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ABSTRACTCasein precipitated from market milk was completely hydrolyzed(>10% DH) using trypsin at Enzyme: Substrate (1:25) ratio andthe CPP was isolated by aggregation with 1% CaCl2 in 50%ethanol. The influence of CPP on performance of lactic cultures inmilk was evaluated by estimation of development of acidity andtotal viable count during incubation of cultured milk. The CPPinfluenced the development of acidity to great extent in all thefermented milks. The increase in acidity due to added CPP wasmore in slow growing cultures like L.acidophilus, Bifido.bifidumand S.thermophilus rather than fast growing cultures like
L.bulgaricus. The incubation period for development ofacceptable level of 1% acidity was reduced by 6.5 hrs in the caseof L.acidophilus and 5 hrs for S.thermophilus and Bifido.bifidumhowever, the CPP did not influence the incubation period in caseof L.bulgaricus cultured milk. Addition of CPP increased the totalviable count during the fermentation of milk by all the lacticcultures. The influence of CPP is highly significant in the case of
L.acidophilus compare to other cultures; this may be of greatimportance in probiotic industry.
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INTRODUCTIONCasein in milk is digested by the pancreatic enzymesin the intestine and the caseinophosphopepides(CPPs) produced could be absorbed in the bodywithout further degradation along with the calciumphosphate attached to it. These peptides are shownto have excellent calcium binding and solubilisingability (Meisel, 2003). The CPPs could be producedthrough proteinases of lactic cultures (Meissel1990). The CPPs isolated from milk did not showany bitterness even from extensively hydrolyzedcasein. Efrat Semo et al., 2006 has reported thatCPPs could also be utilized as nanocapsular vehiclesto deliver other nutraceuticalsRecent studies have shown that the peptides of milkproteins can enhance the growth of probioticsconsiderably, thus advancing the time taken forminimum total viable count. The

caseinophosphopeptides have excellent calciumbinding and solubilising ability and are smallerpeptides which can contribute to the growth of slowgrowing probiotic microorganisms since it is wellestablished that the lactic acid bacteria would splitβ-casein, α-casein and whey proteins in the order ofpreference. There is substantial evidence thosecasein peptides, besides being utilized asnutraceuticals can also be exploited to enhancegrowth and sustainability of lactic microorganism ina variety of fermented foods. Janer et al., (2003)have also reported that WPC along withCaseinomacropeptide (CMP), isolated from cow’s orcombined ewes and goat’s sweet cheese wheyenhanced Bifidobacterium lactis growth in milk.Their study substantiated that supplementation ofmilk @ 2% CMP increased counts of B. lactis by 1.5log cycles after 24 h incubation at 37 °C whencompared with unsupplemented milk. Krissansen.,(2007) suggested that casein @ 0.25 to 4 g / L alongwith whey enhanced growth of S. thermophilus andacidification, thus reducing the fermentation time,and growth of probiotic bacteria. CMP and WPCcould thus be utilized to complement milk in orderto increase counts of bifidobacteria in probioticfermented milks (Ha E, 2003). Hence, it could bestated that whey proteins and casein can be used toenhance the Total viable Count of probiotic culturesin dairy products; however it is noteworthy toobserve that these dairy based proteins not onlystimulate the vitality of the cultures but manifest aconcept of synergy with them.There is substantial evidence that milk proteins likewhey and casein (Shah, 2000) besides being utilizedas nutraceuticals can also be exploited to enhancegrowth and sustainability of probioticmicroorganism in a variety of fermented foodsthereby synthesizing a novel variety of functionalfoods. Caseinophoshopeptides, are known to have
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excellent growth inducing activity on probiotics,however its production depends on the lacticcultures used for fermentation of milk (Chandini2005).Lactic acid bacteria are used widely in preparationof various fermented milk products such as yoghurt,buttermilk, cheese, kumis, kefir and many otherprobiotic products. Slow microbial growth is majorproblem in probiotic products. The influence ofCaseinophosphopeptides on growth of lactic cultureis investigated in the present study.
MATERIALS AND METHODSThe UHT skim milk from market was used for thisstudy. The lactic cultures were obtained fromNational Dairy Research Institute .MRS Agarprocured from Hi Media was used for plating.

