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I. INTRODUCTION

The commercialisation of fermented dairy products has not
yat been possible in the country due to ﬁhe non—availability of
Direct—\Vat—Inoculation starter cultures. The present preparation
0f cultures in the factaries is time cnngu@ing and labhorious. The
bulk freeze—dried starters provide, in terms of convenience,
reliability and the ideal inoculum for direct—vat-inaculation.
The prq&uctiun of an active, contaminant—free bulk starter is the
cornerstone far the successful manufacture of Termented dairy
products. Once these are made available to industry there will be
vast scope to set up industries for fermented dairy garoducts

manufacture. Popularity atf the fermented dairy prdoucts among the

masses will soon follow.

It is widely accepted that using selected strains of
desirable 1acti: acid bacteria such as lactobacillus acidophilus:
and Bifidobacterium bifidum along with conventional starters, is
essential for gnud'heﬁlth.-These are capable of controlling . the
intestinal disprders,'reduce the carcinogenic activity and help
in controlling serum cholesterol level (Kim, 1988; Gilliland,
i1989; Laroia and Martin, 1990). HAccording to Tamura I(l?BS)
 bifidobacteria produce vitamins By, B, By, folic acfd and alsc
digestive enzymes (human casein phosphatase and lysozyme}. These
strains alsc help to maintain a proper balance of the resident
flora. Japan and some European countries have already davelopead
fermented dairy products having these cultures (Puhan, 1770}..
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 manufacfure of bulk freeze-
dried mixed strains starter cultures which could be made

available to industry for the manufacture of high quality dahi

and yaghurt.
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2. REVIEW DF LITERATURE

2.1 Starter Cultures of Dahi and Yoghurt

Laxminarayana et al. (1932) reparted the presence of
Streptococcus lactis, 5tr. thermophilus, &tr. faecalis, Str.
dextranicum, Lactobacillus bulgaricus, Lb. casel and {(b. HBrevis
in market and home made samples of dahi. It has been found that
78.9% of dahi flora was of streptococci and 17.5% was of
lactobacilli {Sheikh et al.y, 1770}. Indian standard (ISI 1973)
apecifies two types of dahi starter, viz., (i} mesophilic
"starters, Str. lactis ssp. lacki=s, SéEr. lactis ssp. lactis
biavar. diacetylactis and Str, lactis ssp. cremoris either single
ar in combination with or without fLewuconostoc spp. for sweet dahi
preparation .and (ii) thermophilic starters like (bh. bulgaricus,
Lb. casei, Lb. acidophilus and Str.-saiivérius sSSP . thermophilus
along with the above mentioned mesophilic starters for sour dahi
pfeparatian.' The ratic of the individual cﬁltures in the mixed
lactic cultures, however, was not mentiéhed in the standard.
Baisya and Bose (1974) and Dave eof. al. {1992) prepared dahi
using Str. thermophilus. The use of this culture and Str. Jactis

ssp. Jactis biavar, diacetylactis in 1:1 ratio was advocated by

Baisya and Bose (1973} and Garg and Jain (1980)., Use of mutant
strain of 5Str. lactis ssp. lactis biovar. diaceétylactis to

improve the gquality af dahi was reported by Bhatt (1976). There

is a report of using Str. lactis ssp. lactis alone for the
manufacture of sweetened dahi (Panday, 1983). LF-40, a mixed
culture (consisting of lc. lactis ssp. lactis, Lc. lactis ssp.
cremoris, Lc. lactis ssp. lactis biavar. diacetylactis and

Leuronostoc Ssp) was also used for dahi preparatian' {Ghosh and

Rajorhia, 19901},

Ashton (1963) pointed out that conventional yoghurt contains

equal number af (b. bulgaricus and Str. thermophilus strains.

Yaghurt preparation using single cultures of either of the above

cultures was reported (Marshall and Mabbit, 1980! whereas several
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reparts indicated the use of both of the above cultures <{(Rakesh,
lQ?@; Bakshi, 1982; Labropoulos et al., 1982; Lee et al., 1988;
Rabinson, 19883 Mehamna. and M™Mehanna, 19893 Ratnakar, 1989;
Mahammed and Younis, 1990 and Kebary and Kamaly, 1%91).

Certain strains aof slime producing Sér. thermophilus and L&.
bulgaricus cultures which can improve the consistency, viscosity
of the coagulum were also used in yoghurt preparation (Tamime,

19775 Tamime et al., 1984 and Schellaass and Marris, 1%9835).

2.2 Use ot Bifidaobacterium hifridum and Lactabacil lus
acidophilus in Dahi, Yoghurt and Other Fermented Dairy

Products

The selected intestinal bacteria, which are capable of
growth and acid praduction in milk, are being wused in the
manufacture of various fermented milks because of their
"potentially beneficial role in human health. It is believed that
fermented mi1lk 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, 198&}.

The potentially beneficial role af indigenous bifidobacteria
and lactobacilli in the buman gu£ have been stressed {(Sandine et
al., 19725 Speck, 197& and.Gnldin and Gorbach, 1984). To eﬁhance
the therapeutic wvalues and dietary gualities of the. fermented
milk products, the use of suitable strains of Bif. bifidum and
Lb. acidaphilus, which are having greater potential to synthesize
antibiotic substances, vitamins, essential aming acids and to
establish the normal flara in the intestines, has been advocated

{(Kurmann, 1988; Driessen and de Boer, 1987 and Gilliland, 1986%).

A variety cf fermented milk products containing
bifidobacteria and/or acidophilus bacteria along with either

mesophilic or thermophilic starters have been developed in the

past few years.
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The strains of bifidobacteria and ac idophilus have been used
along @ith the mesophilic lactic étarters-tc preparé the progurt
and acidophilus butter milk products (Kurmann and Rasic, 1988}.
Recently, an example of fermented milk drink, ferménted by lactie
mesophilic bacteria (lLactococcus lactis, Llc. cremoris, Lc. lactis

diacetylactis) to which a mixed culture of Lb. acidophilus
cited

SSP.
and bifidobacteria (in a ratio of 1:3) has been added, was

by Klupsch (178%9).

As early as in 1969, successful attempts were made +to
replace Lb. bulgaricus of yoghurt starter with Lb, acidophilus
and -Lb. bifidus (Mulhens and Stamer, 19&6%). Prior to this,
Siegenthaler ef al. (1940) prepared “Acoyoghurt’ using (b,
acidophilus along with yoghurt flora. Bandhi (1979) replaced the
Lo, bulgaricus af vyaghurt with Lb. acidophilus. In arder to
improve the nutritive and therapeut:c value of yaghurt,
.supplemenfétian of Pi¥f. bifidum and ib. acidophilus to yaghurt -

cultures has been tried (Gupta and Tiwari,.i?aﬁ and Tamime and

Rotinson, 1968}.

5,
~,

Aecently, Mahdi et al. Cig9ee) reported the use of
concentrated deep frozen Bif. bifidum Bé-12, b. acidophilus
along with Str. thermophilus in the preparation of lapreh. Daly
{1991} reviewed ébuut the fermented milks, named “AB Yaghurt®
containing Lb. acidophilus and Bi¥. bifidum along with yoghurt
cultures, ‘Cultura AB’ made by using L&. acidophilus and Bif,
bifidum and Mil Mil having Pif. bifidum along with yaoghurt

cultures.

2.3 -Aﬁsaciative Growth of Mixed Starter Cultures of Dahi and

Yaghurt
Mumerous instances of asscciative inter—-relationships among
micro-organisms are found in nature. In particular, lactic acid
bacteria have the ability to enter into associative relationships

with other microbes. Yet the associative and especially

symbiotic relationships of mesophilic LAR in mixed populations
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are very little explored and the chemical nature of associative
action is not known. Likewise the reports dealing with the effect
of associative growth between dahi and yoghurt cultures with

bifidobacteria and acidophilus are very scanty.

Czulak and Hammond {(1954) found increased starter activigy
of Str. lactis ssp. lactis, S5tr. lactis sspn. cremoris and Str.
lactis =sp. lactis biogvar. diacelyvlactis when grown together.
Domination of SeEér. lactis ssp. lactis biovar. diacetylactis
cells with five subcultures in mixed culbures was observed
(Henning ef al., 1944 and Vedamuthu ef al., 19646}, Mixed cultures
of Str. lactis and Sir. lactis ssp. cremoris or (b, delbrueckii
ssp. bulgaricus and Str. salivarius ssp. thermophilus were better
in bacterial caunts than each culture of these straiﬁs {Kim,
1990). Lb bulgaricus is able to produce large quantities of amina
acids (histidine, glycine, valine) that stimulated the growth and
acid prnﬁuction of Str. thermophilus (Petfé and Lolkema, - 1930a
and Shankar and Davies, 1977). dn the other hand, Galesloct ef
ada {(1948), Veringa et al. (19468), Pulusani ét al. {1972} and.
Pulusani and Rao (19B4) naoted that Str., thermophilus stimulated

the growth of Lb. bulgaricus by producing formic acid.
2.3.1 Effect on Titratable Acidity

Dahiya and Speck (1966) reported that. Sér. Jactis and
strains of Lactobacillus isolate produced acid at a faster rate
in a mixed culture than when either strain was . grown
individually. Mixed cultures of Sir. lactis ssp. lactis and S¢ér.
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. lactis ssp. cremoris, Sitr.
lactis ssp. lactis and Str. lactis ésp. lactis biavar.
diacetylactis than when these cultures were Qrown individually in
buffalo skim milk (Sunita, 198&4). Stimulation of acid production
iy paired cultures of Str. lactis ssp. lactis and Lb. acidophilus

was also documented (Kothari, 1970}
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Relatively bhigh acid production by mixed cultures. af Str.
thermophilus and LB bulgaricus due +to increased growth of
streﬁtQCQcci was put forward (Mooun and Reinbold, 1976). Several
reports indicating more acid production by mixed yoghurt cultures
are available (Accelas et al., 1977; Khanna and Singh, 1979;
Suzuki et al., 19907 EL-Soda et al., 19B&; Lee et al., 19806;
Robinson and Tamime, 198%; Ghosh and Rajorhia, 19905 Kim, 1990
and Rajagopal and Sandine, 199Q). Accolas et al. (1972).
estimated O0.36-0.72% and 0.31-0.63% lactic acid (LA) production
by Sé¢r. thermophilus and lb. bulgaricus, respectively, whereas
the acidity developed by the mixed tulture was 0.7-1.1% LA after
& hrs of incubation at 42°C. Rajagapal and Sandine (12%20) had
obtained a pH of 6.05 and S5.89 with Str. salivarius ssp.
thermophilus and L&, delbrueckii ssp. bulgaricus respectively and

still lower pH (4.21) was recorded by mixed cultures.

No significant difference in the acid development by yoghurt

cultures alone and in association with (bB. acidophilus after

12 brs of incubation at 3I7°C in skim milk was abserved by Gharma

Singh (1982) .whereas Yu and Nakanishi (1973) reparted

and
decrease in acidity from 2.75% 6o 1.62% LA with mixed yaghurt
cultures when grown in assaciation with Lb. acidophilus faor 72

hre at 37°C. Incorporation of Bifidobacterium into yoghurt

starter had resulted in slight reduction of acidity (Kisza et

al., 1978). Acid production by mixed cultures of Bif. breue or
Bif. iInfantis with Lb. casei or Lb&. acidoghilus grown in skim

greater than the sum of acidity devélcped by these
1983).

milk was

cultures, when grown individually (Chenqg and Nagasawa,

2.3.2 Effect on Volatile Acidity

Hammer and Bailey (1919) found that Gbulbter cul tures

contained organisms which commonly did not curdle milk but which

in combinaticn with Sér. Jactis ssp. lactis gave high 'volatile
Similarly, Boekhout and Ott de Vries (1920} found that

af the two types of butter culture organisms not only
which

acidity.
symbiosisg
yielded flavour but also considerable volatile fatty acid
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was acetic. The guantity of the acid was considerably greater

than with cultures of single species.

An  increased volatile acidity development (3;6 ml of ©O,1N
tNaOH/50g curd) by miked cultures of yoghurt compared o that of
the single cultures (0.4 ml by Gér. thermophilus and 2.0ml by L&,
bulgaricus} was found (Singh et al., 1982). Contrary tao this,
however, ne significant difference in the volatile acidity in
mixed cultures of either yoghurt or yoghurt cultures added with

Lb. acidogphilus was reported (Yu and Nakanishi, 1975 and Sharma
and Singh, 1982).

2.3.3 Effect on Flavour

The flavour components of major importance in fermented
dairy products are diacetyl and acetaldehyde. Diacetyl in dairy
products is formed by the fermentation of milk citrate by aroma

bacteria and the characteristic butter like flavour is attributad

to this compound {(Marshall, 1967).

In mixed species mesophilic stafter the balance between acid-
produrers and citrate fermenters influences the accummulatien of
diacetyl and aketcin during'the grawth period (Jonsson and
Pettersson, 1977) and h{gher levels of diacetyl are produced at
229 than at 30°C (Pack st al., 1948). The strains of Str. lactis
‘ssp. lactis, Str. lactis ssp. cremoris, Str. lactis ssp. lactis
diacetylactis and leuvcongstoc citrovoerum have praduced
diacetyl in the .range of 0.1 to 3.24 ppm whereas the mixad
cultures of these species héve produced as high as 5.45 ppm

bBiovar.

diacétyl {Lindsay and Day, 1965).

Slightly 1less diacetyl development (3.1 to 3.4 ppm} by

commercial freeze—-dried cultures of mixed mesophilic cultures

(Str. lactis ssp.
2actis biovar. diaceftylactis} was observed when

lactis, Str. lactis ssp. cremoris and Str,

lactis sasp.
compared with diacetyl production by Sér. lactis ssp. lactis

biovar. diacetylactis (I.7 ppm). Nevertheleqs, this value is
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relatively wvery high compared Lo that produced (0.3 ppm}) by the
combined culture of Str. Jactis ssp. lactis and Str. lactis asp.

cremoris in cultured milk (Kneifel et al., 1992a).

