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1. INTRODUCTION 

The commerci~li$ation of fermented dairy products has not 

ye t been possible in the country due to the non-availability of 

Direct-Vat-Inocuiation starter cultures. The present preparation 

of cultures in the factories is time consuming and 18boriaus. The 

bulk freeze-dried starters provide, in terms of convenience! 

reliability and the ideal inoculum for direct-vat-inoculation. 

The production of an active, contaminant-free bulk starter is the 

cornerstone far the successful manufacture of fli!rmented dairy 

products. Once these are made available to industry there will be 

vast scope to set up industries for fermented dairy products 

manufacture. Popularity of the fermented dairy prdoucts among the 

masses will soon follow. 

It is Widely accepted that using 5e lee ted straIns of 

desirable lactic acid bact~ria such as L~Ltabacillus acidophilus· 

and BifidobactErium bifidum along with conventional starters, is 

ess@ntial 

intestinal 

for good health. These are capable of controlling .the 

disorders, reduce the carcinogenic activity and help 

in controlling serum cholesterol level {Kim, 1988; Gilliland, 

1989; Laroia and MartIn, 1990). According to Tamura (1983) 

bifidobacteria produce vitamin~ 8 1 , B6! 812' folic acid and 

digestive enzymes (human casein phosphatase and lysozyme). 

also 

These 

strains also h.elp to maintain a proper balance of the f"esident 

flora. Japan and some European countries have already developed 

fermented dairy products having these cultures (Puhan, 1990) • 

There is a greater need to incorporate such cultures to the 

conventional starters to enrich the products both from nutrition 

and therapeutic points of view. , 

There is a good scope for the manufacture of bulk freeze-

dried mixed strains starter cultures which could be made 

available to industry for the manufacture of high quality dahi 

and yoghurt .. 
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2. REVIEW OF LITERATURE 

2.1 Start~r _Culture§ of Dahi and Yoghurt 

Laxminarayana et dl. (1952) reported the p~esence of 

Str. Streptacoccu~ }dct;is, Str. thermophilus, Str. 

de.\( t riln i cum, Llctobacillus bulgaricus, Lb •. casei and Lb. brevis 

1n market and home made samples of dahi. It has been found that 

78.i9Y. of dahi flora was of strepto~o~~i and 17.5% was of 

lactobac:i 11 i <Sheikh et ill., 1970). Indian standard (lSI 1973) 

specifies two types of dahi starter, viz., (i) mesophilic 

starters .. Str. lactis ssp. lactis, Str. Idcti'!7 ssp., IfJctis 

biovar. di.acetylactis and Str. l.acti$ ssp. cremoris either single 

or in comblnat1on w1th or without Leuconostoc ~pp. for sweet dahi 

preparation .and (i i) thermophi 1 ic: starters 1 ike Lb. bulgaricus, 

Lb. casei, Lb~ acidophil'us and 5t,... -sa.Iivarius ssp. thermophilus 

along with the above mentioned mesophilic: starters for sour dahi 

preparation. The ratio of the individual cultures in the mixed 

lactic cultures, however, was not mentioned in the standard. 

Baisya and Bose (1974) and Dave et. ale (1992) prepared dahi 

using 5tr. thermDphilus~ The use of this culture and Str. 

ssp. Jdctis i:)iovar. diacetylactJ's in 1:1 ratio loIa$ advocated by 

Baisya .and Sose (1975) and Gar9 and .Jain (l9S0). Use of mutant 

strain of Str. lactis ssp. lactis biovar. diacetylactis to 

improve the quality of dahi was reported by Bhatt <1976}. There 

is a. report of using Str.- lactis·ssp. lllctis alone for the 

manufacture of sweetened dahi (Panday, 1965.). LF-40, a mi Ked 

culture (consisting of Lc. lacti5 ssp. Jactis, Lc. 

cremoris, Le. lar:tis ssp. Jactis biovar. di.acetylactis and 

Leur:onostoc ssp) ",as also used for dahi preparation' (Ghosh and 

Rajorhia, 1990). 

Ashton (1963) pointed out that conventional yoghurt contains 

equal number of Lb. bulgaricus and 5tr. thermophilus strains. 

Yoghurt preparation using singl~ cultures of either of the above 

cultures was reported <Marshall and Mabbit, 1980) whereas several 
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reports indicated the use of both of the ~bove ~ult~res (Rakesh, 

1979; Bak~hi, 1982; Labropoulos et aJ., 1982; Lee et al., 

Robinson, 1988; Mehal'lna. and Mehanna. 1989; Ratnakar, 

1988~ 

1989; 

Mohammed and Younis, 1990 and Kebary and KamaLy, 1991). 

Certain strains of sl ime producing Str. tt1f~rmophi Ius and Lb. 

bulgaricus cultures which can improve the consistency, 

of the coagulu~ were also used in yoghurt preparation 

visc::osi ty 

(Tamime, 

1977; Tamime et- 41.,1984 and Schellaass and Mar-ris, 1985). 

2.2 Use of Oi "idobilct~rium biTidum and 

ilcidophilus in Dahi, Yoghurt and Ot.her 

Products 

LactalIil.cilJu~ 

Fermented Dairy 

The selected intestinal bacteria, which are c:;apable of 

growth and acid pl"'oductlon in milk, are being used in the 

manufacture of various fermented ~ilks becau~e of the i r 

potentially beneficial role in human health_ It is believed that 

fermented mllk products of the third generation which are 

prepared with selected intestinal cultures have a future and will 

be in widespread use by 2000 AD (Kurmann, 1986). 

Th-e potentially beneftcial role of indigenous bifidobacteria 

and lactobacilli in ~he human gut have been stressed <Sandine et" 

a1., 1972; Speck, 1976 and Goldin and Garbach, 1984). To enhance 

the therapeutic value$ and dietary qualities of the fermented 

milk products, the use of suitable strains of 8if. bifidum and 

Lb. iflcidaphilu5, which are havil19 greater potential to synthe<:>ize 

antibiotic sub<:>tances, Vitamins, essential amino acids and to 

establi<:>h the normal -flora in the intestines, has been advocated 

(Kurmann, 1988; Driessen and de Boer, 1989 and Gilliland, 1989). 

A variety of fermented milk products containin9 

bifidobacteria and/or acidopnilus bacteria along with either 

mesophilic or thermophilic starters have been developed in the 

past few year'S. 
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The strains of bifidobacteria and acidaphilu~ hav~ been used 

along with the mesophilic lactic starters to prepare the progurt 

and acidophilus butter milk products (Kurmann and Rasic, 1988) • 

Recently, an exampLe of fermented milk drink, fermented by lactic 

meo::;ophilic bacteria (Lactococcus l.a.ctis, Lc. cremoris, Lc. JiJct;js 

ssp. diacetyldctis) to which a mi)(ed culture of Lb. acidopnilus 

and bifidabacteria <in a ratio of 1:3) has been added, was cited 

by Klupsch (1989). 

As early as in 1969, successful attempts were made to 

replace 

and Lb. 

Lb. bulgaricus of yoghurt starter with Lb. dCidophilus 

b'ifidLJS <Mulhens and Stamer, 

Siegenthaler et Al. (1960) prepared 

1969). Prior to this, 

JAcoyaghurt' using Lb. 

ilcidophilus along wl'th yoghurt flora. Gandhi (1979) re-plac:ed t"e 

Lb. b"lga.ricus of yoghurt wi.th Lb. aciclophilus. In order '0 
imprOVE! the nutri.tive and therapeutl~ value of yoghurt, 

supplementati.on of Bit'. bifidum and lb. acidaphilu5 to yoghurt 

cultures "as been tried (Gupta and Tiwari, 1985 and Tamime and 

Rob inson, 1988). 

Recently, Mahdi et .1. (1990' reported the use of 

com:entrat@d .deep 'frozen Bif. bifidum 86-12, Lb. acidophi Ius 

along with Str .. thermophilu5 in the preparation of Laf;meh .. Daly 

(1991 , reviewed about the fermented milks, named 'AS Yoghurt· 

containing Lb. acidophilus and OJ·f. bifidum along with yoghurt 

cultures, ·Cultur.a AS' made by using Lb. acidophilus and Bi'f. 

bifidum and Mil Mil having Bif. 

cultul"'es. 

bifidum along with yoghurt 

2.3 Associative Growth af Hixed Start@r Cultures of Dahi and 

Yoghurt 

Numerous instances of associative inter-relationships amon9 

mh:ro-organisms are found in nature. In parti.cular, lactic acid 

bacteria have· the ability to enter into .ssociative relationships 

with other microbes. Vet the associative and especially 

symbiotic relationships of mesophilic: LAS in mixed pepulations 
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are very little eKplored and the chemical nature of associative 

action is not known. Likewise the re-parts deali.ng with the efTect 

of associattve growth between dah-i and yoghurt cultures with 

bifidobacteria and acidophilus are very scanty. 

Czulak and Hammond (1954) found increased starter activity 

of Str. lactis ssp. lactis, St;r. lacti.s ssp_ cremoris and Str. 

JClctis 'Ssp. lactis biavar. diacetylactis when grawn together. 

Domination of Str. lactis ssp. lactis biovar. diacetyldctis 

c:ellos with five subcultures in mixed cultUres was observed 

(Henning ~t ai., 1964 and Vedamuthu et <11., 1966). Mi)(ed cultUres 

of Str. ldctis and Str. lactis ssp, cremoris or Lb. delbrueckii 

ssp. bulgaricus and Str. sa.livarius S5P~ thermaphiJus were better 

in bacterial counts than each culture 01 these strains (Kim. 

1990). Lb bulgaricLls is able to produce large quantities of amino 

acids (histidine. glycine, vallne) that -stimulated the growth and 

acid production of Str. thermophilus <Pett e and Lolkefl)a y · 1950a 

and Shankar and Davies, 1977). On the other hand, Galesloot et 

.1. (1968), Veringa et ale (1968), Pulusani et al. (1979) and 

Pulus.a.ni and Rao (1984) noted that St:r. thermophilus stirnul"ated 

the growth of Lb. bulgarjcu5 by producing formic acid. 

2.3·.1 E-f"fect an Ti t;,.atable Acidity 

Oahiya and Sp~~k (1966) report"ed that. St,.. lllctis and 

strains of Lactobacillus isolate produeed acid at a faster rate 

in a mixed culture than when either strain was grown 

individually. Mixed cultures of Sfr. liJctis ssp. Jactis and Str. 

lactis ssp. cremoris are better in acid development than single 

cultures (Kim, 1990). Maximum acid development was noted in case 

of mixed mesophilic cultUres Str. 18ctis S5pa cremo,.is, Str. 

l.r:tis ssp a lactis and Str. Jdctis ssp. lactis biovar. 

diacetylactis than when these cultures were grown individually in 

buffalo skim milk (Sunita. 1986). Stimulation of acid production 

by paired cultures of Str. Idctis s'Sp. l ... ctis and Lb. acidophilu5 

was also documented (Kothari, 1970> 
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RelAtivflly high acid production by mixed culture~. of Str. 

thermophi i"us 

streptococci 

and 

was 

Lb. buigdricu5 due 

put forward (Moon and 

to increased growth of 

Reinbold, 1976.). Several 

reports indicating more .acid production by mixed y'oghurt cultures 

are available (Accolas et id., 1977; Khan!)a and Singh, 1979, 

1998; 

1990 

Suzuki et a1., 1960; EL-50da et dl., 1986; Lee et al., 

Robinson and Tamtme, 1989; Ghosh and Rajorhia, 1990; Kim, 

and Rajagopal and Sandine, 1990) • Accolas et al. (1977) • 

estimated O.36-0.72Y. and O.31-0.63X lactic acid (LA) p roduc: t ion 

by Str. thermophilus and Lb. bulgdricus, respectively, wherea.s 

the acidity developed by the mixed culture was 0.7-1.1% LA after 

6 Mrs of incubation at 42°C. Rajagopal and Sandine (1990) had 

obtained a pH of 6.05 and 5.89 with Str. sdlivarius ssp. 

thermophilus and Lb. delbrueckii ssp. bulgdricus respectively and 

still lower pH (4.211 was re~orded by mixed cultures. 

No significant difference in the acid development by yoghu~t 

cultures alone and in association with Lb. dcidophilus after 

12 hrs of incubation at 37°C in skim milk was observed by Sharma 

and Singh (1982~ whereas Yu and Nakanishi d975 ) reported 

decrease in acidity from 2.7SY. to 1.62Y. LA with miKed yoghurt 

c::ultures when grown in association with Lb. acidophilus for 72 

Incorporation of Sifidobaeterium into yoghurt 

star"teor had resulteod in slight reduction of acidity 

al., 

8i f. 

1979). Acid production by mixed culture'S of Bi.f".. 

infan/;is with Lb. easei or Lb • .aeidophilus grown 

(Kisza et 
breue or 

in skim 

milk was greater than the sum of acidity developed by these 

cultures, when grown individually (ChenQ and Nagasawa. 1983). 

2.3.2 Effect on Volatile Aci.dity 

Hammer and Bai ley (1919) found that bul;ter' cul tures 

contained organisms which commonly did not ~urdle milk but which 

in combination with Str. lactis 9!ip. lactis gave high 'Volatile 

acidity. Similarly, Boekhout and Ott de Vries (1920) found that 

gymbiosis of the two types of butter culture organisms not only 

yielded flavour but also considerable volatile fatty acid which 
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was acetic. The quantity of the ac'id was considerably greatpr 

than with cultures of single species. 

An increased volatile acidity development (3.6 ml of O.IN 

NaOH/50g curd) by mixed cultures of yoghurt compared to that of 

the single cultures {O.b rol by Str. the-rmophilus and 2.0ml by Lb. 

bulgdricus) was found (Singh et al., 1982). Contrary to this, 

however, no significant difference in" the volatile acidity in 

mixed cultures of either yoghurt or yoghurt cultures added With 

l.b. acidaphilus was reported <Vu and Nakanishi, 1975 and Sharma 

and Singh, 1982). 

2.3.3 Effect an Flavour 

The flavour components of major importance in fe .... mente'd 

dairy products are diacetyl and acetaldehyde~ Diacetyl in dairy 

products is fermed by the fermentation of milk citrate by arOffld 

bacteria and the characteri9tic butter like flavour is attributed 

to this compound <Marshall, 1~a7). 

In mi~ed speCies mesophilic starter the balance between aCld' 

producers and ~itrat~ f~rmente~s influences the ~ccummul~ticn of 

diacetyl and ac@toin during the growth period (Jonsson and 

Pettersson, 1977) and higher le-yels of diat:etyl are produced at 

2'2o C than at_ 30°C (Pack et al~, 1968). The strains of Str. ldctJ.$ 

ssp. lac-tis, Str. Idctis ssp. cremeris, Str. lactis ssp. l,act i s 

biovar. 

diacetyl 

diacetylac/;is and Leuconagtoc ci trovorum nave produced 

in the range of 0.1 to 3.24 ppm whereas· the mixed 

cultures of these species have produced as high as 5.45 ppm 

diacetyl (Lindsay and Day, 1965). 

Slightly less diacetyl developmen~ <3.1 to 3.4 ppm} by 

commercial freeze-dried culture. of miKed mesophilic cultures 

(Str. lactis ssp. lactis, Str. lacti5 ssp. 

lac:tis 'Ssp. lactis biova,r. diacetylactis) 

compared with diacetyl production by Str. 

cremori"s and Str. 

was observed when 

lactis ssp. Jactis 

bioyar. diacetylactis (3.7 ppm). Nevertheless, this value .ts 
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rel~tlvely very high co~pared to that produced <0.3 ppm' by the 

combined culture of Str~ ).'lctis ssp. Jactjs and Str. liJctig ssp~ 

cremoris i.n cultured milk (Kneifel et al., 199Z'a). 

The amount of diacetyl + 

produced by Str. sdl iViJriu5 ssp. 

acetyl methyl carbinol CAMe) 

thermaphi lU$ and Lb. delbruecki i 

ssp. bulgdric(..Is was 5.6 and 3.0 mcg/g curd, respectively. However, 

only 2.3 meg diacetyl + AMC per gram curd was developed by miKed 

cuI ture of these two speCIes during misti dahi preparation (Ghosh 

and Rajorhia, 1990~. 

Pette and Lolkema (1950b) showed acetaldehyde as the chief 

flavourin9 compound in yoghurt. Acetaldehyde production was 

greatly reduced by single strains of Str. thermophiJus or Lb. 

bulgaricus when compared to that: produced by combined cuI tures 

(Hamden et al.~ 1?71; Khanna and Sinqh, 1979; Singh ~t al., 1982 

and El-Soda et al.., 1986'. AccoJ"'ding to Hamd~n et ill. (1971) Str. 

thermophilu§ 7233 and Lb. bulgaricu5 9311 pro.duced :3 and 9 ppm·of 

acetaldehyde respectively ~herea$ the mlxed cultures of these 

starters (1:1 ratio) ~roduced as high as 21 ppm of acetaldehyde. 

Similarly EI-Soda et al. (1986) obtained 58.8 mC9 and 20.25 mcg 

from Lb. bulgaricus and Str. thermophilus, respectively. 

Sharma and Singh (1982) had shown no appreciable differe~ce 

in the ace·taldehyde content with the yoghurt starters added with 

Lb. acidophi IJ./s. The comb ination of two local yoghur.t isolates 

(Str. thermaphilus and Lb. bulgilricus) with Bif. bifidum and Lb. 

acidaphi Ius yielcied higher acetaldehyde than the I:ombination of 

both the yoghurt cultures (Gupta and Tiwari, 1988). Incubation 

wi th mi~ed starter cuI ture (8i fidabacterium along wi th yoghurt 

cultures) stimulat~d the production of acetaldehyd~ and aiAcetyl 

(Yuguchi et al., 1989). This is contradicting the earlier 

observation of Kisza et a1. (1978) 'who r'e~orted production of 

less acetaldehyde and diacetyl by mi~ed yoghurt culture along 

with Bifidabacterium than by the mi~ed yoghurt culture alone. 



9 

2.3.4 .Et=fecl: qn Proteolytic Act-i vi ty 

Lactic acid bacteria are nutritionally fastidious organisms 

needing an exogenous supply of pre-formed amino acids to initiate 

growth. Prateolytic activity of the lactic streptococci is subtle 

and manifestations of these proteolysis is relatively obscure. 

PresumabLy, the proteinase system of these micro-organisms is 

needed tq obtain certain nitrogenous (;onstitut·ents from milk 

proteins. The ability of lactic cultures to grow properly in milk 

may, therefore, be directly related to their proteinase activity. 

LAB have varying degrees of proteolytic acti .... ity which is 

generally 

(1970), 

strain rather than species specific. Searles et aJ. 

Khanna and 

Rajagopai and Sandine 

greater proteoiyt ic 

Singh (1979), El-Soda et al. (1986) and 

(1990) observed that lactobacilli possessed 

activity than streptococci. The range of 

tyrosine produced per ml of curd was 25-144.6 meg by lactobacilli 

and 2.4-34 mcg by s~reptococci .. Contrary to this" Kl"le'ifel et ill. 

(1992b) stated that the proteolytic activities of the mesophilic 

cultures are comparable to those of yoghurt and yoghu_rt related 

products. 

A reduction in the proteolytic activity of combined cultu~e, 

compared to its component strains has been reported (Mattick and 

Hirsch, 1949 and Barridge et ill., 1952). Similarly, decreas~ in 

the proteolysis by mixed culture <Le. lactis '$sp. laetis, Le. 

laetis ssp. cremoris and Le. lact·is ssp. lactis biovar. 

diacetylactis) compared to that exhibited by one of the component 

culture Le. lactis ssp. lactis biovar. diilcetylo'lctis was observed' 

by Sunita (1986) and Knei fel et a1. <1992a). 

There can be an increase in the proteolytic activity with 

the increase in incubation period in yoghurt made from cow/goat 

milk (Rasic and Kurmann, 197e)~ EI-Soda et al~ (1966) and 

Rajagopal and Sandine (1990) have observed increased proteolytic 

activity by mixed ~ultures of Lb. delbrueekjj ssp~ bulgari~us and 

Str. sal ivarjus ssp. thermophi Ius (34-70 meg tyrosine/ml) . whereas 



10 

the individual cultur~5 gave 25-49 meg and t8-34 mcg tyro~ine, 

respectively. 

Addi tion of Lb. acidaphi lus R to the yoghurt cuI ture reduceod 

the proteolytic activity (O~26 mg tyrosine/g curd) when ~ompared 

to the 'proteolytic activity of mi>eed yoghurt cuLture (0.32 mg 

tyrosine/g curd) when gr_own in skim milk for 18 hrs at 37°C 

(Sharma, 1982). The rate of proteolysis was comparatively less in 

acidophiLus yoghurt than that of plain yoghu.rt 

Prasad, 1986). 

<Sharma and 

lack aT information with regard to the 'associative growth 

pattern between therape~tic cultures and that of dahi and yoghurt 

emphasizing the need to study on this aspect to gather necessary 

information on the quality af dahi and yoghurt when therapeutic 

c:ulture~ are incorporated in the ~onventional cultures of 

respective produc,ts. 

2.4 preparation of Bulk Freeze-dried Start~r Cul'tures of. Dahi 

and ,Yoghurt 

In preparing culture concentrate, it is desirable to obtain 

large number of " cells possible that wi 11 act~vely grow and 

produce the desired metabolic p-roducts when 'placed in milk .. A 

number of factors such as growth medium, growth conditions (pH, 

temperature and period of incubation) method of harvesting etc. 

may affect the quality of the starter. 

2.4.1 Bra,. th !fed i a 

The choice of a growth med ium is guided by costs and 

efficiency in cell production .. The medium must be adequate in 

maintaining the balance among the strains in miKed starter 

cuI tures. Loss of viability can occur unless appropriate mediUM 

is used for growth (Champagne et al., 1991bl. Thus, th~ 

mu<:h development 

attention. 

of suitable growth medium has received 
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Various types of growth media mainly based on milk andior 

whey have been used for the production of dairy starter cultures 

<Stadhouders et aJ., 1969; Richardson, 1978; Peterkova. 

Ram. 1984; Kegal and Wallace, 1989; Rajagopal et aJ. 1 

Champagne ef; al., L991a and Gandhi and Shahani, 1994). 

The utilization of" steamed skim milk or skim 

1980; 

1990; 

milk 

supplemented with 1% yeast extra.ct <Stadhouders et aI., 1969) or 

skim milk with 0.1% yeast extract (Ram, 1984) has been reported. 

Sterilized reconstituted skim milk (RSM) with 9.1Y. solids was 

used to produce mixed species lactic starters by eet~ersson 
(1975), 

KornackI et ill. (1974) obtained good growth of lac:tlC 

streptococci (upto 10 X 10 Ltm!) using papain digested whey medium 

containing yeast e~tract <O.5r.) along with 0.012~ each of MnS64 , 

MgS64 and ZnS04 and. suggested that addition of glucose (0.5:4) or 

crude p-O- galactosidase will reduce the duration of the 

multiplication phas~. 

Porubcan and Sellars '(1975) patented a milk-based me-dium 

containing- asc_orbic acid, monosodiUm glutamate (MSG' aspartate 

and cryoprotective agents inOSitol, sorbitol, mannitol, 91u~ose, 

sucrose etc. f for the production 

cultUres. According to Jonas et al. 

inhibitory whey based medium is 

production of bulk lactic culture'S. 

of 

(1977 ) 

most 

freeze-dried starter 

pH controlled phage 

economical for the 

A whey-based medium containing 10-20% whey, 0.5-2.0% maize 

e~tract, 1.2y' sodium citrate, 0.016-0.164% MnSB 4 was patented 

(Lagoda et a.I., 1976). Lagoda ef: al. (1981) prop-osed a whey 

medium with 1% skim milk, 0.008% pepsin with which they obtained 

32-56% increased biomass of mesophilic lactic streptococci. 

Priidak et ala (1982) found increased yield of lactic 

streptococCi biomass from 3.5 to 5.2 kg/l000 litres when 0.5-1.0% 
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of acid hydralys~d casein is added to the base medium. Wright and 

Richardson (1982) reported 367. of increase in cell mass and 38K 

of activity increase of bulk lactic cultures using a phosphat~d 

whey medium having 5.270 whey solids, O.7tY. yeast autolysate and 

0.43% casein hyd~olysate. 

Enrichment of 8Y. reconstituted whey medium with 1% tryptone 

and O.SY- yeast e~tract increased the activity of 

cheese culture by forty times (Toyoda et 

the 80 type 

<1.1.,1987), 

Christopherson and Zottola (1989) had obtained higher cell number 

and increased developed acidity (0.8S%) with Le. Jactis ssp. 

J.actis C2, Le. Iactis ssp. crema,.is K4 and Le.' Jactis ssp. 

]actis biovar .. diact!tyl,;u:tig DRC3 in ultrafiltered skim milk than 

with cultures grown ih RSM (TA 0.72Y.'. 

Willrett and Comotto "(1989) got a patent for a medium with 

45-50Y. non-fermentable carbohydrate, 20-35~ milk prot8in, 2-l0~ 

growth stimUlant, 5% phosphate or citrate salts, <2Y. salt and <1% 

'Stabilizer for the productton of cheese" starters in bulk 

quantities. Another patented medium contains 38.45% dried whey, 

Lb.4Y. each of ammonium and magn"e-sium phasphat@s, sodium citrat@, 

5.6% yea~t extract and 6.7% xanthan gum 

19891. 

<Kegal and Wallace, 

A medium for the production of bacterial concentrate of 

yoghurt symbiont culture, having a composition of 2.SY. spray 

dried skim milk, 2.5% spray-dried sweet whey, O.SY. yeast extract, 

0.5% lactose, 0.25% sucrose, 5.85 mg calcium chloride, 0.12 mg 

maQnesium sulphate per litre, 0.2% dipotassium hydrogen phosphate 

and 0.002% bacterial proteinase ~ag developed (Kapoor, 1976). The 

cultures grown in this medium had longer shelf life. Kondratenko 

and Kondareva (1978' developed a simpl@ medium consisting of 500 

ml of ~kim milk, 500 ml of water, 3% of yeast extract and 2% of 

godium acetate, suitable for the production of bacterial 

concentrates of Str. thermophilus and Lb. bulg~ricus. Champagne 

et al. (1991a) revealed that papa.in hydrolyzed whey proved better 

growth medium than untreated whey and enabled increased biomass 
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produc t ion of Lb. d~lbrL1~c"'i i ssp. bulgdricus. 

A formulation of whey medium supplemented with maize 

extract, vitdmin 8 12 cample~, trypsin, buffering salts and growth 

promoting substances which is useful for the production of Lb. 

~cjdaphilus cell biomass was developed <Lagoda and Bannikava, 

1978). Pyatkova and Lukonikova (1979) noticed stimulatory effect 

of RSM with 18-32% ~otal solids on Lb. acidophilus. Gandhi and 

Shahani (1994) obtained higher number of Lb. Jlcidophilus cells in 

case of 

compared 

cheese 

to MRS 

whey supplemented with O.SY. 

medium at all the stages 

freeze-dried acidophilus powder . 

yeast extract 

of prepat'at ion 

as 

of 

Wright and • Klaenhammer (1981) suggested that media 

supplemented with phosphates, may not be appropriat~ for the 

preparation of Lb. ilcidophi}us t:ultures aimed for freeze-drying 

due to the morphological Changes • 

. aily (1967) claimed increased acid production by Lb. 

dcidophilus in skitJI milk medium containing 4.5~ lecithin. 

Marshall t't .11. (1982) have successfully grown Blt. bifidum in 2)( 

ultrafiltered skim milk and 5~ cheddar che~se whey. The addition 

of cysteine. (O.05~) plus pyruvic acid (0.05") and a!Scarbic acid 

(0.2':1.) to 12':1. RSM permi tted the growth of Bi t. bi. fidum (Collins 

and Hall, 1984). Misra and Kuila (1991) obtained optimal growth 

(7.51 log Cfu/g) of Bif. bifidum isolates, after incubating at 

37°C for 48 hrs in cow milk digest~d with 20% pepsin. 

2.4.2 Growth Condi.tions 

2.4.2.1 Effect of pH 

The populations of several. lactic acid bacteria can be 

increased by controlling the pH of the growth medium at a 

favourable level. Freeze-drying of acid cultures is detrimental 

to survival, hence, it is necessary to control the pH at two 
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levels, i . e •• during cell growth and in the suspension medium 

(Champagne et .al. I 1~91b). 

In producing culture concentrates, ... it is economically 

important to obtain the largest yield of cells possible that 

possess maximum biological activity. The population of lactiC 

streptococCi can be greatly increased by controlling the pH of 

the growth medium at a favourable level (eerge~ 1968; Cogan et 

al., 1971 and Lloyed and Pont, 1973). 

Growth of Str. lactis ssp. cremorjs under pH control (6.0) 

Mot only resulted in higher biomass yields but also increased 

survival during freezing (Peebles et a1., 1969). Maintaining of 

pH 6.5 was suggested for mass production of tnesoph iIi c 

streptococci (Speckman, 1975). The cells of Str. salivarius ssp 

thermaphilus had lower viability losses when grown at pH 6.'0 

rather than at pH 6.5 and the same was generally found to be the 

case with Lb .. delbr-ueckii 'Ssp. bulg.aricus (Bozoglu et a1., 1987>. 

2.4.2.2 Effect of neutralizer 

The type of neutr:",lizer used for pH control influences the 

maKimum obtainablt! population of the dairy cult.ures in the medi.a 

(Peebles £It al., 1969; Lloyed and Pont., 1973 and Mitchell and 

Gilliland, 1983). When a ~onventional mixed lactococci culture 

(with pH 4.8) was ne~tralized, the survival to freeze-drying was 

higher when Ca(OH)2 rather than Na.OH, was used-for neutralization 

(Stadhouders et a1., 1969), 

Fernandes £It al. (1986) observed marked in~rease in the 

growth of Lb. acidophl.'lus in MRS broth, t.r.Ihen neutralized with 

Ca(OH)2' Gilliland et 81.(1970) found no significant difference 

either with NaOH or NH40H whereas Pee~les £It ClI. (1969), Blaine 

(1972), Mitchell and Gilliland (19B3)obtained relativ@ly higher 

yields with NH4 0H and Na2C03 than with NaOH, KOH or Ca(OHl2' 

Se~eral other publications showed two-fold increase in the 

cell population in the medium neutrali%.ed with. NH 40H rather than 
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wi th NaOH (lLoyeod and Pont, 1973; Efstathiou e~ d1., ~975 and 

Ram, 1984). Recently Hall and Antonvcc:i (1988) observed five fold 

increase in the activity of cheese starters when grown in skim 

milk medium neutralized by NH40H. 

2.4.2.3 Effect of t~mperature 

The temperature chosen for biomass production is a function 

of the optimum growth temperature of a specific strain and the 

temperatur"e at which it will be used at the dairy plant 

(Gilliland, 1976). 

Pont a.nd Halloway (1968) found maximum rate and 

population denSity with an optimum temperature for Str. 

I.ctis ssp. lactis Cl0. Contrary to this, Efstathiou et al. 

(1975) reported that incub~tion temperature of 25°C was 

:favourable not only for obtaining maximum popul.ation but also fol"' 

propel"' species balance between Str~ Idctis ssp_ crPffloris and Str. 

}dctis 'Ssp. liictis bioval"' •. di.,acetyliictis. Similal"'ly Petter'S'5on 

(1975) also suggested the incubation at 25°C for optimal yield of 

mixed species stal"'tel"' consisting of Str. 

and Str. di.acetylactis. 

crpmari.s Sl;r. JdCtzs 

Although the activity of mixed strain culture is optimum at 

45°C. it is recommended that in order to maintain and/or achieve 

a ratio of 1:1 between Str. thermaphilus and Lb. bulgaricus. 

propagation of these organisms toget'her at 42°C ~as advocated 

(Kurmann, 1967 and Tamime, 1977)w 

2.4.3 Rate D~ Inoculum 

Ayunts et ale (1979) studied t~e effect of age and amount of 

inoculum and duration of cultivation on yield of biomass of 

lactic acid bacteria. Ma~imum yield of bacterial concentration 

was obtained using 1:': inoculum and incubating for 14-16 hrs .. 
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Belova e(; 41. (1977) used 3-4Y. inoculum for bacterial 

population of Str. iactis, Str. Jactis biovar. diacetyiactis a.nd 

Str. parae i (;rovorus. 

