lactic culture in a product to observe positive health
effect. In our investigation, all strains grew well, although variable growth patterns were
observed. The relatively high cell count at the beginning resulted most probably from the
noculation process used. The starting level was 10°~107 CFU/ ml, except for Lb. delbrueckii ssp.
bulgaricus and Lb.casei, which had 10° CFU/ ml. At the end of fermentation the number of LAB
cells varied from 10"t010° CFU/ ml and pH varied from 6.6 to 4.5. Fermentations with LAB
combinations in yoghurt revealed similar growth parameters to those seen with single strain
fermentations, the viable cell counts increased to 10* CFU/ ml. Although the cultures showed a
consistent increase in cell concentration until 12 h, the required pH of 4.5 was not reached. It was
observed that the individual cultures of Lb. delbrueckii ssp. bulgaricus and S. thermophilus grew
_ well in fermented milk and did not produce organic acids as fast as with mixed starter cultures in
yoghurt.

b s S L e e T R PR —
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4.4 Total Protein Content and Degree of proteolysis

Production of amino acids and peptides from the degradation of milk proteins by LAB enzymes
and utilization of these amino acids are a central metabolic activity of LAB (Gobbetti et al 2002).
Lactic acid bacteria, isolated from milk products, require from 4 up to 14 amino acids depending
on the strain (Chopin, 1993). However, the amount of free amino acids and peptides in milk is
very low. Therefore, lactic acid bacteria depend on a proteolytic system allowing degradation of
milk proteins for the growth (Juillard et al., 1995a). Casein, comprising the major part of milk
proteins, contains all amino acids necessary for the growth of lactic acid bacteria in milk to high
cell density, yet only a minor fraction, less than 1% of the total casein content, is actually needed

(Kunji et al., 1996).

It has been well established that a number of Lactobacillus sp. grow well in skim milk (Gilbert et
al., 1996). Proteolysis is a cascade of processes involving a number of steps including an
extracellular proteinase initiating degradation of casein into oligopeptides, transport systems that
translocate peptides and amino acids across the cell wall, various intracellular peptidases for
further degradation of peptides into amino acids, and different enzymes that convert liberated

amino acids into various components (Kunji et al., 1996).

Proteolytic activity of all fermented strains used in this study was assessed during 12 h of
incubation time at 37°C and is shown in Fig 4.4. The free amino acid content in all fermented
milk samples was variable due to proteolytic system of these microorganisms in the milk as the
growth medium (Donkor et al., 2007). Proteolysis as assessed by the release of free NH3 groups
by using OPA method, increased during the 12 h of the incubation time. The extent of
proteolysis in the L. helveticus strains fermented milk was significantly higher than that of the
other fermented strains in this study at the first half period of incubation time. The level of
proteolytic activity remained substantially higher for yoghurt starters than those of L. hulgaricus
and S. thermophilus strains, and that degree of proteolysis was depended significantly on
incubation time and strain. These results were similar as those reported by Leclerc et al. (2002),
who demonstrated a linear increase in the extent of proteolysis with fermentation time for L.

helveticus among the species of LAB studied. The primary enzymes in LAB responsible for the
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hydrolysis of the proteins are proteinases and peptidases (Law and Haandrikman, 1997, Shihata
and Shah, 2000). Lb. casei achieved the highest proteolytic activity among the single starter
strains studied followed by Lb. delbrueckii ssp. bulgaricus. These results indicate that the
proteolytic activity of Lb. casei strains under the dropping of the pH, had a strong effect on

bacterial growth compared to other strains examined (Leclerc et al., 2002).

The lactic strains having proteolytic enzymes is affected by decreasing the pH during
fermentation time and thus might need longer time to adapt to the growth medium for proteolytic
system development. These differences in the amounts of amino groups released during
fermentation of milk observed could probably relate to the different proteinases and peptidases

of the strains and appeared to be strain dependent (Shihata and Shah, 2000).
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It was calculated from above table that Total Protein Content of Lactobacillus helvaticus was

highest and Degree of Proteolysis was highest in yoghurt 2%.

m
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4.5Anti-oxidative activity

Oxidative metabolism is crucial for the survival of human body’s cells. The risk of this activity is
that the production of free radicals causes oxidative changes (Pihlanto, 2006). Free radicals have

been linked with many pathological conditions such as atherosclerosis, diabetes, rheumatoid

arthritis (Abuja and Albertini, 2001, Gutteridge and Halliwell, 2000, Halliwell and Whiteman,
2004). Inhibition of the free radicals formed in the living body and foodstuff is the important

way to protect body from above serious diseases.

1, l-diphenyl-2-picrylhydrazyl (DPPH) is a popular indicator for showing free radical
scavenging activity of biological samples. In this study, peptides derived from milk proteins by
fermentation with different lactic cultures were assessed separately for their antioxidant activity.
The antioxidant activity of all skimmed milk hydrolysate produced from milk by was determined

by DPPHe+ radical cation assay. This method is a type of inhibition assay in which the extent of !
scavenging of a preformed free radical relative to that of a standard antioxidant compound b

corresponds to the value of antioxidant activity.

The free radical scavenging activity in all samples ranged from 4-44% inhibition comparing with
untreated milk as a control, where no antioxidative activity was detected (Table:4.1). The
variations of these activities may be attributed to the production of different bioactive peptides,
which may or may not have antioxidant properties and it is likely to be strain dependent (Donkor

et al., 2007). It has been reported that DPPH radical-scavenging activity of skim milk increased ‘
by fermentation with L. casei strain and also suggested that peptides produced in the fermented ;
milk might be one of the factors enhancing radical scavenging activity (Nishino et al., 2000).

However, we have not observed a higher anti-oxidative potential of Lb. casei.