The amount of diacetyl + acetyl wmethyl carbingl {AMC)
araducgd by Str. salivarius ssp. thermophilus and Lb. delbrueckii
ssp. bulgaricus was 5.6 and 3.0 acg/q curd, respectively. However,
only 2.3 mcg diacetyl + AMC per gram curd was developed by mixed
culture of these two species aurlng mistf dahl preparation {(Ghaosh

and Rajorhia, 19%0).

Pette and Lolkema (1930b) showed acetaldehyde as the chief
flavouring compound in yoghurt., Acetaldehyde gproduction was
greatly reduced by single strains of Str. thermophilus or Lb.
bulgaricus when tompared to that produced by combined cultures
(Hamden et al., 19713 Khanna and Singh, 197923 Singh et al., 1982
and El-Soda et al., 19B4). According to Hamdan et al. (1971) Str.
thermophilus 7233 and Lb. bulgaricus 9311 produced 3 and 9 ppm of
acetaldehyde respectively whereas the mixed cultures of these
starters {1z1 ratio) produced as high as 21 ppm of acetaldehyde.
Similarly El-Soda ef al. (198&) aobtained S58.8 mcg and 20.25 mcg

from Lb. bulgaricus and Str. thermophilus, respectively.

Sharma and Singh (1982} had shown no appreciable difference
in the acetaldehyde content with the yoghurt starters added with
Lb. acidophilus. The combination of two local yoghurt isalates
(S5¢r. thermophilus and Lb. bulgaricus) with Bif. bifidum and Lb.
acidophilus ylielded higher acetaldehyde than the combination of
both the yoghurt cultures (Gupta and Tiwari, 1988). Incubation
with mixed starter culture (Bifidobacterium along with yoghurt
cultures) stimulatsd the production of acetaldehyde and diacetyl
{Yuguchi et &l., 1989). This is contradicting the earlier
observation of Kisza et al. (1978) 'who reported production of
less acetaldehyde and diacetyl by mixed yoghurt culture along

with PBifidobdcterium than by the mixed yoghurt culture alcone.
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2.3.4 Effect on Froteolytic Activily

Lactic acid bacteria are nutritionally fastidious organisms
Nneeding an exogenous sSupply of pre—formed amino acids to initiate
growth. Protealytic activity of the lactic streptococci is subtle
and manifestations of these proteclysis is relatively obscure.
Presumably, the proteinase system of these wmicro-arganisms is
needed €0 obtain ceartain nitragenous constitutents from milk
proteinsg., The ability of lactic cultures to grow properly in milk
may, therefore, be directly related to their proteinase activity.
LAB have wvarying degrees of proteolytic activity which is
generally strain rather than species specific. Searles ef al.
(1970}, Khanna and Singh (1979), El-Soda at al. (19B&6) and
Rajagopal and Sandine (1790) cbserved that lactobacilli possessed
greater proteclytic activity than streptocecci. The range of
tyrosine produced per ml of curd was 25-144.&4 mcg by lactobacilli
and 2.4-34 mcg by streptocacci. Contrary to this, Kneifel et al.
(1992b) stated that the protealytic activities af the mesophilic

cultures are comparable to those of yoghurt and yoghurt related

pfaducts.

A reduction in the proteclytic activity of combined culture,
compared to its component strains has been reported (Mattick and.
Hirsch, 1949 and Barridge et al., 1932). Similarly, decrease in
the proteclysis by mixed culture {(Lc. lactis ssp. lactis, Lc.
lactsis © ssp. cremoris and Lc. lactds ssp. lactis bicvar;
diacetylactis) compared ta that exhibited by one of the companent
culture L. Iactié ssp. lactis bilavar. diacetylactis was observed:

by Sunita (19846) and Kneifel et al. (17292a).

There can be an increase in the proteolytic activity with
the increase in incubation éeriod in yoghurt made from cow/goat
milk (Rasic and Kurmann, 1978). El-Sada e¢ al. (1984&6)  and
Rajagopal and Sandine {(1990) have observed increased proteolytic
activity by mixed cultures of Lb. delbrueckii ssp. bulgaricus and

Str., salivarius ssp. thermophilus (34-70 mcg tyrosine/ml}) "~ whereas
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the individual cultures gave 25-4%2 mcg and 168-34 wmcg  tyrosine,

respectively.

Addition of L. acidophilus R to the yoghurt culture reduced
the proteclytic activity {(0.26 mg tyrosine/g curd) when compared
to the '‘proteolytic activity of mixed yoghurt culture (0.32 mg
tyrasine/g curd) when grown in skim milk for 1B hers  at 37%
{Sharma, 19BZ2), The rate of proteolysis was comparatively less 1in
acidophilus yoghurt ¢€han that of plain yoghurt (Sharma and
Prasad, 198&6).

tack of information with regard to the associative growth
pattern between therapeutic 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 yaghurt mheﬁ therapeutic
cultures are iAcorporated in the conventional cultures of

respective praducts.

2.4 Preparation of Bulk Freeze—dried Starter Cultures of Dahi

and Yaghurt

In preparing cul ture concentrate, it is desirable to obtain
large number af ~ - -269115 possible that will act;vely grow and
produce the desired metabolic products 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 atffect the guality of the starter.:

Z2.4.1 Growéh Media

The choice of .a growth medium is guided by ~costs and
efficiency in cell production. The medium must be adeguate in
maintaining the balance among the strains in mixed starter
cultures. Lass of viability can occur unless appropriate medium
is used for growth (Champagne et al., 1991b). Thus, the

development af suitable growth medium has received much

attention.
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Various types of growth media mainly based on milk and/or
whey have been used for the production of dairy starter cultures
{Stadhauders et al., 19&%9; Richardson, 1978; Péterkoua, 1980;
Ram, 1984; Kegal and Nall;ce, 1989; Rajagapal et al., 1990;

Champagne et al., 19912 and Gandhi and Shahani, 1994).

The utilization of steamed skim milk or skim milk
supglemented with 1% yeast extract (Stadhouders et al., 1269) ar
skim milk with 0.1% yeast extract {(Ram, 1984) has been reported.
Sterilized reconstituted skim milk (RSM) with P.1% sclids was

used to produce wmixed species lactic starters by BEttEPEEQﬂ

{1975).

Kornacki et al. {1974) obtained guod growth of lactic

it

streptococci {(upto 10 X 10 "ml) using papain digested whey medium

containing yeast extract (0.5%) along with 0.012% each of MnSO,,

MgS08; and InS@,; and ﬁdggested that addition of glurpse (0.5%) or

crude PB-D- galactosidase will reduce the duration of the

multiplication phase.

Porubcan and Sellars {1973) patented a milk-based wmedium
ccntaiﬁingv ascorbic acid, monosadium glutdmate (MSG) aspartate
and cryoprotective agents inositol, sorbitol, aannitol,’
sucrose etc.y for the production of freeze-dried starter
ctultures, According to Jonas ef al. {(1977) pH controlled phage
inhibitory  whey based wmedium is most economical for the
production of bulk lactic cultures. '

A whey-based medium containing 10-20% whey, 0.5-2.0% maize
1.2% sodium citrate, 0.0146-0.164% MNSB; was patented
{Lagaoda et al., 1978). Lagoda ef &I. (1981) groposed a whay
medium with 1% skim milk, 0.008% pepsin with which they abtained

32--56% increased biomass of mesophilic lactic streptococci.

extract,

Priidak et al. (1982) found increased yield of lactic
streptococci biomass from 3.5 to 5.2 &g/1000 litres when 0.53-1.0%

glucose,



12

of acid hydrolysed casein is added to the base mediumf Wright and
Richardson (1982) reported 36% of increase in cell mass and 3I8%
cof activity increase of bulk lactic cultures usiqg a phosphated
whey medium having 5.2% whey salids, 0.71% yeast autolysate and

0.43% casein hydrolysate.

Enrichment of 8% reconstituted whey medium with 1% tryptone
and 0.5% yeast extract increased the activity of the BD type
cheece culture by forty times (Tovoda et al., 1987y,
Christopherson and Zottola (198%) had obtained higher cell number
and increased developed acidity (0.88%) with (Lc. Jactis esp.
lactis C2, Lc. lactis a=sp. cremoris K& and Lc.' Jlactis ssp.

lactis biovar. diacetylactis DRCI in ultrafiltered skim milk than

with cultures grown in REM (TA Q.72%).

Willrett ~and Comotto (1989) got a patent for a medium with
45-50% non-fermentable carbohydrate, 20-35% wilk protein, 2-10%
. growth stimulant, 5% phosphate or citrate salfs, <2% salt-and <i4
stabilizer for the production of cheese” starters in  bulk

quantities. - Another patented medium contains 38.45% dried whey,

15.4% each of ammonium and magnesium phasphates, sodium citrate,

3.8 yeast extract and 6.7%4 xanthan gum (Kegal and Wallace,
178%9). '

A medium for the production of bacterial concentrate of
yoghurt symbiont culfure, having a composition af 2.3% spray
dried skim milk, 2.3% spray-dried sweet whey, 0.3% yeast extract,
0.5% iactnse; 0.25% sucrose, 5.85 mg calcium chlaridse, 0.12 mg
magnesium sulphate per litre, 0.2% dipotassium hydrogen phosphate
and 0.002% bacterial proteinase was developed (Kapoor, 1976). The
cultures grown in this medium had lenger shelf life. Kondratenke
and Kondareva (1978) developed a simple medium cansisting of 500
of skim milk, SO0 ml of water, 3% of yeast extract and 2% of

for the praeduction of bacterial

ml
sodium acetate, suitable
concentrates of Sér. fthermophilus and Lb. bulgaricus. Champagne
et al. (1991a) revealed that papain hydrolyzed whey proved better

growth medium than untreated whey and enabled increased biomass
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productiuﬁ of Lb. delbrueckrfl ssp. bulgaricus.

A Tformulation of whey medium . supplemented with maize
extract, vitamin By complex, trypsin, buffering salts and growth
gromoting substances which is useful fcr.the production of Lb.
acidaphilus cell biomass was developed {(Lagaoda and Bannikova,
197B). Pyatkova and Lukanikaova (1977) noticed stimulatory effect
of RSM with 18-32% total solids on Lb, acidophilus. Gandhi and
Shahani (1794) obtained higher number of L&. acidophilus cells in
case of cheese whey supplemented with 0.,5% yeast extract as
ﬁumpared to MRE medium at all the stages of preparation of

freeze—dried acidephilus powder,

)
Wright  and Klaenhammer (1%81) suggested that media
supplemented with phosphates, may not be appropriate for the
preparation of lb. scidophilus cultures aimed for freeze—-drying

due to the morphological changes.

Bily (1987) claimed increased acid production by Lb.
acidophilus in skim milk medium centaining 4.5% lecithin.
Mtarshall et al. (1982) have successTully grown B1f. bifidum in 2x
ultratfiltered skim milk and S5Sx cheddar cheese whey. The addition
of cysteine. {O. 05%) plus pyruvic acid (0.05%) and ascorbic acid
(0.2%) to 12% RSM permitted the growth of Bif. bifidum {(Collins
and Hall, 19B4). Misra and Kuila (1991) obtained optimal growth
{(7.51 log Cfursg) aof Bif. bifidum isolates, after incubating at
Z7°C for 4B hrs in cow milk digested with 20% pepsin.

2.4.2 Growth Canditions

2.4.2.1 Effect aof pH

The populations of several lactic acid bacteria can be
increased by contralling the pH of the grawth medium at a
favourable level. Freeze—drying of acid cultures is detrimental

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

{Champagne et 21., 19%1b).

In producing- culture concentrates, .it ig economically
impartant to abtain the largest yield of cells paossible that
possess maxiomum biological activity. The population of lactic
streptococci can be greatly increassed by contralling the @H of
the graowth medium at a favourable level {(Bergea) 1956685 Cogan et
al., 1971 and Lloyed and Pont, 1973).

Growth of Str. lactis ssp. cremoris undﬁr pH cantrol {&£.0)
~not oanly resulted in higher biomass yields but also increased
survival during freezing (Peebles et al., 126%). Maintaining of
pH | 6.5 was suggested far mass praoduction of mesophilic
streptocaocci (Speckman, 1975). The cells of Sftr. salivarius ssp
thermophilus had lower viability losses when grown at pH 6.0
rather than at pH 6.5 and the same was generally found ¢o be the
case with tb. delbrueckll ssp. bulgaricus (Bozqglu‘et al., 1987}.

2.4.2.2 Effect of neutralizer

The type of neutralizer used for pH control influences the
maximum obtainable population of the dairy cultures in thel media
(Peebles et al., 19695 Lloyed and Pont, {973 and Mitchell and
Gilliland, 1983). When 3 conventional mixed lactococrci culture
(with pH 4.8) was neutralized, the survival to freeze~drying was

higher when Ca(OH)y rather than MNabOH, was used: far neutralization

{Stadhouders et al., 1969).

Fernandes et al. (1986} aobserved marked increase in the
growth of L&. acidophilus in MRS broth, when feutralized with
Ca{OH)z. @Gilliland et al.(1970) found no significant difference
either with NaOH or NH4OH whereas Peeples et al. (12&%), Blaine
{1972), Mitechell and Billiland {(19B3)obtained relatively higher
vields with NHz0H and NapCOx than with NaOH, KOH or Ca(OH}».

Several other publications showed two-fold increase in the

cell population in the medium neutralized with NH40H rather than



15

with NaOH (Lloyed and Pont, 1973; Efstathiou et al., 1975 and
Raﬁ, 19841 . Recently Hall and Antonvcei (1988) abserved five fold
increase in the activity of cheese starters when grown in skim

milk medium neutralized by NH40H,
2.4.2.3 Effect of temperature

The temperature chosen for biomass productian is a function
ef the optimum growth temperature of a specific strain and the
temperature at which it will be used at the dairy plant
(Gillitand, 197&1}.