2.4.4 'Harvesting a~ Cell Biomass 

In order to obtain an acceptable number of cells, they must 

be harvested from the growth medium and concentrated in a 

suspending medium suitable for freeze-drying_ 

The cells of Lb. helveticus and S(;r. thermophilus (Gehriger, 

1968l and lactic streptococci CShurda, 1980r :harvested from late 

Iogarlthmic or early stationary phase were found to give greatest 

viability after freeze-drying_ Similar view was e~pre5sed by 

Woodward (1980). 

The initial bacterial load affects the survival r~te. Kilara 

et: al. (1976) observed hi.gher survival levels of ~tr. lJcti5 ssp. 

Iiilctis, 5tr. the rmoph i Jus, and Lb. bulgilricus. when the highest 

initial cell densi.ti.es were freeze-cried. Bozoglu et al. (1987) 

showed that the protective effect of high initial bacterial load 

is a function of the interactions between mic~o-organisms through 

decre~s3n9 the e~posed area of each cell to the environment and 

therefore, preventing t"e posslbLe damage. They further 'Su9ge'Sted 

that an initial biomass that would be too concentrated (10
12 

cells/ml) would, however, be harmful I because of an imbalanced 

osmotic pressure, 

Stadhouders et al. (19p9) established a procedure to harvest 

cells of Str. lactis Cl0 from skim milk, by neutralizing with 33~ 

NaOH and addition of 1% sodium citrate prior to centrifugation. 

The survival rate of the preserved starter culture depends 

on the ~ethod of harvesting_ Continuous neutralization of the 

growth medium at around pH 5.8-6.0 to produce a culture with high 

cell culture concentrat~ ha~ b~en reported <Barach and Kamara, 

1980.) • Laboratory centrifuges enable 99" of. Str. 



lilctis e10 to be concentrated. in 5:t. of 

(S~adhouders et ill., 1969). 

the or i9 in.11 
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volumE' 

Sharples and Cepa centrifuges are adequate for collecting 

cell'§ but require a di.~continuaus operation in order to 

recuperate the cell deposits. Stadhauders et ill. (1969) obse rved 

that use of sharples centrifuge for the collection of cell 

biomass was inferior because it gave intermittent harvesting and 

removaL of bacterial sludge was difficuLt. Contrari ly, Blaine 

(1972) reported 99.9% recovery of cells from the medium u'§ing 

sharples centrifuge. 

The stress caused by centrifugation increases sensitivity to 

freezing and drying due to physical damage (Tamime, 1990) • 

Osborne (1977) deveLoped a diffusion culture technique to remove 

lactate and achieved 1011 cells/ml in a concentrated culture. 

In recent times, ultrafiltration is being used to 

concentratE' stArter cultures (Boyaval et .;11., 1987; Ferras- et 

011., 1986 and Prigent et al., 1988l. Champagne et CAl. (1991b) 

observed breaking of the Str. lCActis ssp. cremaris chains to form 

diplococci following ultrafiltration resulting in an increase of 

cell I;ount. 

2.4.5 Inrluence of Cryoprotective ~gent~ 

A good suspending medium ·should provide cryoprotection to 

the cells during freezing, get easily dried and provide a good 

mat-rix to allow stabi 1 i ty and ease of rehydration. It was shown 

that dairy starters could be freeze-dri(?d" directly in their 

growth medium with some success <El-Sadek et al., 1975 and 

Nagmoush et al., 1978). Better recovery is generally achieved 

when cryoprotective agents are used. 

Skim milk was used to protect LAB during freeze-drying 

because it is easy to dry (Sinha et aJ., 1974; EI-Sadek et a1., 

1975 and Kilara et a1., 1976). Sincl!' drying ~amages cell wall 
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proteins ~nd makes them m?re easily e~tracta~le, it was thought 

that proteins contained in milk provide a protective coat for the 

ce lIs. 

Stadhouders et iIl. {l9691 and Pettersson (1975) found that 

7Y. lactose was a useful cryoprotect~nt for lactic acid bacterla 

whereas Kilara et al. (1976) and Ni-kolova (1978) achieved 90-100% 

of survival with yoghurt cultures when lOY. lactose solution used 

as a cryoprotective agent. Sucrose, which inhibit fre@ radical 

formation was used succe~sfully to get higher survival rate 

(Nikolova. 1978; Grud~inskaya, lagoda et aI., 1982; 

Sidorova et a!. I 1983 and Alaeddinoglu et dl., 1989) & 

Oamjanovic and Radulovic (t967) found best survival (99%) of 

Bif. bifidum when a suspending medium containing 8% sucrose, 1.5% 

"g~latin 

medium 

in 5% skim milk was us~d. By using the ,?am~ suspending 

Raduloyic <197·1) achieved 90-tOOX survival of Lb. 

acidophilus. 

Many 

cultures, 

repo~ts on using" monosodium glutamate for lactic 

to achieve 60-95% survival on freeze-dryi.ng or. 

available <Speckman, 1975; Pettersson, 1975; Kilara ~t aJ., 1976; 

Mi.sra, 1978; Garcia Pina et ai., 1979; Oz ... la.p and" Ozlap, 1979; 

Lagoda et aJ., 1982; Font de Valdez et al., i9B3a and Kim et al., 

1987) • 

Pectin (Kilara et aI., 1976 and Prajapati and Dave, 1994) 

and dextran (Font de Valdez et al., 1993a) increased the survival 

of most lactobacilli and lactococci during freeze~drying process 

and storage .. The addition of ascorbic" acid, thiourea and ammonium 

chloride (0.5% each) to skim milk with 10% T.S. was proved better 

for mesophilic streptococci and far Str. thermophilus and Lb. 

biTidus (Sinha (It al., 1970, 1972 and 1974). However, aSCQrbic 

acid was proved to be tOKic to cells (Heckly and Quay, 1983). 

Morichi (1972) obtained 40-66X viability af S~r ... Jactis ssp. 

c:remoris, Str. Jactis'Ssp. lactis, Str. Jactis ssp. lactis bi.ovar. 
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diacE'tyldctis, Lb. 

glutamiL dcjd/L-

bulgaricu5 and Lb. dcidophi ius 

arginine/acetylglycine/DL malic 

using 

acid 

L-

as 

cryoprotective agen t. Reconstituted skim milk (LOr. T.M.S.) 

containing either yeast eKtract or O.03Y. vitamin E was proved to 

be more effective 1n preserving Str. /actis .:::;sp. idctis activity 

during storage (Nagmoush et .11., 1978). 

PolyethyLene glycoL (PEG) was found to accelerate the drying 

and thereby reduces the drying period from 45 to 30 min to have a 

residual moisture level of t.t-l.7Y. and addition of PEG to milk 

did increase survival of freeze-drying by 10-20% with lactacocci 

(Font de Valdez et ,ai., 1985). Aspartic acid and cystei.ne were 

successfully used as cryoprotectants (Marichi, 1970 and Font de 

Valdez et 81., 1983a). 

Misra (1q78) found 95.6% survival of Lb. bulgaricus with -a 

suspendi.ng medium c:ontaininQ O.5Y. whey powder and O.SY. malt" 

extract. These cultures have retained better activity following 

freeze-drying when O.OlY. Tween 80 ·or tY. sheep's serum was added 

to lOr. skim milk prior to freeze-drying (Nagmoush et a1., 1978). 

More than SOY. survival of yoghurt cultures and Str. lactls 

ssp. cr~marjs wa"S 'Obtained with adonitol <Font de Valdez et .J.~ 

1983b) and Similar view was expressed by Alaeddin'Oglu et 

aI. (1989) whe (pade an attempt 'Of using 1 M adonitol in whey 

medium 'Or in skim milk. 

Very recently, Belova et al. ( 1993) found 

protection 'Of 5tr. salivarius ssp. thermaphilus, Lb. 

effective 

helveticus 

and Lb. lactjs with a suspending medium having sucrose, magneSium 

sulphate, ascorbic: acid, sodium acetate, apilac and calcium 

hydroxide. 

Dulcitol, mannitol, minositol and sorbitol were found to 

provide little or ne protection, to lactic: acid bacteria. when 

added to milk (Font de Valdez et a1., 1983b). Because of its 

potential human tOKicity dimethyl sulfoxide (OMSal cannot be used 
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as a suspending medium (Simatos et 31.,1974). Best results were 

obtaIned with glycerol <O.75M) in whey medium (AlaeddinogLu et­

.11., 19891. However', glycerol remains liquid at normal storagE! 

temperature (4o C) and was not found suitable for freeze-drying 

(Simatos et a1., 1974'. The addition of glycogen was not very 

tt.ffE'ctil,rE! for lactic cuLtures <Font de Valdez et al . ., 1983a). The 

L~cysteine, OL-threonine gave 40r. of survival for both mesophilic 

and thermophilic lactic cultures (Marichi, 1972). Asparagine was 

nat an effective pratectant (Marichi, 1970 and Font de Valdez et­

d1., 1983a). Peptone, yeast extract, protein hydrolysate and 

gelatin increased survival of most strains when compared to water 

but are generally -less effective than milk 

1978~. Bovine serum albumin was not a good 

milk (Font de Valdez ei: al.-, 1983a). 

or sucrose (Nikolova, 

cryoprotec~ant than 

Freeze-drying of BUlk S~arter Cul~ure5 

The lactic acid bac;:teria were freeze-dried by Rogers (1914) 

for the first time. Later on, it came to be widely used in- the 

preservation of lactic culture<;;. Morichi (1974), Speckman et a1. 

(1974) and Petterssen (1975) reported that laetie cultures gave 

SOY. of 'Survival during freeze-drying_ Advances in lyophi-lization 

have m-.dE!' it po<;;sible to produce freeze-dried star-ter culture.s of 

vari.ou~ lactic cultures to be used for direct vat 

<Bannlkova and Lagoda, 1970; Kornacki et al., 1977; 

Sannikova, 1978b and Ram, 1994). 

inoculation 

lagoda and 

Bulk 'freeze-dried starter cultures of single species 

cultures of dahi and yognurt have been prepal"ed (Dalai, 1983). 

But the study was not giving the required da"ta. Succe<;;sful 

freeze-drying of- bifidobacteria has been proclaimed (Ob_aya:!!ihi et 

al., 1961; Damjanovic and Radulovi~1 1967; Ervol'der and GudkoY, 

1982; Collins and Hall, 1984 and Ishibashi ~t al., 1985). Freeze­

drying of Lb. ilcjdophj lus has been successfully earriE!'d (Kujawa 

ei: al., 1987). No 'reports are available regarding th~ freeze-

drying of miKed cultures of either dahi or yoghurt in combination 
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wi~h therapeutic cultures. Hence, the present study has a great 

practical $ignificanc@ for dairy industry. 

2.4.7 Pdckaging af 8ulk Freeze-dried_Starter Cultures 

The material for the packaging of cultures has special 

significance 1n so far as viability and activity qf bacteria in 

the concentrate are concerned. Moisture as well as the oxygen has 

been found to be lethal to the bacteria in dried preparation of 

cuI tures. 

Common practice of dispensing ,freeze-dried cultures is in 

9lass ampoules. Endeavours have also been made to disburse the 

freeze-dried cultures in glass vials sealed with rubber stoppers 

along with nylon or aluminium 'Sack'et'S etc. (Ram, 1984). 

Tsvetkov and Nikolova (1974) manifested that survival 

of yoghurt ~ultur@s was higher in fOLI pou~hes than in nylon 

pouches. Laminated aluminium ~oil was proved superior to 

metalized polyester for packaging of freeze-dried Lb. 

in bulk quantities (Dalai, 1983). Shah et: al. (1987 ) 

bulgaricus 

advo~ated 

the use of polyethylene laminated aluminium foil pouches as a 

suitable packaging material for dripd dairy produ~ts containing 

live la~tobacilli. 

2.5 Stability of Bulk ~reeze-dried Starter Cultures During 

Storage 

A variety of factors, such as temperature and storage 

atmosphere besides residual moisture and relative humidity, 

affect the viability of dried lactic cultures during storage 

period. 

2.5.1 f£'f'fect OT Storage Temperature 

The storage temperature is the most important aspect whi~h 

influences the activity and viability of freeze-dried ~tarter 
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cultures. Working with mesophilic and thermophilic LAB. Cibli<s 

(1966) reported 1-5% survival at SoC after four years of storage. 

Blaine (1972 ) observed more than SOY. 105s in the activity of 

lyophilized Str. lactis ssp. lil.ctis after 7 day'S of storage at 

22o C. No significant loss of viability during~3 months of storage 

either at -22~ or 20
0

C of dried LAB was shown (Speckman et ai., 

1974). Freeze-dried concentrates of commercial mixed strain 

lactococci were ac~ive and stable at ambient temperatures 

for several months in vacuum sealed and stored in amber 

containers filled with argon (Yang and Sandine~ 1979). 

The increase Ln the temperature of storage had decreased the 

'Oiur'Jival rate of freeze-dried cells .(Oalai, 1983). Ram (1984) 

revealed that the freeze-dried c:heese starter concentratE's stor.d 

at _20°C were viable upto 4 months. Seventy three percent 

viability of Lactobacillus cultures when stored at -20°C fer a 

period of 2 years was indicated (Barbour and Priest, 1996).· 

Longer shelf life of Str. lactis ssp ldctis C2 at 2ZoC rather 

than at 37°C h.as bEen establ ished (Sinha, 1989).· 

2.5.2 

Survival of dried' cells is affected by the atmosphere of 

storage. Hawrylewiez et al. (1962> reported low@r survival rates 

in vacuo as compared to nitrogen. Sinha et al. (1974) obtained 

93.7'l. su.rvival rate for Lb. bifidus with vacu.um sealed and 92.1'l. 

with air packed freeze-dried cultures, immediately aTter 2 months 

storage at 30°C. This observation was contradic:tory td th~t 
reported by Obayashi et al (1961). 

Bozoglu et al. (1987) obtained 5.2 log cfu/g of freeze-dried 

Str. thermaphilus cells with nitrogen paekaging whereas the count 

of cells packed with air, after 75 days of storage at 4
o C.was 4.6 

log cfu/g. The useful shelf life of freeze-dried 5tr. Jactis ssp. 

lactis C2 based on the survival of 1000 cells per ampOUle when 

packed under vacuum was ma~imum (112 months) whereas the cells 

packed under carbondioxide, nitrogen, air and. oxygen resulted in 
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lower eKpected shelf life which was in the decreasing order from 

93 months to b months (Sinha, 1999). Thi~ 15 1n accordance with 

the result of Ram <19841 who obtained 30X of viability with 

vacuum sealed CH-9 cheese starter after 6 months storage at -20
o

C 

whereas the same culture, sealed under air gave only 10% of the 

survival. 

2.6 Use of Bulk Free~e-dried Starter Cultures of Dahi and 

Yoghurt 

Although eKtensive developments in' the production of starter 

concentrates have been made during the last two decades, little 

information has been published on the actual performance of 

starter concentrates in the preparation of fermented dairy 

products .. ' . Even though the reports regarding application of bulk 

freeze-dri~d starters in the preparation of a variety of cheeses 

are available publica-tions on the direct inoculation of milk with 

f"reeze-dried starters for the production of dahi and yoghurt are 

yery scanty-. 

Speckman (1975) prepared good quality of yoghurt by direct 

inoculation of milk with lyophilized Lb~ bulgaricus and Str. 

thermophilus in equal quantities and achieved a pH of 4.4 to 4.7~ 

as with conventional yoghurt cultures~ Under limited laboratory 

trials ~onsistent results were a~hieved with the use of bulk 

freeze-dried dahi and yoghurt cultures (Dalai, 1983). A freeze-

dried conventional yoghurt -culture named °Jointec:-R' "a5 

developed and used for direct-vat inoculation CRottigni, 1987) • 

'Yo-Fle~o- DVS yoghurt culture, having defined single strains of 

yognurt cultures was developed by ChI". Hansen's Laboratory 

(Spark. 1990). The freeze-dried starter culture having a viable 

count of 109_10 10/cm 3 of bifidobacteria for the preparation of 

bifidus milk under both domestic and industrial conditions are 

mad@ avai lable {Khamagaeva and Stolyarova, 1993. * 
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2.6.1 Preparation of Dahi 

The cow or buffalo milk, ~ith@r whole or skim, 
, 

was simmered 

for a long time '5~nha, 1984) or boiled for 10 min (Gar-g, 1988) 

cooled to body temperature and transferred to earthenware pots or 

pans. In households, a small amount of previous day's dahi or 

butter milk is bl"!ing added and incubated at room temperature for 

16-20 hrs. Ray (1970) " studied microbiology and preparation of 

sweetened dahi or misti dahi prepared with 1-370 of culture 

consistin9 of Str. l.actis ssp. l.actis or Str. lactis ssp. l.a.ctis 

biovar. di,acetylactis. Recently, Ghosh and Rajorhia <1990 ) 

published th!=, details of misti dahi preparation. Dahi was also 

prepared using reconstituted whole and skim milk (Panday, 1~85). 

2.6.2 Preparation of Yoghurt 

Yoghurt is an exotic ~ounterpart of dahi. Many revIews on 

yoghurt preparation hav.e been published (Humphreys and Plunkett, 

1969; ROPinson and Tamime , 1975; Tamime and Robinson, 1985 ; 

Shukla et 01., 1987 and Vedamuthu. 1991). The various types of 

yoghurts differ according to their chemical composition, method 

of preparation, flavour and nature -of post-incubation processing. 

The manufacturIng process of yoghurt was described by Tamime 

and Robinson (1985). Milk was standardised to O.5-3~OY. fat and 

14-16-% 

yoghurt 

100-200 

total solids. After adding sU9ar and stabilizers the 

milk ~as heated to 50-bODe to homogenize at a pressure 
2 . _ 0 

kg/em. The homogenized mIlk was heated ~o 95 C for 
a 

or 37 e min and cooled to incupation temperature, either 42° 

1-2Y.. Then it 

30 

and 

.. as was inoculated with yoghurt starter 

packed and incubated at 42° or 

cuI ture @ 

37°C for 4 

respectively. This fermented product .. as cooled 

or 

to 

10 hours, 

(lODe and 

stored at refrigeration temperature. 
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2.7 Nutri:tional 'and Therapeutic Values of Dahi and Yoghurt 

Sages Char-aka and Sushruta, the great exponents of Ayuryedic 

system of medicine in India, have described the virtues of dah i 

and stated that this increases ap"etite, vitality, cures 

diarrhoea, nasal catarh, dysentry, intermittent fever and other 

diseases (Bishagranta, 1907 and Kaviratna, 1922). The yoghurt, 

besides its nutritive value (Tomar, 1988) is believed to be 

effective both in prevention and treatment of various illnesses 

in man as well as in animals, Yiz.~ gastrointestinal dlsorders. 

heart diseases and tumour development <Deeth and Tamime, 1981). 

Recently many reviews have been publ ished r.,;ovealJng the 

nutritional and healthfLll aspects of cui tured and cu 1 ture 

containing dairy products (Shahani and Chandan, 

~ ".1 1991; Gilliland, 1989; Drie<;;sen and de Boer, 

Hoo·..,er, 1991)~ 

] 979; 

1989; 

Experim@nts have been performed to examine the 

IOF, 

Hughes and 

effect of 

feeding cultured dairy products on growth performance of animals~ 

As. early as in 1950 Khambatta performed an e>eperiment to 

know the effect of dahi on growth rate of rats. In this. the rats 

were reared on mineralised milk and dahi prepared from raw and 

boiled milk. Th@ results of total growth and body weight varied 

widely but in no case did dahi 9rou~s show superior growth to 

milk group. It was also suggested that the lowering in the growth 

promoting efficiency of dahi was due to the hydrolysis of casein 

and subsequent metabolization of some of the essential amino 

acids 

milk 

by the lactic acid bacteria. Similarly, 

grew slightly faster than those given dahi 

the 

or 

milk and there was no difference in growth rates of 

acidoptiilus milk or dahi (Chawla, 1982). 

rats given 

acidophi Ius 

rats given 
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Gre3t~r w~ight 9ain~ and feed efficiency ratio in rats were 

obtained when fed with yoghurt" than that of 

unfel"'mented 

observations 

milk (Hargrove and Alford" 

in rats were .made by McDonough 

the rats given 

1978) • Simi lar 

et al. <1982 ) 

Brouss~lian and Westhoff (1963', Hitchins et .31. (1983) and 

Grunewald and Mitchell (1983) and in pigs by Pollman (1984) .. 

Grunewald (1985) found more gain in weight of mice fed with 

acidophilus milk than fed wtth milk .. Similar growth rates were 

Dbserv~d in rat~ fed with drinking water or 10~ liquid skim milk 

or lOY. milk ferlllented with Lb • .acidophilus along with water. The 

differing results were attributed to specific strain of Lb. 

acidophi lug used, 

bacteria fed etc. 

the host animal employed~ the number of 

McDonough et al. (1985) opined that the stimulat10n of 

growth with yoghurt feeding, might be due to the increasing 

absorption and uti l1zation of one or more mInerals. Acco'rd1ng to 

Mantere-Alhonen (1986), the efficiency of probiotics like lactic 

and propion1c acid bact~ria, may be due to the occurrence of 

useful metabolites (lactic and propionic acids), improved feed 

efficiency. increased resistance to diseases, the elimination of 

unfavourable drug effects and/or the inhibition of the growth of 

h'armfl,.ll micro-organisms in the intestinal tracts .. 

2.7.2 Effect an Serum Cholesterol Level 

A splendid correlation e~ists between dietary saturated fat 

or chole<sterol intake and serum cholesterol level. The level of 

serum Cholesterol is a major factor of coronary heart diseases. 

Mann and Spoerry (1974) observed that inspite of consuming large 

quantities of saturated fat and cholesterol through fermented 

mllk, tht" Masai trib~smen of Africa had fairly low level of 

-cholesterol in their blood. They suggested that there eKists an 

anticholesterolemic milk factor for the hypocholestermic effect 

of cultured milk. 
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Acc:or~ing to,Astrup (1977), the serum chole5terol 'le ..... el-=; in 

young and middle aged men are reduced within a few weeks by daily 

consumption of yoghurt a Mann (1977) and Nair and Mann (1977 ) 

de~cribed that the effective agent in yoghurt may be inhibiting 

the hydroKymethyl gluta~yl CoA reductase"the regulatory enZyme 

in cholesterol synthesis. 

The hypocholesterolemic effect theory of fermented milks was 

also supported by Hepner et ala (1979) who found 5-10% reduction 

in cholesterol level in human volunteers a:fter suppleomentation of 

diet with yoghurt for one week. This report is 1n contrast to the 

earlier work published by Gold and Samuel (1965) and Payens et 

ida (1976) who have found no significant difference In serum 

cholestElrol levels of human volunt~ers fed either yoghurt, milk 

or dairy product. 

Kansal and Chawla <1984 ) t.he 

cholesterol level from 58 mg to 39 rng/lOO ml plasma in rats fed 

with dahi for a period of ~O days. The increased serum 

cholesterol.level in rats fed by the supplemented butter oil was 

lowered down by the addition of yoghurt (Kaul, 1984) or butter 

milk (Metwally et al., 1998 and Abd-EI Gawad et al., 1988). 

Th~ f!Kperiments of Grunewald (1982), Kansal and Chawla 

(1984) and Ishida and Kubo (1985) had shown that t'he fermented 

milks gave a lower serum cholesterol concentration in rats fed 

with fermented milk containing Lb • .a.cidophi Ius than did the 

water-fed or milk-fed rats. In contrast to the aforesaid .results, 

Grunewald (1985) did not observe significant difference in serum 

cholesterol among mice fed with fermented milk and it was thought 

that the differing re'3ults may be due to (i) the specific: strains 

of Lb. acidophilus used {iiI host animal employed (iii)number of 

bacteriA fed (iv) feeding procedure and (v) storage of cultured 

product. 

Gorbach et aJ. (1988) have observed reduction of cholesterol 

level in 35 heAlthy volunteers treated for two weeks with a 
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fermented product c:ontClining Lactobacillus GG strain. Similarly. 

signific.ant reduction 11;· serum cholesterol level by feeding' 

acidophilus milk, 200 g/head/day to human volunteers of aged 50-

60 years, for a period of 30 days was reported <Khedkar et &1., 

1993). Prior to this, Danielson ~t id. (1989) found reduction in 

chole'5terol level in boars by Lb. J.cidophi Ius 16 strain. 

Comparatively. limited information is available on 

aspect, with regard to bifidobacteria; Homma (199B) reported 

lowering of serum cholesterol level in rats fed orally 

bifidobacteria. In contrary, in the same year Kim ascribed 

hypocholesterolemic 

bifidobacteria. 

2.7.3 

effect to lactabac::i 11 i but not 

this 

the 

with 

the 

to 

Tne impor~4nce of the 4~tibacterial activity of cultured 

milk~' and culture ~ont&ining dairy prcdu~ts in human health has 

been reviewed (Shahani and Chandan, 1"979; Driessen and de Boer, 

1999; Fuller, 1989; Gilliland., 1989 and IDF., . ...2.. : 1991). 

The antibacterial activity in lactic acid bacteria has been 

ascribed to hydrogen peroxide (Hirs~h and Wheater., 1951; 

Gilldand and Speck, 1969) diacetyl (Jay, 1982) or polypeptides 

like bacteriocins (Klaenhammer., 1988 and Daeschel, 1989) and 

antibioti~s (Reddy and Ranganathan, 1983; Daes~hel, 1989 and 

Spelhaug and Harlander, 1989). 

the antimi~robial Marsha'}} 

prQdu~ed 

(1987 ) 

by 

reviewed 

lactic cultures, those 

c:ompounds 

are 

lactocidin/acidophilin/acidolin by Lb. 

by Str .. lilctis ssp. ere-maris, nisin by 

aeidophilus, 

Str lactis 

diploc:occin 

ssp. Jaetis, 

bulgarican by Lb .. delbrueckii spp. bulgarieus. Anti-microbial 

compounds have been isolated from Str. Jactis ssp .. lactis biova.r. 

diactJtylactis by Branen tJt .al. (1975) and ff'om 5t,.. the,mophilu$ 

by Pulusani et al. (1979). Nisin is fdfective against numerous 

Gram pOSitive bacteria (Klaenhammef'. !9BB) and '" being 
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sLlccessfully uS€,d in the preservation of dairy and other' food 

products "(Gupta and Prasad, 1989). Piaf'd et .;1.1. (1989) had 

characterized .a bacteriocin called lactocin 481 from Str. l.?ctis 

ssp. lactis CNRZ 481. The antibacterial substances bifidin from 

Bif. bifidum and bifilang from Bif. longum were purified by Anand 

et &1. (1985) and Kang et a1. (1989) respectively. 

Gandhi and Nambudripad (1975) reported the antimicrobial 

properties of market dahi samples against Escherichia cDli, 

Aerobacter aerDgenes, Bacillus subti 1 is and Staphylococcus 

.aureus. According to the observations dahi samples showed maximum 

inhibitory activity against B. subtilis and against E. coli. 

Frank and Marth (1977) reported the inhibi tion at 

entIH·opathogenic: E~ coli by homofermentatilJe LAB like Str. lactis 

and Str. cremoris. 

Pulusani et aI. (1979) found strong Inhi.bition by 5tr. 

thermophilus of B. subtilis, E .. coli and SiJJmonel.1iJ typhimurium. 

Singh et .aJ .. (1979) proved the antiba.cterial activity of pure ~nd 

mil<ed os"trains of Str. thermophilus and Lb. bulgaricus against 

E.coli, Pseudomonas fragi and Micrococcus "flavus. Reddy (1980) 

reported the antibacterial activity of Str. lactzs ssp. 

diacetylactis strains ~Cl. DRC2, against Staph. aureus S6 and P. 

f,.a9 1 • 

Ratnakar (1989) had proIJE'd wE'ak inhibitory activity of 

market dahi samplE'S against E.coli, B.subt:ilis and Sf;aph.aureus 

and no inhibition was observed against Sa}. typhi. The- dahi 

samples prepared using Lc. lactis ssp. lactis Cl0 had shown a 

weak a.ntibactl;!rial activity against B.subtilis and Soill. typhi 

whereas dahi prepared with mi~ed cultures showed no inhibitory 

action against the test organisms. 

In vi trD stud ies showed that Lb. bulgaricus and 5tr. 

thermophilus do not produce any antibiosis agaJnst 

(Bianc;:hi-Salvadori et al., 1988). 

E. col i 
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The yoghurt samples prepared by using Str. sdlivariu5 ssp. 

thermoph.i Ius H, Lb. delbru~ckii ssp. bu19dricu5 Wand Lb. 

dCidophilus R showed mild inhibitory effect against Staph.dureus 

and no inhibition was noted against E.coli, 

Sal. typhi (Ratnakar, 1989). 

B. sub til is and 

As early as in 1965, Vakil .and Shahani showed high 

antibacterial activity of a strain of Lb. dcidophilus against 

bacterial pathogens belonging to genera Salmonella, Shigella, 

Klebsiella, Pseudomonas and St.a.phylococcus. Similar observations 

were reported (Hamdan and Mikolajcik, 1973; Mikolajc:ik and 

. Hamdan I 1975; Babel, 1977; Gilliland and Speck, 1977; Sandine, 

1979; 

which 

and Keating, 1985). The production of hydrogen peroKide, 

is inhibitory to many pathogens, by Lb. dcidophi lus was 

observed (Wheather et a1., 1952; CQllins and Aramaki. 1980; 

Martin and Gilliland, 1980)4 Acidophilus yoghurt, contaIning Lb. 

dcidophilus and Str4 thermophi1us suppressed StJph .. 8ureus more 

effectively than standard yoghurt (Attaie et 81., 1987). Ferreira 

and De 1 (1987) had observed that bacteriocin produced by Lb. 

inhibitory towards Stdph.dureus, E.coli and dcidophi lus. was 

Salmonella spp. Very strong antibacterial activity by Lb. 

dC idaphi Ius R (Rao and Gandh i, 1998) than Lb4 i1.cidophilus 1899 

was found against StiJph.aureus and wE'ak against 

(Ratnak.:ar, 1989)4 Khedkar €It aL (1990) proved strong 

Sal. typh"i 

lnhibitory 

activity of cell free culture filtrates of Lb4 

against PS4 aeruginosa and SiJl. typhOSd. 

iilc~dophilus 9V3 

Lin et a1. (1986) examined 91 culturE'S of lactic acid 

bacteria for their antibacterial activity based on the formation 

of an .inhibitory zone against E4coli, Staph4 durC"us, 

Clostridium:"sporogenes, Ps, f1uorr:scfiilns, 5a14 typhimurium or 

B.SUbtili5~Aighest antimicrobial activity was obtalneod with Lb. 

acidophiIus, Lb. bulgaricus and Str.ldctis cultures. 

8i fidobdcterium b~fidum was found to E'xhibit maximum 

antagonistic action against several pathogenic mlcro-organisms 

tested4 MaXlmum inhibitory action was against M. fldvus followed 
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by Staph. aureU5, B. cer~us, E. col i, Ps. f jijDre!">cens, Sal. typhosa, 

Sh.dysenreriae in decrea.~ing order (Anand et aL., 1984; Tojo et. 

al., 1997 and TornClda ef: al. I 1988). 

Roo (1993) reported very strong antibacterial activity of 

cream supplemented with Lb. aeidophi Ius and 

Bif.bifidum against £.coli, 5f:a.ph.aureus and Sal. typhi than that 

af the yoghurt-ice cream prepared with yoghurt cultures alone. 

2.8 Objectives oT the Present study 

Keeping 1n Ylew of the necessity of the concentrated 

cultures of dahi and yoghurt, the present investigation was 

carried out with the following objectives: 

To develop improved~ mi~ed starter cultures for dahl and 

yoghurt and to enhance the therapeutic vaLue of these 

products by incorporating Lb. acidophi Jus and Bi'f.. 

in both dahi and yoghurt cultures. 

bi fidum 

To make available the dir~ct vat inoculation freeze-dried 

starter cultures for the commercial production of dahi and 

yoghurt at uniform quality. 