Table 4.1: Anti oxidative activities of skimmed milk hydrolysate

Culture Inhibition %

Lactobacillus rhamnosus 29

L T
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Lactobacillus casei 4

Lactobacillus delbruckii ssp bulgaricus 34
Lactobacillu helvaticus 19
Streptococcus thermophilus 39
Yoghurt (2%) 44
Control (skimmed milk) Nil

Milk proteins have been suggested to have possible free radical scavenging by amino acids such
as tyrosine and cysteine (Pihlanto, 2006). Peptides derived from casein hydrolysis have been
reported to have antioxidant activity. We had estimated from our results that Yoghurt was
showing highest percentage of inhibition i.e. 44%, whereas the monoculture inoculation by S.
thermophilus and Lb. delbruckii ssp bulgaricus showed the highest inhibition rate. A k-casein
derived peptide with DPPH radical scavenging activity has been found in milk fermented with
Lactobacillus delbrueckii ssp. bulgaricus (Kudoh et al 2001) and S, thermophilus (Yn Lin et al
1999). A study published by Suetsuna et al (2000) also showed that some peptides derived from
the pepsinic hydrolysate of casein demonstrated DPPH radical scavenging activities. Liu et al
(2005) found that the DPPH radical-scavenging activity of milk-kefir and soymilk-kefir was
significantly higher than that of milk and soymilk and they suggested that this activity may be, in
part, attributed to the peptides deriving from degradation of milk and soybean proteins. These
results of scavenging properties of free radicals by dairy cultures might be useful in food

manufacturing and can present additional sources of health enhancing antioxidants.

4.6 Anti-diabetic activity

This activity was estimated with the help of method a-Amylase Inhibition Assay. And respective

results against various lactic bacteria’s are as follows.

%
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'Elmples Inhibition %
Lactobacillus rhamnosus 22
Lactobacillus casei 11
Lactobacillus delbrueckii ssp. bulgaricus 30
Lactobacillu helveticus 15
Streptococcus thermophilus 40
Yoghurt (2%) 48

From the above table we had estimated that yoghurt showed highest inhibition i.e. 48%, whereas

Lactobacillus casei showed least inhibition i.e. 11%.

The health-relevant functional benefits of Lactobacillus bulgaricus fermented milk and soymilk
were investigated and targeted for management of hyperglycemia using in vitro models.Enzyme
inhibitory activities linked to hyperglycemia (0 — amylase and a—glucosidase) of fermented
substrates were evaluated using in vitro assays. These activities were correlated to phenolic and
lactic acid contents. In spite of total phenolic content decreasing over 24 h, inhibitory activity
increased with fermentation, with higher activity in milk substrate. a—Amylase inhibitory activity
was high in milk substrate throughout the fermentation and in soymilk it increased from a lower
initial activity. This study provides insights that fermentation of milk and soymilk with specific
lactic acid bacterial strains can potentially enhance functional properties relevant for

hyperglycemia management linked to type 2 diabetes.
4.7Anti-microbial activity

The antimicrobial properties of milk have been widely acknowledged for many years. As early
as 1930, it was reported that milk possessed active inhibitors that slowed the growth of
streptococcal  bacteria. The antimicrobial activity of milk is mainly attributed to

immunoglobulins, and to non-immune proteins, such as lactoferrin (LF), lactoperoxidase and
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lysozyme. This activity was estimated by agar well assay method and the respective results of

various lactic cultures are in Table 4.3

Samples L.coli | Staphylocccus Bacillus | Salmonella
aureus sp. sp.
Lactobacillus rhamnosus - +++ g 3
Lactobacillus casei z 4+ + &
Lactobacillus At ++ ++ 7

delbrueckii ssp. bulgaricus

Lactobacillus helveticus ++ + # 2

Streptococcus thermophilus e ol -+ -+

- No activity, + weak antimicrobial activity, ++ moderate activity, +++ high antimicrobial

acitivity ,

Food contamination by Staphylococcus aureus is a major problem for consumer’s health in
world,especially during the summer period. The use of bacterial interactions is a new way to
limit the pathogenic germs growth. Lactobacillus strains are already reported to have a broad
antimicrobial activity. The peptides generated via lactic acid fermentation exhibit antimicrobial
activity against various Gram-positive and Gram -negative bacteria, e.g. Escherichia,
Helicobacter, Listeria, Salmonella and Staphylococcus, yeasts and filamentous fungi. In the
present study, the skimmed milk hydrolysate fraction had the antibacterial activity against gram

positive pathogens.

Anti-microbial activity of Lactbacillus rhamnosus was reported against Staphyloccus aureus and
E.coli (Arici et al 2010), and Lactobacillus delbruckii ssp bulgaricus and Streptococcus
thermophilus  and Lactobacillus helveticus showed moderate activities against E.coli and

S.aureus (Gawad et al 2010).
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The physiological importance of antimicrobial milk peptides remains to be established, although
it has been suggested that they may modulate the intestinal microflora when formed during milk
digestion in vivo and protect host against invading microorganisms

The most studied peptides are those with antimicrobial activity, characterized by their interaction
with the cytoplasmic membrane of the microorganism regardless of the final target (Powers and
Hancock 2003). Factors influencing the antibacterial activity are the electrostatic interactions
between the peptide and positively charged and anionic lipids on the surface of the target
microorganism. Also, the hydrophobicity of the peptide (factor required for insertion into the
membrane) and peptide flexibility allow peptide interaction with the microbial membrane
(Jenssen and others 2006). Although these characteristics are variable according to each peptide,
all of them are essential to the function of peptides as antimicrobials. The exact mechanism of
action of antibacterial peptides is not yet fully understood. However, there is a consensus among
researchers regarding the first step in the initial interaction between peptide and the target cell

(Reddy and others 2004).
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