Pont and Halloway (1948) found maximum growth rate and
populatiaoan density with an optimum temperéture af SODC for Sitr.
lactis ssp. lactis ClO0. Contrary to this, Efstathiou et al.
{1975} reported that incubation temperature of 25°C was
favourable not only for cﬁtaining maximum population but also for
proper species balance between S¢r. lactis ssp; cremoris and Str.
iactis =ssp. lactis biovar. diaceiylactis. Similarly Pettersson
(1975) also suggested the incubation at 25°C for optimal yield of
mixed species starter consisting of Sér. cremoris Str. lactis

and S5¢tr. diacetylactis.

Although the activity of mixea strain culture is optimum at
4506. it is recommended that in order to maintain and/or achieve
a ratio of l:l between Str. thermophilus and Lb. bulgaricus,
psropagation of these erganisms tugefﬁer at 42°C was advocated

(Kurmann, 1967 and Tamime, 1977).

2.4.3 Rate of Incculum

Ayunts et al. (1979) studied the effect of age and amount of
inoculum and duration of cultivation on yield of biomass of
lactic acid bacteria. Maximum yield of bacterial concentration

was obtained using 1% inoculum and incubating for 14-16 hrs.
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Belova et al. (1977) used 3JI=-4% inoculum for bacterial
population of Str. lactis, Str. lactis biavar, diacetyla&tis and

Str. paracitrovorus.

2.4.4 ‘Harvesting of Cell Biomass

In aoarder to aobtain 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 Str. thermophilus {(Gehriger,
1248) and lactic streptococci (Shurda, 1980) harvested from late
logarithmic or early stationary phase were found to give greatest

viability after freeze-drying. Similar view was expressed by

Woodward {(1980).

The initial bacterial load affects the survival rate. Kilara’
et al. (1976) observed higher survival levels of St¢r. lactis ssp.
lactis, &tr. thermophilus, and Lb. bulgaricus, when the highest
initial cell densities were freeze—dried. Bazoglu et ai. {(1987)
showed that the protective effect of high initial bacterial load
is a function of the interactions between micro-organisms through

decreasing the exposed arez of each cell to the environment and

therefore, preventing the possible damage. They further suggested
that an initial biomass that would be +too concentrated (10‘2

cells/ml) wauld, haowever, be harmfull because of an imbalanced

osmotic pressure,’

Stadhouders et al. (196%) established a pracedure to harvest
cells of Sér. lactis CLO from skim milk, by neutralizing with II%

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

The survival rate gf the preserved starfer culture depends

on the method of harvesting. Continuous neutralization of the

growth medium at around pH 5.8-46.0 to produce a culture with high

cell culture concentrate has been reported (Barach and Kamara,

19B4). Laboratary centrifuges enable 99% of . S¢r. lactis ssp.
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lactis Cl10 to be conceatrated.in 3% of the original volume

(Stadhouders et al., 12569).

Sharples and Cepa centrifuges are adequate -fcr callecting
cells but require a discantinuous oaperation in order to
recuperate the cell deposits. Stadhouders e¢ al. (196%) observed
that wuse of sharples centrifuge far the c¢allectian of cell
biomass was inferior because it qgave intermittent harvesting and
remaoval aof bacterial sludge was difficult. Contrarily, Blaine

{1972) reported @29.9% recovery of cells from the wmedium using

sharples centrifuge.

The stress caused by centrifugation increases sensitivity ta
freezing and drying due to physical damage ({(Tamime, 19901},
Osborne (1977) developed a diffusion culture technique to remove

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

In recent times, ultrafiltration is being used ta
concentrate starter cultures (Boyaval et al., 1987; Ferras et
al., 1984 and Prigent et al., 1988). Champagne ¢ al. {(1991b)
abserved breaking of the Str. lactis ssp. cremoris chains to form

diplococci following ultrafiltration resulting in an increase of

cell count.
2.4.5 Influaence of Cryoprotective Agents

A good suspending medium should provide cryoprotection to
the cells during freezing, get easily dried and provide a qood

matrix to allow stability and ease aof rehydration. It was shown

that dairy starters could be freeze-dried directly in their

growth wmedium with gsome success (El-Sadek e¢ al., 1975 and

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

when cryoprotective agents are used.

Skim wmilk was used to protect LAB during freeze—drying

because it is easy to dry (Sinha et al., 1?74; El=-Sadek et al.,

1975 and Kilara et al., 1?78). Since drying damages cell wall
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proteins and makes them more easily extractable, it was thaought

that proteins contained in milk provide a protective coat for the

cells. .

Stadhouders et af. (1767) and Pettersson (1973) found that
7% lactose was a useful cryoprotectant for lactic acid bacteria
whereas Kilara et al.{(197&8) and Nikolova (1978) achieved <Q0-100%
of survival with yoghurt cultures when 10% lactose solution used
as a cryoprotective agent. Sucrose, which inhibit free radical
formation was wused successfully ta get higher survival rate
{Nikolova, 1978; Orudzinskaya, 1982; Lagoda et al., 19824
Sidarova et al., 1983 and Alaeddinaglu et al., 19893 .

Damjanovic and Radulovic (1967) found best survival (99%) of
Bif. bifidum when a suspending medium containing 8% sucraose, 1.5%
gelatin in 5% skim milk was used. By using the sSame suspending
med ium Radulovic (1971) achieved 90-100% survival of ib.

acidophilus.

Many reports on using- mongsodium glutamate for lactic
cultureé, to achieve &0-93% survival on freeze—drying are
‘available (Speckman, 1975; Pettersson, 19753 Kilara et al., 197&;
Misra, 1978; Garcia Pina e¢ ai., 1979; Ozlap and’ QOzlap, 19%8;
Lagoda et al., 19B2; Font de Valdez ot zl1., 1983a and Kim et al.,

198713,

Pectin {Kilara e¢ al., 1974 and Prajapati and Dave, 1994
and dextran (Font de Valdez et al., 1983a) iﬁcreased the survival
of most lactobacilli and lacteococci during freeze-drying process
and storage. The addition of ascorbic acid, thiocurea and ammonium

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

for wmesophilic strehtacocci and for Str. thermophilus and (LS.
bifidus (Sinha et zl., 1970, 1?72 and 1974). However, ascorbic
acid was proved to be toxic to cells (Heckly and Quay, 1783}.

Morichi (1972) obtained 40-&4&% viability of Str. lactis ssp.

cremoris, Str. lactis ssp. lactis, Str. lactis ssp. lactis biovar.
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diacetylactis, L. bulgaricus and LY. acidophilus using (-
glutamic acid/ L~ arginine/acetylglycinesDL malic acid as
cryoprotective agent. Reconstituted skim milk (10% T.M.8.)

containing either yeast extract or 0.03% vitamin £ was proved to

be more effective in preser;ing Str. lactis ssp. lactis activity

during storage (Nagmoush et al., 127B).

Polyethylene glycol (PEG) was found ta accelerate the dryiag

and thereby reduces the drying periocd from 43 to 30 min to hawve a

residual moisture level aof 1.1-1.7% and addition of PEG to milk

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

{(Font de VYaldez #f ai., 1985). Aspartic acid and cysteine were
1970 and Font de

lactacocci

successfully wused as cryoprotectants (Morichi,

Valdez et al., 1983a).

Misra (1978} found 95.6% survival of (b. bulgaricus with -a

suspending medium containing O0.3% whey powder and 0.3% malt

extract. These cultures have retained better activity following

when 0.01Y Tween BO or 1% sheep’s serum was added
1978B1}.

freeze~-drying
to 10% skim milk prior to freeze-drying (Nagmoush ¢ al,,

More than B80% survival of yoghurt culturgs and Ser. lactis

ssSp. cremoris was obtained with adonitol (Font de Valdez et zJ.,

17830 and similar wview was expressed by Alasddinoglu et

21.(198%9) who made an attempt of using 1 M adonitol in whey

medium or in skim milk.

Very recently, Belova et al. (1993} found effective

praotection af Sér. salivarius ssp. thermophilus, Lb. helveticus

and Lb. lactis with 2 suspending medium having sucrose, magnesium

sulphate, ascorbic acid, sadium acetate, apilac and calcium

hydroxide.

minositol and sorhitol were found +to

to lactic acid bacteria when

Dulcitol, mannitol,
pravide 1little or no protection,
added to milk (Font de Valdez et al., 19B83b). Decause of its

potential human toxicity dimethyl sulfoxide (DMSO) cannot be used
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as a suspending medium {(Simatos ef a1.,1974}. Best results were
obtained with glycercl {(0.75M) in whey ﬁedium kélaeddincglu et
al., 1989). Hawever, glycerol remains liquid at narmal starage
temperature (49C) and was not found suitable _for freeze-drying
(Simatos et al., 1974, The additicon of glycogen was nof very
affective for lactic cultures {(Font de Valdez et al., 1983a). The
lL~cysteine, DL-threanine gave 40% of survival for both mesophilic
and thermophilic lactic cultures (Morichi, 1972). Asparagine was
nat an effective praotectant {(Morichi, 1970 and Font de Valdez et
al., 1983a). Peptone, yeast extract, protein hydrolysate and
gelatin increased survival of most strains when compared to water
but are generally -less effective than milk or sucrose {(Nikolova,
1978). Bovine serum albumin was not a good cryoprotectant ¢han

milk (Font de Valdez et &1., 1983a).
2.4.56 - Freeze—drying of Bulk Starter Culfures

_The lactic acid bacteria were freeze-dried by Ragers (1914}
far the first time. tLater on, it came to be widely used 1in- the
preservation of lacfic cultures. Morichi (1974}, Speckman el al.
{1974) and Pettergsnn {1975) reported that lactic cultures gave
S50% of gurvival during freeze-drying. Advances in lyophilizaticn
have made it possible to produce freeze—dried starter cultures of
various lactic cultures to be used for direct vat inoculation

{Bannikova and Lagoda, 1970; Kornacki af al., 1977; Lagoda and
Bannikova, 19785 and Ram, 1984,

Bulk freeze-dried starter cultures of single species
cultures of dahi and yaghurt.have been prepared (Daiai, 1983).
But _ the study' was not giving the required data. Successful
freeze~drying of bifidobacteria has been proclaimed (Obayashi el
al., i?&l; Damjanoviﬁ and Radulovic, 19&7; Ervol ‘der and Budkov,
1982; Callins and Hall, 1984 and Ishibashi et al., 1985). Freeze-
drying of Lb. acidophilus has been successfully carried (Kujawa
et al., 1987). No reports are available regarding the freeze-

drying of mixed cultures of either dahi or yoghurt in combination
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with therapeutic cultures. Hence, the present study has a great

practical significance for dairy industry.
2.4.7 Packaging of Bulk Freeze—-dried. Starter Cultures

The material for the packaging of cultures has special
significance 1in so far as viability and activity of bacteria in
Ehe concentrate are concerned. Moisture as well as the oxygen has

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

cultures.

Common practice of dispensing freeze-dried cultures is in
glass ampoules. Endeavours have 3lso been made to disburse the
freeze—dried cultures in glass vials sealed with rubber stoppers

along with aylon or aluminium sackets etc. (Ram, 1984).

Tsvetkov and Nikolova (1974) manifested that survival rate
of yoghurt cultures was higher in foil pauches than. in nylon
pouches. Laminated aluminium ¥foil wés praved superior to
metalized polyester for packaging of freeze-dried (b. bulgaricus
in bulk quantities (Dalai, 19B31. Shah et al. (1987} advocated
the wuse of polyethylene laminated aluminium foil pouches as a

suitable packaging material for dried dairy products containing

iive lactobacilli.

2.5 Stabitity of Bulk Freeze-dried GStarter Culitures During

Storage

A variety of factors, such as temperature and storage
atmocsphere besides residual wmoisture and relative humidity,

affect the wviability of dried lactic cultures during storage

periad.
2.9.1  Effect of Storage Temperature

The storage temperatures is the most important aspect which

influences the activity anmd viability of <freeze-dried starbter
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cultures. Warking with mesophilic and thermophilic LAB,- Ciblis
(1964) reported 1-5% survival at S5°C after four vears of storage.
Blaine ({1972) observed more than BO% loss in the activity of
lyophilized G&Gtr. lactlis ssp. lactis after 7 days af storage at
22°C. Mo significant leoss of viability durinng months of storage
either at ~22° or 20°C of dried LAB was shown {Speckman e¢ al.,
1974). Freeze—~dried concentrates of commercial mixed strain
lactococci were aciive and stable at ambient temperatures (ESOC)
for severzl months in wvacuum sezled and stcred) in amber

containers filled with argon (¥Yang and Sandine, 1979).

The increase in the temperature of storage had decreasad the
survival rate of freeze-dried cells .{(Dalai, 1983). Ram (1984)
revealed that the freeze-dried cheess starter concentrates stored
at —ZOOC were viable upto 4 months. Seventy three percent
viability of lLactobacillus cultures when stored at -20°C for a
period of 2 . years was indicated {éarbour and Priest, 1986).
Longer shelf 1life of Sér. lactis ssp lactis C2 at 229C rather
than at 3I7°C has been established (Sinha, 1989).

2.9.2 Effect of Sealing Altmosphere

Survival of dried cells is affected by the atmosphere of
storage. Hawrylewiez eif zl. (1962) reported lower survival rates
Iin vacuo as compared to nitrogen. Sinha et al. {(1974) obtained
23.7% survival rate for Lp, bifidus with vacuum sealed and 92.1%
with air packed freeze-dried cultures, immediately atter 2 months
storage at 30%. This observation was contradictory to that

reported by Obayashi et al {(19611.

Bozoglu et ai. (1987} obtained 5.2 log cfu/g of freeze-dried
Str. thermophilus cells with nitraogen packaging whereas the count
of cells packed with air, after 75 days of storage at 3°C was 4.8
log cfu/g. The useful shelf life of freeze—dried Str. lactis ssp.
lactis C2 based an the survival of 1000 cells per ampoule when
packed under vacuum was maximum (112 months) whereas the cells

packed under carbondioxide, nitrogen, air and oxygen resulted in
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lower expectea shelf life which Qas in the decreasing order from
2?3 months td & months {(Sinha, 128?). This is in accordance with
the result of Ram (19B84) who cobtained 3I0% of wviability with
vacuum sealed CH-9 cheese starter after & manths storage at -20°¢C

whereas the same culture, sealed under air gave only 104 of the

survival.