To predict the shelf life of bulk 

cultures of dahi and yoghurt. 

freeze-dried starter 

To manufacture dahi and yoghurt of uniform quality. 
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·3~ MATERIALS AND METHODS 

Th~ pres~nt study was carried out in foup phases. In the 

first phase, the effect of associative growth in mixed cultures 

of dah i and yoghurt wi th the therapeutic cultures 

<Bi fidabacf:erium bi fidum and L.acf:abacillus acidaphilus) was 

studied to select the best combination of cultures for the 

preparation of dahi and yoghurt. In the second phase, selection 

of suitable growth medium~ and optimization of growth conditions 

for bulk production of selected dahi and yoghurt cultures and 

freeze-drying of these cultures were carried out. In the third 

phase, the bulk freeze-dried cultures of dahi and yoghurt were 

evaluated for viability and biochemical activity during storage 

period. In the fourth phase, dahi and yoghurt were prepared using 

bulk free:!:"e-dried cultures and the product'S were evaluated for 

sensory properties and therapeutill: values viz., effect on the 

growth and serum cholesterol level of EKperimental anlmals .and 

antibiotic properties against selected pathogenic culture.s. 

3.1 Collection of Raw Materials 

and 

this investigation, samples of buffalo milk, cheese I . . . 
,oay-dried skim milk powder were collected from 

whey 

the 

,Experimental Dairy of Nati.onal Dairy Research Institute (NORI), 

Karnal. The laminated aluminium foil (12 microns polyethylenl? -+-

12 microns aluminium foil + 150 9auge polypropylene) used for the 

packaging of frel?ze-dried cultures of dahi and yoghurt was 

collected from Rollatainers Limited, Faridabad and Dr. N. 

Subrahmanyam, Senior Scientist, Central Food Technological 

Research Institute~ Mysore. All the chemicals used in the present 

study 

B.D.H. 

were 

and 

of analytical grade and of S.D. 

Merck make. The ingredients 

fine, Qualigens, 

in the 

bacteriological media were procured from Hi-Media Laboratories 

<P) Limited. Bombay. 



3.2 Colle~tion of Bacterial Culture~ 

The following lactic and non-lactic cultures w~re 

from the National Collection of Dairy Cultures, 

Microbiology Division, N.D.R.I., Karnal. 

a) lactic Cultures: 
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obtained 

Dairy 

----~-------------------------------------------~-----------------
S.No. CuI ture 

1. Lactococcus Idctis ssp. cremer-is 

Lactococcus lactis ssp. cremoris 

2. Le. l.ctis ssp. l.ct"is 

Lc. lactis ssp. lactis 

Strain No. 

Cl 

H 

Cl0 

MLB 

3. Le. lactis ssp. l.actis biovar.diacetylactis DRel 

Lc. lactis ssp. lectis biovar.diacetylactis DRC:? 

4. StreptQCOCCU5 salivarius ssp. thermophilus HST 

Strppt"DcDCCUS 5alivariu5 ssp. th~rmophilu5 I 

S. Bi fidobacterium bi fidum Isolate 

6. LiJctobiJc"illus aCJdophilus R 

Lactobacillus acidophilus 111 

7. Lb. delbrueckii ssp. b~d9aricus 

Lb. delbrueckii ssp. buJgaricus 

b) Non-lactic Cultures: 

Esch£lrichia coli 

Salmonella typhimurium 

Shigf!lla" dysf!'nteriiill! 

K-12 

A-KIGM 

KIGM 

3.3 Maintenance aT the Bacterial Cultures 

RTS 

LBW 

Code 

LC Cl 

LC H 

LL Cl0 

LL MlB 

LD DRel 

LD DRC2 

ST HST 

ST I 

BB I 

LA R 

LA 111 

LB RTS 

LB W 

All the lactic cultures eKcept Bif. bifidum ",er@ maintained 

in chalk litmus milk in duplicates and sub-cultured after every 

~O days. The lactic cultures (under 3.2a, at 1-3) were incubated 
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at 30°C LlIhereas the lactic: cultures <und.er 3.2.a at 5-7) 

incubated at 37°C for 16 hrs. 
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were 

Bif.bifidum Isolate was maintained in deMann Rogosa and 

Sharpe (MRS) broth supplemented with O.lY. N-acetyl-D-gluc:osamine 

and 0.05% cysteine hydrochloride (both were separately sterilized 

by Seitz filter). The culture was stored in refrigerator and sub­

cultured after every 7 days. This culture was anaerobically 

propagated in yeast dextrose milk for routine use. 

The non-lactic cultures were maintained on nutrient agar 

slants and sub-cultured after every 30 days. 

3.4 Purity OT the Cultures 

The purity of the bacterial cultures was examined by Gram 

staining technique. 

3.5 Composition OT B~cteriological Media 

Owing to the fastidious growth requirements of various 

cuI ture'S, different agar/broth media were used for maintenance 

and plating purposes. All the media and buffer were sterilized by 

autoclaving at 15 psi for 15 min and were subjected to sterility 
c 

chee~in9 by incubating at 30 C for 4 days, 

i) Brain Heart Infusion (BHI) broth: 

COf!lPOS i t ion: 

Calf brain in1usion 

Beef heart infusion 
Proteose peptone 

Na2HP04 
NaGl 
Glucose 
pH 7.4 

0.25% 

20.0m~ 

25.00Y. 

1.00% 

0.50% 
0.20% 



ii) de. Man Rogosa and Sharpe (MRS) broth: 

Composition: 
Peptone 1.0% 
Meat e~tract 1,0% 
Yeast: extract O.Sy, 

K2HP04 0.2Y. 
Ammonium ci trate O.2'!. 
Glucose 2.0% 
Sodium acetate 0.5% 
Tween 80 0.1'!. 
Salt A O.5ml 
pH 6,8 

Salt A: 

Composition: 

MgS04' 7H2 0 

HnS04" H20 

Distilled water 

11~5y' 

2.4% 
100mI 

iii) de. Man Rogosa and Sharpe (MRS) broth supplement 
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Filter sterilized solutions of N-acetyl-D-glucosamlne and 

cysteine hydrochloride were added to MRS medium at the rate of 

0.1 -i 0.05%, respectively w!:"en used for the maintenance of Bi 'f. 

bi fi 

iy) LA aaar (Klupsch, 1984) 

This medium has been designed principally for the 

enumeration of Bif. bifidum and Lb. acidophilus in miK-ed starter 

cultures and fermented milks. 

Composi.tion: 

Peptone 1 .OY. 
Meal: extract 0.5% 
Yeast autolysate 0.5Y. 

Glucose LOY. 
lactose LOY. 

Sodium acetate 0.5'1. 



Sodium citra~e 
Tween 80 
MgS04 a 

MnS04" 
Agar 

(1% solution) 
(1Y. solution) 

Sheep blood <defibrinated) 
before sterilization 7a2 

pH 
after sterilization 6.8 

0.3% 

0.1% 
2 a Oml 
O.5ml 
2.0% 
5.0ml 

vi) Tryptone Glucose Vegetable (TGV) agar: 

Composition: 

Tryptone 
Meat extract 
Yea~t extrac:t 
Glucose 
Tomato juice 

K2HP04 
Tween 80 

Agaw:-

pH 7.0 

vi) Yeast OeKtrose Aoar (YDA) 

Composition: 

-Peptone 
Yeast e'<!tract 
Gluco5e 
Sodium acetate 
Agar 

pH 6.9 

vii) Yeast DeKtr~$e Milk (YDM) 

Composi t ien: 

Yeast eKtract 
Dextrose 
Skim mi lk 

1.0% 

LOY. 

O.5~ 

2.0Y. 
4.0ml 
0.2Y. 

O. 1 Yo 

1.5~ 

O.SY. 

0.5Y. 

1.0Vo 

LOll 

1. 5% 

0.1% 

1.0% 

100 ml 
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viii) Phosphate buff~r 

Composition 

Na2HP04 

KH:zP°4 
Twe-en 80 

Agar 

pH 7.0 

O.60:.!. 

0.45Y. 

O.OS!!. 

O. lOY. 
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Filter sterilized solution of L-cysteine hydrochloride was 

added @ 0.05% to the buffer before it was used for making serial 

dilutions of cultures containing Bif. bifidum. 

3.6 Biochemical Methods far the Evaluation of Start@f'" Cultures, 

Oahi and Yoghurt 

3.6.1 Ti trat;zbl.f! Acidi ty 

Titratable acidity of the samples was determined according 

to the procedure described in lSI (1981) and the resul ts were 

reported as Yo titratable acidity (expressed as lactic acid). 

3.6.2 Culture Rctivity 

activity of starter cult~res was determlned according to 

the pt'ocedure described by Herran and Ell iker (1950). 

The reconstituted milk was prepared at the rate of 10~ 'of 

the non-fat dry milk solids in distilled water and ~.s heated in 

flasks at 15psi pressure for 10 min. Respective 10 ml quantities 

of sterile milk were pipetted aseptically into sterile screw cap 

tubes and adjusted to 37.8 9C in a water bath. Each tube was 

inoculated with 0.3 ml of the starter culture to be tested and 

incubated for 3.5 hrs. Then the entire contents of the tube~ 

together with 5 rol of distilled water used to rinse the tube I 

were titrated with 0.1 N NaOH to a faint pink colour using 

phenolphthalein as an indicator. The results were recorded as 

pe rcen t lactic acid. This figure was termed the actlvity factor 
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of the culture. The cultures with an activity factor of above 

0.35 were 9raded active. 

3.6.3 Volatile Rcidity 

Volatile acidity wa~ determined a~ per the method of 

Hempeniu5 and Liska (1968). 

A 50g ~ample was weighed into a test tube containing 

antifoam A and 3 ml of iN sulfuric acid was added. The test tube 

was lowered into a one litre round bottom flask. The steam was 

introduced into thE' flask through the side arm of the flask. The 

first 100 ml fraction of the distillate was collected and 

titrated against O.OlN NaOH using 0.1% phenolphthalein indicator. 

The volatile acidity was. expressed as ml of O.OlN NaOH/50Q of 

sample. 

3.6.4 Flavour Producing CapacitylVoges-Proskauer Test) 

The flavour producing capacity of the sample was determined 

by modified O'Meara's test as described by Hammer (1935) . 

. A 2.5 ml sample was transferred into a ·test tube and 2.5 rol 

of strqng aqu~ous sodium hyd.roxide (40% whl) solution was added 

to it. A pinch of creatine powder was added and the contents were 
o 

miKed thoroughly and allowed to stand for 10 min at 37 C. A red 

colour development at the surface indicates the flavour 

development by the cultures. 

3.6.5 Diacetyl Content 

Diacetyl content of the ~amples was estimated by the method 

of Pack et iJl. <19641 and the dia.cetyl content 

determined by reading with the standard curve 

diacetyl. 

(ppm) was 

(Fig.1) of 
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1.8 .-

I.() 

Fig. I Standard curve j()r the estimation of diacetyl 
concentration. 
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3.6.6 Rce~aldehyde Conten~ 40 

Acetaldehyde content of the sample~ was estimated by the 

method of Lindsay and Day (196S) and the acetaldehyde content 

was determined by· reading with the standard curve (Fig.2) 

of acetaldehyde. 

3.6.7 Proteolyt£c Activity 

Proteolytic activity of the sample~ was determined by the 

method of Hull (1947) and the tyrosine content (mg/g curd) was 

determined by reading with the. standard ~urve 

tyrosine. 

Residual Noisture Content 

of 

The residual mois~ure content of the bulk freeze-dried 

starter cultures was determined by the method of Nei ~t. a1. 

(1966) 

The weighing bottles with stoppers tilted open were p]aced 

in the va~uum oven at 60DC for 2 hrs. These were placed directly 

in a desiccator containing freshly scraped P2Ds and allowed to 

cool. After the temperature equilibrium attained the bottles were 

removed and weighed quickly. The bottles were now filled with 

1.09 of freeze-dried culture powder and after replacing the 

stoppers, the bottles were weighed to get exa~t weight. With the 

steppers tilted, the bottles were transferre.d to vacUum oven~ The 

vacuum pump was 

3h rs .i n a vacuum 

turned on and allowed to run continuously 
-5 of 10 mm H9. After ad~itting atmospheric 

for 

air 

slowly into the oven, the oven was opened and stoppers were 

replaced instantly and the bottles were transferred to· the 

desiccator for cooling. Then the bottles were weighed. The 

residual moisture (expressed in Yo) was calculated using the 

followtng formula: 
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Fig. 3 Standard clirve for the estimation of Tyrosine 
• 

concentration. 
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B 
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wh~re A = initial weight 

B = weight after drying. 

3.7 Chemical Analysis 

3.7.1 Determination af Fat Content: 

3.7.2 

a) Buffalo milk 

Fat content was determined by Gerber method specified in 

15:1479 (lSI, 1917). The fat content was expressed in 

percentage. 

b' Daht and yoghurt 

Ten grams of dahi and yoghurt samples were taken to 

determine the fat content by Mojonnier method as 

specified in 15:4079 (lSI, 1967). The results were 

expr~ssed in percentaoe. 

ChoJesterol Cont~t: 

The total cholesterol content of serum samples was estimated 

ac~ording to the method of llatkis ~t a1.(1953) with some 

modifications. Instead of using formula given in the original 

procedure a standard curve for cholesterol content was prepared. 

Reagents: 

i) Glacial acetic acid (aldehyde free) 

ii) Con~. H2S04 

iii) Fprric chloride ~olution: It was prepared freshly by 



d-issolvlng. ·0.05g of FeCl~. 6~O in 100 ml of glacial acetic 

ac:idw 

iv) Cholpst@rol 

a) Procedure~ 

One hundred microliter~ of tEst serum were taken in 10 ml of 

screw cap tube and 5 ml of ferric chloride soLution was added to 

it and was left at 37-C for 15 min. It was centrifuged at 3000 

rpm for 15 minw Gnd the supernatant was decanted into another 

screw cap tube. To this, 3 ml of cone. H2S04 was added and after 

capping the contents were mi~ed thoroughly by reversing the tube 

twice. After 30 min, the absorbance of the pink colour developed 

was red at 560nm using Spectrocol <Model CI: 23, Elico , India) 

spectrophotometer and the concentration of total cholesterol 

content was determined "by using the standard curve of 

cholesterol w 

b) EMtraction of cholesterol from milk. dahl and yoghurt: 

Ten 

prepared 

grams of sample was saponified with 5.0 ml 

methanoL ic: KOH (20~ w/y) for 55 min. at 

of fresh ly 

65°C. The 

cholesterol was eKtracted thrice with 5.0 ml of petroleum ether. 

The pooled extract was evaporated to dryness under a stream of 

air on boiling water bath. The cholesterol crystals were then 

dissolved in lOwO ml of petroleum ether. It !\tJa$ evaporated to 

dryness and the residue ,was then dissolved 0.5 m! of 0.05:1. ferric 

chloride solution. One hundred microliter~ of this was subje~ted 

to colour development as per the procedure described earlier (a). 

c) Standard Curve: 

A stock solution of cholesterol was prepared by dissolving 

20 mg of cholesterol crystals in 10 ml 01 glacial acetic acid by 

keeping it in boiling water bath, thus getting a conc. of 2000 ug 

per mI. A series of di lutions were then prepared from the stock 

solution to have solutions with cholesterol conc. ranging from 20 
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to 160 ug/O.l,ml. The cholesterol solutions were treated as given 

in the p'rocedure under (a) for developing the colour. The' 

standard curve (Fig.4) was drawn by plotting optical density 

values against the cholesterol concentrations. 

3.8 Performance of formulated cultures of dahi and yoghurt 

3.8.1 SeJection of' Dahi, Yoghurt and Therdpeutic Cultures:' 

A} Dahi Cultures: 

To study the biochemical performance of mixed mesophilic 

lactoc:occ i, eight possible COMbinations with one strain each of 

Le. lacti~ ssp.lactis, Le. lactis ssp. 1 actis biovar. 

diiilc~tylacti5 and Lc. Idctis ssp. cremoris in 1: 1: 1 ratio were 

prepared and subcultured thrice succeSSively. These combinations 

were selected based on the observations of a preliminary study 

conducted with all possible combinations. 

Freshly prepared buffalo skim milk was distribut@d in 200 ml 

quantities in conica"l flasks of 500 rol capacity and the flasks 

were plu9ge~ with cotton and sterilized at 15 psi for 15 min. 

After cooling to 30~C, -thE.' milk samples were inoculated 

individually 

rate of 1~ 

with active cultures of above combinations at 

and inCUbated at 30°C till the milk samples 

the 

were 

curdled (16 hrs). The curd samples were subjected to biochemical 

analysis, 1. e. , titratable acidity, Voges-Proskauer test and 

proteolytic activity(Section 3.6) and the body and textu~e of the 

curds were examined to select the best combination. 

B) Yoghurt Cultures: 

In a way similar to dahi cultures, four possible 

combinations with one strain each of Lb. delb,.uecki i ssp. 

bulgaricu5 and St,.. sal i v.arius ssp. thermophi lus were screened to 

select the best combination. The titratable acidity production, 

proteolytic activity (Section 3.6) and the observations of body 
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and textu~~ were re~orded, after the sterilized buffalo skim milk 

samples inoculated with 1% of active cultures were set for 16 hrs 

at 37°C. 

C) Therapeutic Cultures: 

The cultures of Bit. bifjdum and Lb. iilcidophilus "Ief'e mixed 

in 3:1 ratio and sub-cultured successively for thre~ times. These 

are inoculated individually into the sterilized buffalo skim milk 

a~ the rate of tv. and incubated at 37°C till the milk was curdled 

(16 hrs) and analysed for titratable acidity and proteolytic 

activity (Section 3.6) and the body and texture of the curds were 

observed in order to select the best combination. 

3.9.2 Per~Drmanee of Selected Dahi and Yoghurt Cultures with and 

lIri thout Thera.peutic Cultures 

On the basis of performance of mi~@d culture combinations, 

the promising mi~ed cultures of dahi and yoghurt ~@re selected 

for 'de-taile.d study to evaluate the- behaviour of these cultures, 

when grown together with Bif. bifi.dum and Lb. ~cldophi. Ius in 

terms of biochemical activity and viable cell count. The study 

was carried out with the followin~ selected combinations. 

Formulated 

cuI tUres Ratio 

Incubation 
o temperature( C) 

---------------------~------------------------------------------

1. LD DRC1+LC Cl+LL CIO 

2w LD DRCl+LC Cl+ LL CIO+BB I+LA R 

3. ST HST+LB RTS 

4. ST HST+LB RTS+BBI+LAR 

1:1.1 

1.1,1,3,1 

1 : 1 

1:1,3:1 

30 

30 8. 37 

37 

37 

The formulated culture combination (i) LD ORCl, LC Cl and 

LL elO was henceforth referred as Dahi Culture D. The dahi 

culture combination contalning LA Rand 88 I was referred as Dahi 

Culture DAB. likewise, the culture combination consisting of ST 
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HST and LS RTS was designated as Yoghurt Culture Y and with the 

addition of LAR and BEl to this combination y it was called as 

Yoghurt Cul~ure VAD. 

Freshly prepared buffalo skim milk "la'S -distributed in 200 ml 

quantities in conical flasks of 500 ml capacity and the flasks 

were plugged with cotton and sterilized at 15 psi for 15 min. 

After cooling, the milk samples were inoculated ~ith the above 

active cultures, individually. A set of milk samples inoculated 

with combinations 1 and 2 were incubated at 30°C. The milk 

samples inoculated with combinations 2, 3 and 4 were " incubated at 

37°C. 

At periodic intervals, viz., b, 12 and 18 hrs of 

at r@spective temperatures, the samples were 

incubat ion 

withdrawn 

aseptically and the biochemical activity in terms of titratable 

volatile acidity, estimation of diacetyl (for dahi acidity, 

cultures) acetaldehyde (for yoghurt cultures) and proteolytic 

activity of all the· cultures was determined <Section 3eb). 

The viable cell count of the samples withdrawn at periodic 

intervals was enumeratede For this, serial dilu·tions of the 

samples were prepared in phosphate. buffer (Section 3e5) and 

appropriate dilutions of formulated dahi cultures were spread 

onto YO agar and LA agar plates, wh~reas the formulated yoghurt 

cultures were spread onto TGV agar and LA agar plates. The YDA 

and TBV agar plates were incubated aerobically at 30· and 37°C, 

respectively and the LA agar plates were incubated at 37°C under 

anaerobic conditions. The colony count was made after 46 hrs of 

incubation and the results were expressed in terms of log colony 

forming units per Qram. 

Bif. bifidum appeared as elevated, chocolate brown coloured 

colonies and 

colony size e 

Lb. iicidophUus as flat, greyish and larger in 



3.9 Preparation of Bulk Freeze-dried starter Cultures 

Different steps involved in the freeze-drying of dahi 

cul tures (D and DAB) and yoghurt cultures CV and VAB) and thei r 

storage pattern are depicted in AppendiK-I. 

3.9.1 SeleL~iDn of Formulated Growth Nedia 

In a preliminary study differ~nt buffalo ~kim milk and 

chee~e whey ba~ed media were prepared as given below and tried 

for their suitability for the growth of dahi and yoghurt 

c::ulture'£i. The pH of all the media was adjusted to 7.0 and were 

sterili:!ed at is psi for 10 Intn. 

A) Skim milk-based Media; 

1. Skim milk media fOor dahL cultures: 

Medium No .. 1 

Skim milk 

Sodium citrate 

MgS04·7~D 

Medium No.3 
Skim mi It.: 

Yeast extract 

Medium No.S 

SY. 

1Y. 

O.02X 

1000 m1 

O. 1 Yo 

Medium No.2 
Skim milk 
Yeast autolysate 
Gluco.se 

Medium No.4 
Skim m11k 

Tryptone 
Glucose 

50~ 

lY. 
o. IX 

(This medium was also tried for the growth of yoghurt cultures) 
Skim mi lie: 100 ml 
(trypsin digested)* 
Sodium acetate 
Yeast eKtract 
Glucose 

*Trypsin Digestion 

O.SY. 

O.5~ 

1.0Y. 

Five grams of non-fat dr"ied mi lk and 0.19 of Tween 80 werl;' 

added to 100 ml o.f distilled water and pH was adjusted to 8.5 and 
.0. then 0.59 of trypsin was added and lncubated at 37 C for 30 m1.n. 



2. Skim milk m~dia for yoghurt cultures: 

Medium No.1 

Skim milk 

Sodium acetate 
Yeast extract 

Medium No.3 

Skim milk 
Yeast extra.ct 
Lactose 

Sucrose 

MgSD4 7 H20 

K;tl ;'04 

Medium No.5 

Skim mi lk 

Distilled water 
Y~ast autolysate 
Glucose 

75% 
3~ 

4.5% 

5Y. 

0.5Y. 

0.5Y. 
0.25% 
O.013Y. 

0.2% 

20 ml 

130 rol 

1.0Y. 
LOY. 

B) Cheese Whey-based Media: 

\ 
Treatment of Whey 

Medium .No.2 

Skim milk 

Cystl'ine 

Ascorbic acid 
Yeast extract 

Tween 80 

Medium No.4 

Skim rot lk 

Tryptone 
Glucose 

50 

91. 

0.075Y. 
0 .. 150Y. 

1.5~ 

0.15% 

soy. 
1.0Y, 

O.lU 

Freshly collected cheese whey was boiled for 15-20 min, 

cooled and filtered through four-folded muslin cloth. The heated 

and ~ooled whey was stored in refrigerator for settling of the 

precipita.ted proteins,; After 24 Mrs, .it was decanted and the 

clarified whey was filtered throu.gh Whatman filter paper No.4 and 

t~e filtrated wh~y was used in the preparation of media. 

1. Whey Media for Dahi Cultures: 

Medium No.1 
Cheese whey 
Skim milk 
Yeast extra.ct 

Medium No.3 
Cheese whey 
Yeast extra.ct 

1000 ml 
10 ml 

5 9 

1000 ml 

5 9 

Medium No.2 
Cheese whl!y 
Tryptone 
Yeast extract 

Medium No.4 
CheesE' whey 
Sodium citrate 

20% 

1'Y. 

0.05:1. 

lOY. 

2Y. 



2. 

MnS04 

MgS04 
1n804 

Whey Media for 

Medium No.1 

Cheese whey 

Yeast extral:t 

Tween 80 

Medium No.3 

Cheese whey 
YE!'ast extract 
Glucose 

Sodium citrate 

MnS04' "20 
Tween eo 

120 mg 
120 mg 

120 mg 

Yoghurt Culturf'ls; 

1000 
10 

1 

lOY. 
0.5% 

0.5Y. 

2.0~ 

0.17% 

0.1% 

ml 
9 

9 

Cyste ine 0.5% 
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MnS04· H20 0.17Y. 
Cysteine - O.SY. 

Yeast extract 0.5% 

Glucose 0.5Y. 

Medium No.2 

Cheese whey 1000 ml 
Tryptone 10 9 
GLuCOSE! 10 9 

The media tried were distributed in 100ml quantities in 250 

ml capacity Erlenmeyer's flasks and sterilized at 15 psi for 10 

min. Sterilized media were inoculated with the selected culture~ 

of dahi and yoghurt, individually at the rate of 1%. The flasks 

inoculated with dahi cultures were incubated both at 30°C and 

37°C whereas the yoghurt cultures were incubated at 37°C. All the 

flasks were removed after 18 hrs and the intenSity of growth ""as 

measured by recording absorbence at 600 nm. In case of milk~based 

media, the curdled milk was chilled and treated with 0.2Y. EDTA 

and 10 M NaOH to facilitate reading in spectrophotometer. 

The selected media were inoculated with 1% active culture 

and the titratable acidity, and viable cell count of the cultures 

were' determined after 14, 16 and 18 hrs of ~ation at 

respective temperatures (Section.s 3.6 and 3.8.2); 

3.9.2 Optimization o~ GrDwth Conditions 

Skim milk medium with yeast autolysate and glucose {SYG' for 

dahi cultures (D and DAB)and skim milk medium with tryptone and 
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g"lucose (STG) for yoghurt cultures <Y and VAB) were finally-

selected for the preparation of starter concentrate and was used 

to optimize the growth conditions for dahi and yoghurt cultures. 

The cultures of the following experiments were removed after 

14, 16 and 18 hrs of incubation and analysed for viable cell 

counts and titratable acidity (Sections 3.6. and 3_B.). 

3.9 .. 2.1 pH of the medium 

The selected growth media for dahi and yoghurt cultures were 

prepared and pH of the media was adjusted to 6.0, 6.~ and 7.0. 

The adjus~ment of pH of the sterilized medium was made with the 

help of sterile 20X NH40H solution. The media with differing pH 

values were inoculated with respective cultures of dahi and 

yoghurt @ 1~ and incubated at respective temperature5_ 

3.9.2.2 Neutrdlization of cultures 

Dahi and yoghurt cultures were inoculated @ lY. in to the 

respective selected media and incubated at 30°C for dahi culture 

o and 37-C for cultur~s DAB, Y and VAB. At the end of 10, 12l 14, 

16 and 18 hrs of incubation, the eul tures were remo'ved and 

neutralized to the initial pH of the respectfve media with 20% 

solution of NH40H. Viability of the cultures in th. flasks with 

and without .<control) neutral i zer was dete:!'Rlined (Section 3.6.2). 

3.9.2.3 Incubation temperature 

The·media with selected pH were prepared and inoculated with 

respective dahi and yoghurt cultures @ 11.. The media inoculated 

with dahi cultures were incubated at 25°, 30· and 37°C whereas 

the media inoculated with yoghurt cultures were incubated at 37° 

and 42°C to study the suitability of the temperature. 
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3.9.2.4 Inoculum Rate 

The sele~ted media fc~ dahi and yoghurt cultures were 

inoculated individually with respective cultures @ 0.5%, 1.0% and 

1.5% and the media inoculated with dahi culture D was incubated 

at 30·C and the media ino~ulated with cultures DAB, Y and YAB 

were incubated at 37-C. 

3.9.3 Production aT Cell Biomass 

The selected media were prepared in 10 litre quantities and 

were inoculated individually with dahi <0 and DAB) and yoghurt 

cultures CY and VAB) @ 1% and incubated at 30· and 37-C for D and 

DAB, Y and VAB, respectively-. The cultures were removed bet""een 

16-18 hrs and the curd was broken and 30~ sterilized solution of 

sodium citrate was added @ 1%. The cultures were shaken well and 

-left undisturbed for 10 min •. The pH of the contents was brought 

to 6.9-7.0 by _using 20Y. NH40H solution. After 15 min .. ,. -the 

content ... were transferred 'to' chemically -steri lized glass 

aspirator bottles of 10 litres capacity. 

3.9.4 Harvesting DT Cell Biomass 

A-spirator bottle containing the shaken milk culture was kept 

at a higher level on the cemented platform and its outlet was 

connected to the bowl of the sharples 'super centrifuge (5ha~ples 

Centrifuges ltd, Camberley, UK). The culture was allowed to enter 

the bowl after the speed of the centrifuge had attained 15,000-

20,000 rpm.. Inflow of the culture into the centrifuge was 

regulated in such a w.ay that approximately 0 litres of medium was 

centrifuged in one- hour. 

After completion of the centrifugation, bowl containing .the 

cell biomass was dismantled. It was brought to the inoculating 

chamber aseptically and the ~ell mass sticking to the walls of 

the bowl was scraped off, using sterile plastic knife. The 

remnant of cell mass adhering to the wall was dislodged by 
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rinsing with normal saline {250 ml)and the whole content was 

centrifuged (Kubota Centrifuge, Japan) at 3000 rpm at 4-C to 

colle~t the cells. 

3.9.5 CrYoprotective Agents 

To select the best combination of cryoprotective agents, the 

cell biomass was suspended in thr-ee formulated combinations of 

different cryoprotective agents. The formulations tried were;(i) 

5% buffalo skim milk + 1.5% gelatin + 8% sucrose (ii) lOY. buffalo 

skim milk + 1.Sy' gelatin + 7% sucrose + 1M monosodium glutamate 

(i i i) lOY. buffalo skim milk + 7% sucrose + 1M monosodium 

glutamate .. The cell biomass obtained (Section 3.9.4.) ",as 

resuspended in all the formulated suspending media in a volume of 

2% of the growth medium. Clumps of cells in the suspens10n were 

broken with the help of Omini mixer (Sorvall Inc., USA) at low 

'5peed. A portion of the cell su'spen'510n in different tor.mulations 

was distributed in 10 ml quantities in sterilized petri dishes 

and subjected to .freeze-drying. 

For evaluating the cryoprotective effect of different 

combinations, dahi and yoghurt cultures were analysed before and 

after freeze-drying. T~e viable cell counts 

t·t tratable acidit¥, culture activity, diacetyl/acetaldehyde 

content and proteolytic activity were determined (Section 3.0). 

3.9.6 Freeze-drying of BUlk Starter Cultures 0' Dahi and Yoghurt 

YAB) 

Cell biomass of dahi and yoghurt cultures {O, DAB, V and 

after suspending in selected suspending medium was freeze-

dried separately using vacuum freeze-drier model 30P.2.T, Edward, 

U.K. (Plate 2). 

In different trials the chilled cell suspension prepared 

(Sectiun 3.9.3' was distributed in r~ctangular stainless steel 
3 

trays (53 x 23 x 2 cm ) in 125 ml quantities and were placed in 

the chambers o 
(at -15 C, of the freeze-drier with lids 01 the 
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plates 

allowed 

40°C .. 

partially dis-placed. The temperature of the chamber was 

to lower to -20°C whereas th& condenser maintained at 

The vacuum pump was switched on and the pressure was 

maintained at 0.01 mm Hg_ After completing the prima~y drying, 

the refrigerator of the chamber was switched off and the 

temperature was allowed to rise upto IOce slowly by switching on 

the heater and care was taken to prevent frothing_ The instrument 

was switched off after observing complete dryness in the starter 

concentrate and the trays were removed from the c:hamber f_or 

packing purpose. 

3.9.7 Packaging o~ BUlk Free~e-dried S~arter Cultures 

Twenty five grams quantity of freeze-dried starter cultures 

of dahi (D and DAB) and yoghurt (Y and VAS) w~re packpd in 

steriliz~d lami"at~d aluminium foil pouches, (Plate.3), under 

aseptic conditions. The sealing of the pouches wa~ done under 

vacuum (Quick 2000 vacuum sealer) and in th~ atmosphere of air. 

3.10 Stability of Bulk Fr@eze-dried Starter Cultures of Dahi 

and Yoghurt during Storage: 

The sealed pouches of dahi and yoghurt cultures were stored 

at 4
0 

and -20°C for a period of three months. The cultures stored 

at 4QC were analysed once in a fortnight whereas the cultures 

s'tol"'.ed at -20°C were subjected to analysis after everyone month. 