I. Isolation of CPPsCaseinophosphopeptides were isolated from skimmilk obtain from the market. The casein wasprepared from milk by acidification to bring downthe pH to 4.6. Trypsin was added to 4% suspensionof casein to obtain an enzyme; substrate ratio of1:25 and allowed to hydrolyze about 10% of degreeof hydrolysis. The caseino phosphopeptides inhydrolysate solution was prepared by adding1%cacl2 in 50% ethanol, centrifuged at 5000 rpmfor 10 minutes. The CPP was vacuum dried andstored for usage
II. Fermentation of milk with lactic

culturesThe lactic cultures such as L.acidophilus, S.
thermophilus, L. bulgaricus and Bifido. bifidum theyobtained from NDRI (National Dairy ResearchInstitute –Bangalore). Cultures were maintained bysub culturing regularly.The sterilized the skim milk with CPP in differentcombinations was inoculated with 1% lacticcultures as shown below:1) 100ml skim milk +1g casein (control)2) 100 ml skim milk + 0.8g casein + 0.2g CPP3) 100 ml skim milk + 06g casein + 0.4g CPP

4) 100 ml skim milk + 0.4g casein + 0.6g CPP5) 100 ml skim milk + 0.2g casein + 0.8g CPP
6) 100 ml skim milk + 1.0g CPPThe cultures samples were incubated at respectiveincubation temperature and samples were drawn atregular intervals for estimation of titratable acidityand total viable count. And analyze for titer acidityand microbial count.

III. Estimation of total viable countThe product was serially diluted by taking 1ml ofyoghourt containing Microorganism andsuspending it into 9ml of 85% saline, which wasconsidered as 10-1. Further the dilution 10-2, 10-3 10-4, 10-5, 10-6, 10-7, 10-8, 10-9, 10-10, 10-11, 10-12, 10-13and 10-14 were prepared by suspending 1ml fromeach of the previous dilutions into 9 ml of saline.Care was taken to have homogenous dilution byvortexing each test tube and then moving to nexttest tube. 500µl of dilution was taken from 10-10, 10-11, 10-12, 10-13and10-14 tubes and were pour platedusing sterile MRS agar. The plates were allowed tosolidify and incubated for 24-48 hours at 38.5°C toobserve the colonies.
RESULT AND DISCUTIONThe effect of casienophosphopeptide (CPP) onperformance of lactic acid bacteria was investigatedby estimating the development of acidity and thegrowth of microorganisms in skim milk inoculatedwith lactic acid bacteria (L.acidophilus ,
S.thermophilus,, L. bulgaricus , Bifido bifidum).The effect of CPP on production of acidity duringfermentation of milk by lactic cultures is presentedin Table 1. It is evident from the table that theinfluence of the CPP in enhancing the growth ofmicroorganisms as represented by production ofacidity is more in slow growing cultures like
L.acidophilus and S.thermophilus rather than fastgrowing cultures like L. bulgaricus , Bifido bifidum.This may have industrial significant since the majorproblem in cultures like acidophilus is slowgrowths.



Science Journal of Microbiology ISSN: 2276-626X 3

How to Cite this Article: Parisa Behbahani, M.Jayashankara, G.S.Bhat“Influence Of Caseinophosphopeptides On Performance Of LacticCultures In Fermented Milk” Science Journal of Microbiology, Volume 2013, Article ID sjmb-264, 7 Pages, 2012. doi: 10.7237/sjmb/264

Table 1: Effect of CPP on production of acidity during fermentation of milk by lactic culturesThe values are average of 4 trials

The increase in acidity due to CPP over the controlis shown in Table 2. The increase in  acidity due toCPP during fermentation of milk by lactic culturesare presented in figure a,b,c,d it can be observedthat the amount of CPP is directly co related to thedevelopment of acidity in fermented milk. It isfurther confirmed that the acidity development inculture milk is more in acidophilus and
S.thermophilus cultured milk than Bifido. bifidum

and L. bulgaricus cultured milks. Though thedevelopment of acidity was more with increase inCPP in some cases there is a drop in increase acidityparticularly at incubation period at which thecontrol samples has developed about 1% lactic acid.This clearly indicates that CPP has significantinfluence on the growth of microorganisms at initiallevel of fermentation and may not have muchinfluence at higher level of fermentation.
Table 2: Effect of CPP on increase of activity level over the control during fermentation of milk by lactic Cultures.