2.6 Use of Bulk Freeze-dried Starter Cultures of Dahi and

Yoghurt

Al though extensive developments in the production of starter
concentrates have been made during the last fwo decades, little
information has been published on the aqtual performance of
starter concentrates in the preparation of fermented dairy
‘productss | Even though the reports regarding applicatinn of bulk
freeze-dried starters in the preparétinﬁ of a variety of cheeses
are available publications on the direct inoculation of milk with

freeze-dried starters for the preduction bf dahi and yoghurt are

very scanty{

Speckman (1975) prepared good quality of yoghurt by direct
inoculation of milk with lvophilized Lb. bulgérfcus and Str.
thermophilus in equal gquantities and achiaved a pH of 4.4 &tp 4.7,
as with conveational yoghurt cultures. Under limited laboratory
trials consistent results were achieved with the wuse of bulk
freezre~dried dahi and'yoghurt cultures {Dalai, 1983). A freeze-
dried conventional yaghurt ctulture named ‘Jointec-R’ was
developed and used for direct-vat inoculation (Rottigni, 1987).
"'Yo-Flex'— DVS yoghurt culture; having defined single strains of
yoghurt culftures was developed by Chr. Hansen’s Laboratory
(Spark, 1990). The freeze-dried starter culture having a viable
count of 109—1010/cm3 of bifidobacteria for éhe preparation of
bifidus milk under both domestic and industrizl conditions are

made available {(Khamagaeva and Stolyarava, !993).
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2.6.1 Freparation of Dahi

The cow or buffalo milk, either whole or skim, was siamered
for a long time (Sfnha, 1984) or boiled for 10 min (Barg, 1988)
cooled to body temperature and transferred to earthenware pots or
pans. In households, a small amount of previous day’'s dahi or
butter milik is being added and incubated at room temperature for
16-20 hrs. Ray (1970) studied microbiology and preparation of
sweetened dahi or wmisti dahi prepared with 1-3% of culture
consisting of Sir. lactis ssp. lactis or Sir. lactis ssp. laciis
biovar. Jdlacetylactis. Recently, Ghosh and Rajorhia (1990)
published the details of misti dahi preparation. Dahi was also

prepared using reconstituted whole and skim milk (Panday, 1985).

2.6.2 Preparation of Yoghurt

Yoghurt 'is an exotic counterpart of dahi. Many reviews on
yoghurt preparation have been published (Humphreys and FPlunkett,
19269; Robinson and Tamime, 1975; Tamime and Robinson, 1985;
Shukla at al., 1987 and Vedamuthu, 1991). The wvarious types of
yoghurts differ according to their chemical composition, method

-of preparation, flavour and nature .of bcst—incubatinn pProcessing.

The manufacturing process of yaghurt was described by Tamime
and Robinson (1985). Milk was standardised to 0.5-3.0% Tfat and
14-14% total solids. After adding sugar and stabilizers the
vaghurt milk was heated to 50-6ODC to homogenize at a pressure
100-209Q 'kgfcmz. The homogenized milk was heated %o 85°C for IO
min and cooled to incubation temperature, either 22° or 37°C  and
was inoculated with yoghurt starter culture @ 1-2%. Then it was
packed and incubated at 42° or 37°C for 4 or 10 hours,
respectively. This fermented product was cooled to <10°C  and

stored at refrigeration temperature.



2.7 WNutritional and Therapeutic Values of Dahi and Yoghurt

Sages Charaka and Sushruta, the great exponents of Ayurvedic
system of medicine in_India, have described the virtues of dahi
and stated ¢that ¢his increases apatite, vitality, cures
diarrhoea, nasal catarh, dysentry, intermittent fever and other
diseases (Bishagranta, 1907 and Kaviratna, 1922}. The yoghurt,
besides 1its nutritive value (Tomar, 1988} is believed to be
effective both in prevention and treatment of various illnesses
in man as well as in animals, viz., gastrointestinal d:isorders,

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

Recently many reviews have been published revealing the
nutritional and healthful aspects of cultured and culture
containing dairy products (Shahani and Chandan, 197%; IDF, 170
7119913 Gilliland, 198%9; Driessen and de Boer, 128%; Hughes and

Hoover, 1991).
2.7.1 Effect on Body Weight Gain.

Experiments have been performed to examine the effect of

feeding cultured dairy products on growth performance of animals.

_ As ea%ly as in 1930 Khambatta performed an experiment ¢to
know the effect of Qahi on growth rate of rats. In this, the rats
were rveared on mineralised milk and dahi prepared from raw and
boiled milk. The results of total growth and body weight wvaried
widely but in no case did dahi groups show superior growth to
milk group. It was also suggested that the luﬁering in the growth’
prumntiné efficiency of dahi was due to the hydrolysis of casein
and subsequent metabolization of some of the essential amino
acids by the lactic acid bacteria, Similarly, the rats given
milk grew giightly faster than those given dahi or acidophilus
milk and there was no difference in growth rates of rats given

acidophilus milk or dahi (Chawla, 1982).
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Breater weight gains and feed efficiency ratio in rats were
obtained when fed with yoghurt than that of the ratgl given-
unfermented milk (Hargrove  and Alfaord, 1278}, Similar
observatiens im rats were made by McDonough et al. (1%B2)
Broussalian and Westhoff ({i9B3}, Hitchins ¢ al. (12823 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 with milk. Siﬁilar growth rates were
observed in rats fed with drinking water or 10% ligquid skim milk
or 10% milk fermented with Lb. acidophilus along with water. The
differing results were attributgd to speciftic strain of Lb.

acidophilus wused, the host animal employed, the number of

bacteria fed etc.

McDoncugh et  al. (1985) opined that the stimulation of
growth with woghurt feeding might bhe due ta the increasing
absorpfibn and utilization of ohe or more minerals. ﬂccu}diﬁg to
Mantere~Alhonen (1986), the efficiency of probiotics like lactic
and propionic acicd bacteria, may be due to the gccurrence of
useful metabolites (lactic and progionic acids), imprcve&' feed
efficiency, increased resistance to diseases, the elimination of
unfavourable drug effects and/or the inhibition of the growth of

harmful micro-organisms in the intestinal tracts.
2.7.2 Effect on Serum Cholesterol Level -

A splendid correlation exists between dietary saturated fat
or cholesterol intake and serum cholesternl level. The level of
serum cholesterol is a major factor of coronary heart diseases.
. Mann and Spoerry (1974) ocbserved that inspite of consuming large
guantities of saturated fat and cholesterol through fermented
milk, +the Masai tribesmen of Africa had fairly low level of
-cholesterol in their bloed. They suggested that there exists anl

anticholesterplemic milk factor for the hypochdlestermic effect

of cultured milk.
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Accarding to Astrup (19771, the serum cholesteral 'levels in
ybung and middile agéd men are reduced within a2 few weeks by daily‘
consumption of yoghurt. Mann (1977} and Nair and Mann (L1777}
described that the effective agent in yoghurt may be inhibiting
the hydroxymethyl glutaryl CoA reductase,.the regulatory enzyme

in cholesterol synthesis.

The hypochelesterolemic effect theory of fermented milks was
also supported by Hepneyr ef al. (1972) wHo found 5-10% reduction
in cholestearol lavel in human volunteers after supplementation of
diet with yoghurt for one week. This report is in contrast to the
earlier work published by Bold and Samuel (12&3) and PFPayens et
al. (1976) who have found nc significant diffeﬁence in Serum
cholesteraol levels of human volunteers fed either yoghurt, milk

or dhiry product.

Kansal and Chawla (1284) @ reported depressicn 1in the
chalesterol * level from 58 mg to X9 mg/100 ml plasma in rats fed
with dahi for a period of 90 days. 'The increased serum

chalesteral‘}evel in rats fed Gy the supplemeﬁted‘butter oil was
lowered down by the addition of yoghurt (Kaul, 1984) or butter
milk (Metwally et al., 1988 and Abd~El Bawad et al., 1988},

The experiments ‘of Grunewald (1982); Kansal' and Chawla
(1984) and Ishida and Kubo (1985! had shown fhat the fermented
milks gave a lower serum chaolesterpl conrentration in rats fed
with fermented milk Coﬁtaining Lb. acidophilus than did the
water—fed or milk-fed rats. In contrast to the aforesaid results,
Grunewald (1985) did not ohserve significant difference in serum
chalesterollamcng mice fed with fermented milk and it was thought
that the differing results may be due to (i) the specific strains
of Lb. acidophilus used (ii) host animal employed (iii)number of
bacteria fed {(iv) feedinb procedure and (v) staorage of cultured

product.

Gorbach et al. (1988B) have observed reduction of cholestercl

level in 35 healthy volunteers treated for twa weeks with a
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fermented product containing Lartobaciljus GG strain. Similarly,
significanf reduction in ‘serum-chc]esteroll level by feeding
acidophilus milk, 20Q g/head/day to human volunteers of aged 50-
&0 years, faor a period of 30 days was reported (Khedkar et al.,
199%). Prior to this, Danielscon et al. {(1989) found reduction in

cholestercl level in boars by fb. acidophilus 16 strain.

Comparatively, limited information is available on this
aspect, with regard to bifidobacteria; Homma (198B) reported the
lowering of serum cholesterol level in rats fed urally- with
bifidobacteria. In contrary, in the same year Kim ascribed the

hypocholesterolemic effect to lactobacilli but not to

bifidobacteria.

2.7.32 Antibarterial Acltivity

The importance of the amtibacterial activity of cultured
milks ' and culture containing dairy products in human health has
been reviewed (Shahani and Chandan, 19795 Driessen and de Boer,

1982; Fuller, 17893 Billiland, 198% and IDF, <. D 19%1).

The antibacterial activity in lactic acid bacteria has been
ascribed to hydrogen peroxide (Hirsch and Wheater, 19514
Gilliland and Speck, 1%69) diacetyl {(Jay, 1982) or polypeptides
like Hacteriucins (Klaenhammer, i988 and Daeschel, 198%) anq
antibiotics (Reddf and Ranganathan, 1983; Daeschel, 1989 and

Spelhaug and Harlander, 1%8%9).

Marshall  (1987) reviewed the antimicrebial compounds
praduced by lactic cultures, those are
lactocidin/acidophilin/acidalin by Llb. acidophilus, diplococcin
by Sftr. lactis ssp. cremoris, nisin by Str lactis ssp. lactis,
bulgarican by Lb. delbrueckii spp. bulgaricus. Anti-microbial
compounds have been isolated from Str. lactis ssp. lactis hiovar.
diacatylacrtis by Branen et al. (1975) and from Sfr. thermophilus
by Pulusani et al. (1979). Nisin is effective against numerous

Gram posttive bacteria (Klaephammer, 19BB) and 1s being
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successfully used in the preservation of dairy and other food
products {(Gupta and Prasad, 19892). Piard et al. (1989) had-
characterized a bacteripcin called lactocin 481 froﬁ Str. lactis
SSp. lactis CNRZ 4Bi. The antibacterial substances bifidin from
Bif. bifidum and bifilang from Bif. longum were purified by Anand
at af. (1985 and Kang et zl. {(1989) respectively.

Gandhi and Nambudripad (1%973) reported the antimicrobial
properties of market dahi samples against Escherichia coll,
Aerobactar dsrogenes, FPacillus subtillis and Staphylococcus
aursus. According to the observations dahi samples showed maximum
inhibitory activity against B. subtilis and against £. coli.
Frank and Marth (19771} reported the inhibition of
enteropathaogenic E. coli by homofermentative LAB like S¢r. lactis

and Str. cremoris.

Pulusani et ail. (197%9) found strong :nhibition by - Str.
thermophilus of 5. subtilks, E. woll and Salmonelle ¢typhimurium.
Singh st al. (1?7%) proved the antibacterial activity of pure and
mixed strains of Str. thermophilus and Lb. bulparicus against
E.coli, Pseudomonas fragi and Micrococcus flavus. Reddy (1980)
reparted the antibacterial activity of 5Sftr. lact:s SSp.
diacetylactis straiﬁs DRCi, DRC2, against Staph. sureus 56 and P,

frag:.

Ratnakar (198%) had proved weak inhibitory activity of
market dahi'samples against E.coli, P.subtilis and Staph.auresus
and ne inhibition was observed against Sal.typhi. The dahi
samples prepared using Lc. Jactis ssp. lactis Ci0 had shown a
weak antibacterial activity against R.subtilis and Sal.typhi
whereas dahi prepared with mixed cultures showed no inhibitory

action against the test organisms.

In vitro studies showed ¢that (b. bulgaricus and Sir.
thermophilus do not produce any antibiosis against E.coli

(Bianchi-Salvadori et al., 1i9B8).
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The yoghurt samples prepared by using Sir. salivarius ssp.
thermophslus H, Lb. delbrueckii gép. bulgaricus W and Lb.’
scidophilus R showed mild inhibitory effect against Staph.asureus
and no inhibiftion was noted against £E.coli, PB.subtilis and

Sal.typhi (Ratnakar, 198%9). -

As early as in 19265, Wakil and Shahani showed high
antibacterial activity of a strain af Lb. acidophilus against
bacterial pathogens belonging to genera Salmonella, Shfgella,
KYebsiéIIa, Pseudomonas and Staphylococcus. Similar observations
were reported (Hamdan and Mikolajcik, 19733 Mikolajcik and
‘#Hamdan, 19753 Babel, 19773 Giltliland and Speck, 1277:; Sandine,
197%; and Keating, 1985). The production of hydrogen peroxide,
which is inhibitory to many pathogens, by Lb. acidophilus was
observed <(Wheather et al., 1952; Collins and Aramaki, 1980;
Martin and Gilliland, 19801. Acidophilus yoghurt, containing Lb.
acidophilus and Str. thermophilus suppressed Staphhauréus more
effectively than standard yoghurt (Attaie et al., 1987}). Ferreira
and Del - (1987) had observed that bacteriocin produced by (Lb.
-'acidaphflus was inhibitory towards Staph.aureus, E.coli and
Salmonella hépp. Very strong antibacterial activity by Lb.
acidophilus R (Rao and Gandhi, 1988) than L&. acidophilus 1B%99%
was found against Staph.aureus and weak against Sal. typti
{(Ratnakar, 1989). Khedkar et al. (1990) ﬁroved strong inhibitory
activity of cell free culture filtrates of (b. acidophilus 393

against Ps.aeruginosa and Sal. typhosa.