The microscopic eKamination of the cultures was performed by 

Gram !;taining (Section 3.4) and the viability of cultures was 

determined (Section 3.8.2). The titratable acidity, activity 

test, diacetyl/acetaldehyde content, proteolytic activity and the 

re!;idual moisture content were determined (Section 3.6). 



• 

• 

Plate.2. WorkIng wIth Edwards Vacuum Freeze - drter 
(Model 30 . P.2T) 

Plate .3. LamInated alumInIum 
freeze - drIed cultures 

fall pouches packed 
of dahl and yoghurt 

wi th buB 
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Predicting the She-1f I-ife of Bulk Freeze-dried Starter 

CUl"tures 

Storage studies data (Sectian3.10) of freeze-dried cultures 

with regard to Yi~blE! cell count and the biochemical properties 

of the cultures were subjected to multiple regression analy~is 

given by Senedcor and Cochran (1967). The data were fitted to the 

following models in order to find out the best model. 

1. 

2. Y _ AX BiX B2X 83X B4X B5X B6 
-123456 

The best suited model was chosen based on ma~imum R2 values 

00.85)· 

3.12 USE' of Bulk Freeze-Dried Starter Cultures in Dahi and 

Yoghurt Preparation 

Dahi (p"tain) and yoghurt (sweetened) weT"e prepared in 

laborator.y by direct inoculation of the milk with respective 

freeze-dried cultures. The products prepared using liquid 

cultures served aos controls~ All the experimental and control 

.samples were analysed for biochemi'cal propertieos (Section 3~12.5) 

and senosory evaluation (3 .. 12.-6) .. 

3.12.1 Determination OT Inoculum Size 

For the standardization trials, the bu.lk freeze-dried 

starter cultures of dahi and yoghurt were ipoculated into the 

heat treated (90·C for 15") and cooleq (30·C) buffalo milk (4% 

fat) at levels varying fpom 0.001 to 0 .. 10% (w/v) and 1 .. 0% (v/v) 

for Liquid cultureos (control) and incubated at 30·C for culture D' 

and at 37-C for cultUres DAB, Y and VAB till the milk has set. 

The curds were examined for body and texture and the titpatable 

acidity (Section 3.6.1) was estimated in order to determine the 
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requir~d inoculum size for the preparation of dahi 

using freeze-dried starter ~ulture~. 

and yoghurt 

3.12.2 ~ctivity and Biochemical Performance o~ Bulk Freeze-Dried 

Cul tur£'5 0(' Dohi and Yoghurt 

The activity and biochemical performance of bulk freEze­

dried cultures of dahi and yoghurt were evaluated as per the 

following procedure. 

Skimmed cow milk, standardized cow milk, skimmed buffalo 

milk (4.0% fat) and standardized buffalo milk (4.0% fat), were 

distributed in 100 ml quantities in conical flasks of 250 ml 

capacity and sterlized at 15 psi for 15 min. After cooling all 

the milk samples were inoculated separately with 0.01 Y. (w/v) of 

freeze-dried culture~ of dahi and yoghurt (D, DA~, Y and VAB> and 

im:ubated at 30"C for D and 37"C for rest of- the cultures tll1 

the curd has set~ The curd samples were subJec'ted to activity 

test, titratable acidity, volatile a~iditY1 diacetyl/acetaldehyde 

content and proteolytic activity (Section 3.6). 

3.12.3 Preparation of Dahi 

Each lot of two litres of standardized milk (4% fat) "as 

heated at qO"C tor 15min.· After cooling to room tempe~ature, one 

lot of milk was inoculated with 1% of respective liquid cultures 

and another with freeze-dried cultures of dahi @ 0,01%. The 

samplE'S w.ere incubated at 30·C for culture 0 and at 37-C fo~ 

culture DAB till the milk has set and transferred to refrigerator 

to cool the product to SoC. 

3.12.4 Preparation of Yoghurt 

The solids-not-fat content of standardized buffalo milk 

(4.0% fat) was increased to 13-14% by adding spray-dried skim 

milk powder. To this, cane sugar wa-s added @ 81. and subjected to 
? 

homogenization at a pressure of 100 kg/cm-. The milk samples were 
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heat treated at 90·C for 15 min and cooled to'roam temperature. 

Then the yoghurt milk mix was inoculated with liquid cultures @ 

l.Or. or freeze-dried yoghurt cultures @ O.OlY. and distributed in 

100 ml plastic cups having lids. Samples were incubated at 37 G C 

and cooled to SGC after the curd has set. 

3.12.5 Lactic Count and Biochemical Quality af Dahi and Yoghurt 

All the samples of dahi and yoghurt were subjected to 

biochemical analysis i.e., titratable acidity, volatile acidity, 

diacetyl/acetaldehydEi' content and proteolytic acti:",i.ty (Section 

3.6), The viable counts of Bif. bifidum r and Lb. acidophilu$ R 

and lactic counts of ~ahi and yoghurt were dete_rmined <Section 

3.8.2>. 

. 
Sensory Evalu.ati.on of Dahi and Yoghurt 

The appearance, body and texture and flavour of dahi and 

yoghurt samples were evaluated by subjecting it to sensory 

evaluation. The s~ore card used for sensory evaluation is given 

in Appendix II. The scores obtained were subjected to statistical 

analysis using 2 ~ay analysis of variance (ANOVA) method. The 

products were rated using the following st:ale. 

Excellent : )18-20; Very Good: )16-18, Good: ) 14-16, Fai r : 

)10-14, Poor; <10. 

3.13 Nutritional ~d Therapeutic Values af Dahi and Yoghurt 

Dahi and yoghurt (with and wi.thout BiT. bifidum I and Lb. 

acidophilus R) prepared by using the freeze-dried starter 

cultures were evaluated for their influence on weight gain and 

sprum cholesterol level in experimental animals -and antibacterial 

activity in vitro against pathogenic bacteria. 
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3.13.1 ~Y Weight G~in dnd Serum Cholesterol Level Df 

Albino ra.ts 

The study was carried out on male albino rats (wistar). 

Thirty six healthy rats, weighing between 110-160 9 were 

collected from the stock colony of Small Animal House of NDRI and 

housed individually in anodized .duminium cages and had free 

access to feed and water. 

The fresh prod~cts of dahi and yoghurt, lLfere prepared 

(Section 3.12.3 and 3.12.4) to feed the animals. The standardized 

buffalo milk, dahi and yoghurt used for feeding were analysed for 

titratable acidity, fat and cholesterol content (Sections 3.6.1, 

3.7.1 and 3.7.2), respectively. 

The experimental animals were diyided into si~ group~ with 

six rats in each group_ On day 'zero', blood samples from the 

rats were collected by @ye puncture ~nd the cholesterol content 

was estimated. All the animals of si~ groups were fed in the 

following way upto a period of 30 days. 

Group 

C 

B 

D 

DAB 

Y 

YAB 

Products fed (per day basis) 

Rat chew .ad lib. 

Buffalo milk (4Yo fat) 25g+Rat chew adlib. 

Dahi prepared with culture D 25g-+Rat chew ad Jib. 

Dahi prepared with cultut'e DAB 25g+Rat chew dd lib. 

Yoghurt prepared with culture V 25g~Rat chew ad lib. 

Yoghurt prepared wi th cuI turE! VAS 25g+Rat chew ad 1 ib. 

Control and e~perimental ~ats were weighed at weekly 

of 15 intervals and blood samples were collected at intervals 

days. The serum was separated from the clotted blood by 

centrifugation at 3000 rpm and stored at 4°C until the assay. The 

serum cholesterol content was estimated (Section 3.7.2). 
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The data obtain~~ were subjected to analysis of variance 

given by Senedcor and Cochran (1967). 

3.13.2 Determind~ian or Rntibacterial Rctivity aT Dahl and 

Yoghurt 

A1 Test organisms= 

The following organisms were used as test organisms to 

observe the antibacterial activity of dahi and yoghurt <with and 

without BiT. bi'fidum I and Lb. aCJdQphilus R) samples prepared 

using bulk freeze-dried starter cultures. 

Escherichia coli K-12 

Salmonel1.a typhimurium A-KIGM 

Shigella dysenteriafP KIGM 

8) Seeding of agar plates: 

Active cultur@s of all the test organlsms . were inoculated 

into 8HI broth individually at the rate of 1% level and incubated 

at 37°C for 16-18 Mrs. The cells were collected aseptically by 

centrifugation at ~OOO rpm for 30 min. The bacterial ~ells thus 

collected were washed twice with normal saline and thlli'" cell 

concentration was adjusted to 50% transmittance at a wavelength 

of "430 nm with normal saLine using spect~ophotometer (SpectrocoI, 

Model CL:23, Elico make). BHI agar was melted and cooled to 

45~20C and 20 ml of media was added to sterilized flat bottom 

petri dishes on a level platform and allowed to solidify. The 

petri dishes were then transferred to a refrigerator for one hour 

to facilitate the boring of wells into the poured medium. The 

plates were moved to an inCUbator at 37°C and kept for one hour 

to make the p!a_tes dry after spreading 0.5",1 of active cell 

suspension of test organisms individually on the agar surface 

uniformly. 
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C) P"reparation of cell-free filtrates 

Dahi and yoghurt (with and without Bif. bifidum and Lb. 

.a.cidophj Jus) were individually transferred to b" )( 1" test tubes. 

They were centrifuged at 3000 rpm for 20 min and the clear 

supernatant layer was transferred to other sterile tubes. The 

supernatant material was then passed through seitz filter and the 

cell free material was kept in the refrigerator until use. 

The control filtrate was prepared by adding lactic acid in 

the sterilized buffalo milk (fat 4.0X) to achieVE! 2X lactic acid. 

This was then centrituged for 20 min. at 3000 rpm and the pH of 

the supernatant was· adjusted to the pH of the cell-free filtrates. 

D) Modified agar cup assay method 

With the help of a sterile glass borer, five wells (6 mm 

diameter) were made on the surface of" the medium in each p1 ate 

t,aking asept ic: pret:aut ions. If.Jne hundred microl i tres of ce II-free 

filtrates of all the four cultured prodUcts were dispensed into 

dlfferent wells, whereas the fifth well was filled with 0.1 ml of 

control filtrate. 

The plates were kept undisturbed for 1 hr in order" to eosure 

uniform diffusion of the filtrates into the medium arid incubo"ted 

without inverting at 37°C for 24 hrs and the diameter of 

inhibitory zones was measured with the help of Vernier calipers 

and expressed in terms of millimeters inclusive of the" well 

diameter .. 
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4~ RESULTS AND DISCUSSION 

Keeping in view the non-availability of good culture 

combinationg for the preparation of dahi and yoghurt in our 

country, the formulation of starter cultures to ensure good 

quality products assumes great significance. The strains of Bif. 

bifidium a.nd Lb. acidophilus are well known for their therapeutic 

values, and the addition of these organisms to starter culture 

combinations greatly helps in improving the therapeutic value of 

the products. In the absence of information on the associative 

growth pattern of the therapeutic: organisms and the 1 ac t ic 
• 

cultures used in the preparation of dahi and yoghurt, the present 

study plays an important role in revealing the nature of 

a~sociative growth between these cultures. 

Another alm of this stUdy was to prepare the promising mixed 

cultures, in a ready-to-~se form, for the commercial m~nufacture 

of dahi and yoghurt. This will ensure uniform quality of the 

products, besides eliminating the tedLous process of culture 

propagation. The present study, the first of its klnd in India 

has great relevanc:e to the In,dian dairy industry_ 

In this chapter the results on the formulation of culture 

combinations, their growth pattern in association wi th 

therapeutic c:ultures; selection of growth medium and optimization 

of growth conditions, i.e. pH, neutralizer, temperature t rate of 

ino~ulum; freeze-drying of starter concentrate and its stability 

during storage, the preparation of dahi and yoghurt and their 

therapeutic values, viz. effect on body ~eight gain, serum 

cholesterol lev@l in rats and in vi tro antibacterial activity 

are presented and discussed. 
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4.1. Formulation and Selection af Dahi and Yoghurt Cultures 

4.1.1 SE"lection of Formulated Culture Combina.tions 

The performance of different laboratory formulated cultur@s 

prepared 

yoghurt 

with various 5ingle strain lactic cultures of dahi, 

and therapeutic cultures (Bifidobacterium bifidum and 

Lactooil.cillus acidophilus) is prj;lsented in Tables 1 and 

parameters considered were body and te~ture, titratable 

and proteolytic ,activity far all the combinations and the 

2. The 

Proskauer reaction for flavour development by formulated dahi 

culture. 

It is evident from Table 1 that among the various culture 

combinations, maximum acid development (0.92% lactic acid) was 

noted with the combination No.3 followed by, the c:ambination No.1 

with 0.89% acidity. Lowest acid development was re~Qrded with the 

combination No.2 with O.7SY. titratable acidity in buffalo ski~ 

milk af"ter 16 hrs of incubation at 30·C. 

The body and texture of the curd samples prepared with 

different combinations varied from firm to hard and some appeared 

to be glossy while others had dull appearance. 

The proteolyti~ activity ranged from 0.25 mg of tyrosine 

released per g curd in combination No.4 to 0.43 mg 1n combInation 

No.3. With regard to flav.cur development, none of the 

combinations 'except No.3 showed a significant positive result 

with Voges-Prcskauer reaction. 

Therefore, the combination of Lc. liJctis ssp. Lactis biovar. 

diacetylac::tis DRel ... Lc:. lactis ssp. cremoris Cl + Lc. lactis ssp. 

J.actis el0 was adjudged as the best combination for d:ahi 

prepara t ion. 

Various cultures of yoghurt were evaluated similarly in 

skimmed buffalo milk after 16 hrs of incubation at 37·C (Table-



T .. bh-lc Changls produced in Titratable Acidity, Proteolytic Activity, VOg:e'!l-PrQs~aulr rea,ctioll .tlld 'Body ft Tepcture 
of bu'ffalo skim milk curd, il'loel11ated 'lith 'Ia1'lol19 dahl culture eOmblna.tlons addld @ Uf., .tfter to!. nN:l of 
I.tlcubiltion at 3O-C 

Combina­
tion No. 

Formulated culture 
(in 1 d d ratio) 

La:tococcus lac/;is ssp. l.lctis CIO 
Lc. 1actis ssp. cr"mtJris H 
Lc. 1actis SSp. lact:is bioyar. 
di.c"ty1.ctis ORCl 

II Lc. lactis 'SiSp. 1aetis MlB 
Lc. Idctis ssp. cr~mori.s Cl 
LC. lactis !lSp. ldctis biovar. 
diK~tylacti5 DRC1 

III Lc. Jactis 'iSp. lactis CIO 
Lc. Jactis '!ISp. crpmoris Cl 
Cc. Idcti5 'SiSp. Idetis bioyar. 
dillcetyhcti5 ORCl 

IV Lc. Jactis ssp. Idctis tllS 
Lc. lact-is ssp. cremcris H 
Ic. l.lctis ssp. lilctis bioyar. 
djacetyJactis ORel 

V Lc. Iaetis ssp. l.lctis C10 
Lc. J~ctjs ssp. cremaris H 
Lc. h:c t is 991'. lactis bioyar. 
diacetylmctis DRC2 

VI Lc. lac~js s<sp. Idctis HLB 
L<. ldcti5 !lap. erl1moris Cl 
Ic. 1 .leti 5 ssp. Jlfctis bioyar. 
diacfltyJactis DRC2 

VII Lc. hetis ssp. Jactis C10 
Lc. JActis 'liSp. cre(f)ari5 Cl 
Lc. lactis !I'!ip. Jacti!l biDvar. 
di.lcl!tylactis DAC2 

VII I Ic. lactis ssp. l"ctis I1LB 
Lc. J"ctis ssp. cremoris H 
Ic. lad·is S5p. Jaetis bioyar. 
diacetyl.lctis DRC2 

~ Tltratabl~ acidity 
(IMpressed as 

lactic .. dd) 

0.S9 

0.75 

0.92 

0.78 

O.SO 

0.76 

O.So!. 

0.79 

Proteolytic 
actiYity 

(mg tyrosine/g) 

0.32 

0.28 

O.OJ 

0.25 

0.2b 

0.30 

0.36 

0.29 

Voges -
pro9kauer­
react ion 

• 

.. 

... 

.. 

.. 

.. 

•• 

Body L t~~ture of 
the eurd 

Semi glossy and 
semi firm 

S .. m~ 91o:!lsy anu r i.,-m 

Blossy and firm 

Glasay -ind SeR!] fl rm 

Dull and s~ml firm 

Glossy and hard 

Semi glossy and semi 
firm 

Dull and semi firm 

---------~---------------------------------.~---------'-----------------------~---------------------
Value..; are ayera.ges 0"1' fiVe trial..; in duplica.te 

'I! 



Table-2: th.mges pnxluc!d in,Titrahbb Acidity, PruhDlytic Activity and £Ioay , Texture af buffalo ski •• W; 
curd inoculahd Mith yoghurt CUUUN!9 and cOibinations of acidophilu; and biUdoba.cterll @ 1X after 16 
hrs at incub&tittt at 17·C 

~~----~---~-~ -"-"---~~--------~----.---'-----------------------

Com ina­
Hoo No. 

ror.ul~ted culture 
(in 1;1;1 r~tio)1 

It, litr~hble acidity 
(exl:lr!'Sstd u 
lactic add) 

streptoCO'CCU1 salirarifls ssp. tMr",phiI~s 1-6T 1.52 
lat.:rebadHus delbrlleo;~ii '.iIS"p. bulgirio::us UlW 

II St,/'. :nJil"ilrius ssp, therlophiJlJ:f HSl 1.14 
lb. delbrltedii $$p. bu19aricu:I" RTS 

III Str. nli!/idu:> ssp. therl"p~iJu.r I 1.11 
lb. denrutd:ii I,iiSp. b«lqirictls RTS 

IV Sft. raUv.rius ssp. therfQphiluI I I.SS 
Lb. qelbrrUl::kii ssp. bvlgati-eu1 lBW 

A lb. ici40philus R 1.,2 
Bifido~acteriu. bifidul I 

B tb. aci4"philus ttl \:'0 . 
Bif. ~ifidu. I 

Proteolytk 
~divity 

{1119 tyrosine/g} 

Q.2i> 

0.00 

0.24 

Q.28 

0.24 

0.19 

9cdy & te~tur! of 
of U\~ curd 

1M 1 MId se,d f i !"II 

Slos~y ilnd fjrrl 

Se~i glos'Sy and 
setli tim 

!Mil ilrld fim 

Slos1Y and firlll 

gellli 91059)' md 
sl!lJi fir. -_ .. __ .• _._---------.--_ ... _----------------

the yalue, In Iver.19l!s of five tl'iah in duplicate. 

f lb. addophillU' and 8U. 1Iifidu. are in 113 tatto. 

m 
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2). It is interesting to notf~ that yoghurt culture combination II 

pI"'oduced maximum acidity of 1.64% lactic acid, which is 

comparable to the results of Jain (1979) and Sharma (1982) • 

MaKimum proteolytic activity and good body and texture were also 

recorded wi th this combination. Hence, yoghurt cuI ture 

combination II was considered the best. 

The therapeutic culture combinations were formulated using 

the strains of Lb. acidophilus and Bif. bifidum. The growth rate 

of the latter culture is slow 1n milk, so to attain sufficiently 

large populations in the product the ratio of the two cultures in 

the inoculum ~as kept at 1:3 as advocated by Klupsch (1989). Out 

of the two combinations formulated with therapeutic ~ultures, the 

combination of Lb. acidophilus R + Bif. bifidum I produced more 

titratable acidity (1.52% lactic acid> and showed maximum 

proteolytiC a~tivity compared with the other 

body and texture of the former combination was 

combination. 

more firm 

The 

and 

glossy than that of the latter. Therefore, the same was selected. 

for further studies along with the selected dahi 

cul tures. 

4.1.2 Viability and Biochemical Performance 

and yoghurt 

S~l~ctE'd 

Cultures of Dahi and Yoghurt in .Buffalo Skim l1ilk 

Results on the associativ'e growth between the thE;!rapeutic 

culture and that of dahi or yoghurt cultures, wl.th regard to 

viablE;! cell counts, titratable acidity, volatile aCidity, 

diacetyl or acetaldehyde content and proteolytic activity 1n 

buffalo skim milk are depicted in Tables 3 to 7 and Figures 5 to 

11. Variation was noted in the biochemical activity of dahi and 

yoohurt cultures when grown t0geth~r with both Bif. bifidum 1 and 

Lb. acidophilus R. 

a) Viable Cell Count 

Viable cell counts in~reased upto 18 Mrs of incubation but 



with further incubation the count 

(Table-3, Fig. 5 and 6). 

decreased 

67 

considerably 

The lactic count of dahi culture combination DAB after 24 

~as comparatively less (7.450 109 tfu!g) 

than when grown at 30 G C <7.799 log 

when incubatl'!'d 

cfu/g) which has 

indicated the necessity of optimum temperature for 

maximum viable cell counts. The counts of Bif. bifidum I 

gettin,g 

and Lb. 

<'l.cidophilu5 R of dahi culture DAB was maximum at an incubation 

temperature of 37 G C compared to the incubation at 30°C. 

A difference of nearly one log cell count of lactic culture 

counts (Lc. )actis ssp. lac:tis C10 + Lc .. lactis ssp .. cremaris Cl 

+ Lc .. lactis ssp. lactjs biovar. diacetyJ.actis DRC1) was obsE'rvE'd 

between dahi cultures D and DAB. after 24 hrs of incubation at 

30"C. Thi$ can b@ attrihutffd to the preaRnc@ of Lb. .il.cid~phjJU5, 

a .comparatively high acid producin9 culture in the latter 

combination, which might have affected the growth of lactic 

cultures. This eTfect was more prominent when grown at 37~C wher@ 

th~ growth,rate of Lb. acidophilu5 ~as optimum. The viable cell 

counts of both Lb. ilcidopnilus and BiT. bi"fidum were high when 

incubated at 37~C than at 30~C which indicat@d the need for 

incu~ation at 37·C to achieve higher counts of these cultures and 

ens~rv adequate therapeutic values. 

The observations· pertaining to yoghurt culture combinations 

<Table 3 and Fig.b) indicated a very slight decrease in viable 

cell count of lactic cult.ures (Str. sillivilrius ssp. thermophilus; 

HST + Lb. delbrueckii ssp. bulgiJricus RTS) in yoghurt culture VAB 

than in V after 1B hrs of incubation at 37 "C. The dec·reasing 

etf~ct was augmented on further incubgtion. 

The viable cell counts of therapeutic cultures especially of 

Bif. bifidum I were comparati .... ely less in VAB (7.079 log cfu/g) 

than in dahi culture DAB (7.505 log cfu/g), after 24 hrs at 37°C 

which may be due to the pr~sence of high acid producing culture~ 



Tabh-3: Viall!! c!lI ClJlJl"lt<; 01 sdected cultllr@s of daM and yoghurt in lJufhlo ski. .ilk at different 
period! of intubation 

--- ------- ----------------
51. Culture S,,,,", Incubation period (hrs) 
110. carbi.naUomi te~eratllre Cultur@s ------------~---~-

('C) Q • 12 18 2~ 

----~-----------------------------------------------------------------------

Viable cell count (log tfu/gl 

!. Dah i cuI ture D 3f) Lactic cultur~5 •. m 7.505 1.913 8.S5b 8.342 

2. Dahi culture DAB 3f) Ladic cultures 6.Hi 7.01Y 7.1))1 7.m 7.m 
til-. ~d,jl1phillJ~" 5.17i b.3f2 6.748 b.832 6.724 
Bif. bUNu." S.W; 6.255 6.477 6.591 6.3'/7 

3. Dahi cui run DAB 37 Lactic cui tur@s b.~41 7.QJ.1 7.4b2 7.M4 7 .~50 
lb. v.ld"i'hilus 5.118 7.113 7.653 1.144 7.957 
Bif. bUidlJl 5.'1(>3 6.m 7.431 7.m 1.505 

4. Yoghurt cul~ure Y 37 Lilctic cultures 6.lm 1 •• '10 7.973 8.1..43 8.447 

5. Yoghurt cui ture YAB 37 Yoghurt cultures •• ;;2 7.147 1.724 8.b23 8.J8Q 
t&. a'-id~philus 5.m 1.14; 1.505 7.m 7.1))1 
Bif. bifidul 5.924 b.OiB •. m 1.255 7.07Y 

--------------;-------------~-------------------------------------------

Thl! IId,!@s ion i..v@t'lqes af fivl! It'i&l'!. in dup1iu~@. 
fThe colony counts "ere taKen frO! th~ SiRe LA agar plate 

gj 



A Lactic cOlml or combination 0 

Il Lactic count of combination DAB qrown al 30 Q C 

{: Lb. ac;dophi!us count of combination DAB qmwn at 30" C 

0 Bif. bifldum count of combination DAB gr(lwn at 30" C 

r, Lactic count of combination DAB grown at 3r C 

I' Lb. acidophilus count of comtJinalion DAB grown at 3r C 

<; Bi'. bifidum count of combinalion DAB ~rown at 3r C 



rig. 5 Viable cell COUllts of dahi cultures D and DAB in buffalo 
skim milk. 
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A Lactic couot of combination Y 

II Lactic count of combination VAS 

C Lb. BCidoDhilus count of combination YAS 

D Bif. 'bifidum count of combination YA6 
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Fig. (, Viable cell counts or yoghurt cuitures Y and Y i\B in 
buffalo skim milk. 
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of yoghul"t whose ac:idity might have hampered the growth of 

cultures. 

b) Titratable ~idity 

71 
these 

The titratable acidity of buffalo skim milk curds prepared 

with different cultures of dahi and yoghurt is presented in Table 

4 and Fig.7. The titratable acidity produced after 18 hrs by dahi 

culture DAB at 30·C was slightly more than that produced by dahi 

culture 0 and less than the acidity produced by the same culture, 

when incubated at 37 c C. This can be explained by the presence of 

Lb. acidophilus in the former combination. The optimum inc:ubation 

temperature of 37 C1 C for Lb. acidophi ius might have led to more 

acid production by this particular culture combination. The rate 

of acid development by yoghurt culture Y de~reased significantly 

with the addition of Lb. Jcidophilu5 and Bif. bifidum. The 

present obser",:,ation is in agreement with Yu and Nakanishi (1975) 

who also recorded a de~rease in titratable acidity on the 

addition of Lb. acidophilus to yoghurt culture~ 

c) Volati'le Acidity 

The pleasing flavour of dahi and yoghurt can be attributed 

to the optimum level ~f volatile acid production by the lactic 

acid bacteria~ Variations have been observed with regard to 

volatile acid production between dahi culture combinations D and 

DAB (Table-S and Fig.B). The addition of therapeutic cultures 

with dahi culture D drastically decreased the volatile acid 

production from 3b.0"ml of 0.01 N NaOH to 15.8 ml after 18 hrs of 

incubat ion 

production 

at 30·C. No significant difference 

by dahi cultUre DAB was noted. 

incubation temperature. 

in volatile acid 

irrespectivE' of 

No significant change in the volatile acidity development 

was observed upon thE' ad.dition of therapeutic cultures to yoghurt 

culture combination V. Observations of Yu and Nakanishi (1975) 



Table-4: Titratable acidity of buffalo skim milk curd inoculated with 
selected cultures of dahi and yoghurt at different periods 
of incubation 

------------------------~--------------------------------------------
Sl. Formulated culture 
No. 

1 • Dahi culture 0 

2. Dah i culture DAB 

3. Dahi culture DAB 

4. Yoghurt culture Y 

5. YQghurt culture VAS 

lncubation 
temperature 

( 0 C) 

30 

30 

37 

37 

37 

Incubation period (hrs~ 

6 12 18 

% Titratable acidity 
(expressed as lactic acid) 

0.56 0.72 0.93 

0.48 0.64 0.99 

0.66 0.82 1. \8 

0.91 1. 42 1.68 

0.85 1.12 1.44 

Values are averages of five trials in duplicate 

;;l 



A Dahi Culture D at 30° C 

B Dahi culture DAB at 30° C 

C Dahi culture DAn at 37° C 

D Yoehurt culture Yat 3"? C 

E I yoghurt culture Y AB at 37° C 
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fig. 7 Tilralable acidity production by dahi and yoghurt cullures 
in buffalo skim milk. 

-. -----.----.-~-.~---------.-.- ---·-------·-~.· •. l 

8 

~.-A 

.' 
./ 

.. ---.-

/' 

" 

--

"'''_ .. 

.-,111. 

.. --.. 
__ •• ___ ../J 

.---

10 12 

Period (hrs) 

--D-B C 

." 
? 

-'/ 
., .... 

. / 

14 16 18 

---0-- D ---------- E 

73 



Tabl@-5: Volatile acidity of buffalo skim milk curd inoculated with 
gelected cultures of dahi and yoghurt at different periods 
of incubation 

---------------------------------------------------------------------
Sl. 
No. 

1 • 

2. 

3. 

4. 

5. 

Formulated culture 

Dahi c.ulture D 

Dahi culture DAB 

Dahi cultUre DA9 

Yoghurt culture Y 

Yoghurt culture VAB 

Incubation 
temperature 

( • C) 

30 

30 

37 

37 

37 

Incubation period (hrs) 

6 12 lB 

Volatile acidity 
(e I<pressed as ml of O.OlN NaoH 
used/50g curd) 

B.4 19.0 36.0 

10.0 12.5 15.8 

13.1 14.9 16.5 

7.0 7.5 B.2 

7.8 8.4 8.9 

Values are averages of five trials in duplicate 

1-



A Dahi Culture D at 30° C 

B Dahi culture DAB at 30Q C 

C Dahi culture DAB at 37° C 

D Yoghurt culture Y al 37<l C 

E Vou.hutt culture Y AB at ) 7° C . 
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Fig, 8 Volatile acidity production by dahi and yoghurt cultures in 
buffalo skim milk. 
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and Sharma and Singh (1982) with mixed yoghurt cultures when 

grown along with Lb. ocidophilu.s supported the present findings. 

d) Flavour Production 

The diacetyl content of buffalo skim milk curd samples 

prepared by dahi cultures D and DAB is presented in Table 6 and 

Fi9.9. From the I"'£'sults, it is evident that the amount of 

diacetyl liberated by dahi culture D was reduced considerably 

from 4.05 ppm to 2.80 ppm with the addition of th@rapeutic 

cultures. With dahi culture DAB, no significant change tn 

diacetyl content was observed with the change in incubation 

temperature from 30· to 37-C. The decreaSe in diacetyl production 

might be due to the difference in lactococci count as can be 

observed in Table 3. 

The acetaldehyde content of buffalo skim milk curd p~epared 

by yoghurt cultu~~s Y and VAB is p~esented in Table 6 and Fig.IO. 

Addition. of Lb. ilcidophilus and BIt. bitidum to yoghurt cultures. 

increased the acetaldehyde content from 28.4 ppm to _34.6 after 

lBhrs of incubation at 37~C. These findings are in agreement with 

the report of Gupta and Tiwari (1988). Similarly, Vuguchi et al. 

-(1989) also found 'stimulation of production of acetaldehyde by 

yoghurt cuI ture'S supplemented wi th Bi f. bi fidum 15696. 

e) P~oteolytic Activity 

There was a reduction in th~ tyrosine content liberated by 

dahi culture combination D with the addition of therapeutic 

cultures especial'ly when" incubated at 37°C <Table-7 and Fig.!!). 

This may be due to the decrease in the viable count of lactococci 

as evidenced in Table 3. The effect was less intensive when dahi 

culture DAB ~as incubatEd at 30~C than at 37~C because of the 

high cell count of lactococ:ci in this combination particularly in 

the former. 



Table-6: Diacetyl/Acetaldehyde content of 
~noculated with se·lected cultul-l!s 
di ffl!rent pl!r1kxls' of incubation 

buffalo sk.im 
of dahi and 

milk curd 
yoghu':"t at 

lncubation period (hrs) 51. Formulated culture 
No. 