Microorgani
sm L.acidophilus L.bulgaricus S.thermophilus Bifido.bifidom

Amount of
CPP g/100

ml

incubation time (h) incubation time(h) incubation time (h) incubation time (h)

8 12 16 20 5 7 9 11 5 6 7 9 4 6 8 10

0 (control)
0.713±0.075 0.938±0.075 1.098±0.083 1.245±0.048 0.73±0.043 1.033±0.039 1.13±0.022 1.223±0.031 0.603±0.039 0.628±0.017 0.655±0.021 0.935±0.034 0.668±0.017 0.725±0.026 0.848±0.017 0.905±0.034

0.2
0.81±0.037 1.058±0.07 1.265±0.05 1.415±0.034 0.758±0.039 1.06±0.059 1.17±0.067 1.308±0.03 0.653±0.031 0.738±0.017 0.828±0.017 1.123±0.031 0.698±0.022 0.77±0.029 0.938±0.017 0.99±0.022

0.4
0.87±0.059 1.135±0.058 1.355±0.056 1.51±0.029 0.77±0.022 1.11±0.096 1.243±0.046 1.35±0.029 0.668±0.031 0.765±0.013 0.858±0.017 1.145±0.021 0.738±0.017 0.85±0.043 0.973±0.017 1.04±0.029

0.6
0.953±0.123 1.195±0.042 1.465±0.042 1.608±0.043 0.795±0.034 1.135±0.048 1.308±0.038 1.408±0.022 0.718±0.025 0.805±0.021 0.908±0.03 1.188±0.031 0.758±0.017 0.875±0.034 1.038±0.017 1.135±0.029

0.8 0.983±0.11 1.245±0.026 1.508±0.049 1.65±0.029 0.838±0.042 1.148±0.062 1.373±0.039 1.468±0.039 0.785±0.021 0.858±0.017 1.035±0.026 1.318±0.025 0.798±0.017 0.908±0.03 1.08±0.022 1.168±0.025
1

1.045±0.071 1.355±0.048 1.535±0.042 1.675±0.029 0.908±0.05 1.19±0.029 1.433±0.031 1.538±0.022 0.838±0.017 0.87±0.018 1.063±0.026 1.348±0.017 0.845±0.013 0.955±0.021 1.123±0.025 1.198±0.025
“t” value’ 15.009 19.467 14.628 13.612
Regression
coefficient 0.052 0.096 0.119 0.056

Microorga
nism

L.acidophilus L.bulgaricus S.thermophilus Bifido.bifidom

Amount of
CPP g/100

ml

incubation time (h) incubation time(h) incubation time (h) incubation time (h)

8 12 16 20 5 7 9 11 5 6 7 9 4 6 8 10

0.2
0.1±0.03 0.13±0.0 0.16±0.03 0.1±0.02 0.03±0.0 0.03±0.02 0.04±0.05 0.08±0.0 0.05±0.01 0.11±0.0 0.18±0.0 0.19±0.0 0.02±0.0 0.05±0.0 0.09±0.0 0.09±0.0

0.4
0.17±0.01 0.2±0.01 0.25±0.02 0.27±0.02 0.04±0.02 0.07±0.06 0.11±0.03 0.13±0.0 0.07±0.01 0.13±0.01 0.21±0.0 0.22±0.01

0.07±0.0
0.12±0.01 0.13±0.0 0.14±0.0

0.6
0.25±0.05 0.27±0.03 0.36±0.04 0.36±0.01 0.06±0.01 0.1±0.01 0.17±0.02 0.18±0.01 0.12±0.01 0.17±0.0 0.25±0.01 0.26±0.0 0.09±0.0 0.16±0.0 0.19±0.0 0.23±0.0
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Values are average of 4 trials.
Influence of CPP on fermentation of milk (acidity) by lactic cultures

A) L. acidophilus

B) L. bulgaricus

0.8
0.29±0.04 0.31±0.04 0.4±0.03 0.41±0.02 0.11±0.0 0.12±0.02 0.24±0.02 0.25±0.01 0.18±0.02 0.23±0.0 0.38±0.01 0.39±0.0 0.13±0.0 0.18±0.0 0.23±0.0 0.27±0.0

1
0.34±0.0 0.42±0.02 0.43±0.04 0.43±0.02 0.17±0.01 0.18±0.01 0.31±0.01 0.31±0.01 0.23±0.02 0.24±0.0 0.41±0.01 0.42±0.01

0.18±0.01
0.23±0.01 0.27±0.0 0.3±0.0
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C) S. thermophilus

D) Bifido. Bifidum

The normal acceptable acidity in fermented milk isaround 0.8% lactic acid. The reduction in incubationperiod required to develop this acidity level in different cultured milks because of added CPP ispresented in Table 3.