Lin ef al. (19B4) examined 9?1 cultures of lactic acid
bacﬁeria for their antibacterial activity based on the formation
of an inhibitory zone against E.coli, Staph. aureus,.
- Clostridium. sporogenes, Ps. fluorescens, Sal.typhimurium or
B.subtilis?%highest antimicrobial activity was obtained with  Lb.

acidophilus, (b. bulgaricus and Str.lactis cultures.

Bifidobacterium bifidum was Ffound to exhibit max} imum
antagonistic action against several pathogenic wmicro-organisms

tested. Maximum inhibitory action was against M. flavus followed
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by Staph.aureus, B.cereus, E.coli, FPs.fluorescens, Sél.typhosa,

Sh.dysenteriae in decreasing order (Anand et al., 19B4; Toijo et .

ai., 1987 and Tomada et al.,_l?BB).

Raa (1593) reported very strong antibacterial activity of

yoghurt—~ice cream supplemented with Lb. acidophilus and
Bif.bifidum against E.coli, Staph.aureus and S5al.fyphi than that

af the yoghurt—ice cream prepared with woghurt cultures alcne.

2.8 0DObjactives of the Present Study

Keeping in view of the necessity of the toncentrated
cultures of dahi and yoghurt, the present investigation was

carried out with the following objectives:

- To develop improved, mixed starter cultures for dah: and
yoghurt and to enhance the therapeutic value of these
products by incorporating Lb. acidophilus and Biﬁ._ bifidum

in both dahi and yoghurt cultures.

- To make available the direct vat inoculation freeze-dried

cstarter cultures for the commercial production of dahi and

yvoghurt of uri i form quality.

- To predict the shelf life of bulk freeze-dried starter

ctultures of dahi and yoghurt.

- To manufacture dahi and yoghurt of unifurﬁ gquality.
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‘3. MATERIALS AND METHODS

The present study was carried out in four phases. In the
first phase, the effect of associative growﬁh in mixed cultures
of dahi and yoghurt with the therapeutic cultures
{Pifidobacterium &Iifidum and lLactobacillus acidophilus) 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 cptimization of growth conditions
far 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 freere—dried cultures and the products were evaluated for
sensory praperties and- therapeutic values viz., effect an the
growth and serum cholesterol level of experimental animals and

antibibptic properties againsf selected pathogenic cultures.

.1 Collection of Raw Materials

J© this investigation, samples of buffalo milk, cheese whey
and L,Jay—driea skim milk powder were collected from  the
Experihental Dairy uf-NAtianal Dairy Research Institute {NDRI},
Karnal. The laminated aluminium foil (12 microns polyethylens <+
12 microns aluminium foil + 150 gauge polypropylene} used for the
packaging of Ffreere-dried cultures of dahi and yoghurt was
collected from Rollatainers Limited, Faridabad and Dr. N.
Subrahmanyam, Senior Scientist, Central Focod Techriological
Research Institute, ﬂysure. A1l the chemicals used in the present
study were of analytical grade and of S.D. fine, {ualigens,
B.D.H. and Merck make, The ingredients used in the

bacteriological media were procured from Hi—-Media Laboratories

{P) Limited, Bombay.
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3.2 Collection of Bacterial Cultures

The following lactic and mon-lactic cultures were obtained

from the National Collection of Dairy Cultures, Dairy

-

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

al Lactic Cultures:

S.No. Culture Strain No. Code

1. Ltactoroccus lactis ssp. cremoris C1 LC C1
Ltactecasrcus lactis ssp. cremoris H LC H

2. Lc., lactis ssp. lactis c10 LtL cio
Lc. lactis ssp. lactis MLB LL MLB

3. lc. lactis ssp. lactis biovar.diacetylactis DRC1 LD DRC1
lec. lactis ssp, lactis biovar.dfacetylactis DRE2 | LD DRC2

4. Streptococcus salivariu§ ssp. thermophilus HST 8T HST
Streptococcus salivarius ssp. thermophilus 1 sT 1

S. Bifidobacterium bifidum Isolate BB 1

6. lactobacillus acidophilus R LA R
Lactobacillus acidophilus 111 La 111

7. Lb. delbrueckii ssp. Lbulgaricus . RTS LB RTS
Lo, delbrueckii ssp. bulgaricus LBUW - LB W

b)  Non-lactic Cultures:

Escherichia coli ' K-12

Salmonella typhimurium A-KIBM

Shigella dysenterjae KIGM

3.3 Maintenance of the Bacterial Cultures

All the lactic cultures except Bif. bifjidum were maintained

in chalk litmus milk in duplicates and sub—culbured after every

30 days. The lactic cultures {(under I.2a, at 1-3) were Iincubated
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at 300C whereas the lactic cultures {under X.2.a at 5-7) were

incubated at 37°C for 16 hrs.

Bif.bifidum Isclate was maintained in deMann Rogosa and
Sharpe (MRS} broth supplemented with $.1% N-acetyl-D-glucosamine
and 0.053% cysteine hydrochloride {both were separately sterilized
by §eitz filter). The culture was stored in refrigerator and sub-
cultured after every 7 days. This culture was anaerobically

propagated in yeasf dextrose milk for routine use.

The non—-lactiec cultures were maintained on nutrient agar

slants and sub-cultured after'every 30 days.
3.4 Purity of the Cultures

The purity of the bacterial cultures was examined by Bram

staining technique.
3.5 Composition of Bacteriolugical Media

Owing to the fastidious grawth' reguirements of various
cultures, different agar!brnfh media were used for maintenance
and plating purpases. All the media and buffer were sterilized by
autoclaving at 15 psi for 195 min and were subjected to sterility

checking by incubating at 30°C for 4 days.

i) Brain Heart Infusion (DHI} broth:

Composition:

Calf brain infusion 20.00%
Beef¥ heart infusion Z23.00%
Protease peptone - 1.00%
NazHPO4 Q.23%

MaCl 0,.50%
Glucose 0.20%

pH 7.4
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ii) de, Man Rogosa and Sharpe (MRS) broth:

Composition:

Peptone 1.0%
Meat extract 1.0%
Yeast extract - 0.5%
KoHPQg 0.2%
Ammonium citrate Q.2%
Glucose 2.0%
Sodium acetate 0.5%
Tween B8O C.1%
Salt. A 0.5ml
pH 6.8

Salt Ar

Composition:

MgS0,4. 7HZ0 11.5%
MnSD4. HzD , 2.4%
Distilled water 100ml

iiit de, Man Rogosa_and Sharpe (MRS) broth supplement

Filter sterilized solutions of N-acetyl-D-glucosamine and
cysteine hydrochloride were added to MRS medium at the rate of

0.1 1 0.05%, respectively when used for the maintenance of Bif.

bir:
iv) LA agar (Klupsch, 1984)

This medium has been designed principally for the
enumeration of Bif. bLifidum and Lb. acidophilus in mixed starter
cultures and fermented milks.

Compagsition:

Peptone 1.0%
Meak extract ’ 0.5%
Yeast autoclysate 0.5%
Glucose . 1.0%
ltactose 1.0%

Saodium acetate 0.5%



Sodium citrate 0.3%
Tween BO . : : - 0.1%
Mg504. 7 Ho0 (1% solution? 2.0ml
MnS04. 4 HR0 (1% solution) 0.5ml
Agar ) 2.0%
Sheep bload (defibrinated) 5.0ml

~ before sterilization 7.2
oH
after sterilization &.8

vi) Tertane Glucose Vegetable (TGV) agar:

Composition:

'Tryptone 1.0%
Meat extract 1.0%
Yeast extract . ¢.5%
Glucose 2.0%
Tomato juice 4,0ml
KaHPO4 0.2%
Tween BO - G.1%
Agar . : : 1.5%
eH 7.0

~vi) Yeast Dextrose Agar (YDA)
Composition:

-Peptone . G.5%
Yeast eétra:t 0.5%
Glucose , ' 1.0%
Sodium acetate 1.0%
Agar’ 1.5%

pH 6.9

vii) Yeast Dextrase Mjlk (YDPM?
Composition:

Yeast extract 0.1%
Dextrose 1.0%

Skim milk 100 ml

36
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viii) Phosphate buffer

Composition

NagHPO4 . 0.460%
KH, PO, 0.45%
Tween BO 0.05%
Agar 0.10%
pH 7.0

Filter sterilized solution of L-cysteine hydrochloride was
added @ 0.05% %o the buffer before it was used for making serial

dilutions of cultures containing Bif. bifidum.

3.6 DBiochemical Methods for the Evaluation of Starter Cultures,

Dahi and Yaghurt
3.6.1 Titratable Acidity

Titratable acidity of the samples was determined according
to the procedure described in ISI (1981} and the results were

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

S.6.2 Culture Activity

activity of starter cultures was determined according to

the procedure described by Horrall and Elliker (1950}.

The reconstituted milk was prepared at the rate of 104 - of
the non—-fat dry milk solids in distilled water and was heated in
flasks at 1S5psi pressure for 10 min. Respective 10 ml guantities
of sterile milk were pipetted aseptically into sterile screw cap
tubes and adjusted to 37.8 °C in a water bath.. Each tube was
inoculated with 0.3 m1 of the starter culture to be tested and
incubated for JI.5 hrs. Then the entire contents of the tube,
together with 5 ml of distilled water used to rinse ¢the tube,
were titrated with O.1 N NaOH to a2 faint pink colour using
phenolphthalein as an indicator. The resultis were recaorded as

percent lactic acid. This figure was termed the activity factor
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of the cglture. The cultures with an activity factor of above

0.35 were graded active.

Volatile acidity was determined as per the method of

Hempenius and Liska (1948},

A 50g sample was weighed inte a test +tube containing
antifoam A and 3 ml af 1M 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 flagsk. The
first 100 ml fraction of the distillate was collected  and
titrated against O.CIN NaOH using 0.1% phenolphthglein indicator.
The volatile acidity was expressed as ml of 0.01N MNaDH/S0g of

sample.
3.6.4  Flavour Producing Capacity(Voges—Proskauer Test)

The flavour producing capacity af the sample was determined

by modified D'Meara’'s test as described by Hammer (19235).

A 2.5 ml sample was transférréd into a test tube and 2.5 wml
of étrpng aquepus sodium hydroxide {(40% w/v) solution was added
to it. A pinch of creatine powder ués added and the contents were
mixed thoroughly and allowed to stand for 10 min at 37°C. A red
colour develnphent at +the surtface indicates the flavour

develapment by the cultures,
2.5.5 Diacetyl Lontent

Diacetyl content of the samples was estimated by the method
of Pack et al. (1964) and the diacetyl content {(ppm) was
determined by reading with the standard curve (Fig.l) of
diacetyl.
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3.46.6 Acetaldelivde Corrtent &0,

Acetaldehyde content of the samples was estimated by the
method of Lindsay and Day (12465) and the acetaldehyde contentg
{ppm} was determined by reading with the standard curve (Fig.2)

of azcetaldehyde.

3.6.7 Proteclytic Activity

Proteolytic activity of the samples was determined by the
method of Hull (1947} and the tyrosine content (mg/q curd) was
determined by reading with the. standard curve (Fig.3) of

tyrosine.

'3.4.8 Residual Moisture Content

The residual moisture caontent of the bulk freeze-dried

starter cultures was determined by the method of Nei et. al.

{1266}

The weilghing bottles with stoppers tilted open were gplaced
- in the vacuum oven at 60“6 for 2 hrs. These were placed directly
in a desiccator containing freshly scraped Po0g and allowed to
cool. After the temperature equilibrium attained the bottles were
removed and weighed quickly. The butf]es were now filied with
1.0 of freeze-dried culture powder and after replacing the
stoppers, the bottles were weighed td get exact weight. With the
stoppers tilted, the bottles were transferred to vacuum aven. The
vacuum pumnp was turned on and allowed to run continuously for
Ihre in a vacuum of 10"5 mm Hg. After admitlting atmospheric 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 %) was calculated using the

following formula:
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where A = initial weight

B

n

weight after drying.

3.7 Chemical Analysis

X.7.1 Determination of Fat Content:

a) Buffalo milk

Fat content was determined by Gerber method specified in
1S:1479 (ISI, 1277). The fat content was expressed in

bercentage.

b} Dabi and vaoghurt

Ten grams of dahi and yoghurt samples were taken to
determine the fat content by Mojonnier methad as
specified in I5:4079 (ISI, 12587)'. The results were

expressed in pergentage,
3.7.2 Chalesterol Contents

The total cholestergl content of serum samples was estimated
according to the method of Zlatkis ef al. (1953} with some
modifications. Instead of using formula given in the originail

procedure a standard curve for cholesterol content was prepared.