Incubation 
temperature 

( ·C ) 
----------~------------------

o 12 18 
------------------..... ---------------.-----------------------------------

Diacetyl content (ppm) 

1. Dahi culture D 30 3.75 3.90 4.05 

2. DahL culture DAB 30· 2.30 2.02 2.88 

3 _ Dah i cu l·ture DAB 37 2.50 2.55 2.08 

Acetaldehyde content (ppm) 

4_ Yoghurt culture Y 37 24.80 26.20 28.40 

5_ Yoghurt culture VAB 37 28.30 31.80 34.00 

Values are averages of five trials in duplicate 

:::j 
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Fig. 9 Diacetyl production by dahi cultures D and DAB in 
buffalo skim milk. 
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Table-7: Tyrosine content of buffalo skim milk curd inoculated with 
selected cultures of dahi and yoghurt at different periods 
of incubation 

51. Formulated culture 
No. 

Incubat ion 
temperature 

(·C) o 

Incubation period (hrs) 

12 1B 
--,...-------------------------------------------------------------------

Proteolytic activity 
<mg tyrosine/g curd) 

1 • Dahi cuI ture D 30 0.36 0.41 0.40 

2. Dahi culture DAB 30 0.2B 0.33 0.41 

3. Dahi culture DAB 37 0.25 0.29 0.36 

4. Yoghurt culture Y 37 0.27 0.33 0.38 

5. Yoghurt culture VAB 37 0.22 0.28 0.33 

.Values are averages of five trials in duplicate 

8 



· . 

A Dahi Culture 0 at 30° C 

B Dahi culture DAB at 30° C 

C Dahi culture DAB at 37° C 

D You.htlft culture Y at 37° C 

E I Vm ... hurt culture Y AB at 37° C 



~ 

1'! 

" u 

"" '" E -
" ~ -c 
c 
u 
u 
.5 
v. 
C 
~ 

'"' .... 

0.5 

0.45 

0.4 

• 
0.35 

0.3 

· 

0.25 • 

.-." · . 
0.2" 

Fig. I I Proteolytic activity of dahi and yoghurt cultures in 
buffalo skim milk. 

• 

,".-
~" .,.- - ----

/ 

• 
• 

.. 

. .... -

81 

• 

I 
I 

'I' 
I 

r , 
• , 
i 

0.15T" ···--1----+---1- ,-+---1-----1 

6 8 ID 12 

Period (hr,) 

l
-----

-----. -- A --{}-- B --.... ->- C 

- ----.---------- ---- -----,--

14 . 16 18 

--v--, , ~ -.- E J 



82 

With the addition of th~rapeutic cultures in yoghurt culture 

combinations, no significant decrease in proteolytic activity was 

noticed and th~ present observation is in agreem~nt with th~t of 

Sharma and Singh (1992) who have reported similar results with 

mixed yoghurt culture combination containing Lb. acidaphilus. 

4.2 Preparation of Bulk Freeze-dried Starter Cultures of D~hi 

and Yoghurt 

4.2.1 Select-ion ot Growth I1edia 

A bacterial growth medium has to adequately support the 

growth by supplying all the essential n~trients required. When 

the medium has to be used commercially, its ingredients have to 

be cheap and l,ts method of preparation should be convenient. 

Bacteria, in general, have flexible growth requirements. However, 

Jactic acid ba-cteria are fa'5tid-ious in this respect because of 

thei.r weak biosyntheti.c machinery. Keeping this in vie¥l, a 

prf'liminary trial "..-as undertak@n to apprise the suitability of 

various buffalo skim milk and cheese whey based media for dahl 

and yoghurt cuI tures. .Resul ts wi th regard to the growth of 

formulated cultures of dahi and yoghurt 

presented in Tables-B and 9, respectively. 

in these media are 

Aelatiyely better growth of dahi culture combination D and 

yoghurt ~ulture ~cmbination Y, was observed in buffalo skim milk 

based media than in cheese whey based media. The cheese whey 

based media were equa~ly good for dahi and' yoghurt cultures added 

with the therapeutic cultures <Lb. aCJ'dophilus R + Bif. bifidum 

I) when grown at 37°C. However, the buffalo skim mi lk medium 

containing yeast autolysate and glucose was found best for dahi 

culture combinations D and DAB at 37°C as well as 30°C. 

Similarly, buffalo skim milk medium with tryptone and glucose was 

found to be good for both the yoghurt cultures V and VAB. 

The study was further continued USing certain formulated 

media to choose the best medium with respect to each cuJture for 



Table-e: SuitiOility Df '~riou, forlUllted .edit for th' 9~th Df dlhj culture, 

----------------------------------~-----------------------------------.-------------.------

SI. 
lb.· Flll'IIUlated lIedia 

A. Ski. lilk b.,ed ledi{, 

I. Skill lilk - 5X + Sadlun citrat.e- - I' , ~SO~.l HtJ - 0.01' 

2. Ski. Iilk - sx + Veilst ilutaly~a:tt - U + Glucose' - IX 

J. Ski. Ii Ik - 1000.1 .. Yust edrttt - o.ou: 

4. Skill \lilt - SOX + Tryptoo. - IX of fHUCOSf - Q.U 

5. Trypsin digestrd .. kilililk - 100.1 of SodiUl .c.tate - Q • .5~ of 

Yeast extract - 0.51 of Glucose - 1.0X 

B. CheeSt' MIt)' b'5l!d ledial 

I. Cllfese lIIley - 1000 11 + Skill Ii U: - 10.1 + Yeast extract - 0.51 

2. Cheese Nhey - 20~ of lrypton.! - II + Yust I!,;tnct - 0.05~ 

3. Clms! IIhf!Y - 1000 _I + Yust ntrad - ~.5" + IttSO".Hpt20 JIg + 
IIgS04.7II?l- 129 og • 1"S04 - 110 og 

4. Cheese .tie)' - lOY; + SodlUIl cHuh - 21 + ftlSO •• ¥ - O.!71 4 

Cysteine· 0.51 + Yust extract - 0.51 + Glucou - 0.5" 

1)ahi culture D 
.10'[; .17'[ 

Cui tUrt growth 

1)ahi culture DAB 
.30'[ 37'C 

tas ~ trans~ittanct at 6QO nl 
after 19 hrs) 

99 99 99 99 

l5 bO " 30 

95 99 93 97 

/,I) ro 91 6S 

ro 92 99 9b 

90 9S 93 65 

ee '" 94 SB 

65 93 95 /,I) 

96 9S 98 9b 
----------------------------------.----.~-------------.----------

Yilu! .. are ,,,tr'g!S of 5ix obsernUons el 



hbh-9: Suihbility af Ylrioul falW1h_hd IfdLI for tile Ql"OtItll of ycqhurt culture; 

Sl. 
No. 

Yoghurt tulture Y Yoghurt culture 'M9 
FCf.IUlaterlll.I!dia 

A. Ski •• i lk band I@dil 

I. Skill .lIk - 7S1 + Sodiu. acetate - 31 + Yust ednd - 4.5X 

2. Slejl'l-.ilk - 9% + Cyo;teine - 0.0751 + ~scorbic acid - O.15DX + 
Yeast exb·.Jct - 1.S~ .. Tilern 90 - 0.15% 

3. Ski •• lIk - 5X + Vea'!it utrac:t - 0.511 + t.JCtost! - 0.5X .. 
Sucrose - 0.251 .. HgSO •• 7 HiD - 0.1311 .. K~04 - 0.2% 

4. Tryp~in oiql!sted ski •• ilk - 100 II .. Sodiu. acetate - 0.5% .. 
¥ffst extrfct - O.5~ .. Sl~cosl! - t.OX 

5. Ski •• ilk - 5011 + Tryptone - 1.01 .. Slucose - D.U 

Q. Shot lIi1k - 20.1 • Distilled wlter - 130 _I + Vust iutolysde - I.OX + 
lilU1:asl' - LOX 

9. Ch,.s' Wh,y bal.d leoial 

1. CrU!fSe WIly - 1000.1 + Yeast extr .. ct :.. n; + llllw\ 90 - 0.1'1: 

2. [hees! ..tIey - 1000 _I ~ Tryptone - IX + Glucose - n 

3. Cht!l!~e Mley - tOv. .. Yust edract - 0.51 ~ qlucose - 0.511 .. 
Sodiu. citr~tf - 2.01 + P\1SO •• ¥ - o.m ... been 90 - O.U + 
C,!,sbinl! - D.5l 

V.a!ues 1ft .avulges of su cbser~at!ons 

37'[ 17'C 

Culture 9f011th 
las X translittanc@ It bOO nl 
afhr 18 hrsl 

" 94 

" 55 

92 65 

6S IiJ 

J8 28 

98 " 
92 91 

!O " 

" 15 
~ 
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the preparation of culture concentrates for freeze-drying 

purpa:s~. The results are tabulated in Tables 10 and 11 for" dahi 

and yoghurt cultures, respectively. 

Skim milk based media supported good growth when compared to 

wh~y bAsed media (Table~10)_ Maximum viable cell count of dahi 

cultures in different media was attained after 18 hrs of 

incubation at resp~ctive temperatures. Further incubation for 

another two hours resulted in decrease of viable cell count in 

all the media excepting the whey medium containing tryptone and 

yeast extract, where slight inCrease in the viable cell count of 

dahi culture DAB was observed. The maximum viable cell count 

observed in skim milk supplemented with yeast autolysate (1.0Y,) 

and glucose (0.1%) was 9.087 and 9.155 log colony forming units 

per gram, respectively for dahi culture~ 0 and DAB aft~r 18 hrs 

of incubation. 

Th~ analyses of variance (ANOVA) are df!plcted in Appendices 

III and. IV. The ANOVA revealed that the differences in the viable 

cell counts were significant (p ~0.01). 

Skim mill< (50Y.) supplemented with tryptone <1.0Y.) and 

glucose <O.l~) was the best medium for yoghurt cultures V and 

VAS, which gave the maKimum cell yie-Id of 9 .. 09b and 9.176 log cfu 

per gram, respe~tively after 16 hrs of incubation at 37-C <Table-

11). 

The results obtained with re~pect to viable cell count$ of 

yoghurt cultures Y and VAB were subjected to least square 

analysis and the analyses of variance are presented in Appendices 

V and VI. The differences among the cell counts were found to be 

significant at 1% level. 

The lowering trend in acid production by all cultures of 

dahi and yoghurt in whey ftledi·a compared to that in sk im mi 11< 

media at different intervals of incub~tion was recorded (Tables 

10 and 11)~ M~xiftlum titratable acidity in skim milk medium 



'.bl''"IOI Ylitlil elll count. and Tltntabll ,ddUr of dlhl cuUur .. In Clrhin fOl"alhhd •• db It dtffulnt plriodt of i.ncubation 

~------------------------------------------------------------------------------------------------------.------------------------------------------._------

51. 
No. F'orJIUltrd lIeoi& 

t. Ski •• ilk -+ Yust .utolysate _ + Glucose 

2. Trypstn digested ski~ _ilk + Sodiu~ acetate f 

6Jucos! 4 Y@iSt utract 

3. elms\! whey + Yta'.!t extract f ItlS04.Hilof rtgS04'~ -f InS{).,. 

1. 5kllllll111c f Yu'.!t .tutoiy<;ate of Glucose 

2. TrYPSin diQested sid .. lIulk + Sodiua acetate + 
GlucQSe f Yeast extract 

J. Cheese whey -f Ski •• ilk -f Vust utract 

4. Chuse wIny -f Tryptone of Yeast edrad 

5. Chuse whey f Yust ntrad of r1qSO,.7H2'l -f MnSOt."£!l + InSO. 

Tncubltion Period ~hrsl 

-----------------------------------------------------------------------------------------

" I. 18 20 14 1. 18 20 
-----------------------------------------------------------------------------------------

8.763 

8.700 

8.792 

8.8Je 

B.eS7 

8.740 

8.812 

8.101 

Vtlblr cell count 
Hog cfu/gl 

8.991 9.087 

8.903 8.990 

8.92'1 8.900 

9.008 9.155 

8.925 9.002 

9.913 9.970 

8.900 8.994 

.8.942 8.938 

~ Titratabl@ acidity 
\expressed as lachc acid) 

D.hJ culturl I> IJO'C) 

9,049 0.13 0.82 0.89 0.92 

8.944 0.00 0.67 0.71 0.1! 

8.977 0.04 0.71 0.11 O.BI 

Dlhi cultUrf DAB (37'1;) 

9.133 0.94 0.99 1.20 1.23 

e.982 0.00 0.88 0.% 0.9B 

9.959 0.13 0.84 0.87 0.91 

8.962 0.15 0.87 0.91 0.9) 

8.892 0.74 0.84 0.89 0.94 
-.---.-------------~---------------------------~--------------------------.,.----------------------------------------------------

VailJ~s UI aVl!ragE!s of si!( oosl!rv .. ticns 

CD 

'" 
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supplem~nted with yeast autolysate and glucose was noted with 

dahi cultures D and DAB. The diff.erE'ncE' in acidity between .these 

cultures CAn be attributed to the presence of Lb. acidophi Ius 

which is generAlly a high acid producer in the latter 

combination. 

Titratable acidity of 1.64 and 1.48 (% L.A) was observed 

with yoghurt culture combinations Y and YAS, re$pectively in skim 

milk medium supplemented with tryptone and glucose. after 16 hrs 

of incubation. The lower acidity production" by the latter 

combination may be due to the A$$ociative growth effect of Lb. 

acidophilu5 Rand Bif. bifidum I with the yoghurt cultures as 

"evidenced by Singh et: aI. (1982) and Kisza et al. (1978~ who 

observed the ability of Lb. acidaphilus and Bir. 

r~du~e the aLid development by yoghurt cultures. 

bi fidum to 

Out of several media tested, ~kim milk supplemented with 

yeast autolysate and glucose was selected for the growth of dahl 

cultures D and DAB whereas skim milk medium containing tryptone 

and glu~ose was chosen for the growth o~ yoghurt cultures V and 

VAB as these media were found to support ma~imum cell growth and 

titratable acidity development . 

. Christopherson and Zottola (1989) sugge~ted ul tra-fi 1 terE'd 

skim milk medium for Leo lactis ssp. lactis, Lc. lactis ssp. 

cremoris and Le. lilctis ·ssp. lactis biovar. diacetylatis. Prior 

to that Petterson (1975) recommended the use of sterilized 

reconstituted skim milk medium for the growth at ffiiKed specIes 

mesophilic lactic cultures. Kapoor <197b) formulat~d a medium for 

the growth of yoghurt symbiont. cultures, however, it did not 

receive much attention due to its complexity. Later a simplified 

medium was proposed for the production of bacterial concentrate 

of yoghurt cultures <Kondratenko and Kondareva, 1978) using 

diluted skim milk containing yeast eKtract and sodium acetate. In 

the present study, the objective was to formulate a simple medium 

which is convenient for common usage. A high cell count of 

yoghurt cultures was ~chieved by using a simple medium prepared 
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using skim milk fortified with tryptone and glucose as can b. 

seen in Table 11- The use of skim milk medium has anethe r· 

advantagE' of minimizing the lag phase of cultures as proposed by 

Speckman ~t dl. (1974) and the problem associated with whey media 

centrifugation, employed for the purpose of clarification, which 
, 

is time-consuming and costly affair, is also eliminated. 

4.2.2 Dptimiz.aticm aT Growth Conditions 

In order to maximize the cell population and activity in the 

starter concentrate for freeze-drying, experiments were conducted 

to determine the optimum conditions with respect to pH of the 

of 

of 

medium, neutralization of the acidity developed, temperature 

incubation and rate of inoculation for all the combinations 

dahi and yoghurt cuI tures in respective selected formulated 

medi.um. 

4.2.2.1 Effect of pH of the growth medium 

All the combInations of dahi and yoghurt- cultures grew well 

in the pH lange of 6.0 to 7.0 (Table-12). How~ver, maximum viabl~ 

c~ll' count and titratable acidity with dahi cultures D and DAB 

were observed at pH 6.5 rather than at pH 6.0 or 7.0. In both the 

cases significantly <p ~ 0.01) high viable ce 11 counts were 

achieved nearly after 18 hrs of incubation at th~ i rapt Imum 

growth temperatures 30 0 and 37 e C, r~spectively (Appendices III 

and IV). 

It may be inferred from the results (Table-13) that a pH of 

6.0 to get a high cell count, was favoured by yoghurt culture Y, 

whereas pH 6.5 was proved to be good to achieve maximum viable 

cell count of yoghurt culture YAS, after 16 hrs of incubation at 

37°C. The counts were highly significant at 1% level 

V and VI). 

Tho are In accordance WIth that. of 

(Appendices 

the earl ier 

reports 

findIngs 

of Cogan @t id. (1971) and Speckman ( 1975 ) who have 
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r .. l:lfe-IJf lnfluenc:t of pH af tflt 'dlc:ted 9rowtn .Hlh.!. (sU. lilt .. tryptont .. 911lCoul on ytable tell mmt .. nil titrthbh itidity of 
yoghurt culturn It different period!!! of inctlbtUan It J1'C 

Incubation Period (hrs) 
SrQlllth 
lediu. 
,H 

---------------------------------------------------------------------.--------------
Sl. 
No. 

I .. 

1. 

ForllUlati!d culture InoculUII 

Y~hurt tulture V 

Yoqhurt (uiture VAB 

level 
III 

1.0 

1..0 

•• 0 

•• 5 

7.0 

!.O 

!.5 

7.0 

o 

•• 514 

6.6t2 

6.116 

•• 241 

6.232 

•• 257 

14 . I. 

Viabl!! nil count 
Ilag elu/g) 

8.547 9.462 

UIO 9.102 

B.719 B.95.( 

B.sS" 8.96' 

8.870 q.291 

8.002 9.141 

19 

9.181 

9.084 

8.886 

8.921 

11.155 

9.112 

o 14 1. 

X Titratabie acidity 
(ullr~<;ed as lactic acid) 

0.1. 1.34 1.5. 

0.11 1.11 1.4B 

0.17 1.27 1.44 

0.14 1.07 1.12 

0.t5 1.22 1.38 

0.15 1.28 I.J4 

19 

1 •• 1 

1.56 

1.59 

1.18 

1.46 

1.10 

------------------------------------------------------------------------------------------------.--------------------------------------------------

Values an olIV!!flllil!'EI of sill abserYltiOM 

\0 
~ 
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suggested a pH of 6.3-6.5 far ·mass production of mesoph i 1 ic 

1 actoc:occi' and that of Bozoglu et QJ. (1989J who had observed 

less viability losses when yoghurt cultures were grown at pH 6~O 

rather than at pH 6.5. 

4.2.2.2. Effect of neutralization of growth medium 

Maintenance of optimum pH throughout the incubation period 

15 very essentiar for obtaining maximum cell yields. This is 

especiaLly true with lactic cultures which produce high acidity 

period. which leads to cell losses during tho growth 

Neutral izat ion of tho medium is required to avoid such cell 

losses. However, the neutralizer used should not haye adverse 

effect on the bacterial growth. The results aro presented in 

Table-14. 

There was a marked incl"E'ase- in the. cell yield of all the 

four cultures tested, with the neutrailizatlon of the growth. 

medium, to maintain the initial pH, after 10, 12, 14, 16 and 18 

hrs of incubation ~hen compared to respective control samples, 

where the acidity of the growth medium was not neutrailzed to 

initial 

samples~ 

pH. Rapid death of cells was observed in tho control 

Five fold increase in the ·cell count was recorded with dahi 

cuI tures 

cuI tures 

<0 and DAB) whereas, it was only twofold in yoghurt 

<V and VAB). The differences in the viable cell counts 

of all the four cultures of neutralized and un-neutralized growth 

media were found to be significant at 1% level (Appendix VII). 

The results are in confirmation with the reports of Hall and 

Antonvcc i (1988) who have observed fivefold increase in 

neutrailized cheese starter cultures and with that of Lloyed and 

Pont (1973), Efstathiou @t ai. (i975) and Ram (1984) who have 

twofold increase in cell popUlation in the medium 

neutralized with ammonium hydroxide vis-a.-vis sodium hydroxide. 



T.abll!!-t4~ Influence of nl!!utr&iiutian of ~I!!hcttd gl"Olftn IIf!diJ to .ainhin inithl 9H an .,.l,ble cl!!l1 count of cultures 
ot dahi and ycqhurt it diUlunt prriods of incubation 

Im:ub,tioo Pl!riod {h~) 
6rOllth 6rQlllth -----------------------------------------------------------------

51. rorotUlat@d culture ~ediu" lIIedilJll Incubation Perunhgp 0 " 16 18 14 16 18 
No. CO«lllO- pH tellllperatvre of -----------------------------------------------------------------

sHim ('CI inaculu.G Control .ediull H~utrali~ed mediUl 

-------------------------------------------------------------------------------------------------.-------------------------------------. 
(lJiabb cl!!l1 count: log cfu/gl 

1. Dahi culture D S~i •• m' 51': 6.5 JO 1.0 b.b9b 8.693 9.100 9.042 9.b77 9.698 9.108 
+ 

Yea5t ,au~o-

lysde IX 
l. Dahi culture [)AD + 6.5 31 1.0 b.968 8.982 9.260 9.164 11.25J 9.650 9.686 

61ucC51!! IX 

J. Yoghurt culture V Skilt _i Ik 50X 6.0 37 1.0 0.S79 9.129 9.,H2 9.218 9.552 9.764 9.002 . 
+ 

Tryptooe IX 
4. 'I'oqhurt culture YA& + 6.5 31 1.0 0.568' 8.579 8.858 B.615 8.1164 9.454 'i'.502 

GlucO§I! 0.": 

---------.. ---------------------------------------------------------------------------------------------------------.-------------------
lJalu@5 are averagl!!5 of six observations 

:5l 
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4.2.2.3 Effect of inLubation temperature 

In ordE"r to obtain ma-Kimum cell density and activity of the 

culture combinations of dahi and yoghurt in starter concentrates, 

trials were conducted to optimize the temperature of incubation 

for each of the combination. For this p~rpose, the inoculated 

medium was incubated at 25°, 30· and 37°C for daht cultures and 

at 37° and 42 D C for yoghurt cultures. The observations made are 

recorded in Tables 15 and 16 for dahi and yoghurt cultures, 

l'espectively. 

With regard to dahi culture D based on viable cell counts 

and titratable a~iditYl incubation at 30·C was found to be 

suitable rather than at 25° or at 37°C. The incubation period was 

shortened by 2 hrs with the increase in 

from 2SoC to 30·C. Incubation at 37°C wa~ 

this combination as the eel·l yield was 

incubation temperature 

found unsuitable for 

le~5 than what. was 

obtained either at 2S-C or at 30·C and a drastic decrease in the 

cell count wa~ observed after 16 hrs of incubation at 37°C. 

Dahi culture OAB grew better at 37~C than at the rest of th~ 

temperatures tested. The titratable acidity was also found to be 

more at this temperature of incubation. The viable cell count as 

we 11 as 

reduct ion 

deviation 

titratable acidity showed a. decreasing trend wfth 

in incubation temperature which may be due to 

from the optimum temperature of Lb. acidDphilus 

the 

the 

and 

Bif. bifidum, ",here the activity of these tlifO cultures 

minimum. The ANOVA <Appendices III and IV) for the data 

has indicated that the viable cell tOunts achieved 

significantly at lYo level. 

In the case of yoghurt culture Y. maKimum cell count 

log cfu) was achieved after 16 hrs of incubation at 37-C. 

is at 

obtained 

differ 

(9.477 

Though 

a log count of 8.732 was obtained with a short incubation period 

of 5 hrs at 42°C, upon further incubation the viable cell count 

decreased drastically making it un~uitable for the preparation of 

starter concentrate. The ma~imum titratable acidity was also 



Table-151 Influencf cf incubation tllperatur, an viable elll taunt and I titratabl. acidity of dahl culture, in 
sellcted growth .ediu. (ski •• ilk • rea,t lutal~'tl • gluc05') at different periods af incubation 

-------------------------------

51. 

No. 
For-.tlah:d c!.Ilture' 

6rOllltf\ 
~tdlu" 
pH 

Incubation 
telll(l!riture 

t'CI 

o " 16 

Viable t!H crunt 
(109 cfu/gl 

lncubd ion P!rioo {hrsl 

19 o 14 16 

% Titrahbl! addity 
{ullre''''ed as hctit acid, 

19 

-----------------------.-------~-----------:.. .. ---------~-~------_.--------------_._--------------------------
I. Dahi culture D 6.S 25 0.344 9.349 8.902 8.702 0.15 0.69 0.90 0.1lb 

30 6.S05 9."'" 8.9'i'1 9.0b3 0.16 0.12 0.1lb 0.9_ 

31 6."2 8.:;79 8.748 9.653 0.15 0.70 0.82 0.99 

2. Dahi culture DAB .,S 25 b.o2J 0.334 9.S18 9.630 0.16 0.81 0.92 0.99 

30 b.653 9.440 8.681 8.814 0.17 0.76 0.'15 1.04 

31 6.662 0.569 9.1'&1 9.002 0.17 0.79 0.96 1.15, 

----------------------------------- --------------------------------.--------------.------
Values art! averages of ,ix observations 
'InoclAlu. level: I.OX 

~ 
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rEcorded at 37"C. Similar observation was made with yoghurt 

culture VAS. Thu~, the incubation temperature of 37~C was found· 

to be equally 5uitablp for both the combinations of yoghurt 

~ultures. When the data was subjected to statistical analysis by 

paired t-test, the differences in the cell counts obtained at two 

temperatures were found to be significant for both the 

combinations with a t-value of 36.24 for yoghurt culture V and 

327.85 for yoghurt culture VAS. 

The observations made with dahi cultures in this study are 

contradicting the reports of Efstathiou et..,1. (1975) who have 

suggested the incubation at 25 6 C for proper species balance and 

optimal yield of mixed mesophilic starters. This may be due to 

the differences in strains used, pH and composition of the growth 

medium and initial cell count. However, incubation at 30"C was 

found to be more suitabl~ ~or the growth of Le. lac:tis ssp. 

Jaetis Cl0 and Lc. IJ.ct:is ssp. cremoris'H as obser .... ed by Pont and· 

Halloway (1969), BlaH1e (1972) and Ram (].984). 

4.2.2.4 Effect of ino~ulum size 

It is clear that viable cell counts and titratable acidity 

enhanced as the rate of inoculum was increased from 0.5 to 1.5~ , 
irrespective of the culture (Table-1? and 18). With the increase 

if"l the inoculum rate the time taken to attain maximum .cell count 

decreased. This effect was observed with all the cultures of dahi 

and yoghurt. 

After 18 hrs of incubation, maximum viable cell count of 

9.099 and 9.149 (log cfu/g) and titratable acidity of 0.92 and 

1.18 (~ lactic acid) were observed with dahi cultures D and DAB, 

respectively when added at the rate of 1.OYO to the growth medium 

and incubated at respecti .... e growth temperatures. Similarly, 

maximum log count of 9.219 and 9.236 colony forming units and 

titratable acidity of 1.64 and 1.46 (Yo LA) were noted after 16hrs 

with yoghurt cultures Y and VAS, respecti .... ely, when added at th~ 

rate of 1.0'1. and incubated at 37'·C. Interestlngly, in all the 



hblt-17: Influ.nc! of inoc.ulull IIv!1 of dllli cultures on yiabl. cell mmt and ~ Utratabh acidity in !ill.chd 
9ra.tfl •• diUli (!lU. _ilk .. rust autalrsd. + glucou) at diff.nnt "frieds of inCiJblticn 

Illcu~ation Pl!riod (hrsl 
6rowth ~----------.-- ... ---.----------------------------------------

51. Formulated cultur. IIItdiul\ Inoculull 0 14 II 18 0 14 II 18 
No. ,H !ev@l IKI ----------.----------------------------------------.----------------

Viabll' c.·elf. count ~ Titrlta~l, acidity 
009 cfu/gl telt:pr!ssI!d as lactic:: addl 

----------------------------.-----------.---------------------------------------------------------------------------------
I. Dmi culture 6.5 0.5 I.m 7.791 7.902 7.991 0.11 0.54 0.19 0.78 

D (rotC) 
1.0 6.b01 8.761 9.007 9.099 0.19 0.68 0.88 0.92 

1.5 1.9IlO 8.714 8.697 8.644 O.IB 0./,1, 0.B4 0.96 

1. Dah t eu I rure 6.5 0.5 6.719 7.732 7.954 7. ?84 0.17 0.76 0.84 0.94 
D118 137'CI 

1.0 1.897 8.810 9.08B 9.1.9 0.19 0.81 0.911 1.18 

1.5 7.10. B.BSl B.988 9.0M 0.10 0.112 0.93 t.OB 

Valu~ are averages of SIK observations. 

)g 



Ta~h-18: Influ.nci of inoculUI !lvil of )'09hurt culture. an vhble nil cexmt and ~ Utrahbh acidity in 
5tllcted QroMth •• diu. (ski •• ilk + tryptane + Qlut~el at different plrled, of incubation at l7"C 

----------------------._---..--------------------------------------------------------------------------------------------------------
Im:ubatiOCl Period (hf"'j) 

SrOMth --------------------.-~--------------------------------------------------------
51. ForlUlattd culturt lIIediu. tnoculUJI 0 11 1. 19 0 14 16 18 
No. pH levil II) -----------------------------------------------------------------------------

Ui~bll cIII count ~ Titratable acidity 
1109 cfu/g} itxpre'5'5ed as lactic addl 

----------------- -------------------------'---------------------------------------------------------
1. Yoghurt wi turl Y 6.0 0.5 llo~b2 e.:;~2 8.768 8 .• 717 0.15 0.92 1.22 1.34 

1.0 '.653 8.791 ·9.219 9.160 0.15 1.28 1.50 1.04 

1.5 '.857 8.968 8.866 8.712 0.16 1.26 1.38 1.42 

2. Yacjlurt tullurl YAB 6.5 0.5 6.411 •• bb8 8.960 9.080 0.15 0.89 1.12 1.20 

1.0 0.698 8.'108 9.236 9.149 0.15 1.16 1.32 1.\, 

1.5 7.120 9.001 8.929 8.B76 0.16 1.22 1.28 l.~' 

Valu~ ... art IIvtrage ... af <,;iM aMer.'u.tions. 

:8 
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cases (""eduction. in incubation" period to get ma.ximu.m papulation, 

was observed with the increase in the rate of inoculum. 

The observations made with regard to viable cell count were 

found to be highly ... signiticant at 1X level (Appendices III to VI) 

with all the combinations dahi and yoghurt cultures. 

The results obtained are in agreement with those of Ayunts 

et aI. (1979) who had obtained maximum yield 01 bacterial 

concentrate of lactic acid bacteria u~ing 1.OY. inoGulum a.fter 

incubating for 14-16 hrs. The popUlation changes with higher rate 

of inoculum -were too rapid, and after 16 hrs of inoculation, 

significant decline in the cell number was started making it 

unsuitable for the preparation of concentrates, whereas lower 

level of inoculum (0.5%) needed longer incubation period to get a 

good number of viable cells. 

4.2.3. InTlu~n~~ aT CryDprDt~ctive Ag~nts 

Use of cryoprotective agents is recommended to protect 

micro-organisms during freeze-dryin9 process. Three formulations 

V1Z. 1157. buffalo skim milk + 1,-5Y. gelatin"" 8'Y. sucrose; 2)10Y. 

buffalo skim milk"" 1.5% gelati~ ..,. 7% sucrose + 1M monosodium 

glutamate and 3) 10~ buffalo skim milk ..,. 7% sucrosE:' ..,. 1M 

monosodium glutamate were tried in this study and their effect on 

culture viability was studied and the results are presented in 

Tables 19 and 20 for dahi and yoghurt culturE:'s, respectively. 

A perusal of the results with formulation 1 indica~ed a 

survival rate of 80.00% for dahi culture'D, 90.73Y. for dahi 

culture DAB, 78.40% for yoghurt culture Y and 84.55% for yoghurt 

culture VAS. Addition of monosodium glutamate to thE:' same 

suspending medium increasE:'d the survival rate of all the four 

combinations gi'l,ling 97.50,_ 96.20, 88.46 and 89.51Y. 'SuT'vival for 

the rpspectivp cuI turps studipd. The differences observE:'d in the 

viability were found to be highly significant at one percent 

level as shown in AI"JOVA tables {Appendices III to VI). 