Science Journal of Microbiology ISSN: 2276-626X 6

How to Cite this Article: Parisa Behbahani, M.Jayashankara, G.S.Bhat“Influence Of Caseinophosphopeptides On Performance Of LacticCultures In Fermented Milk” Science Journal of Microbiology, Volume 2013, Article ID sjmb-264, 7 Pages, 2012. doi: 10.7237/sjmb/264

Table 3: Incubation period for desirable fermentation (0.8%acidity) in different lactic culturesAmount of CPP(gr/100ml) L.acidophilus L.bulgaricus S.thermophilus Bifido.bifidum0 14hrs 7hrs 10 hrs 12 hrs0.2 11.5hrs 6.5hsrs 8 hrs 10.5 hrs0.4 10.5hrs 6 hrs 7 hrs 9  hrs0.6 9hrs 6 hrs 6.5 hrs 8 hrs0.8 8hrs 5.5hrs 6 hrs 7.5 hrs1.0 7.5hrs 5 hrs 5 hrs 6.5 hrsThe incubation period required to develop0.8%acidity in L.acidophilus was 14 hrs in case ofcontrol while it require .7 5 hrs in case of milk addedwith 1%CPP.indicating that the growth of thismicroorganism is 2times faster. The same reductiontime was notice in S.thermophilus and Bifido.bIfidumcultures that is the incubation time was found to berespectively 5hrs and 5.5 hrs, indicating theinfluence of CPP on growth of these microorganismsabout 2 times faster. However the influence of CPPwas very little in case of L.bulgaricus since the timerequired for1% acidity level were 7 hrs and 5 hrsrespectively in control and CPP added samples.The Bifid.bifidum and L.acidophilus are consideredto be important probiotic cultures however theproblem in these cultures particularly L.acidophilusis slow growth the addition of CPP enhance thegrowth of these cultures by 2 times ,thus this is ofgreat significance in probiotic industry.
S.thermophilus and L. bulgaricus are constituents ofyoghurt culture, while L. bulgaricus is a fast growingculture S.thermophilus is comparatively slowgrowing. From the result obtained it is very clearthat addition of CPP can enhance the growth of
S.thermophilus equivalent to that of L.bulgaricus

thus the findings may have significance in yoghurtindustry.The observation with respect to influence of CPP onthe development of acidity as an indicator of growthof lactic culture is  further being  confirmed bydetermination of total viable count in control  andCPP added samples at 0.6% and 1.0% level.  Thepreliminary investigation indicated that the totalviable count increased with additional CPP in caseof S.thermophilus at the best incubation period of8hrs. Similarly the increase in total viable count isalso observed in samples with added CPP in thecase of Bifido. bifidum while not much differencewas noticed with respect to L.bulgaricus fermentedmilk with or without CPP. Addition of CPPincreased the total viable count during thefermentation of milk by all the lactic cultures. Theinfluence of CPP is highly significant in the case of
L.acidophilus compared to other cultures; this maybe of great importance in probiotic industry.The total viable counts were estimated duringincubation of milk with different cultures. The bestvalues with distinct colonies are presented in table4.

Table 4: Effect of CPP on viable cell count
Cultures

Optimum
Incubation
Time(hours)

Viable Assay (CFU/ml)

control 0.6% of CPP 1%of CPP

L.acidophilus 8 12.934(86X1011)a 14.045 (111x1012) b 15.812(65x1014) c
L.bulgaricus 10 11.770(59x1010)a 12.886(77x10 11) b 13.732(54x10 12) c
Bifido.bifidum 8 11.959(91x1010) a 12.968(93x 1011) b 13.939(87x 1012) c
S.thermophilus 16 12.913(82x1011) a 13.924(84x1012 ) b 15.004(101x1013) cThe total viable count is expressed in log values and the actual counts are given in parentheses.
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The addition of CPP increased the total viable countin all the cultured milks. However the increase intotal viable count was highly significant in CPPadded milk especially in L. acidophilus which is veryslow growing probiotic. This may be of importancein probiotic industry.
CONCLUSIONAddition of CPP to milk enhanced the growth of allthe lactic cultures significantly. The influence of CPPfor enhancement of growth of lactic cultures washighly significant particularly in slow growingcultures like L.acidophilus, B.bifidum and
S.thermophilus. The setting time for desirablemaximum acidity level of 1% was achieved for
L.acidophilus within7.5hrs in milk with CPP against14 hrs in control similarly in case of S.thermophilusthe time required for this acidity was 10 hrs and 5hrs. And in the case of B.bifidum 5.5 hrs for CPPadded and  12 hrs for  control sample .The totalviable counts was  more in fermented milk withadded CPP was much higher to the extent of 10-14dilution level compare to the control which showncounts only to the dilution level 0f  10-11. Thesefindings are very useful in yoghurt and probioticand dairy product industry. Further the added CPPcan also enhance the nutraceutical value of theproducts because of bioactivity of CPP in enhancingthe calcium absorption.
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