Reagentss

ii Blacial acetic acid (aldehyde free}
ii3 Conc. Hx50z
iii) Ferric chloride solution:s It was prepared freshly by
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dissolving - 0.053g of Felly. &H»0 ia 100 ml of glacial acetic
acid. ' '

iv) Cholesteraol
a} Procedures

One hundred microliters of test serum were taken in 10 ml of
screw cap tube and 5 ml of ferric chleoride solution was added ¢€o
it and was left at I7°C for 15 min. It was centrifuged at 3000
rem fﬁr iS5 min. and ths supernatant was decanted inta another
screw cap tube. Te this, I ml of conc. Ho80, was added and after
capping the contents were mixed thoroughly by reversing the t{tube
twice. After X0 min, the absorbance of the pink colour developed
was red at 550nm using Spectrocal {Model CI: 2%, Elico, India)
specitrophotometer and the concentration of total cholesteraol

content was determined by wusing the standard curve af

cheolesterol.

b)Y Extraction of cholesterol from milk, dahi and voghurt:

Ten grams of sample was sapngified with 3.0 ml aof freshly
pgrepared methamolic KOH (20% w/fv) for 55 min, at '650{3. The
cholesterol was extiracted 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 erystals were then
dissolved in 10,0 ml of petroleum ether, I{ was evaporated to
dryness and the residue was then dissolved 0.5 mi of 0.05% ferric
chloride solution. One hundred microliters of this was’ sub jected

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

c) Standard Curvei

A stock solution of cholestercl was prepared by dissclving
20 mg of cholesterol crystals in 10 m]l of glacial acetic acid by
keeping it in boiling water bath, thus getting a conc. of 2000 ug
per ml. & series of dilutions were then prepared from the stock

solution to have solutions with cholesterol conc. ranging from 20
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to 160 ug/0.1 ml. The cholesterol solutions were treated as given
in the procedure under {a} for developing the colour, The’
standard curve (Fig.4}) was drawn by plotting optical density

values against the cholesterol concentrations.
5.8 Performance of formulated cultures of dahi and yoghurt

3.8.1 Selection of Dahi, Yoghurt and Therapeutbic Dul tures:

a) Dahi Cultures:

Te study the biochemical performance of mixed wmesophilic
lactococci, eight possible cambinations with one strain esach of
Le. lactis ssp.lactis, Lc. lactis sSSP . lactis biovar.
diacetylactis and lc. lactis ssp. cremoris in 1:1:1 ratio were
prepared and subcultured thrice successively. These combinations
were selected based on the observations af a preliminary study

conducted with all possible combinations.

Freshly prepared buffalao skim milk was 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 13 min.
After cualing to SO?C, “the adilk samples were inoculated
individually with active cultures of above combinations at  the
rate of 1% and incubated at 30°C till the milk samples were
curdled (i& hrs); The curd samples were subjected toc biochemical
analysis, i.e.,. titratable acidity, WVoges—-Proskauer test and
proteolytic activity(Section 3.&) and the body and texture of the

curds were examined t0 select the best combination.

B Yoghurt Culturesé

In a way similar to dahi cultures, four passible
combinations with one strain each of (b, delbrueckii ssp.
bulgaricus and Str. salivarius ssp. thermophilus were screened to
select the best combination. The titratable acidity production,

proteclytic activity'(Sectiun X.6) and the observations of body
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and texture were recorded, after the sterilized buffalo skim milk ’
samples inaculated with 1% of éctive cul tures were set for 1& hrs

at 37°C.

o) Therapeutic Cultures:

The cultures of Bif. bifidum and Lb. acidophilus were mixed
in 3:1 ratio and sub—cultured successively for three times. These
are inoculated individually into the sterilized buffalo skim milk
at the rate of 1% and incubated at 37°C till the milk was curdled
(lé& 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.

3.8.2 Performance of Selected Dahi and Yoghurt Lultures with and

without Therapeutic Cultures

On the basis of performance of mixed culture combinations,
the promising mixed cu]tures-nf dahi and yoghurt were selected
for ‘'detailed study to evaluate the_behaviour of these Eultufes,
when gro@n together with Bif. bifidum and Lb. acidophilus in
terms uf.bin:hemical activity and viable cell count. The study

was garried out with the following selected combinations,

————— i — — —_——

Formulated Incubation

cultures Ratio temperature(°C3
1. LD DRC1+LC Ci+LL C10 ' 1st21 30

2. LD DRC1+LL Ci+ LL C10+BB 1+LA R 1:1:1:3:1 30 & 37

I. ST HST+LB RTS 1:1 <7

4, ST HST+LB RTS+BBI+LAR C 1:is3:t 17

———— . — ————— -_———— —_——

The formulated culture combination (i) LD DRC1, LC C1 and
LL Ci1Q¢ was henceforth referred as Dahi Culture D. The dahi
culture combination containing LA R and BB I was referred as Dahi

Culture DAB. Likewise, the culture combination consisting of ST
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HST and LB RTS was designated as Yoghurt Culture ¥ and with the
addition of LAR and BBI to this combination, it was called as

Yoghurt Culture YAB.

Freshiy prepared buffalo skim milk was distributed in 200 ml
guantities 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 sampleé were inaculated with €he above
active cultures, individually. A set of milk samples inoculated
with combinations 1 and 2 were incubated at 30°9C. The milk
samples inoculated wi th combinations 2, 3 and 4 were incubated at

x79C.

At periodic intervals, viz., &, 12 and 18 hrs of incubation
at respective temperatures, the samples were wi thdrawn
aseptically and the biochemical activity in terms of titratable
acidity, ;olatile acidity, estimation of diacetyl (for dahi
cul tures) .acetaldehyde . (for yoghurt cultures) and proteoclytic

activity of all the cultures was determined (Section I.6).

The viable cell count of the samples withdrawn at periodic
intervals was enumerated. For this, serial dilutions of the
samples were prepared in phosphate buffer (Section 3.5) and
appropriate dilutions of fﬁrmulated dahi cultures were spread
onto YD agar and LA agar plates,_ﬁhereas the formulated ycéhurt
cultures were spread ento TGV agar and LA agar plates. The YDA
and TBY agar plates were incubated aerchbically at 30° and 37°C,
respectively and the LA agar pldates were incubated at I7°C under
anaercbic conditions. The colony count was made after 4B hrs of
incubation and the results were expressed in terms of log colony

forming units per gram.

Bif, bifidum aﬁpeared as elevated, :hccolﬁte brown coloured
colonies and Lb. acidophilus as flat, greyish and larger in

colony size.
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X.9 Prepavation of Bulk Freeze-dried Starter Cultfures

Different steps involved in the freeze-drying of dahi
cultures (D and DAB) and yoghurt cultures (Y and YAB) and their

storage pattern are depicted in Appendix-I.
J.2.1 Salaection of Formulated Growth Media

In a preliminary study different buffale skim milk and
cheese whey based media were prepared as given below and tried
for their suitability for the growth of dahi and yoghurt
cultures. The pH of all the media wag adjusted to 7.0 and were
sterilized at 15 psi for 10 min.

A) Skim milk—-based Media:

1. Skim milk media for dahi cultures:

Medium No.i Medium No.2Z i
Skim milk - 5% Skim milk - 9%
Sodium citrate. - 1% Yeast autolysate — 1%
MgSOg . 7HpO - o.o2% - Blucose ~ 1%
Medium No.3 Medium No.4
Skim milk - 1000 ml _ Skim miik - 50%
Yeast extract - 0O.1¥% Tryptone - 1%

- 0.1%

Glucose

Medium No.S

(This medium was also tried for the growth of yoghurt cultures)

Skim milk - 100 ml
{erypsin digested)* '
Sadium acetate - 0.5%
Yeast extract - O.5¥%
Glucose - 1.0%

#Trypsin Digestion

Five grams of non—-fat driéd milk and O.1g of Tween BO were
added to 100 ml of distilled water and pH was adjusted toc 8.5 and
then 0.5g of trypsin was added and incubated at 37°C far 30 min.
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2. Skim milk media for voghurt cultures:
Medium No.1 Medium No.2
Skim milk 79% Bkim milk - Q%
Sodium acetate 3% Cysteine - 0.075%
Yeast extract 4.5% ASCOfbic acid 0.150Y%
Yeast extract - 1.5%
Tween BO Q.15%
Medium No.JI Medium No.4
Skim milk 9% Skim milk - 50%
Yeast extract 0.5% Tryptone 1.0%
Lactose O0.5% Glucase - Q.1%
Sucrose 0.25%
MgSt,g 7 HZ0 0.013%
K=H POgq 0.2%
Medium MNo.S
Skim milk 20 ml
Distilled water 130 ml
Yeast autolysate 1.0%
Blucose 1.0%
B? Cheese‘Whey—based Medias
Treatment D%'Nhex
'Freshly collected cheese whey was boiled for 15-20 nmin,
heated

cocled and filtered through four-folded muslin cloth. The

and +<cooled whey was stored in refrigeﬁatar for settling of
decanted

After 24 hrs,

it was

and

the
the

precipitated proteins,
clarified whey was filtered through Whatman filter paper No.4 and

the filtrated whey was used in the preparaticn of media.

i. Whey Media for Dghi Cultures:

Medium No.1l

Medium No.Z2

Cheese whey = 1000 ml Cheese whey - 20%
Skim milk - 10 ml Tryptone - 1%
Yeast extract - 5 g Yeast extract - 0.05%
Medium No.X _ Medium No.4

Cheese whey - 1000 ml Chegse whey - 10%
Yeast extract - 3 g Sodium citrate - 2%
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MnSOg - 120 mg MnS0g - Hp0 - 0.17%

MgS0O4 - 120 mg - Cysteine - 0.59%

InS04 -~ 120 mg Yeast extract -~ 0.5%
Glucose - 0.5%

2. Whey Media for Yoghurt Cul tuyres:

Medium No.1 Medium No.2

- Cheese whey - 1000 ml Cheese whey - 1000 mi
Yeast extract - 10 g Tryptone =10 g
Tween 80 - 1 g Glucose - 10 g

Medium No.3

Cheese whey - 10%
Yeast extract - 0.5%
Glucose - 0.5%
Bodium citrate - 2.0%
MnS04. H30 - 0.17%
Tween 80 - Q.1¥%
Cysteine - 0.5%

The media tried were distributed in 100m]l quantities in 250
m1 capacity Erlenmeyer’'s flasks and sterilized dt 15 psi for 10
min. Sterilized media were inoculated with the selected cultures
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 I7°C. All the
flasks were removed after 18 hrs and the intensity of growth was
measured by recording absorbence at 600 nm. In case of milk-based:
media, the curdled milk was chilled and treated with 0.2% EDTA

and 10 M NaOH to facilitate reading in spectrophotometer.

The selected media ueﬁe inoculated witﬁ 1% active culture
and the titratable acidity, and viable cell count of the cultures
were determined after 14, 1& and 18 hrs of .drcpbation at

respective temperatures (Sections I.&6 and 3.8.2)
3.9.2 Optimization of Growth Conditions

Skim milk medium with yeast autolysate and glucose (SYG) for

dahi cultures (D and DAD)and skim milk medium with tryptone and
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glucose (S5T6) for yoghurt cultures (Y and YAB) were finally"
selected for the preparation of starter concentrate and was wused
to optimize the growth conditions for dahi and yoghurt cultures,
The cultures of the following experiments were remocved after
14, 16 and 18 hrs of incubation and analysed for wviable cell

counts and titratable acidity (8ections 3.&6. and 3.8.).

I.2.2.1 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, 6.5 and 7.0.
The adjustment of pH of the sterilized medium was made with the
help of sterile 20% NHzDH solution. The media with differing pH
values were inoculated with respective cultures of dahi anq

~yoghurt @ 1% and incubated at respective temperatures.

3.9.2.2 Meutralization of cultures

Dahi &nd yoghurt cultures were inoculated @ 1% into the
respective selected media and incubated at 30°C for dahi culture
D and 37°C for cultures DAB, Y and Yab. A&t the end of 10, 12, 14,
16 and 18 hre of incubation; the cultures were removed and
neutralized &o the initial pH of the respective media with 20%
solution of NHZOH. Viability of the culifures in the flasks wi th

and without {(control) neutralizer was determined (Section 3.B.2).

T.9.2.3 Incubation temperature’

The media ﬁith selected pH were prepared and inoculated with
respective dahi and yoghurt cultures @ 1%. The media innculafed
with dahi cultures were incubated at 25°, IO+ andl Z7°C whereas
the media inoculated with yoghurt cultures were incubated at 3I7°

and 429 to study the suitability of the temperature.
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I3.9.2.4 Inoculum Rate

The selected media fcr dahi and yoghurt cultures were
inoculated individually with respective cultures @ 0.3%, 1.0% and
" 1.5% and the media inoculated with dahi culture D was incubated
at 30°C and the media incculated with cultures DAB, Y and VYABR

were incubated at I7"C.
I.2.3 Production of Cel] Biomass

The selected media were prepared in 10 litre quantities and
were inoculated individually with dahi (D and DAB) and yoghurt
cultures (V and YAB) @ 1% and incubated at 30° and 37°C for D and
DAB, Y and YAB, respectively. The.:ulture5 were removed between
16-18 hrs and the curd was broken and 30% sterilized soclution of
sodium citrate was added @ 1%. The cultures were shaken well and
-left undiéturbed for 10 min. The pH of the contents was brought
to 6&.B-7.0 by .using 'zox'NH,;oH solution. After 15 min., the
contents were transferred “to‘.themi:ally sterilized glass

aspirator bottles of 1¢ litres capacity.
I.7.4 Harvesting of Cell Piomass

Aspirator bottle containing the shaken milk culture was kept
at a higher level on the cemented platform and its outlet was
connected toc fhe bowl of the sharples super centrifuge (Sharples
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. Inflﬁw of the culture into _the centrifuge was
regulated in such a way that approximately & 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 cell mass stitking 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 mlland the whole content was
centrifuged (Kubota Centrifuge, Japan) at 3000 rpm a2t  4°C to

callect the cells.

2.9.5 Cryoprotective Agents

To select the best combination of cryoprotective agents, the
cell bsiomass was suspended in three formulated combinations of
different cryoprotective agents. The farmulations tried weres(i)
5% buffalo skim milk + 1.5% gelatin + BY sucrose (ii! 10% buffalo
skim milk + 1.5% gelatin + 7% sucrose + 1M monospdium oglutamate
(iii} 10% buffale skim milk + 7% sucrose + 1M monosodium
glutamate. The cell biomass obtained ({(Section I.%9.4.) was
resuspended -in all the formulated suspending media in a volume of
2% of the growth medium. Clumps of cells in the suspension were
broken with the help of Omini mixer (Sorvall Inc., USA) at low
speed. A portion of the cell suspension in different fohmulatigns
was distributed in 10 ml quantities in sterilized petri diﬁheé

and subjected to freeze-drying.