Table-19: Influence of formul~ted cryop~otectiye agentg on viable c~ll tount and 
free~e-dried dahi culture. grown in sflect~d gro~th medium (Skim milk 
autolysate + Glucas.' under standardized growth c'ondition!i 

biochemical performance 
... Yeagt 

01 bulk 

------------------------------------------------------------------------------------------------------------------
SI. 
No. Tests performed 

Formulated 
cryoprotective 
agents* ' 

Dahi cultures 
----------------------------------------------------

D DAB 

Before F.D** After F.D~ Before F.D. After F.O. 
________ ' ____________ ~--------------------------------____________________________________________________ M _______ _ 

1. Viable cell count 
(log cfu/g) 

2. Culture activity factor 
(Horrall & Elliker test) 

3. Diacp.tyl ron tent (ppm) 

4. ProteolytiC activity 
(mg tyro5ine/g curd) 

5. Re5idual moisture contpnt 
(Xl 

Formulation t 
Formulation 2 
Formulation 3 

Formulation I 
Formulation 2 
Formulation 3 

Formulation I 
Formu I a tion 2 
Formulation 3 

Formulation I 
Formulation 2 
Formulation 3 

Fcrf1)ulation I 
Formulation 2 
Formulation 3 

11.54. 
11.602 
11.397 

0.52 
0.57 
0.48 

4.25 
4.35 
4.20 

0 •. 42 
0.45 
0.44 

11.462 11. 158 11.120 
II .540 11.198 11. 181 
11. 301 11.112 11.070 

0.50 0.56 0.54 
0.50 0.56 0.54 
0.44 0.53 0.49 

4.05 3. 14 2.92 
4.18 3.08 2.98 
4.00 3.12 2.86 

0.39 0.39 0.34 
0.43 0.40 0.38 
0.40 0.41 0.35 

1.86 1.90 
1.22 1.36 
1.94 2.00 

Values arE! avel'aQes of six ob'5ervation5,.Formulation t~ 5'l buffalo skim milk + 1.5~. gelatin + 8'1. sucrO'5E! 
Formulation 2: 10'1. buffalo skim milk + 1.5~ gelatin + 7~ sucrose + 1M MSS 

**F.D: Freeze-drying Formulation 3: lOY. buffalo skim milk + 7X su~r05e + 1M MSG 

~ 

o ... 



Tablw-20, Influence of formulated cryoprotective agent~ on viable cell count and biochemtcal performance of bulk 
freeze-dried yoghurt culture~ grown in selected growth medium (Skim milk + 
Tryptone + Glucose) under standardized growth conditions 

51. 
No. Tests performed 

1. Viab1e cell count 
(log cfu/g 1 

2. Culture activity factor 
(Harrall ~ Elliker test) 
(acidity ~xpr~ssed as 

Yo lactic acid) 

3. Acetaldehyde content (ppm' 

4. Prot.eolytic activity 
(mq tyrcsine/g curd) 

S. Residual moisture content-
00 

Formulated 
cryoprohctive 
agent-s* 

Formulation t 
For-mul at-ion 2 
Formulation 3 

Formulation I 
Formula.tion 2 
Formulation 3 

Formulation 
Formulation '2 
Formulation 3 

Formulation 1 
Formulation 2 
Formulation 3 

FormuJati()n I 
Formulation 2 
formulation 3 

Yoghurt culture~ 

v VAa 

Before F.Du Af-ter F.D. 8efore F.D. After F.O. 

II .079 10.991 11.076 11 .007 
11.113 11.060 11.155 11. 102 
11.096 10.989 11. 133 11.096 

0.50 0.46 0.45 0.43 
0.56 0.53 0.48 0.46 
0.48 0.44 0.44 0.41 

28.00 26.20 29.00 26.60 
30.00 2B.BO 32.10 29.40 
27.40 25.80 28.70 25.20 

0.37 0.34 0.35 0.29 
0.48 0.45 0.42 0.38 
0.39 0.35 0.32 0.26 

1.62 1. 78 
I. 29 1.42 
1.% 1.94 

------------------------------------------------- ------------------- -------------------------------------------------
Values are averages of six obs@rvatiDns,*Formulation 

Formulation 
•• F.D: Freez@-drying Formulation 

I: 5Y. buffalo skim milk ·t 1.5)'. gelatin + 8~. sucrose 
2: lOY. buffalo skim milk + 1.Sy' gelatin + 7Yo sucrose 
3: lOY. buffalo skim mi Ik + 7Y. sucrose + 1M MSG 

+ 1M MSB 

~ 

2 
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The culture activity of all the combinations that were 

freeze-dried in formulation 2 was found to be satisfactory. The 

residual moisture content in freeze-dried cultures of all the 

combinatioins was at minimum with formulation 2. The biochemical 

activity in terms of flavour production (diacetyl/acetaldehyde) 

and proteolytic activity of all the cultures was also superior 

with the suspending medium formulated with skim milk. gelatin, 

sucrose and monosodium glutamate. 

Skim 

agent and 

cultures. 

lac::tococc i 

mi lk has been in use since long as a 

Rogers (1914) was the first to use 

cryoprotective 

it for lactic: 

Use of skim milk gave only 60Y. viability with certain 

(Vano et aJ, 1960). Addition of other cryoprotective 

agents to milk can improve the protective effect of skim milk a6 

observed in the present study. The activity and biochemical 

performance 01 all the cu.ltures freeze-dried using a su·spending 

medium <formulation 2) was maximum as the survival rates of the 

respective combinations of cultures WE>~E> a1,50 high. This 1.5 in 

agreement with Pettersson's (1975) observation who also noted a 

relationship between activity of concentrates and viability of 

cells. 

Addition of sucrose to the suspending med~a has an advantage 

of inhibiting free radical formulation and thus helps to improve 

the survival rate <Nikolova, 1978; Lagoda et aI., 1982; and 

Alaeddinoglu et al., 1999). Use of monosodium glutamate to get 

60-95% survival of lacttc cultUres during freeze-drying was 

reported by Speckman (1975), Kilara et al. (1976). Lagoda et al. 

(1982) and Kim et aI. (19B7). 

The present findings are also comparable with the reports of 

Damjanovic and Radulovic (1967~ and Radulovic (1971) who have 

achieved 90-100% survival of Bif. bifidum and Lb. acidophilus 

when a suspending medium containing sucrosp, gelatin and skim 

milk was 

d i ffeTent 

used~ The minor differences in the survival r-ate 

combinations of dahi and yoghurt can be attributed 

0' 
to 



th@ species and strain variation of cultures or to their 

associative growth in mixed cultures. 

4.3. Stability of Bulk Freeze-dried Formulated Dahi and Yoghurt 

Cultur~s during Storage 

4.3.1 Influence of Scorage Temperature and Sealing ~tmasphere 

on the Stability of Freeze-dried Cultures 

Freeze-dried dahi and yoghurt cultures~ after sealing under 

air and vacuum in laminated aluminium foil pouches, were stored 

at 4 9 and -20 g C for a period of 90 days, and their activity was 

monitored for viability, culture activity, acidity development, 

proteolytic activity, flavour prod~ction and residual moisture 

content and the observations are recorded in -Tables 21 to 32. 

4~3.1.1. Bulk freeze-dried dahi culture D 

Variation in surviVal rate was observed with culture 0 as 

shown In Table-21. Both sealing atmosphere and temperature of 

storagE were proved to be deleterious and the effect was severe 

in cultures stored for longer periods. 

The survival rate after 90 days of ·storage at 4-C for air 

and vacuum sealed cultures was 70.4 and 83.6%, respectively. For 

samples stored at -20°C it was comparatively higher, 

94.7% for air and vaccum sealing, respectivEly. 

83.6 and 

During storage no significant change in biochemical activity 

and residual moisture content of dahi culture D was observed with 

both air and vacuum sealed cultures, 

temperat~re <Table 21 to 23). 

irrespective of storagE 

4.3.1.2 Bulk freeze-dried dahi culture DAB 

Results presented In Table-24, show that both sealing 

environment and stopage temperature have detrimental effect on 



hbit-211 Inllufntf at .u.ling Ill101lphfrf ,M tf~.raturt! on vjl.bl. till taunt and rlliduli I![]i"turl canhnhlf bulk frult­
dried dahi culturl n durin9 storlge 

Sulj~ at~S9hfrt 

P~riod -------------------.. _------------------------------------------------------------------
of stungl! ·Alr Vattru~ 

idar.;) ---------------------------------------------- ------------------------------------------------------
Storaqe tf~l!ratur~ Storage t~mp~r.tur~ 

---------------------------------------------- ------.--------------------------------------------
"C ·2()'C 4'C -w'e 

---------------------- ------------------- ------------------.--- -------------------------
lJiilble cell Re!iliual Viable ,cell Re'!iidual Viable cell Rp'iidual Viable cell Residual 
count toi'iture ,,,,,,t fIOl-:;ture cw:'t .oisture ,,,,,,t 1IC1sture 
Hog du/g) conti!ntIJ) HOI} cfu/gl content I',;) liog cfu/gl contenttxl nog cfu/gl cooten; IXI 

---------------------------------------------------------------------------------------------------------------------------.. 1l.SJI 1.20 11.531 

15 t1.502 1.21 
(9".11 

30 11.<1'0 1.22 11.51. 
(90.9) {96.4) 

.; 11.462 1.23 
(95.2' 

'0 11.426 1.24 11.500 
08.4) (92.9) 

1; 11.408 1.24 
C75.21 

90 11.319 1.25 11.493 
nO.4) (99." 

Values ate aVl!ragl!'!i of three tri.11s in dupHcah 
-IIM@1tia.tely fre.ze-dryinQ 
Values in parenthe'!ips Indic.1te p~rcent ~rvi,al 

1.20 11.531 1.20 II.SJI 1.20 

t 1.529 1.20 
'9'1.41 

1.20 11.52. 1.21 /1.528 1.20 
198.61 199.11 

11.511 I.ll 
199.91 

1.20 11.504 1.22 11.52() 1.20 
19~.B5} !97 .41 

t1.~60 1.22 
(94.81 

1.21 11.454 1.22 11.508 1.21 
(83.bl 194.7) 

'" 6\ 



hbll-221 Influlncl of ,ullng atlOlphtre and t .. ~"ntu1't en activity and titrahbl. IcidHy of bulk frtnl-dritd daM 
culturt D during 'Jtorage 

Period 
af '!ihlragl! 
Idaysl 

CuItIlU' 
achyity 
tadar 

Sealing at-a~phete 

Air 

Stora9~ temperature 

,'e -20'C 

X. litnhble 
acidUy 
IUIlU!is~d 

as ladic 
acid. 

CuHure 
activity 
fador 

X. TitrahlJh 
acidity 
(e.pn<;s@d 
as I"die 
acid) 

Culture 
acthity 
facmr 

VacuUII 

Storage teeoerature 

.·C -ZO'C 

,. TitratalJle 
acidity 
(e.pre<;sl!d 
as hekit 
acid) 

CuHure 
activity 
hctor 

X. THnhble 
acidity 
(eKPres'3ed 
as Jachc 
acid) 

---------------------------------------------_.---------------------------------------------.------------------------.-------
o· 0.52 0.93 0.52 

15 0,52 0.93 

30 0.51 0.92 0.52 

" o.sl 0.92 

" 0.51 0.91 0.52 

15 0,50 0.90 

90 0,50 0.90 0.51 

Values are "etigfS of three trials in duplicate 
~I~ediately after frel!z-dryin9 

0.93 0.52 0.93 0.52 0.93 

0.52 0.93 

0.93 0.52 0.93 0.52 0,93 

0.5\ 0.'1'1 

0.1j'3 0.51 O,Ij'2 0.52 0,93 

0.5\ O.1j'1 

o.n .0.50 O.1j'1 0,51 0.91 

~ 

g 



hblt 231 Influenci 0' lIuHn~ IhlCl!ll'herl Ind te.plrltun on dlac.tyl conhf'lt Ind proteolytic Icth,lty Clf bulk frnrf-drl.d 
dilli culturl D during storlOf 

Period 
of storage 
{da)"'iil 

1)0 

15 

30 

45 

60 

75 

90 

Diac:elyl 
content 

1",,1 

4.10 

4.00 

4.07 

4.07 

4.06 

4.06 

4.0. 

Air 

S\orage te~erat~re 

"e 
Proteelytil:: 
adlvi ty 

11'19 tyrosine/gl 

0.\0 

0.40 

0.46 

0.\6 

0.45 

Q.44 

0.14 

Diate!yl 
content 

(ppml 

4.10 

4,.10 

4.00 

4.08 

Sealing atlOSphere 

-W'C 

Proteolytic 
activity 

tnq tyrosine/gl 

0.40 

0.47 

0.47 

0.46 

Di.cetyl 
cootent 

(PPI!!) 

•• 10 

~.09 

4.09 

•• 00 

4.00 

M6 

4.06 

V.u:UUlll 

Storage te~erature 

4'C -ZOte 

Proteolytic 
acti..,ity 

IIlI} tyrosinl!/g I 

0..0 

0.40 

0.47 

0.47 

0..6 

0.46 

0.45 

Di.1c!tyl 
content 

{PPlIIl 

'.10 

4.10 

'.10 

4.09 

Prot!olytlc 
activity 

Illig tyrosine/gl 

MO 

0.40 

0.47 

0.47 

----------------------------------------------------------------------------------------------------------------------------
Values <tre averaqes of three trids in dut!liute 
'I~~diately after freeze-drying 

~ 

~ 



Table-24: Influence of selling lt~here and te~erature on ,ilble tell count and residual noisture tontent of bulk freeze­
drifd dihi tulture nAB during star~g. 

Period 
of storage 
{da~1 

,. 
IS 

30 

45 

bO 

75 

'10 

"C 

Vi.able 1:1'11 
count 
(lag tfu/ql 

B.U6 

11.124-
{lS.OI 

1I.I0l 
{90.QJ 

!l.oq4-
(88~6J 

11.077 
tBS.21 

II.QS2 
tBO.SI 

1I.00B 
07.91 

Air 

Storage teftperature 

Jlesidual 
lIQisture 
conhntm 

1.32 

I,ll 

1.34 

1.35 

U7 

1.37 

1.38 

-20'C 

Viable cell 
count 
nO() c1lJ/ql 

It .146 

11.137 
PH.B) 

II. t22 
l'l4.61 

11.102 
t'1O.21 

V.11ue'i are .1Verilql!'i of tnr!! ~riAls in dtJnhute. 
fl~~di6~e!y after freele-dryinq 
Values in parentheses indica~1! percent 'SUryillal 

Sealinq at-ospnere 

V'CUU1l 

Storage telperAture 

"C -ZO'C 

Rt'sidU.11 
lIOistutl' 
cantentm 

1.32 

t,33 

1.3' 

1.35 

Viabh cell 
coont 
nag cfu/gl 

11.140 

11.1~" 
{99.S) 

11.ne 
{98.11 

11.13';2 
{'?b.BI 

11.129 
t%.O) 

11.121 
t94.3) 

1\.110 
(93.71 

Rt'sidual 
lIIOistUrf 
content{Xl 

1.32 

1.32 

1.33 

U3 

1.34 

1.34 

1.35 

Viable nll 
count 
Ilog c.fu/g) 

1I.I"b 

11.141 
190.81 

1I.llI> 
(97 .61 

11.124 
{9S.01 

Jlt'sidu:d 
moisture 
cootentn) 

1.31 

1.32 

1.33 

1.34 

~ 

ill 



hbh-251 Influence Clf tnll.ng &t~hen and blllptrttun 00 u:thUy and tltrah,bb ltidity of bulk funNried dahi 
culture DAB during stClrage 

____________________________________ ~------------~-----------____ .-----__________________________________ w--___________ • 

Sulinll ata.osp!ure 
P~riod ------------------------------------------------------------------------------------------------. 
of storage Air 
Mays) ------------------------------

Q. 

15 

30 

45 

'" 
75 

90 

Culture 
activIty 
hdor 

Mb 

0.45 

0.45 

0.43 

Q.43 

0.'2 

0.'1 

Storage teMperature 

"e 

X Titrahbll! 
acidity 
(upressed 
a'S hetic 
acid) 

1.2<l 

t.t9 

1.1. 

1.15 

I. II 

1.1l 

1.11 

Culture 
activity 
factor 

0."0 

O,4l1 

O.OS 

0.15 

-20'C 

~ Htrd.lbh 
acidHy 
(u'pres!lI!d 
5'5 lactic 
acid) 

1.2<l 

1.20 

1.19 

1.19 

!:lJlture 
adivity 
hc\or 

0,40 

0.4. 

0.45 

0.'5 

0." 

0.44 

0.013 

lJilCUUIo 

Storage t~erature 

"C -20'C 

~ Ti tr.1hbh , 
acidity 
h!Kpr@ssed 
.IS lacHe 
acitt! 

1.1Q 

1.2<l 

1.20 

1.19 

1.19 

1.19 

1.19 

Cui ture 
activity 
factor 

O.~o 

0." 

0 ••• 

0.'5 

~ 1itrahble 
acidity 
(expressed 
as lactic 
acid) 

1.2<l 

1.2<l 

1.2<l 

1.19 

---------------------------------------------------------------~-----------------------------------------------------------
Va\IJI!S il,re averages of three trhls in duplicah 
fl~ml!diate after fre@lt-drying 

.... 
o 
\0 



flbl, Ut IntIurncr of '5uHI19 ItllOsphlrr lIld telllPer.aturt on dhtlty.l contlnt .and proteolytic: .activity of bulk fruZI-c!rhd 
dlhi cultur' DAB during Itorlgl 

Sealing at~here 
Puiod of 
.. ~orag! 
Idays) 

-------------------------------------------.-----------------------------------------

1)0 

15 

30 

45 

" 
75 

90 

Di acetyl 
tantent 

11IP ••. 

2,'10 

2.11'1 

2.97 

2.86 

2.86 

2.95 

2.B4 

Air 

Storage t~lII[Ifratur! 

4'C 

Prot@olytic 
activity 

l.g tyrosine/gl 

0.30 

0.35 

0.35 

0.33 

0.33 

0.33 

0.32 

Diatelyl 
conhnt 
. (PPlll 

2.'10 

2.sa 

1.00 

2.97 

Values art averages of three trials in duplitate 
Jbllediattly after freeZl!-dryin9 

-20'C 

Prntl!olvtit 
adivity 

(119. tyrosinl!/gl 

0.30 

0.30 

0.35 

0.35 

Dim'ty! 
cootent 

(pp.) 

1.'10 

. 1.89 

2.99 

1.00 

1.87 

'2.81 

2.81 

VoaCUUIII 

Storage temperature 

.'C -20'C 

Proteolytic 
attivity 

hng lyrasine/g) 

0.30 

0.30 

O.3~ 

0.34 

0.34 

0.33 

0.33 

Diacetyl 
content 

{pplIIl 

1.90 

2.90 

2.90 

2.89 

Proteolytic 
activity 

{!Pig tyrnsi.ne/gl 

0.30 

0.30 

0.35 

0.35 

~ 

~ 

o 
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the cultures and the deterioration increased with the increase in 

'5torage period. 

The viable cell counts in the culture sealed under air was 

found to be 11.036 (log cfu/g) after 90 days storage at 4 G C 

resulting in 22.1~ cell death. Compratively higher cell count 

(II.lIS log cfu/g) was observed with vacuum sealed samples when 

stored at 4°C for a period of 90 days. In this case 93.7 percent 

viability of celis was aChieved. 

Storage at -20°C has resulted in higher cell counts with 

bath air and vacuum sealed samples with 11.102 and 11.124 (log 

cfu/g), respectively at the end of storage period resulting in as 

high as 90.2 to 95.0 percent viability. On the basis of 

observations, it can be inferred that the cell death was rapid in 

samples sealed under air as compared to vacuum, which is due to 

the deleterious effect of oxygen on .the. cultures and this effect 

is more pronounced in samples stored for longer periods. The 

trend observed with regard to biochmeical activity and residual 

moisture content far dahi culture DAB. (Table 24 to 26) was also 

slmilar to that of dahi culture D at all the conditions of 

storage. 

4.3.1 .. 3 Bulk "freeze-dried yoghurt eulture Y. 

Bulk freeze-dried starter concentrate of yoghurt culture V, 

after sealing under air and vacuum in laminated foil pouches has 

showed variation in viabili~y and biochemical activity as 

depicted in Tables 27 to 29. 

The survival rate, with this culture, after 3 months storage 

at 4-C was found to be 70.6 and 83.0 percent for air and vacuum 

sealed, respectively whereas the percentage viability recorded 

for air and vacuum sealed samples was 83.0 and 91.6 when stored 

at -20°C for a period of 90 days whic~ are significantly higher 

than when stored at 4~C. 
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hble~27t Influence of ,ul inq itlO!flhue and hllPeraturt on viablt erU count and rtlidual lIOisturt! c:onhnt of bulk freue­
drhd yoqhurt tuJture V during .tOrll}' 

P~riod ________________________ Se~ling atacsph@re 
-------------------------------------------------------------------------------------

of StOf.1gl! 

IdIYS) 
Air 

Storage t'~'ratu~e 

"C -lO'C 

O' 

" 
JO 

45 

60 

15 

90 

Viable cell 
count 
( log cfu/l}1 

U.Oo\9 

l! .033 
{96.JI 

11.026 
(94.S) 

11.008 
(91.0' 

10.977 
UIUI 

10.9% 
(78.91 

10.99B 
170.I.' 

Residual 
lIIoisture 
contentl%) 

1.26 

1.26 

1.27 

1.27 

1.21 

1.28 

1.29 

ViallI! ull 
count 
{log du/g) 

1l.049 

11.025 
(94.61 

11.010 
191. 41 

IO.Q6B 
IB3.QI 

V~lul!s Ire aVl!fages of ~hree trial'ii in duplicab. 
11~~fd\ltely after freeze-drying 
Values in parentheses indicah percent surviv.al 

Re'iiidual 
.aislure 
cont!nttll 

1.26 

1.26 

1.17 

1. 27 

VacUUII 

Storag! tenperature 

4'C -[O"e 

lJiabh~ cell 
count 
Ilog cf\,l/g) 

11.049 

1l.0:W 
(97 .7) 

11.035 
(9o.9) 

, (f.OO4 
190.2] 

IM8' 
leb.U 

IM78 
ISS.OJ 

10.%8 
(aJ.O] 

Re-;;idual 
M1i!!iturf 
[ootentl'U 

1.26 

1.26 

1.26 

1./7 

1.27 

1.2e 

1.28 

Viabh [ell 
count 
(log du/gl 

11.049 

II.D42 
199.41 

11.022 
(93.9) 

lLOIl 
(91.61 

Residual' 
lIIoisture 
[OI1tenH~ ) 

I. 26 

1.2b 

1.26 

1.27 

~ 

~ 

N 



Tiblt-28c tnflUfnCI! of 'IflUng atmsphl!re and tt"IJl!rlturt on Idhtty UId tttrdabif lCidity of bulk fnnt-dried 
yoghurt culture V during storlgl! 

Period ______ S!al ing atllOSPhul! 
--------------------------------------.------------------------------------------------------------

of 'itoragl! 
lday-9) 

0< 

15 

30 

OS 

bO 

75 

'1<) 

Air 

Storage teaperaturl! 

,·c 
[ultllrl!· I!: Titratable 
activity acidity 
fador II?l'prt'ii'5'!d 

o.5l 

0.53 

0.52 

0.52 

0.51 

0.51 

0.50 

as lactic 
:acidl 

Lb. 

1.64 

1.1>3 

1.61 

Lb2 

1.61 

I.!I 

Cui tUrI! 

activity 
hctor 

0.5l 

0.5l 

0.52 

9.52 

-ZO'[ 

~ Htnhble 
acidity 
lutJre'5'S"'!'d 
as lactic 
acid) 

I.!' 

1.1>3 

1.63 

1.61 

Cuitur!! 
atti~ity 

hctor 

o,sl 

0.5l 

0.52 

0.52 

0.52 

0.51 

0.51 

Vacuum 

Storage temperaturl! 

41[ -20'[ 

X Titratable 
acidHy 
lell'!Jre'ised 
a'5 lactic 
acid) 

1.64 

1.11 

1.1>3 

t.1>3 

1.63 

1.62 

1.!1 

Cuiturl! 
acti~H)" 

hctor 

o,sl 

0.53 

0.51 

0.52 

~ Titratabll! 
acidity 
(1!IltJre .... ed 
as lactic 
~cidl 

l.b4 

1.64 

1.63 

1.63 

... -------------------------------------------------------------------------------------------------------------------------
Values are average'5i of thrllllll tri.als in duplicah 
fl .. ediately aft!r freell!-drying 

~ 

~ 

'" 



Tablt-:2C1: Influence of 'luling ttllOSphere i,nd hllPlNture on lC:ehlydehyd, conhnt and proteolytic activity of bulk frn!f­
dried yoghurt culture V duri~ ,toraql 

Period of 
'itorag! 
Idaysl 

1)0 

15 

J<l 

45 

60 

7S 

'10 

Seal inq atllOSOhul! 

Air Vacuu", 

Stougl! he'H!ntl!rf Stor;gl! teMperature 

o·c -2(l'C o·c 
--,------------------

Acetaldehyde Proteolytic lIcehldlhyde Protealytic 'Acetaldehyde Proteolytic Acetaldehyde 
content actillily content activity contl'nt ictivity content 

lpp.' (1IIg tyro'iine/l}l IpPIII) {1119 tyrosinl'/gl {ppe' I~ tyl"O'liine/g' IpPII] 

28.60 0.42 28.60 0.02 29.lIO 0.42 28.60 

28.5B 0.01 28.5B 0.01 

28.57 0.,41 28.bO 0,42 1II.5B 0.41 28.59 

28.55 0.38 28.55 0.41 

lB.53 0.38 111.54 0.31 28.55 0.3B 29.58 

lB.51 0.36 111.51 0.38 

28.50 0.36 lB.5' 0.39 lIi.52 0.38 2B.55 

Values art nl!nge'l of lhrte trials in duplicate 
4tllledidely after frteze-drying 

-20'C 

Prot@olytic 
activity 

{1119 tyrmiine/ql 

0.42 

0.02 

0.41 

0.4t 

~ 

~ 

~ 
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It is clear from the values giv~n in TabL~ 27 to 29 that the 

storage. temperature and sealing atmosphere ".ave little or no 

effect on the bio~hemical activity and residual moisture content 

of freeze-dried culture V over the period of 90 days starage. 

4.3.1.4 Bulk freeze-dried yoghurt cultu~e VAS 

A perusal of the table 30 reveals lower survival rate 

(73.3Y.) for air sealed cultures when stored at 4-C. Storing At 

-20·C increased the survival rate by 6%. Similar trend was 

observed with vacuum sealed cultures stored at 4 and -20 D C for a 

period of 90 days. It is interesting to note that the rate of 

cell death was doubled during the storage in air compared to 

vacuum sealed cultures irrespective of the storage temperature. 

It may be inferred that the viability loss was rapid in cultur@s 

sealed under air when compared to that of the vacuum sealed 

cuI tures. The loss was more in samples stored for longer period 

especially at higher temperatures of storage. 

The residual moisture ~ontent and biochemical performance 

measured in terms of culture activity, acetaldehyde content, 

titratable acidity and proleolytic activity of freeze-dried 

yoghurt culture VAS were little or not at all influenced by the 

conditions· of storage employed in the study <Table 30 to 32). 

The data obtained with regard to viable cell counts of the 

bulk freeze-dried culture combinations of dahi and yoghurt, 

during storage were analysed statistically by three-way ANOVA 

method. However, the values of samples store·o at 4·C at 15, 45 

and 75 day intervals were omitted for uniformity sake in the 

analysis. The variations in v.iable cell counts with re9ard to 

sealing atmosphere, temperature of storage and storage period 

were found to be highly significant (Appendix VIII) at one 

percent level. As the storage period increased I viable cell 

~ounts decreased at a faster rate with in~reasing storage 

temperature, indicating significant <p < 0.01) interaction effect 

of the two variables. 



Tabl ... 30r Influtnci af tuHnQ .'toIph,,. and hlll'tntun an yllbll till count and rtddual ICI,turt conttnt at bulk frtnt­
drild yoghurt cuHun VAD during ,tarlQI 

----------------------------------------------
Staling atllOSllit@re 

Period --------------------------------------,..------_.--------------------
af <Jtangl! Air VituUII 
(days' --------------------------------------------- -----------------------------------------------

Staragl tplPerature Storage te.pl!ra~rl! 

----------------------------------------- -----------------------------------------------------

'" -20'C '" -20'C 

--------------------- ---------------------- ------------------------ --------------------
lliabl! nil Residual Viable tell ~esidual lIiabh nll Residual Viable cell Residual 
count lIOistur, c"",t .olsture coont lIOistufe cMt lIIOi'jturl! 
Ilog efufg' ccntentlX) .Oog cfufgJ conhntl'" . (Jog cfufg) content«", Hog: cfu/g:l canhnt nil 

------------------------------~--------------------------------------

'" 11,(m 1,39 11.071 

IS 11.052 1.39 

195.71 

30 11,040 1,39 11.055 
193.11 196.41 

'5 11.018 1.'0 
laa.SI 

6() 11.1)()7 1.40 11.016 
lab.31 100. II 

75 1Q.90b 1.'0 
!la.sl 

'10 10.938 1.41 10.916 
03.31 19Q.~1 

Values are .veragl!5 of thr~e triil'i in duplicate. 
II .. ediat!ly af~er tre!le-dryinq 
Values in parentheses indiutl! p@rc@nt sur'lival 

1.39 11.071 1.39 11.071 1.39 

11.0106 1.39 
198.91 

1.39 11.000 1.39 11.068 1.38 
197.51 "1.31 

ll,O·'" 1.39 
194.0) 

1.39 11.025 1.39 11.04J 1.39 
"0.01 193.41 

tl.OO9 I.~O 

lab.SI 

1.39 10.9'1b 1.40 It.OJb 1.39 
«a4.2) (92.31 

~ 

~ 

0-. 



hblt-3l1 Influfnce af Iu.ling atlOtllh.rt and ttllPluhlrt on ICtiYU., Ind Htrlhbh lcldlty of bulk fruzt-drltd )'09hurt 
cui turf VAe dufinq troraqf 

S"ling atllCsphere 
Period 
of ~torage Air 

{days I -------------------------------------------------

O. 

15 

30 

15 

60 

75 

10 

Culture 
actiYity 
hctor 

0.54 

0.54 

0053 

0.53 

o.s2 

0.5\ 

0.51 

Storage ·hllJ;)!rdure 

I'C 

~ Titrahbh 
acidi ty 
(expressed 
as ladic 
acid) 

1.4b 

1.45 

1.45 

1.44 

1.'4 

J.4J 

t.42 

Culture 
OIcUvBy 
factor 

0.51 

0.54 

0.5.3 

0.52 

-20'C 

:4 Titrahble 
addi ty 
hxpressed 
as hdic 
add) 

1.46 

1.46 

t.H 

1.4J 

Cui ture 
adivity 
.fador 

0.5' 

Q.5. 

0.53 

0.53 

0.52 

0.52 

0.5t 

Vacuym 

S~Drag! temperature 

4'C -ZO'C 

X Titratable 
acidi ty 
iex(lfessed 
as httic 
add) 

1.46 

1.465 

1.45 

1.45 

\.44 

I.n 

1.4J 

Culture 
activity 
fador 

0.54 

0.54 

0.54 

0.5J 

x Htrthblt 
acidity 
lupr@;ssed 
.5 lac:tic 
itidl 

1.46 

1.411 

1.45 

t.45 

--------------------._--.---------------------------------------------------------------------------------------------------
Vdue'.i an lVera9fo; of thru trials in duplicah 
II .. ediately after freeze-drying 

.. .. 
"I 



Tabll~l2r tnflufnce of ~ .. lin~ d.".,h,,. and tlllllJlrdurI! an acfhlydlhydl conhnt and protfolytlc a-cUylty .of bulk frulII~ 

dritd yoqhut't cuttUrt YM durill9 ftorl~' 

---------~--------------------------------------~------------------~-----------------

Period 
of storag@ 
(dayo.;t 

0-

'5 

30 

IS 

.. 
75 

'0 

Suling atllO'ipnere 

~ir' VacuulI 

Staraqe h!qlfnlur! Stora~r te8perlture 

4'[ -20'[ 4'[ 

Acetaldehyde Proteolytic Ac@hldehyde Protec'lylic Ac@hldehyde Proteolytic Atetaldehyde 
content activity ~tMt activity cmhnt activity content .' ~~~,- ~~~, - ~~~,-
l5.0 0.l5 l5.0 0.l5 l5.0 0.l5 ".0 
34.99 0.33 34." 0.35 

34.97 0.33 l5.0 0.l5 34.97 0.33 34.97 

34.95 0.32 34.90 0.33 

34.95 0.32 34.98 0.34 34 ... 0.31 34.'1S 

34.14 0.31 '34.95 0.31 

34.93 0.30 34.98 0.31 34.95 0.30 JI.95 

V.lu@'i In average'3 af tnr!!!! ~ri.l5 in duplicah 
fI .. !diately after freeze-drying 

-20'C 

Proteolytic 
activity 

{WIg tyrosine/gl 

0." 

0.34 

0.31 

0.33 

~ 

~ 

<Xl 



Tlble~32r Influcmci of 'Ililing at~hlrl Ind hllllliratun an lClhl)'d.hyd. contlnt Ind prottolyth:. ac:Uvity .0' bul~ 'rul:l~ 
drlld yoghurt culturt YAB durill9 ttaragl 

-~-~---------------------------------------------------------~-------------------------

St'aling at«l5phere 

Air VacuUla 

---------------------------------------------- ---~----------------------~---------------------
Period Storage telPeratur! Storage te~eriture 
of stonge -------.----------------------------- ---------~-------~-~-----.-~-----

ldays) 4'C -1O'C 4'C -20'C 
------------------- ---------------------. -----------~------~- --------~--------

Acetaldlhyde Proteolytic Acltald~hyde Proteolytic Ac'l'taldehyde Proteolytic Acetaldehyde Proteolytic 
ccnhnt ildivity mnt~nt activity content activity content activity 

{pp.} (ag tyrosine/g) (liP •• 1*9 tyrosinll/g) (PP •• tllQ tyrasifle/g) lppat 11119 tyrosine/i)l 
------~-~ ------~-------~-------------------------------------

1)0 3s.o 0.3:; 3:;.0 

15 34.98 0.33 

30 34.97 0.33 3:;.0 

45 34.95 0.32 

bO 31.9S 0.32 34.98 

15 34.94 0.31 

'10 34.93 0.30 34.98 

IJdues are aVlra')eg at three trials in duplicatl 
tIMeGiately dbr frnle-drying 

0.3:; 3:;.0 0.3:; 3:;.0 0.3:; 

34.99 0.35 

0.35 34.97 0.33 34.91 0.34 

34.% 0.33 

0.34 34.% 0.31 34.'15 0.34 

' 34.95 0.31 

0.34 34.95 0.30 31.'15 0.33 

~ 
.~ 

<Xl 



It has been found (Maister et a.l., 1958 and Decowski, 1961) 

that both" over drying and under drying affect the survival of" 

freeze-dried cultures. It was also demonstrated that there is an 

optimal residual moisture content for maximum stability (Grieff, 

1971). Higher mor:ality rate, when the residual moisture dropped 

to less than O.5Yo, was shown by Font de Valdez et al. (1985). The 

residual moisture content recorded in the present study (1.20-

1.41Yo) for dahi and yoghurt cultures is within the limit of 

moisture level recommended (O.5-2.0YO) for higher survival rate of 

freezp-dried lactic acid bacteria (Habaj, 1964; Gphriger, 1968 

and Sinha, 1989). 

4.3.2 Prediction oT ShelT LiTe o"f Bulk Freeze-drj·ed Cultures OT 

DHhi and Yoghurt 

For the preparation of good quality fermented milk products, 

direct-vat-inoculation (bulk freeZe-dried) cultures must Dave 

sufficient number of organisms to accomplish the fermentation. 

However, during the storage of free~e-dried cultures, the viable 

counts were observed to decrease, possibly to a number which 

falls below the optimum for obtaining good Quality product. The 

"decrease in viable count is a function of several parameters 

including residual moisture content:, temperature and period of 

storage, at~~sphere of sealing etc. These parameters also showed 

interaction effect. It is. therefore, possible to mathematically 

predict the viable count at any given storage period as a 

function of the above parameters. 

The storage data obtained with regard to variables such as 

residual moisture (RM), culture activity factor (CAF). titratable 

acidity (TA), diacetyl (0) or acetaldehyde (AD) production, 

proteolytic activity (PA~ and storage period (SP) of the samples 

sealed under vacuum wer~ subjected to multiple regression 

analysis in log-l inear and "linear-I inear forms. The latter 

equation was found to be better model which explained the 

contribution 

count (y) • 

of each viarable to the change in the 

The regression equations obtained to 

viable 

predict 

cell 

the 
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viable cell counts are as follow~: 

1) Dahi culture 0 sealed under vacuum and stored at 4-C: 

y (-164~ 15 + 18.38 RM .... 

PA - 0.03 SPI X 10
10 

43.79 CAF + 22.72 TA + 36.12 D - 42.17 

(R2 = 0.98591 

2) Dahi culture 0 sealed under vacuum and stored at -20~C 

y (-89.48 + 13.71 RM + 33.16CAF .... 

PA - 0.08 SPI X 10
10 

24.42 TA + 11.42 0 + 42.04 

(H2 .. 0.9885) 

3) Dahi culture DAB sealed under vacuum and stored at 4 G C 

y (-6.64 .... 11.02 RM .... 9.91CAF + 

PA - 0.08 SP) X 1010 
4.10 TA - 1.600 

(R2 :: 0.9963) 

+ 3.43 

4) Oahi cultu~e DAB sealed under vacuum and stored at -20 G C 

y = '(12.74 - 8.09 RM -

- 0.06 SPI X '0'0 
1.53 CAF + 9.16 TA .... 1.97D -

(R2 = 0.99161 

11.37 PA 

5. Yoghurt culture Y sealed under vacuum and 5tored at 4°C 

y = {3S.90 + 10.19 RM - 4.71 

PA - 0.02 SPJ X 1010 
CAF + 9.27 TA - 1.96 AD .... 

(R2 '" 0.9756) 

14.01 

6. Yoghurt culture Y sealed under vacuum and stored at -20·C 

y = (-26.10 + 4.66 RM + 3.44 CAF + 

0.0'1 SP) X 10
10 

0.07 TA + 1.09 A~ - 4.22 PA 

(R
2 = 0.99471 

7. Yoghurt' cultuT"'1' VAB s~.a.lpd undp.r v.a.ruum and stored at 4·C 

Y <36.63 - 2Q.40 RM + 3.13 CAF + 4.07 TA + 0.83 AD - 59.24 PA + 

0.07 SP) X 10
10 

(R2 
'= 0.8234) 
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8. Yoghurt culture VAS sealed under vacuum and stored at -20 G C 

v = {253.B7 - 3.06 RM - 13.4~ CAF + 0.65 TA - 6.42 AD - 19.31 PA -

0.02 SP) X 10
10 

(R2 ;:: 0.9280) 

The R2 valu~s of all the equations ranged from 0.9280 to 

0.9963 except 

and stored 

in case of yoghurt cult~re 
2 

YAB sealed under vacuum 

at 4~C, where the R value was 0.8234 which was 

comparatively low, yet adequate Enough to reaso"ably predict the 

Th . h 2 viable counts. e hlg R values in all the equations indicate 

that the mathematical prediction of viable counts and thereby 

shelf life, is possible under a set of given variables. 

4.4 Use of Bulk Freeze-dried Cultures of Dahi and Yoghurt 

To confirm the successful use of bulk freeze-dried cultures 

prepared in the pre~ent iny~stigation, dahi and yoghurt w~re 

prepared by directly inoculating the bulk freeze-dried culture 

into milk. Prior to this the rate of inoculum needed and culture 

activity and biochemical performance in cow and buffalo milk 

samples were also determined and the results are presented in 

this section. 

4.4.1 D~terminaticn af Inoculum Siz~ 

The observations pertaining to the trials made to ascertain 

the size of inoculum needed for direct inoculation of milk for 

product ·preparation are presented in Table-33. 

It was observed from the results that use of lower levels of 

inoculum size (0.001 and 0.005% w/v) was unsuitable as it 

produced insufficient quantities of acidity and improper body a~d 

te)(ture. Higher levels of inoculum size i.e. 0.05 and 0.1% were 

also found to be unsuitable for product preparation as the le .... el 

of titratable acidity produced was too high and the curd thus 

formed was hard. 



Table-33: Influenc:e 
titratable 
curd 

of inoc:ulum 
acidity and 

size of 
body &. 

bulk fre@ze-dried dahi and yoghurt cultUres an 
te~ture of 5tandardized buffalo milk (4.0% fat) 

--------------------------------------------------------------------------------------------
SI. 
No. 

1. 

2. 

3. 

4. 

Cultur@ 

Dahi culture 0 

Inoculum 
size 
(Yo w/y~ 

0.001 
0.005 
0.010 
0.050 
0.100 

Control:Liquid cultur@ 1.0 (y/v) 

Dah i cui tu.re DAB O.bOl 
0.005 
0.010 
0.050 
0.100 

Control:Liquid culture 1.0 (yfy) 

Yoghurt culture Y 0.001 
0.005 
0 .. 010 
0.050 
0.100 

Control:Liquid culture 1.0 (y/y) 

Yoghurt cultur@ YAS 0.001 
0.005 
0.010 
0.050 
0.100 

Control:Liquid culture 1.0 (y/y) 

Yo Titratabl@ 
acidity 
(expressed as 
lactic acid) 

0.46 (14) 
0.82 
0.95 
I. 14 
1.30 

0.98 (6) 

0.52 (14) 
1.05 
1.24 
1.42 
1.58 

1.20 (6) 

0.60 (12) 

1.36 
1.M 
I. 75 
1.84 

1.66 (14) 

0.54 (12) 

I. 28 
1.40 
1.52 
1.68 

1.44 (14) 

Body & Texture 
of the curd 

Loose body 
Semiglossy and semifirm 
Glossy and firm 
G lossy and hard 
Semiglassy and hard 

Glossy and firm 

No bOdy 
Semiglossy and firm 
Glossy and firm 
Semiglossy and hard 
Glossy and hard 

Glossy and firm 

Loose body 
Semiglossy and semifirm 
Glossy and firm 
Glos'sy and hard 
Glossy and h-(1rd 

Glossy and firm 

Loo$e body 
Glossy and semifirm 
Glossy and firm 
Semiglossy and hard 
Semiglossy and hard 

Glossy and fi rm 
------------------------------------------------------------------------------------------
Values are averages of five trials in duplicate 
Values in parentheses indicat~ the time Chrs) ~aken to attain the acidity 

~ 

Ci 



The inoculum siZ~t which gave almost same acidity with 

resp,ect to control samples prepared with 1.0% liquid cultures of 

respectil,Oe culture combinations, was O.Ol~ (w/v") for all 

combinations of dahi and yoghurt cultures. The titratable acidity 

and textural characters of the curd samples were also found to be 

satisfactory a~ this rate of inoculum. 

4.4.2 Cul ture -acti"i ty .and Biochemical PerfQrmanct!' oT Bulk 

Frl!ez@-dried CUlturl!s 01' Dahi and Yoghurt in CDfII and 

Buffalo l1ilk 

Most of the dairy products, in dai ry industry aro 

manufactured from mixed mi·lk. Howeyer, certain products like 

Cheddar cheese, Mozzarella cheese etc. are invariably prepared 

from either cow or buffalo milk. Cow milk has been reported to be 

congenial for starter growth but buffalo milk owing to certain 

t-nherent properties is k,nown to have some effect on stCirter 

proliferation. Since bulk freeze-dried starter cultures developed 

llIere envisaged to be used with. both cow and buffalo milk, tho 

performance of the cultures in both types of milk was determined. 

Dahi culture D was found to be active both in buffalo and 

cow milk samplf'ls wit.h (activity factor ranged from 0 .. 45 to 0.52) 

when subjected to Harral!" and E.lliker test. The titratable 

acidity 

0.92 to 

after 16 hrs of incubation at 30 P C was in the range of 

0.97 in co~ and buffalo milk samples. Slightly less 

quantity of volatile acidity develapmentcan be sef'ln in cow milk 

~urd (29.20-29.S0 ml of 0.01 N NaOH/50g curd) compared to that 

produced in buffalo milk (31.80 to 32.50 ml). Diacetyl content 

was almost same in cow and buffalo milk curds with a 

concentration of 3.71 to 4.00 ppm. Apprf'lcia.ble difference 1n 

protf'lolytic activity in cow and buffalo milk curd was not 

observed. Th@ tyrosine content was in the range of 0.43-0.44 mg 

in cow milk samples and the corresponding value for buffalo milk 

samples was 0.45-0.47 (Tabl@-34). 



Table-34: Culture activity and biochemical p~rformance of 0.01 % (w/v) bulk 
dahl culture D in skimmed and standardized milk (4.0% fat) of cow 
after 14 hrs incubation at 30·C. 

frll!ez~-drill!d 

ahd buffalo 

Cow milk Buffalo mi lk 
6l. 
Nc. 

Biochemical tests 
Skimmed 
milk 

Standardized 
milk 

Skimm~d 

milk 
Standardized 
milk 

---------------------------------------------------------------------------------------------
1 • Culture activity factor 

(Horrall 8c Elliker test) 0.45 0.48 0.52 0.50 

2. Yo Titratabie acidity 0.92 0.94 0.95 0.97 
(expressed .~ lactic acid) 

3. Volatile acidity 29.50 29.20 31.80 32.50 
'ml of 0.01 N NaOH/50g curd) 

4. Diacetyl content (ppm) 3.71 3.7B 3.92 4.00 

5. Proteolytic activity 0.43 0.44 0.45 0.47 
'mg tyrosine/g curd) 

---------------------------------------------------------------------------------------------
Values are averages of five trials in duplicate. 

-" 
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There was no diff~rence in the performance of dahi culture 

combination DAB either in cow or buffalo milk, after 16 hrs of 

incubation at 37~C. The culture w~s active both in cow and 

buffalo milk samples. The titratable acidity produced in two 

types of milks wa.s compara.ble. The difference in volatile acidity 

developed in COw and buffalo milk was meagre which ranged upto a 

quantity of 0.3 ml of 0.01 N NaOH per SO 9 of curd. The diacetyl 

content and tyrDsine content of cow and buffalo milk curds were 

in the same ordEr (Table-35). 

The performance of yoghurt cultures Y and VAB in buffa'io 

milk was comparable to that of cow milk samples <Tables 36 and 

37). Though minor differences in the biochemical activity of both 

the cultures in cow and buffalo milk curds can be observed, they 

are not of significance. Both the culture combina~ion$ <Y and 

YAB~ exhibited slightly more volatile acid production in buffalo 

mi lk than in cow milk as was observed by Jain (1979) who has 

reported similar observation with mixed cultures of yoghurt. 

As noted ifl earlier section, it may be observed that no 

appreciable difference was noticed 1n the activity and 

biochemical performance of all the four cultures either in 

skimmed or standardized milk irrespective of the type of milk 

(cow or buffalo> us£Od. This observation "was 
~"TI" ~;"'6h 

findings of Khanna 1..<1979; who had reported 

in agreement with the 

similar observation 

with yoghurt starters in buffalo and cow milk samples. The 

present finding clearly indicated that the bulk freeze-dried 

culture combinations of dahi and yoghurt can be used 1n any type 

of milk to prepare good quality products. 

4~4.3 Analysis of Dahi and Yoghurt 

4.4.3".1 Lactic count and biochemical quality 

The results p~rtainin9 to lactic count and biochemical 

quality of dahi and yoghurt samples prepared uSlng freez~-dried 

cultures ar~ presented in Tables 38 and 39, respectively. The 



Table-35: Culture activity and bioch@mical p@rformanc@ of 0.01 Yo (""Iv) bulk freeze-dried 
dahi. cultur@ DAB in skimmed and standardized milk (4.0"," fat) of CO"" and buffalo 
after 14 hrs incubation at 37-C. 

---------------------------------------------------------------------------------------------
51. 
No. 

Biochemical tests 
Cow milk 

Skimmed 
mi lk 

Standardized 
mi lk 

Buffalo milk 

Skimmed 
milk 

Standard i zed 
rlJilk 

-----------------------------------------------~------ ---------------------------------------
1. Cu 1 ture activity factor 0.42 0.45 0.46 0.48. 

<Harrall t.. Elliker test) 

2. Yo Titratable acidity 1.08 1. 14 1. 16 1.20 
(eKpressed as lactic acid) 

3. Volatile acidity 15.86 16.02 15.94 lb.12 
(ml of 0.01 N NaOH/50g curd) 

4. Diacetyl content (ppm) 2.64 2.70 2.72 2.79 

5. ProteOlytic a~tiYi.ty 0.35 0.38 0.37 0.39 
(mg tyrosine/g curd) 

Values are aYerages of five trials in duplicate. 

~ 

~ 



Table-36: Culture activity and biochemical performance of 0.01 % (w/y) bulk freeze-dried 
yoghurt culture V in skimmed and standardized milk (4aO% fat) of cow and bUffalo 
after 12 hrs incubation at 37·C. 

---------------------------------------------------------------------------------------------
51. 
No. 

Biochemical tests 
Cow mi lk 

Skimmed 
mi 1 k 

Standard i zed 
milk 

Buffalo mi lk 

Skimmed 
mi lk 

Standardized 
milk 

---------------------------------------------------------------------------------------------
1- Culture activity factor 0.48 0.51 ,0.50 0.52 

(Horrall ~ Elliker test) , 
2. Yo Titratable aCidity 1.53 1.56 1.58 1.60 

(ewpressed as lactic acid) 

3. Volatile acidity 7.54 7.78 7.60 7.85 
(ml of 0.01 N NaOH/SOg curd) 

4. Acet,aldehyde content (ppm) 27.10 27 .. 20 27.20 27.50 

5. Proteolytic activity 0.31 0.34 0.33 0.36 
(mg tyrosine/g curd) 

Values are averages of five trials in duplicate,' 

.... 
S5 



Table-37: Culture 
yoghurt 
buffalo 

activity 
culture 

after 12 

51. 
No. 

Biochemical tests 

and biochemical performance of O~Ol Y. 
VAS in skimmed and st"andardized milk 

hrs incubation "at 37-C. 

Cow milk 

Skimmed 
milk 

Standardized 
mi lk 

(w/v) bulk 
(4.0% fat) 

freeze-dried 
of cow and 

Buffa.lo milk 

Skimmed 
mi lk 

Standardized 
milk 

---------------------------------------------------------------------------------------------
1. Culture activity factor 

(Horrall & El1iker test) 

2. Y. Titratable acidity 
(expressed as lactic acid) 

3. Vola.tile acidity 
<ml of 0.01 N NaOH/SOg curd) 

4. Acetaldehyde content (ppm) 

5. Proteolytic activity 
(mg tyrosine/g curd) 

0.45 0.49 

1.28 1.32 

8.26 8.45 

32.40 32.80 

0.28 0.31 

0.48 0.51 

1.31 1.35 

8.55 8.60 

33.08 33.20 

0.32 0.34 

---------------------------------------------------------------------------------------------
Values are averages of five trials in duplicate~ 

~ 

N 
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miLr'oscopic Vl~W of the cultur~g in dahi and y09hu~t prepared 

with DAB and VAB was shown in P.lates 4 and 5~ respectively. 

The lactic counts (e~cludin9 the counts of Lb~ dcidophilus 

and Bit. bifidum) of dahi samples prepared with cultures D and 

DAB were in the range 01 7.210 to B.330 log cfu per gram product, 

whereas the yoghurt samples prepared with cultures Y and VAB had 

the 1 ae t ic cuI tures in the range 01 8".104 to 8.524 log c fu per 

gram product. The lactic cell count in both dahi and yoghurt was 

found to be satisfactory to have a good quality product." 

The titratable acidity (0.98%) diacetyl content (4.14 ppm) 

and proteolytic activity <0.49 mg tyrasine~ of dahi prepared with 

freeze-dried culture D was found to be slightly more than the 

corresponding valu~s of dahi prepared with liquid cultur~ of th@ 

~ame combination~ whereas oniy slight r~duction in volatile 

acidity of dahi prepared wrth freeze-dried culture combination 

wa5 not iced. 

In terms of biochemical activity, dahi prepared with .freeze­

dr-ied culture DAB was found to be as good as dahi samples 

prepared with liquid cultures of the same combination. Similarly, 

yoghurt samples prepared with freeze-dried cultures Y and VAB 

were found to be more active in te .. ms of biochemical 'propert.ies 

compared to those prepared with respective liquid cu:ltures of the 

same combinations. 

The titratable acidity production in the yoghurt was 

slightly retarded with the incorporation of Lb. acidophilus and 

Bif. bifidum in the culture combination of Y. Similarly, yoghurt 

p-repared with cultur@ combination VAS had l@ss tyrosin@ content. 

The present observations are in agreement with the results of 

Sharma and Prasad (1986) and Kisza et al. (1978) with acidophilus 

yoghurt and Yuguchi et ale (1989) with yoghurt containing bifidus 

culture. 



Table-38( Compari90n of lac~lc coun~ and bioch.~icIJ properties of dahl pr.parld with 
bulk freeze-dried dahi cultures usi~g s~andardized (4.0% fat) buffalo milk 

61. 
No. 

Culr.ure D 
{30~C) .... 

Biochemical property 

1 • Lactic cal.mt 
(log cfu/g) 

2. ~f, Titratable acidity 
(~:(pressed a'5 lactic: acid) 

3. Va l.a I;i 1 e acid i ty 
(ml of O.IN NaOH/5(lg curd) 

4. Diac:etyl content 
(ppm) 

5. Proteolytic acti¥ity 
(mg tYf'osine/g curd) 

+ 
Liquid cult;ut'e 

(16 ht'5~** 

8.33 

O.9S 

36.10 

4.1.0 

0.46 

Value$ al"e all@rages of fi¥@ tria.1g in .:!t.tplical;e.· 
'* Temperature at II!hich product was prepared. 
** Period t.aken to '5et the mi n":. 

+ FD culture 
/14 hrs'** 

8.24 

0.96 

35.90 

4.14 

0.49 

+ "J.nor::ul'..Im '.5ize for liq'.tid cultures : 1.0~ (vi ... ) and 
bLllk fl"eeze-dri€'<:! culture!,; : I).OIl{ (wI\') 

Culture- DAB 
(3rC~'" 

liquid culture+ 
(16 hrs)·H 

7.45 

1.20 

Ib.I)O 

2.70 

0.38 

+ FD cuI tUre 
(14 hrs)** 

7.21 

1.22 

Ib.:::O 

2.82 

0.40 

-' 
VI 
-' 



h.ble-39, Comparhon of 
liquid and bulk 
milk at 37 ·c 

lactic count &nd biochemic.l propertteg of yo~hurt prepared with 
freeze-dried yo;hurt cultures usin9 standardized (4aO~ tat) buffalo 

51. 
No. Biochemical property 

Culture Y 

. liquid culture+ 
(14 hrs)* 

• FD cut ture 
U2 hrs)'" 

Culture "AB 

Liquid culture+ 
(14 hros)" 

• FD cui ture 
02 hrs)* 

--~--------------------------------------------------------------------------------------------
1. Lactic count B.52 B.31 B.44 B.IO 

llog cfu/g) 

2. Yo Titratable acidify I.M 1.62 1.40 1.38 
(expressed as lactic acid) 

3. Volatile acidity ·7.BO 7.90 B.60 B.80 
(ml of O.IN NaOH/S09 curd) 

4. Acetaldehyde content 27.50 27.80 32.80 33.20 
(ppm) 

5. Proteolytic activity 0.36 0.3B 0.32 0.35 
(mg tyrosine/g curd) 

--------------------------------------------------------------------------~--------------------
Values are averages of five trials in duplicate. 
* = Period taken to set the milk 
+ Inoculum size for liquid cultures: l.OY. (v/v) and 

bulk freeze-dried cultures : O.Ol~ [w/v) 

~ 
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However, the variations in bioch~mi~al propertie~ observ~d 

in dahi or yoghurt, pr-epared with liquid and. freeze-dried 

cultures were not si.gnificant. It was also observed that all the 

freeze-dried cultures were able to set the products comparatively 

in sho~ter time period (14 hrs with dahi and 12 hrs with yoghurt 

cultures) compared to 16 hrs with dahi and 14 hrs with yoghurt of 

incubation requi red for liquid cuI tures of respect i ve 

combinations. This clearly indicated the usability of bulk 

freeze-dried culture combinations in the preparation ~f dahi and 

yoghurt routinely either in small scale or at industrial level. 

4.4.3.2 Viability of BiT. bifidum and Lb. acidophilu5 

To have the therapeutic benefit, there is a need to maintain 

a minimum number of cells of Lb. iJcidophi1us and Bif. bifidum 1n 

cult~red products. Table-40 indicates the viable cell counts of 

Bif. bifidum and Lb. ecidophilus in dahi and yoghurt prepared by 

uS1ng liquid as well as freeze-dried cultures. 

The viable cell counts of Lb. dcidophi lus in dahi and 

yoghurt prepar~d with respective liquid cultures of DAB and VAS 

were found to be -7.929 and 7.654 log cfv per gram "'Ihereas the 

counts in the pro9ucts prepared using respective freeze-dried 

cultures were 7.B12 and 7.586 log cfu per gram in dahi and 

yoghurt. respectively. The viable cell count ... of Bif. bifidu.m in 

dahi and yoghurt prep,ared with respective liquid culture ... of DAB 

and VAS were found to be 7.579 and 7.122 log cfu per gram whereas 

the count ... in the products prepared using respective freeze-dried 

cultures were 7.440 and 7.092 log cfu/g in dahi and yoghurt, 

respectively. 

From the results 1 it may be observed that the counts of 

acidophilus wer~ more th~n that of bifidobact@ria in all the 

products prepared. The counts of both bifidobact@ria and 

acidophilus were more in the products prepared wi th 1 iquid 

cultur@s wh~n compared to the products pr~pared using respective 

freeze-dried cultures. The difference may be attributed to the 



Tablll'!-40: Vi.able cell counts of Bi fabi fidum I and Lb.acidophi lus R in dahi and 
prepared with liquid and bulk freeze-dried cultures of dahi (DAB) and 

yoghurt 
Yoghurt 

51. 
No. 

I. 

2. 

3. 

4. 

(VASI . 

Product prepared 

Dahi ~ulture DAB 

Dah i culture DAB 

Yoghurt ~ulture VAS 

Yoghurt culture YAB 

Typll'! of 
culture 

Liquid 

Freeze-dried 

Liquid 

Freeze-dried 

Viable cell counts of 
Bif.bifidum I 

Viable cell ~ounts of 
Lb.acidophjlus R 

-.-------- (log c.fu/g)---------

7.579 7.928 

7.440 7.812 

7.122 7.654 

7.092 7.586 

Values are averaQe of six trials in duplic.ate. 

~ 

VI 
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loss in the viability during freeze-c.Jrying process and during 

storage of the cultures: 

In any 

. therapE'utic 

c:a'5e, 

minimum 

the viable cell count was more than 
6 (10 cells/g) which has been proposed 

the 

as 

essential to effect some noticeable nutritional, prophylactic 

and/Or therapeutic benefit when consumed (Gilliland, 1989; 

Klupsch, 1989 a.nd Ku .mann and Ras i c I 1991). The results are 

c:omaprable to the observations of Klupsch (1985) who reported the 

presencE' of 107_10 8 cells of Lb. acidaphiJu5 and 10°_107 cells of 

Bif. bifidum per gram in 

who have demonstrated the 

the product and Yuguchi et al. (1989) 
6 

presence of 10 cells,of bifidobacteria 

in yoghurt fermented with bifidobacteria. 

4.4.3.3 Sensory evaluation of dahi and yoghurt 

On th@ basis of organol@ptic evaluation, cahi prepared with 

cultur@ DAB was rated as "very good" with overall scores of 17.58 

and 17.36 for prod'uct'S prepared with liquid and freeze-dried 

cultUres <Table-41) whereas dahi samples prepared ~ith liqUld and 

fr@~z@-dried cultur@§ of D WE're con§id@r@d "excellE"ot" with 

scores of 18.48 and 18.18, respectively. In contrast, yoghurt 

samples prepared with V and VAB were rated as "eKcQllEmt" 

The analysis of variance (AppendiK IX) pertaining to the 

sensory evaluation of dahi samples prepared with liquid and 

freeze-dried dahi culture D revealed that the scores allotted 

were signi ficantly higher compared to the- scores allotted to dahi 

samples prepared with culture DAB at one percent level. The 

scores allutted to dahi samples prepared with liquid cultures (D 

and DAB' were significantly higher at 5Y. level compared to the 

scores of dahi prepared with freeze-dried cultUres (D and DAB). 

The sensory scores of yoghurt prepared with culture 

combinatioh Y and VAB were found to be non-significant at 1Y. 

level, which indicated that the addition of Lb. acidophilu~ and 

Bif. bi fidum has not changed the sensory properties of yoghurt. 



Tabl~-41: S~nsory ~valuation of dahi and yoghurt prepared with liquid and bulk freeze­
dried cu~tures of dah! and yoghurL 

-----------------------------------------------------------------------------------------

51. Product 
No. 

Observat: iono;:; Maximum 
5cor~s 

allotted 

Scoreo;:; obtained 

liquid Freeze-dri~d 

-----------------------------------------------------------------------------------------
1 • 

2. 

3. 

4. 

Dahi (with culture 0) a) Appearance 
b) Body ~ Te~tur~ 
c) Flavour 

Ove ra 11 score 

Dahi (with culture DAB) a) Appearance 
b)'Body ~ Texture 
c) FI ayour 

OYeral1 score 

Yoghurt (with cul,ture Y)a) Appearance 

Yoghurt (with culture 
YAS) 

b) Body & Te~ture 
c) Flavour 

OYeral1 score 

a) Appearance 
0) Body ~ Texture 
c) Flayour 

Overall score 

5 
5 

10 

20 

5 
5 

LO 

20 

5 
5 

10 

20 

5 
5 

LO 

20 

4.48 
4.45 
9.55 

18.48 

4.82 
4.76 
8.02 

17.58 

4.70 
4.80 
9.30 

18.80 

4.68 
4.58 
9.38 

18.64 

4.73 
4.83 
9.62 

18.18 

4.61 
4.73 
8.02 

17.36 

4.82 
4.64 
9.82 

19.29 

4.84 
4.66 
9.80 

19.30 

-----------------------------------------------------------------------------------------
Values are averages of five samples. 

~ 
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The r'eason for low flavour scores (8.021 o.f dahi. prl'!'pared' 

with culture DAB when compared to the scores of dahi prepared 

with cuI ture D <9.S2 and 9462) may be due to the high acidity 

which might havE' masked the original flavour of dah i and 

'Variations of individual liking of the judges. 

The observations made with regard to yoghurt samples were in 

accordance with the findings of Yuguchi et al. (1989) and Klupsch 

{1989) ~ 

4.5 Evaluation of Nutritional and Therapeutic: Values of Dahi and 

YoghiJr't 

The composition of various diets is presented in Table-42. 

There was no significant difference 

content among various diets. 

in fat and chol@stf~·rol 

4.5.1 E'f'fec't on Body Wei.ght Gain OT l1ille Albina Rats 

The male ~lbino rats were fed with standardized buffalo 

milk, dahi and yoghurt prepared with freeze-dried culture 

combinations of dahi and yoghurt, for a period of 30 days and the 

means of "body weight gain are shown in Fig.12. 

During the first week, the rats fed with rat chew 

group) grew slightly faster than those fed with 

(control 

cul tured 

products. Howeve~, after four weeks the control group had lowest 

weight gain (84 g) compared to the rats fed with other diets (90-

1309) • The rats fed with stand'u-dized buffalo mUk had lower 

weight gain (99~6b y) when compared to the rats fed with dahi or 

yoghurt, the values being 107.16 and 119.83, respectively. 

Yoghurt prepared with culture Y had more growth promoting 

acti~ity in rats with a mean body weight gain of 119.83 9 than 

did dahi prepared with culture 0 wlth a mean body weIght gain of 

107.16 g. However, the effect was reversed in the rats fed wit"h 



Table-42: Chemical analysis of various products fed to male albino rats 

51. 
No. 

Type of the diet Fat content 
(Yo) 

Cholesterol 
(mg/100g) 

Y.Titratable acidity 
(expressed as lactic 
acid) 

-----------------------------------------------------------------------------------------
1. Standardized buffalo milk 4.05 11.10 0.15 

2. Dahi with culture D 4.02 11.00 0.92 

3. Dah i with culture DAB 3.98 10.80 1. 16 

4. Yoghurt with culture Y 3.88 10.1>0 1 • 1>1> 

5. Yoghurt with culture VAS 3.80 10.45 1.36 
-----------------------------------------------------------------------------------------
Values are averages of SiK estimations. 