Far evaluating the cryﬁprutective effect of differént
combinations, dahi and yoghurt cultures were analysed before and
after freeze-drying. The viable cell counts (Section 3I.8.2),
tifratable acidity, ‘culture activity, diacetyl facetaldehyde

content and proteolytic activity were determined (Section I.6).
3.9.& Freeze—drying of Bulk Starter Cultures of Dahi and Yoghurt

Cell biomass of dahi and yoghurt cultures (D, DAB, Y and
YaB) after suspending in selected suspending medium was freeze-
dried separately using vacuum freeze-drier meodel 3I0P.2.7, Edward,
U.K.{(Plate 2).

In different <trials the chilled cell suspension prepared

{Sectiun 3I.7.3) was dist{ributed in rectangular stainless steel
3 .

trays (53 x 2% x 2 cm ) in 125 @l gquantities and were placed in

the chambers (at ~15qEJ of the freeze-drier with 1lids of ¢the
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plaées pa;tially displaced. fhé temperature of the chamber was
allowed to lower to -20°C whereas the condenser maintained at -
40°t. The vacuuﬁ pump was switched on and the pressure was
maintained at 0.01 mm Hg. After campleting the primary drying,
the refrigerator of the chamber was switched off and the
temperature was allowed to rise upta 1070 slowly by switching on
the heater and care was taken to prevent frothing. The instrument
was switched off after aobserving complete dryness in the starter

concentrate and the +¢raye were removed from the chamber for

packing purpose.
3.2.7 Packaging of Bulk Freeze—dried Starter Cultures

Twenty five grams quantity of freeze—dried starter cultures
of dahi (B and DAB) and yoghurt (Y and YAB) were packed in
steritized laminated aluminium foil pouches. (Plate.3), wunder
aseptic conditions. The sealing of the pouches was doné under

vacuum (Quick 2000 vacuum sealer) and in the atmosphere of air.

3.10 Stability of Bulk Freeze-dried Starter Cultures of Dahi
and Yoghurt during Storage: ’

The sealed pauches'of dahi and yoghurt cultures were stored
at a° and —ZOQC far & period of three months., The cultures stored
at 4% were analysed once in a fortnight whereas the cultures

- gtored at -209C were subjected to analysis after every one month.

The microscopic examination of the cultures was performed by
Gram staining (Section J.4} and the viability of cultures was
determined (Section 3.B.2). The titratable acidity, activity
test, diacetyl/acetaldehyde content, proteclytic activity and the

residual moisture content were determined (Section J.461).



Plate.Z. Working with Edwards Vacuum Freeze-drier
(Madel 30.P.2T)

Plate.3J. Laminated aluminium foil pouches packed with bulk
freeze—-dried culfures of dahi and yoghurt
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3.11 Predicting the Shelf life of Bulk Freeze-dried Starter

Cultures

Storage studies data (Section3.10) of freeze-dried cultures
with regard to viable cell count and the biochemical properties
of the cultures were subjected to multiple regression analysis
given by Senedcor and Cochran (1967). The data were fitted to the

following models in order ta find out the best model.

[

»

<_
L]

A+ ByXy + BpXp + B3Xz + BaXg *+ BgXs + BpXe

BL, B2, B3, B4, BS, Bé
AXy T Xp XxXgo Xg o oXg

8]
£
n

The best suited model was chosen based on maximum R2 values

(>0.835).

I.12 Use of Bulk Freeze-Dried Starter Cultures in Dahi and

Yaghurt Preparation

Dahi (plain) and yoghurt (sweetened} were prepared .in
laboratory by direct inoculation of the milk with respective
freeze-dried cultures. The products prepared using liquid
cultures served as contrgls. All the experimental and control
" samples were analysed for biochemical properties {Section 3.12.5)

and sensory evaluation (I.12.6).
J.12.1 Determination of Inoculum Size

Faor the standardization t?ials, the bulk freeze—dried
starter cultures of dahi and yoghurt were ipoculated into the
heat treated (?0°C for 15°) and cooled (30°C) buffalo milk (4%
fat) at levels varying from 0.001 to 0.10% (w/v}) and 1.0% (v/v)
for liquid cultures (control) and incubated at 30°C for culture D
and at 37°C for cultures DAB, Y and YAB till the milk has set.
The curds were examined for body and texture and the titratable

acidity {(Section 3.6.1) was estimated in order to determine the
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reguirted inoculum size for the preparation of dahi and yoghurt

ﬁﬁing freeze-dried starter Eultureé.

3.12.2 Activity and Biochemical Performance of Bulk Freere-Dried

Eul tures of Dakhi and Yoghurt

The activity and bicchemical performance of bulk freeze-
dried culfures of dahi and yoghurt were evaluated as per the

following procedure.

Bkimmed cow milk, standardized cow milk, skimmed buffalo
milk. (4.0% fat) and standardized buffalo milk (4.0% Tfat}, were
distributed in 100 ml quantities in conical flasks of 250 wml
capacity and sterlized at 15 psi for 15 min. After cooling all
the milk samples were inoculated separately with 0.01 % (w/v) of -
freeze-dried cuitures of dahi and yoghurt (D, DAB, Y and YAB) and
incubated at 30°C for D and 37°C for rest of the cultures ti1ll
the cﬁrd, has set. The curd samples were subjected to activity
test, titrétable.acidity, volatile acidity, diacetyl/acetaldehyde

content and proteolytic activity (Section 3.6).

:3.12.3 Preparation of Dahi

Each lot o©Of two litres of standardized milk (4% fat) was
héated at 90°C for 1Omin. After caoliﬁg to room temperature, one
lot of milk was inoculated with 1% of reépective.liquid ctultures
and another with ‘freeie—dried cultures of dahi @ 0.01%. The
samples were incubated at JIO°C for culture D and aft 3I7°C for

culture DAB till the milk has set and transferred to refrigerator

to cogl the product to SOC.

3.12.4 Freparation of Yoghurt

The solids—not-fat content of standardized buffalo milk
(&.0% "fat) was increased to 13-14% by adding spray-dried skim
milk powder. To this, cane sugar was added @ 8% and subjecied to

-
haomogenization at a pressure of 100 kg/cm” . The milk samples were
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heat treated at 90°C for 1S min and cooled to room temperature.’
Then the yoghurt milk mix was inoculated with liquid cultures @
1.04 or freeze-dried yophurt cultures @ Q.01% and distributed in
100 ml plastic cups having lids. Samples were incubated at 3I7°C

and cooled to 5°C after the curd has set.
3.12.5 lLactic Lount and Biochemical Quality of Dahi and Yoghurt

All the samples of dahi and yoghurt were subjected to
" biochemical analysis i.e., titratable acidity, volatile acidity,
diacetyl/acetaldehyde content and proteolytic activity (Section
3.&4). The viable countes of Pi¥. bifidum 1 and Lb. acidophilus R
and lactic counts of dahi and yaghurt were determined (Section

3.8.2).
2.12.6  Sensory Evaluation of Dahi and Yoghurt

The appearance, body and textuﬁe and flavour of dahi and
yoghurt samples were evaluated by subjecting it to sSensory
evaluation. The score card used far sensary evaluation is given
in Appendix 11. The scores obtained were subjected to statistical
analysis wusing 2 way analysis of variance (ANDvA{ methaod. The

products were rated using the following seale.

Excellent : >1B-20; Very Good : »>16-18, Good : »>14-16, Fair
>10-14, Poor : <i0.

I.12 Nutritianal and Therapeutic Values of Dahi and Yoghurt

Dahi and yoghurt (with and withdut Bi¥. bifidum I and (b.
acidophilus R) prepared by wusing the freeze-dried starter
cultures were evaluated for their influence on weight gain and
serum chaolesterpol level in experimental animals and antibacterial

activity in vitro against pathogenic bacteria. -
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2.13.1 Body Weight Gain and Serum Cholestergl Level of

Albino rats

The study was carried ocut on male albino rats (wistar).
Thirty six healthy rats, weighing between 110-1560 g ware
collected from the stock colony of Small Animal House of NDRI and

housed imndividually in ancdized aluminium cages and had free

access to feesed and water.

The fresh products of dahi and yoghurt, were prepared
{Section J.12.3 and 3.12.4} to feed the animals. The standardized
buffalo milk, danhi and yeghurt used for feeding were analysed for

titratabie acidity, fat and cholesterol content (Sections 2X.6.1,

I.7.1 and Z.7.2), respectively.

The experimental animals were divided into six groups with
six rats in each group. On day “zero’, blood samples fram the
rats were collected by eye puncture and the cholesterol content
was estimated. All the animals of sig groups were fed in the

following way upto a peried of 30 days.

Group | Products fed {(per day basisi

c | Rat chew ad lib. _

B Buffalo milk (4% fat) 2Sg+Rat chew adlib.

b Dahi prepared with culture D 2Sg+Rat chew ad 1ib.

Dag Dahi prepared with culture DAB 2Z5g+Rat chew ad Iib.

Y Yoghurt prepared with culture Y 25g+Rat chew ad lib.
YAE chhurt prepared with culture YAB 25g+Rat chew ad lib,

Eantrol and experimenta?! rats were 'weighed at waekly
intervals and blood samples were collected at intervals af 15
days. The serum was separated from the «clotted blood by
centrifugation at 3000 rpm and stored at 4°C until the éﬁsay. The

serum cholesterol content was estimated (Section I.7.2).
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The data obtained were subjected tg analysis of wvariance

given by Senedcor and Cochran (1967).

3.13.2 Determination of Antibacterial Activity of Dahi and

Yoghurt

a1t Test organismst

The following organisms were used as test organisms to
observe the antibacterial activity of dahi and vaghurt {(with and
without Bif. bifidum 1 and Lb. arcidophilus R) samples prepared

using bulk freeze—-dried starter cultures.

Escherichia coli K-12
Szlmanella typhimurium A-KIGM
Shigella dysenteriae KIGM

B) SFeding'ufhagar plates:

Attive cultufes of all the test organisms were inoculated
inta BHI broth individually at the rate of 1% lesvel and incubated
at 37°C for 16-18 hrs. The cellﬁ.were collected aseptically by
centrifugation at 3000 rpm for 30 min. The bacterial cells thus
. collected were washed twice with normal saline and the c¢ell
concentration was adjusted to 50% {ransmittance at & wavelength
of 430 nm with aormal saline using spectrgphotometer (Spectrocel,
Model CGL:23, Elico make). BHI agar was melted and cooled ¢to
4542°C and 20 ml of media was added to sterilized flat bottom
petri diéhes on a level platform and allowed to solidify. The
petri dishes wére then transferred to a refrigerator for one hour
tc facilitate the boring af wells into the poured medium. The
plates were moved to an incubator at S?OC and kept for one hour
to make the plates dry after gpreading 0.5 ml of active cell
suspensian oOf test organisms individually on the agar surface

uniformly,
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C) PFeparation of cell—free filtrates

Dahi and yoghurt (with and without Pif. &Lifidum and (Lb.
acidophilus) were individually transfervred to 6" x 1" test tubes.
They were centrifuged at I000 rpm for 20 ain 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 contrel filtrate was prepared by adding lactic acid in
the sterilized huffalo milk {(fat 4.0%) to achieve 2% lactic acid.
This was then centrifuged for 20 min. at 3000 rpm and the pH of

the supernatant was adjusted to the pH of the gell-free filtrates.

D) tModified agar cup assay method

With ~ the help of a sterile glaéﬁ'burer, five wells (& mé
diameter) were made on the surface of the mediuﬁ in each plate
taking aseptic precautions. Bne hundred microlitres of cell-free
filtrates of 211 the four culfured pro?ucts were dispenéed into

different wells, whereas the fifth well was filled with 0.1 ml of

conbtrpl filtrate.

The plates were kept undisturbed for 1 hr in order to ensure
uniform diffusion of the filtrates into the medium and incubated
without inverting at 37°C for 24 hrs and the diameter of
inhibitary zones was measured with the help of Vernier rcalipers

and expreséed in terms of millimeters inclusive of the well

diametera.
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4. RESULTS AND DISCUSSION

Keeping in wview the non—avzilability of good cul ture
combinatiaons for the preparation of dahi and yoghurt in our
country, the formulation of starter cultures to ensure good
gquality products assumes great significance. The strains of Brf.
bifidium and Lb. acidophilus are well known for their therapeutic
values, and the addition ¢f these organisms te 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 orgﬁnisms and ¢the lactic
cultures'used in the preparation of dahi énd yoghurt, the present
study plays an important role in revealing the nature of

assaciative growth between these cultures.

Another aim Of this study was to prepare the prnmis}ng mixed
cultures, in a ready-to-use form, for the commercial manufacture
of dahi and yoghurt. This will ensure unifaorm gquality of the
products, besides eliminating the tedious process of culture
propagation, The present study, the first of its kind in India

has great relevance to the Indian dairy industry.

In this chapter the results on the formulation of culture
combinations, their growth pattern in association with
therapeutic cultures; selection of growth medium and optimization
of growth conditibns, i.e. pH, neutralizer, temperature, rate of
inoculumg freeze—drfing of starter concentrate and its stability
during storage, the preparation of dahi and yoghurt and their
therapeutic values, viz. effect on body weight gain, serum
cholesterol 1level in rats and in vitro antibacterial activity

are presented and discussed.
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4.1. Formulation and Selection of Dahi and Yoghurt Culturecs
4.1.1 Selection of Formulated Culture Combirations

The performance of different laboratory formulated cultures
prepared with wvarious single strain lactic cultures of dahi,
yoghurt and therapeutic cultures (Bifidobacterium bifidum and
Lactobarillus acidophilus) is presented in Tables 1 and 2. The
parameters considered were body and texture, titratable acidity
and proteolytic activity for all the combinations and the Voges-

Proskauer reaction for flavour develaopment by formulated dahi

culture.

It is evident from Table i that among the wvarious culture
combinations, maximum acid development (0.92% lactic acid) was
noted with the combinat:ion No.3 foliowed by the combination No.l
with C.89% acidity. Lowest acid development was recorded with the
combination No.2 with 0.75% titratable acidity in buffale skim
milk after 16 hrs of incubation at 3IO°C.