~ 

'Q'j 



R Ral chew 

B Standardized bulfalo milk 

D k'lc1hi prepared with culture D 

DAB llahi prepared with culture DAB . 

Y Yt}!!Urt prepared with culture Y 

YAII Youurt prepared with culture Y AB 



Fig. 12 EtTect of dahi and yoghnn prepared by using ditTercnt cnlture combinations on mean body 
weight gain of albino rats. 
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the products prepa·red with the combinations of DAB and VAB with a 

body weight gain of 129.33 and 123.33 9, respectively. 

It is interesting to note that the addition of Bif. bi fidum 

and L~. acidophilus to the cultures of dahi and yoghurt helped in 

improving the body weight in both the groups and this effect was 

significantly more with dahi than with yoghurt samples. The data 

obta.ined in the e:<p'eriment disclosed that the differences 

observed in body weight gain among the rats fed with various 

diets was found to be significant at one p~rcent level (Append i l( 

x ) • 

From the data, it may be inferred that fermented milk 

pro~ucts definitely have a role in improving the body weight and 

the present observat iot') is comaparab Ie to the that of HaF,groove 

and Alford (1978). Similar observation was r@cord~d earli@r In 

other animals (McDonough e,t a1., 19B2; Hitchins et 031., 1983 and 

Pollman, 1984). The present observations are contradicting the 

results of Chawc:ia (1982) which may be due to va.riations in the , 
experimental design, diffp.rences in the composition at dIet or 

the ratio of the strains present in the products. 

4.5.2 EfTect on S~rum ChDl~sterDl L~vel of n~le 41binD Rats 

The levels of serum cholesterol in male albino rats f@d with 

dahi and yoghurt prepar~d with fre~ze-dri~d culture combinations 

are presented in Table 43 and Fig.13. 

The experimental animals in Group A became 

hyperchDlest~rol~mic and the serum cholesterol level rose from 59 

to 72 mg per deciliter on feeding the standardized buffalo milk 

for 30 days. The serum cholesterol level at rats fed with dahi 

had gone upto 65 mg from the initial level of 60 mg per 100 ml 

of serum at t~e end of the experiment, wherea~ an increa~e of 

only 2.4 mg cholesterol per 100 ml was observed in control group 

ted exclusively with rat chew. The rise In serum cholesterol IS 

mainly due to the milk fat pr-esent in the diets fed. 



R Rat chew 

B Standardized buffalo milk 

D Jj}ahi Dreoared with culture D 

DAB iJahi Dreoared with culture DAB 

Y Youurt oreoared with culture Y 

YAIl YOgurt oreDarcd with culture YAB 
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Fig. 13 FITcct of dahi and yoghurt prepared hi, using dilTcrcnt cult lire combinations on serum 
choleslerol level of albir)o rals. 
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Table-43: Effect of feeding dahi and yoghurt prepared with bulk freeze-dried cultures of 
dahi and yoghurt on serum cholestrol level of male albino rats 

----------------------------------------------------------------------~---~--------------
Period (day<;;) 

Group Major Diet f'ed 
o I~ 30 

S~i'um c:holestrol leYel (mg/l00 ml) 

Ra\; chew 59.55 61.85 62.06 

A standardized buffalo milk 58.92 65.18 72.~4 

Dahi with cultUre 0 60.28 63.18 6~.41 

-----------------------------------------------------------------------------------------
Dahi with cultUre OAB 60.~6 ~8.46 56.~~ 

8 Yoghurt with culture V 58.39 56.98 55.75 
',' 

Yoghurt wi th cui ture yAB 59.21 ~7.7~ 54.53 

-----------------------------------------------------------------------------------------
Values are averages Qf six ob~ervations 

~ 

~ 

'" 



The rats in Group 8 fed with yoghurt (prepar~d with 

V), dahi and yoghurt containing bifidobacteria 
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culture 

and Lb. 

.3.cidophi Ius registered a steady and gradual decrease tn serum 

cholesterol till the end of experimental period~ The decr~ase~wa5 

in the order of 2.63, 4.1 and 4.68 mg/100 ml in the rats fed with 

y09hur~ (with culture Y>, dahi (with culture DAB) and yoghurt 

{with culture DAB>, respectively. 

It 15 interesting to note that feeding dahi containing 

therapeutic cultures has decreased the serum cholesterol level 

considerably more than when dahi prepared with culture D was fed. 

Similar observations were noted with yoghurt prepared with 

cultures Y and VAB. 

The analysis of the data obtained for group A revealed that 

the increase in serum cholesterol level was significant at one 

percent level as shown in the- ANOVA Table (Appendix XI) 

the decrease in serum chole~terol level 1n rats fed with dahi 

prepared with culture DAB and yoghurt prepared ~ith cultures Y 

and VAS was found to be significant (p ~ 0.01'. 

The present findings are in agreement with the reports of 

Kans·al and Chawla (19841, who reported reduction in plasma 

cholesterol level in rats fed with dahi and acidophilus dahi over 

a period of 90 days, Hepner et a1. (1979)! Gorbach et .11. (1988). 

The experiments of Grunewald (1992) and Ishida and Kubo (1985) 

are also supporting the present findings of lowering effect of 

fermented milks c:ontaining Lb~ acidophi)us. Similarly, Danielson 

.t a1. (1989) reported redUction in c:holE!gterol lE!v@l in boars 

fed with Lb. JcidophiJus 16. 

EvaluatiDn Df Antibacterial Rctivity 

All the products showed antibacterial activity to a variable 

degree- against all the three test Drganisms viz. c. col i, s. 
typhimurium and Sh. dyseni:eriae. It: is evident from the data 



Table-44: Antibacterial actiyity 
freeze-dried cultures of 

of dahi and yoghurt 
dah i and yoghurt 

prepared with bulk 

----------------------------------------------------------------------------------
Test organism 

51. 
No. 

Product ------------------------------------------------------
~scherjchia 

coli K 12 
SiJlmonelJa 
typhimurium A-KIGM 

ShigeJ 18 
dysenteriae KIGM 

---------~------------------------------------------------------------------------
lnhibition 

I. Control 10450 

2. Dahi with 12.00 
e:ulture 0 

3. Dah i with 16.00 
culture DAB 

4. Yoghurt wi th 13.50 
cuI ture Y 

5. Yoghurt wi th 18~50 

c:ul ture VAB 

Values are averages of five trials in duplicat~. 
*Values are inclusive of 6mm bore diameter. 
V~ry strong inhibition: )17 20 mm 
Strong inhi~ition )14 - 17 mm 
Moderate inhibition : >11 - 14 mm 
No inhibition : <11 mm 

zone diameter (mm.* 

10.00 10.00 

10.34 11~08 

14.12 14.20 

12.50 14.00 

16.10 17.60 

~ 

1= 
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{Table-44 and Plate-b) that dahi prepared with culture DA.B ha.d 

more antibacterial activlty with a strong inhibition of all the 

test organisms. The inhibition was maximum against E. coli with 

an inhibitory zone diameter of 16 mm. On the contrary~ dah i 

prepared ~ith culture combination D exhibited moderate inhibition 

against E. coli and Sh. dysenteriae with a zone diameter of 12.00 

and 11.08 mm, respectively. 

Yoghurt p'repared with culture VAB exhibited very strong 

inhibition against all the test organisms (16.10 to 18.50 mm of 

inhibition zone) and Y09hurt prepared with culture Y showed 

antibacterial activity in the range of 12.50 to 14.00 mm. From 

it is concluded that yoghurt samples with and ... 
without therape~ic cultures have strong inhibitory activity 

compared to that of dahi prepared with culture 0 O~ DAB. The 

greater inhibitory activity observed with dahi and yoghurt 

compared to control (2% lactic a~i.d) indicates the presence of 

inhibitory substances othEr than lactic acid. 

The higher inhibitory activity of yoghurt compared to dahi 

can be attributed to the presence of Lb. delbrueckii ssp. 

bu19iJrj~us and Str. solivdrius ssp. thermophi lus in yoghurt 

culture which synthe~ize the antibacterial compounds. (Abou Donia 

pt .al. I 1980 and Dave et ;J.1;, 1992). 

The enhanced antibacterial activity of dahi and yoghurt 

containing BiT. bi'fidum and Lb. acidophilus may be due to the 

high antibiotic nature of Bit. bifidum (Anand et al~, 1984; Tojo 

et al., 1987 and Tomatia et al., 1988) and that of Lb. acidophilus 

(Valdl and Shahani 1965; Sandine 1979; Sharma, 1982; Keating, 

1985; Attaie et al., 1987; Rao and Gandhi, 1988; Ratnakar, 1989 

and Khedkar et al., 1990). The present observation is in complete 

agreement with Rae (1993) who reported stronger antibacterial 

a~tivity of yoghurt ice-cream supplemented with Lb. ilcidophilus 

and Bif. bifidum than the pr-oduc:t prepared with yoghurt cultur-es. 





SUMMARY AND CONCLUSIONS 



5.0 SUMMARY AND CONCLUSIONS 

5.1 Twelve combination<5 af lactic culturea"<5 were formula.ted using 

ten strains of lactic acid bacteria.. From these, da.hi and yoghurt 

culture formula.tions were selected an the ·basis of better 

biochemical performance and body and te)(tur~ af the resultant 

curds. 

To the selected dahi and yoghurt cultures selected strains 

of Lb. acidophilus and Bit. bitidum were combined on the ba.'Si'S of 

total performance of these cultures. 

The promising two dahi cultures and two yoghurt cultures 

developed in this study were designated as dahi culture D, dahi 

culture DAB, yoghurt cuI ture Y and yoghurt cuI ture VA8 and 

consisted of the following strains of lactic acid bacteria: 

Dahi cul·l;ure D has Lc. la.ctis ssp_ liJctis ClO, Le. liJctis 

5.5p. cremoris Cl and Lc. lactis ssp. lacf:is biovar. diacetyla.ctis 

ORC1 .. Dahi culture DAB has Lb. acidophilus R .and Bif. bifjduAi I 

along with the combined strains of daM i culture O. Yoghurt 

culture Y has Str. !!ialivarius ssp_ the rmoph i lus HST and Lb. 
delbruecki i ssp. buJgaricus RTS. Yoghurt cui ture YAB has Lb. 

acidophilus R and Bi f. bi 'fidwn I along with the strains of 

yoghurt cultUre Y. 

Dahi culture 0 had a viable cell count of 8.556 log cfu/g, 

titratable acidity of 0.93% LA, volatile acidity of 36 .. 0 ml of 

O.01N NaOH/50g curd, diacetyl content of 4.Q5 ppm and proteolytic 

activlty, in term5 of 0.46 mg tyrosine liberated, after 18 hrs at 

::SO·C in buffalo skim milk. Dahi culture DAB had a viable count 

7.450 log cfu/g, titratabl@ acidity of 1.18Y. LA, yolatilg acidity 

of 16.5 rol of 0.01 N NaOH/50g curd, diacetyl content of 2.68 ppm 

and proteolytic activity, in terms of O .. 36mg tyrosine liberated, 

after 18 hrs at 37·C in buffalo skim milk. 
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. Yoghurt culture Y had a viable cell count of 8.447 lag 

cfu/g, titratabl~ aCidity of 1.68Y. LA, vol~tile acidity of 8.2 ml 

of O.01N NaaH/SOg curd, acetaldehyde cQntent of 28.40 ppm and 

proteolytic activity of 0.38 mg tyrosine liberated after 18 hrs 

at 37~C in buffalo skim milk. Yoghurt culture YAB had a viable 

cell count of 8.380 log ctu/g, titratable acidity of 1.44Y. LA, 

volatile acidity of 8.9 ml, acetaldehyde content of 34.60 ppm and 

proteolytic activity, in terms of tyrosine liberated of 0.33 mg, 

after 19 Mrs at 37·C in buffalo skim milk. 

5.2 Eleven skim milk based and seven cheese whey based media 

were formulated far the biomass production of dahi cultures D and 

DAB and yoghurt cultures Y and VAS. Skim milk based medium 

(Medium one) with the ingredients of skim milk (5~O, yeast 

a~tolysate (lX) and glucose (1%) with a pH of 6.5 for dahi 

cultures 0 and DAB. Anothe'r' skim milk mediUm (Mediu.m two) with 

the composition of skim milk (SO~~, tryptone (UO and glucose 

<0. un with a pH of 0.0 for yoghurt culture Y and with a pH of 

6.5 far yoghurt culture VAB were found to be. the best on the 

ba·sis of the \liable count a.nd titratable acidity. 

5 .. 3 Medium one with a pH of_ 6 •. 5 for dahi cultures 0 and DAB with 

a respective cell yield of 9.708 and 9.686 (log cfu/g) and medium 

twa with a pH of 6.0 for yoghurt culture Y and with a pH of 6.5 

for yoghurt culture YAS, which yielded 9.882 and 9.502 log cfu/g, 

respectively were found to be the best. 

Dahi cultures performed best after neutralization 

viable cell counts of 9.708 and 9.686 log cfu/g for 0 and 

re'5pec:tively, at the end of 18 hr$ of incubation under 

with 

DAB, 
the 

conditions of pH 6.5, temperature 30·C for 0 and 37·C for DAB 

with lY. inoculum rate. For yoghurt culture a pH 6.0 for Y and 6.5 

for VAS, temperature 30·C and lYo inoculum rate shewed maximum 

viable cell count (9.88 and 9·.502 log cfu/g, respectively for Y 

and YAS). 



5.4 Out three formulated 

cryoprotectlV'? agent consist 109 

cryoprotectl'1e ~gen ts 

of lOY. buffalo mIlk, 

148 
the 

1.5Y. 

g~latin, 7X sucrose ~nd lM monosodium glutamate was found to hav~ 

maximum protectlve effect with least reduction tn viable cell 

counts; ot'-dahi culture D (13;;~)1 dahi. culture DAB (.3.8Y.) 1 yoghurt 

culture Y (11.6:1.) and yoghurt culture VAB (11.26>. This newly 

formulated suspending medium was the best among 

cryoprat~ctlve agents so far reported. 

5.5 The 

quantities 

survival af dahl and yoghurt cultures, packed 

in laminated aluminium foil pouches <12 

+ 12 micron aluminium foil + 150 

the" 

in 25g 

mlC ron 

gaugage polyethylene 

polypropylene) sealed under vacuum was found to be ma~imum when 

stored at -20°C. The difference in ~urviyal rate between dahi and 

yoghurt cultures sealed under vacuum and stored at 

b@t:au~e of the characteristic of mesoph i 1 i c and tne rmopn i 1 ic 

nature of the respE!ctivf'l culturlO'~. Sealing a.tmosphlO'rlO' o"f alr and 

higher temperatur~ of ~tarage (4°C) were found to be 

far thlO' viabllity and activity of cultures. 

deleterious 

The res ldual mOisture content of freeze-dried dan l and 

yoghurt cultures (in the :ang"e of 1.20-1.4DO had not showed any 

deleterious Edfect an survival. Therefore, the moisturf'l content 

limit below 1.5% 1S recommended for freeze-dried lactic acid 

ba<:teria. 

5.6 The regression equations derived with the parameters of 

residual moisture .::ontent, titratable a.::idity, 

diacetyl/acetaldehyde content, proteolytic activity and storage 

period were found to give the shelf-life of bulk freeze-dried 

dahi and yoghurt cultures. 

5.7 The inoculum rate of 0.01% (w/v) of four cultures was equal 

to 1.0% of liquid cultures. The biochemical performance of 

freeze-dried cultures was slightly better than the routinely used 

liquid cultures. The incubation period wa.s shortened by twa Mrs 
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with ·fl"'l'!E'ze-drl~d culture'S. A p,ack of 25g culture ca.n be used to 

prepare 250 kg of dahl or yoghurt. 

5.8 Biochemical performance and starter dctivity of bulk fr~eze-

dried cultures of dahi and yoghurt were in the same order 

irrespective of the type of the mill<, cow skim mi.lk (9.6X TMS), 

buffalo skim milk (10.20% TMS). cow milk (4'1. fat, 13.4% TNS) and 

buffalo milk (4:t. fat, 15.7'1. TMS). The performdnc~ of. dahl and 

yoghurt cultures was slightly better in buffalo milk than other 

milks. Bulk freeze-dried cultures of dahi and yoghurt are equally 

goad to manufacture good quality dahi and yoghurt in all types of 

milk. 

Dahi prepared with culture DAB contalned 7.440 and 7.812 

(log cfu/g) of Bif. bifidum and Lb. a.cidophilus., respectively and 

yoghurt prepared with yoghurt cultur~ VAB had 7.092 and 7.586 log 

cfu/g, respectively. 

Dahi and yoghurt prepared using bulk freeze-dried cuI tures 

were rated from very good to e~cellent. The score was simllar to 

those obtained by the products prepared with liquid cultures. 

Addition of Lb. dcidaphilus and Bif. bifidum to yoghurt has no 

effect on the <;;eno;;ory acceptance. However, dahl prepared wi.th DAB 

scored 4.SY. less., yet it was well-accepted. 

On the basis of the data obtained in the present study and 

keepi.ng in view of the general hygieni.c condition of the dai~y 

plants in our country, the following microbiological standards 

are suggested: 

Dahi with and without acidophilus and bifidobacterium should 

have the lactic acid bacteria count of 10
7 

cfu/9, titratable 

acidity of O.B to 1.2~and diacetyl content of 2.0-3.5 ppm. 

Yogh~rt wi.th and without the therapeutic cultures 5hould contain 
7 

the lactic acid bacteri.al count of 10 cfu/g, titratable acidity 

of 1.4-1.0 and 15-20 ppm of acetaldehyde. The miniMum counts af 
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Lb. 
6 

dCldophl/US and 8i f. bi fzdL(m !".hould be- 10 cfu/g in dahl and 

yoghurt. 

5.9 FeedLng af dahl and yoghurt to alblno rat~ far a pertod of 

tour w~eks lncreased the mean body weight but feeding of the 

product~ contaLnlng therapeutic cultures enhanced the mean body 

weight g<lLn by 20.68 and 2.92:1., respectively. Feeding of 

standardized buffalo milk '4.07. fat) raised the serum cholesterol 

level fpom 58.92 to 72.54 rug percent. Dahi feeding too in~reaSed 

the serum cholesterol content si9nifi~antly from 60.28 to 65.41 

mg. However, dahi incorporated with therapeutic cultures had a 

decreaslng effect on serum cholesterol level. The reduction being 

6.68%. Plain yoghurt also reduced the cholesterol level (4.5~n, 

however, presence of therapeutic cultUres in yoghurt reduced the 

serum cholesterol content further <7.91.). 

Oahl and yoghurt prepared with DAB and VAB cultures had 

shawn strong" antibacterial activity against E.coli, Sal. 

typhimurium and Sh.dysenterldl.. Dahi and yoghu.rt prepared with 0 

and Y cultures showed moderate inhibition. 

CONCLUSIONS 

The most important finding of the study is the deslgnation 

of the promising starter cultures for dahi and yoghurt 

preparation with uniformity in the quality from batch to batch. 

Production of concentrated freeze-dried cultures are expected to 

bring aboot significant changes in the trend of dahi and yoghurt 

manufacture in the country. 

The present investigation clearly demonstrated the benefits 

with the incorporation of therapeutic cultures in th"e cultures of 

dahi and yoghurt. Therefore, there is every nEed to Use these two 

cultures to enhance the nutritional and t"herapeutic values of the 

products and to maintain health • 

............... 
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APPENDIX-II 

Scare Card for Sensory Evalua~ion of Vahi/Yaghurt 

Dairy Microbiology Division 
National Dairy Research Institute 

Karnal-132 001 

Date of manufacture: 
Name of the Judge: 
Date of Judging: 
Code No: 

-------------------~---------------------------------------------

Observat ions Score 
Maximum Allcted 

a) Appearance 5 

5 

c' Flavour 10 

Overall scor~ 20 

Suggested rating 

E)(cellE"nt 
Very good 
Good 
Fair 
Poor 

Defects 

<Put I against defect,if any) 

i) Unna-tural colQur 

ii) Wheyi1"'\g off 
i it) Surface discolourat ion 
iv) Foreign mat~er 

i) Too thin ii)Lumpy/Granular 
iii) Wheying off 

tv) Gassy 

i) High acid ii)Bitter 
iii) Yeasty iv)Unclean 

v) Burnt vUchalky 

vii) Powdery flavour in yoghurt 

Remarks,. if any 

Signature of the Judge 



App!ndix~Ill; ~ of standardization of growth lediQl and 9rDHth conditioo§ for dahl culture Dafter 
lit hrs ot irn:::ub.a.tinn a.t ~Wt 

Source 
of 
efhd 

D.F 
Selection of 
growth aediul 

-------
Itepliciltion 
Effed 
Errer 
CD at 1'1{ 

level 

.! 
2 

IQ 

O.834~-1)41J 

I). t96e w{)IH 
O.BJ8e~(}.) 

O.49-1e-02 

~tilliuHon of 
hs.p~ra.ture 

O.2Lge-OWS 
v.247H 
0.414 

O.l21e-/)1 

Hun SWII of '!i~Ua;reSi 

Optiliution of 
pH 

1).:noe w 04NS 
O.444u 
i).242@-Ob 

1).900e-02 

-------

Effect of Effect of 
inocul~ level cryoprotective 

agent 

O.e4.5e-0411S O.903e-O-WS 
2.535H O.7421f 
(l.lt1e w Ol O.245~-rn 

lJ.193e-Ol O.JWt-f)2 

------------------ -----~-------------~---------------------

NS = Net Significant H ffSignificant it U hv~l (~ { OJ}!) 

Appond!.-IY, ANlYA of ~tandilrdiution of g1'Otlth ttcHUI and growth conditiDl'ls for dahl culture DAti after 
18 hrs of incubation at !lIe 

._-----------_._-----------------------------------------------------------
Socm:e 
of 
effect 

Replication 
Effect 
Error 
Cl) .1 1% 
level 

D.F 

! 
2 

to 

Opti.iution of 
tl!oIperature 

O.~3e-fJ.1NS 
/).765.J 
O.31Se-c4 
O.112t"'/)2 

Opti~iutiOl'l of 
pH 

O.J4h-JMN$ 
0.221"" 
0.913.-1)\ 
o.m~ 

Mean $\Hi af squafl!§ 

Effect of Effect of 
inoculol& Inel cr)'opratecHve 

agent 

o.419.-04IS O.30ge-03NS 
2.422t. I).S9SH 
O.3'l'5e~/)4 O.3ege-03 
Q.m ... Ol O.Uh-Ot 

-----------
tS ;: tbt Significant II nSignific<lnt it Illevel ~p < 0.011 

Si!lection of 
Df 9rl»lth Mediufi 

! lJ.790e-04NS 

• O.421e-Oln 
2Q O.4!S.-Ol 

O.112e-ol 

.----



Appe(ldhc~lIh ANlVA of '5tand~rditltion of growth leditil and 9fOWth conditions for d.ahi culture Dafter 
lb hrs of incubdioo at 30f t 

------------------------- ~--------------- .----------
Source 
,/ 
effect 

D.F 
Selection of 
gfCTII\h. l1.edlulIl 

D;ltilihation of 
tuptrlture 

"ean SUA of $q~ar!$ 

Opti.izaUon of 
pH 

Eff~ct of 
lnocut1Jil Ini!l 

Effect of 
CT"foprotective 
a.qent 

--------------------'-------------------------------------------------------------------------------
Replica.tion ·5 O.e~41-1)411 O.2Lge-OWS O.110.-~llS O.8"5f~Q4tS O.%1e-03US 
Effect 2 O.19b@-0]U O.247u ·1).444n 2,535u 0.112" 
Error lQ O.818e-05 O.4-~ O.2421'-Qb 6.!1!.-03 f).345~-1)3 

CD at 1~ 
h~e1 1).4?1e-02 O.12h-Ol ().lJOO~-02 O.193e .. --Ql O.34l)e-/)2 

--_._-_._--------------- ----------_.----_._----------------------_.---
us = Not SigClificant :: nSignificant at a levd {P < I).on 

Apptndix-lY: 

Source 
,f 
ffh!tt 

Replication 
Effect 
Error 
CD at tit; 
Iud 

lHlYA of standlrdintioo of 91't*th tedltil and growth conditions for dahi culture DAB after 
18 !'Irs of incubation ,t 31 f t 

D.F 

5 
2 

10 

Optilization of 
b~'r.J.tur! 

Dpti.intion of 
pH 

M@tn SUG of squares 

Effect-of Effect of S~h'Ctiofl of 
inotulua level cryoprotective Of ljfcmth -aleditilil 

~ent ------------------------------------------------------
.o.353e-G4NS O.311.-ilIm .o.41ge-04f1S 
0.70511 .o.2'22H 2'. 422n 
0.375.-0.\ MU'-i)\ O.395e-f)4 
.o.lt2e-02 0.992e-02 0.115e-1)1 

j).3I)ge~03NS 

I).Soou 
O.~B9t-/)l 

O.36l1H)1 

5 1),7et'Je-l)II»S 
4 t>.42!e-OJH 

20 O.4bSl"'OI 
0.11211:-.01 

-----------------~--.-.~---------~-------- -.----~--------------

tS = Nat Significant a 4ISi9~ific:ant at n. levd {f' { 0.01) 



Appendix-V: 

Saurce 
of 
effect 

ANOVA of standardi~aticn of qroPlth medium and growth conditions for yoghurt culture Y 
after 16 hr~ of incubation at 37~C 

D.F 
Selection af 
grotllth medi.um 

Mean sum of squares 

Optimi:!:ation of 
pH 

Effect of 
inoculum level 

Effect of 
cryoprotec t i 'lie 
agent 

-----------------------------------------------------------------------------------------------------------
Repl ication 5 O.417e-04NS O.192e-04NS O.673e-04H O.lBOe-02H 
Effect 2 O.305e-Ol** :0.395** 0.112n 1.574** 
Error 10 O.176e-04 0.175,,-04 O.S22e-05 O.212e-03 
CD at a O.768e-02 f).767e- f)2 O.418e-Ol !J.266e-i)1 
level 

NS = Not Significant :: **Signiffc:ant at lY..hvel {P -( 0.01) 

Appendix-vt; ANOVA of standardization of growth medium and growth conditions for yoghurt culture VAS 
after 16 hrs of incubation at 37 G C 

------------------------------------------~---------------------------------------------------------------
Source 
of 
effect 

D.F 
Optimiza.tion of 
pH 

Influence of 
inoculum le .... el 

Mean sum of squares 

Effect of 
cryoprotective 
agent 

DF 
Selection of 
gro~lth medium 

----------------------------------------------------------------------------------------------------~-----
Replication 5 O.60Be-04** (I.168e-ObH i).1:2:(le-03NS 5 0.864e-04* 
Effect 2' 0.241** 0.116** 0.430** 3 0.147** 
Error 10 0.10ge-04 O.19ge-06 O.682e-03 15 1).208e-04 
C.D. at 1Y. c).604e-Ol O.816e-02 (I. 477e-OI O.776e-02 
1e .... el 

----------------------------------------------------------------------------------------------------------
NS = Not Significant :: **Significant at 1~ level (P < 0.01) 



Appendb:-VII: ANOVA of the effect of nelltraliz.ation of g1"ollrth medium to maintain the initial pH an 
viable cell count of dahi and yoghurt cultures 

l'l~an SUill of squares Source 
of 
effect 

DF ---------------- -----------------------------------------------------------------------
jahi culture 
combination D 

Dahi culture 
combination DAB 

Voghurt culture 
combination Y 

Voghr..trt cultur", 
combination Y~B 

---------------------------------------------------~------------------------------------------------------
Repl ication 5 O. t24e-03'H O.195e-r)4u O. 3~'ge-t)4** r).433e-04H 
Effect 3 13.4514* 10,(J74u 15.054** 11.476** 
Error 15 Q.534e-05 0.419"e-05 0.741e-05 0.216",-05-
CD at 1 ~ O.393e-02 r).348e-02 O.463e-02 O.250!!-02 
level 

NS .. Not Significa.nt :: ~""*Si9nificant at t·r. level (P { 0.(1) 

Appendi~-VIII: ANOVA of the effect of storage conditions. on bulk freeze-dried cultures of dahi and yoghurt 

Source 
of 
effect 

Replication 
A 
B 
C 
A X B 
A X C 
B X C 
A X B X C 
Errol" 

DF 

2 
1 
1 
3 
I 
3 
3 
3 

30 
CD at 1% level 
A 
B 
C 

Dahi culture 
comb ina t ion D 

O.131e-05NS 
O.278e-01oK'4 
0.209".-01** 
0.17ge-01** 
O. t32e-01*+ 
O.518e-r)2*4 
O.635e-02*4 
0.314e-02** 
O~2i)ge-04 

0.363e-02 
0.363e-02 
0.513e-02 

Mean sum of squares 

Dahi. culture 
combination DAB 

O.bbOe-1)4NS 
r).B13e-02'*'* 
0.498e-02u 
0.539".-02** 
O.312e-02:·H 
O.13ge-02** 
O.672e-03'H 
0.433e-03** 
O.16ge-04 

0.327e-02 
0.327e-02 
O.4b2e-02 

Yoghurt ClJlture 
combination Y 

O.127e-05NS 
(). 492e-02** 
O.644e-02** 
I). 175e-Ol '** 
0.367 e-r)4** 
O.206e-02H 
0.207e-02** 
0.243e-03·n 
O.245e-04 

0.393e-02 
0.393e-02 
O.5S-be-f)2 

Yoghurt culture 
combination YAB 

O.210e-04NS 
0.390".-02'** 
O.105",-O2*~ 

0.126e-01** 
O.500o;!-03** 
O.595e-03H 
O. 1.20e-03·;u, 
O.532,?-03** 
0.188e-04 

O.345e-02 
0.345e-02 
O.487~-O2 

----------------------------------------------------------------------------------------------------------
NS ,. Not Significant :: :l(·*Signific:ant at 1~ 1-=-vel {P .( O.Ot)· 
A .. Sealing atmosphere := B ,. storage t-=-mperature :: C = Storage period 



Appendix-[X: ANOVA of the senso~y evaluation of dahi and yoghurt 
------------------_._-------_.""-----_._----------------------------------------_._------
SOLtrce 
of 

1'1eali sum of squares 

e ffec l; 

Rep 1 ieat ion 
CultUl""e combinations 
Typ@ \."}f cul tUre 
All effect interaction 
Error 
CO at 1% level 
CD at 5% lellel 

DF 

4 
1 
1 
1 

12 

Dahl 

O.613e-01NS 
9.249·jfiot· 
O.289~ 

1 .()56'Hf 
O.341e·-Ol 
0·.2520 
0.1644 

NS = Not Significant :: *Significant at 5K lell~l (P < 0.05) 
**Significant at 1~ level (P < 0.01) 

YO':;Jhurt 

1).218e--01NS 
O.253e-·01NS 
1.265·iII-# 
1).393e-01NS 
(I.576e-01 
0.3280 

Appendix-X: ANOVA of the effect of feeding dahi and yoghurt on body ""eight gain 
of male albino I""ats 

Source DF Sum of $qL.lares 

Hepl ication ~, 2175.313 
Per'iod 3 145206.000 
Treatment 5 1041L).560 
Interaction 15 6118.250 
Error 115 12426.190 
Total 143 176336.900 

*-It- Significant at P<O.01. 

Mean sum of 
squares 

435.06 
48402.21 
2082.11 

407.88 
108.1)5 

C.F .. 

F value CDO.Ol 

4J)26·~* 

447.945** 
19.269** 7.85 

3.774*·11-

7.05180.<)6 



Appendi)(-XI:: ANOVA of the effect of feeding dahi and yoghurt on serum ch~l@sterol 
level of male albino rats ' 

---------------------------------------------------~-------------------------------~-----
Group A 

------------------~--------------
Source DF 55 

Rep 1 tea t ion S 11.74 
Tt'9atment 2 84.90 
Period 2 638.;8 
Ef't'of' 44 125.09 
Total 53 860.5.1 

** = Significant at P(O.Ol 
NS = Not signi'fic:arit 

MSS F CD 

2.35 0.83NS 
42.45 14.92** 1.4S 

319.39 112,.39** 1.02 
2.84 

Group a 

55 M55 F CD 

10.88 2~ 18 2.29NS 
24.69 12.35 13.00** 0.84 

128.22 64.11 67.49** 0.59 
41.9 0.95 

205.69 