The body and texture of the rurd samplas prepared with
different combinations varied from firm to hard and some appeared

to be glossy while others had duil appearance.

The proteolytic acfivity ranged from 0.25 mg of +tyrosine
released-per g curd in combination No.& to 0,43 mg in combination
No. 3. With regard tg flavour development, none of the
combinations except No.3 showed a significant positive result

with Voges-Praskauer reaction.

Theretfore, the combination of lc, lactis ssp. Laclis biovar.
diacetylactis DAC1+ Lo, lactis ssp. cremoris Cl + Lc. lactis ssp.
lactis C£!0 'was adjudged as the becst combination for dahi

preparation.

Various cultures of yoghurt were evaluated simsilarly in

skimmed buffalo milk after 1& hrs of incubation at 37°C {Table-



Table=1¢

incubaticn at I0*C

Changes produced in Titratable feidity, Proteolytic Activity, Vogea-Proskauer reaction and 'Body & Texturs
of buffalo skim milk curd, inroctulated with varioua dahl culture tombinations added @ 1%, after l& hrs

af

Combina-
tion MNo.

Formulated cul ture
tin 1:z1:1 ratio)

% Titratable acidity Proteolytic

{expressed as
lactic acid)

activity
{mg tyresine/sqg)

Voges =

proskauer

reaction

Body & texture of
the curd

111

v

Vi

Vi1

WITL

Lastococcus lactis ssp. lartis
Llc. lactis asp. cremoris H
Le. lactis ssp. lactis bigvar.
diaceiyldctis DRC1

le. lactis ssp. lactis MLB
ic. lactis ssp. cremoris Ci
tc, lactis ssp, lactis bipvar.
diacetylagtis DREL

te. lactis ssp. lactis CI0
le. Jactis ssp, cremoris Cl
fe. lactis ssp. lactis biovar,
diacetylactis DACL

Lte. lactis ssp. lactis MLB

lew lactis ssp, cremoris H

Le, lactis ssp. lactis biovar,
diacetylactis DRCI

te. lactis ssp. lactis Ci0

Le. lackis ssp. creporis H

le. lactis ssp. lactis biovar.
diacetylactis DRC2

Lc, lactis ssp. lactis MLB

Le lactis asp, oromoris Ci
te. lactis ssp. lactis biovar.,
diacetylackig DRC2

te. lactis ssp. lactis Ci0

te. lactis ssp. cremoris C1
te. lactis ssp, Jactis biovar,
diacetyiactis DRC?

e, lactis ssp. lectis WMLg

tc. lactis ssp. creporis H

tc. lactic sep. lactis bigvar,
dizcetylactis DAC2

C10
0.89

0.75

0.92

0.80

0.7é

0.86

0.32

0.28

0.43

0.23

0.30

0.36

0.29

e

+h

++

++

+4

4

Semi glossy and

semi firm

Semi glowsy and lirm

Blossy and firm

Glossy and sem firm

Dull and semi firm

Glossy and hard

Semi glossy and senmi

firm

Dull and sem! firm

Values are averages of five trials in

duplicate



Yabie~2: Changes produced in Titratahle feidity, Protelytic Activity and Body E Texiure of buffale skia eilk
curd inocutabed with yoghurt cuttures and coshinations of acidophilus and bifidobarteria @ t§ aftar 16
irs of fncubation at '8

fosbing- Forsulated culture ¥ Titratable acigity  Proteolylic Pody & tedlure of
bion Mo, lim 1:fz] rabini2 [expressed as activity af the cued
hackic acid) {mg byresine/q)

i Streptococcus salivarius ssp. therwophilas WST 1.52 0,28 a1l ard sesi firm
Lactobacillys delbeueckii ssp. bulgaricus LBY

I Str. salivarius 559, Phersophilus WST BN 07" 2 0.49 Blossy and firm
Lh, delbryeckif ssp. bulyarices K15

1T sir. salivarius ssp. theemophilus 1 1.5 0.24 Semi glossy and
b, delbrueckii asp. bulgaricus RIS seai fiem

I Skr. salivarius ssp. thervophiluy 1 1,58 0,28 Bl and firm
Lb. delbruackii sun. dylgaricus LBW

A id. acidophilus R 1,52 _ 0.24  Blassy and fira
Bifidobacteriun bifidun 1 :

B b, acidophilus 111 = L 9.19 Seai glossy and

- Bif, bifidun 1 - . sendi Fira

The values are averages of five trials in duplicata,

3 b, acidophilus and Bif. bifidus are in 133 ratio.

59
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2. It is interesting to note that yoghurt culture combination II
produced maximum acidity of 1.64% lactic acid, which is’
comparable to fthe results of Jain (19792} and Sharma {(1982}.
Maximum proteeclytic activity and good body and texture were also
recorded with this combination. Hence, yoghurt cul ture

combination II1 was considered the best.

The therapeutic culture combinations were formulated wusing
the strains of Lb. acidophilus and Bif. bifidum. The growth rate
cf the latter culture is slow 1n milk, so to attain sufficiently
large populations 1n the product the ratioc of the twe cultures in
the inoculum was kept at 1:3 as advaocated by Klupsch (1289). Out
of the two combinations formulated with therapeutic cultures, the
combination of Lb&. acidophilus R + Pif. bifidum I produced more
titratable acidity (1.52% lactic acid) and showed  maximum
proteglytic activity compared with the cther combination. The
body and texture of the former combination was more firm andg
glossy than that cof the latter. Therefore, the same was selected.

for further studies along with the selected dahi and yoghurt

cul tures.

f4.1.2 Viability and Piochemical Performance of Selected
Cultures of Dahi and Yoghurt in Buffalo Skim Milk

Results on the associative growth betweem the therapeutic
culture and that of dahi or fughurt cultures, with regard to
viable cell counts, tiﬁrétable acidity, wvolatile acidity,
diacety! ar acetaldehyde content and proteolytic activity in
buffalo skim milk are depicted in T#bles X to 7 and Figures 5 to
11. Variation was noted in the biochemical activity of dahi and
yoghurt cultures when grown together with both Bif, bifioum I and
tb. acidophilus R.

al Viable Cell Count

Viable c¢ell counis increased upto 18 hrs of incubation but
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with further incubation the count decreased considerably

- {Table-3, Fig. 5 and 5).

The lactic count of dahi culture combination DAB after 24
hrs was comparatively less {(7.450 log cfu/g) when incubated at
I7*C than when grown at JI0°C (7.7799 log cfu/g) which has
indicated the mnecessity of optimum temperature for getting
maximum viable cell counts. The counts of Bif. bifidum 1 and Lb.
acidophilus R of dahi culture DAP was maximum at an incubation.

temperature of I7°C compared to the incubation af 30°C.

Q difference of nearly one log cell count of lactic culture
cnunfs {Le., lactis ssp. lactis Ci0 + Lc. lactis ssp. cremoris Ci
+ le. lactis ssp. lactis biovar. diaretylactis DRC1) was observed
between dahi cultures B and DAB, after 24 hrs of incubation at
X0°C. This can be attributed to the presence of lh. arcidophilus,
Ia <comparatively high acid producing culture in  the latter
combination, which might have affected the growth of lactic
cultures. This effect was more prominent when grown at I7°C where
the growth rate of Lb. acidophilus was optimum. The viable cell
cﬁunts of Ehth Lb. acidophilus and FBiY. bifidum were high when
incubated at 3J7°C than at 3I0°C which indicated +the mneed for

incubation at 3I7°C to achieve higher counts of these cultures and

_ensdre adeguate therapeutic values.

The abservations pertaining to yoghurt culture combinations
{Table 3 and Fig.&) indicated a very slight decrease in  wviable
cell count of lactic cultures (Str. salivarius SSP - thermophilus
HST + Lb.‘delbrueckii ssp. bulgaricrus RTS) in yoghurt culture YAB
than in Y after 1B hrs of incubation at 37 °C. The decreasing

effect was augmznted on further incubation.

The viable cell counts of therapeutic cultures especially of
Bif., bifidum I were comparatively less in YAB (7.0792 log cfu/qg}
than in dahi culfture DAB (7.505 log cfu/gld, after 24 hrs at 3I7°C

which may be due to the presence of high acid preducing cultures



Tahie=3: Viahle cetl comis of selscted cultures of dahi and yoghurt in buffalo skim wilk at different
periods of incubation '

§1, Culture Browth Incubation perjod {hrs)
Mo, eombinations temperature Cullures
t'ci U] b 12 12 24

Viable cell count {log cfulfyl

1, Dahi culbure B /)] Lactic cultures £.3%F 7.8 2.1 B.G36 B.3A2

[—J

Dahi culbure DAB 0 Lactic cultures 6.4 7019 L8l T 7.9 .T%%
th, achlophitus# . 5,778 . 6,42 46.738 LB12  6.TM
Bif. bifidunt 5.903 . 6,255 A.ATT 5.3%F 5397

3. Dahi culture DAD %) Lactic caltures &84T 7.033 7,482 7.664 7,450
b, ackdophilus 5778 7.7 7.853 7.4 7.857

Bif. bifidua 5903 6402 7431 7AW 7.505

4, Yoghurt culiure Y Ay Lackic cultures 64872 .8 193 B.AA3  B.447
5. Yoghurt culture YAB o Yoghurt cullures  £.462  7.887 77 B2 B.IeD
-« Lbe acidophilus .82 7.4 1.505 7.797  7.481

Bif, bifiduy 5,324 4078 &7 TS5 1.09

The values a.ré averages of five trizls in duplicale.
#The colony counts were taken from the same LA agar plate



A Lactic counl of combination D

1] . Lactic count c_:f coembination DAB grown at 30° C

< Lb. acidophilus count of combination DAB grown at 30° C
D Bif, bifidum count of combination DAB grown at 30° C

B Lactic count of combination DAB grown at 37° C

17 L. aciﬁophfit;s count of combination DAB grown at 37° C
G Bif. bifidurn count of combination DAB grown at 37° C
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Fig. 5 Viable cell counts of dahi cultures D and DAB in buffalo
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Fig. 6 Viable cell counts of yoghurt cultures Y and YAB in
buffalo skim milk.
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of yoghurt whose acidity might have hampered the growth of these

cultures. .

b Titratable Acidity

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 DAP at 30°C was slightly more than that produced by dahi
culture D and less than the acidity produced by the same culture,
when incubated at I7°C. This can be explained by the preseace of
Lb. acidophilus in the former combination. The cptimum incubation
temperature of 37°C for Lb. acidophilus mighf have led to mare
acid production by this particular culture combination. The rate
of acid devélapment by yugﬁurt culture Y decreased significantly
with the addition -of Lb, acidophilus and Bif. bifidum. The
.present observation is in agreement with Yu and Nakanishi {1975)
who also fecdrded a decrease in titratable  acidity on the

addition of Lb. acidophilus ta yoghurt culture.

€} Volatile Acidity

The pleasing flavour gf dahi and yoghurt can be attributed
to the optimum level of volatile acid production by the lactic
acid bacteria. Variations have been observed with regard to

- volatile acid production betiween dahi culture combinations D ‘and
DAB (Table-5 and Fig.B). The addition of therapeutic cultures
with dahi culture D drastically decreased the wvolatile acid
production from 36.0 ml of 0.01 N NaOH to 15.8 ml after 18 hrs of
incubation at I0°*C. No significant difference in wvolatile acid

praduction by dahi culture DAB was noted, irrespective of

incubation temperature.

No significant change in the volatile acidity develcocpment
was observed upon the addition of therapeutic cultures to yoghurt

culture combination Y. Observations of Yu and MNakanishi {1275}



Table-4: Titratable acidity of buffalo skim milk curd inoculated with
selected cultures of dahi and yoghurt at different periods
of incubation

 —— e T . i e e T T — g ol o ———— o M ok o e A — T T o o ey i e e —— . Y T — T koo, . S o o . o o

Sl.  Formulated culture Incubation . Incubation period {(hes)
No. temperature ~———-mee————me e —m———
(°C} b 12 18

e e A i e e e e e T e i i el . . = B e e e S e il . B L W o . . ey e = N NN N N e . . e e e e e

% Titratable acidity
{expressed as lactic acid}

i. Dahi culture D 30 .56 0.72 0.93
2. Dahi culture DAB 30 0.48 0,44 0.99
3. Dahi culture DAB 37 0.66 0.82 1.18
4. VYoghurt culture Y ‘ 37 0.%91 1.42 1.48
S. Yoghurt culture YAB 37 0.85 1.12 1.44

Values are averages of five trials in duplicate

2l



Dah Culture D 2t 30° C

Dahi culiure DAR at 30° C

Dahi culture DAR at 37°C

Yoghurt culture Y at 37° C

R I L R L B | =~ B

Yoghurt culture YAB at 37°C
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Fig. 7 Titratable acidity production by daht and yoghurt cultures
in buffalo skim milk.
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Table—~5: Volatile acidity of buffalo skim milk curd inoculated with
selected cultures of dahi and yoghurt at different periods

of incubatian

o — T i ol i S S e el i e Sy e g S T A s,

51. Formulated culture

e e M s i A S B ey . ot A e e e B —

1. Dahi culture D

2. Dahi culture DAB
3. Dahi culture DAB
4, Yoghurt culture ¥

S. Yoghurt culture YAB

o — S S e B e o S g P

e e e e, S e e e, T S G s e e e S — S e e il . s sy A B

Incubation Incubation period (hrs)
temperature —————mem—mm— e
(*CH b 12 18

Volatile acidity
{expressed as ml of 0.01iN NaoH
used/30g curd?

30 8.4 19.0 36.0
30 10.0 12.5 15.8
37 13.1 14.9 1&6.5
37 ' 7.0 7.5 8.2
37 7.8 8.4 8.7

YValues are averages of five trials in duplictate

Yl



Dahi Culture D at 30° C

A
B Dahi culture DAB at 30° C

C Dabhi culture DAB at 37°C

D Yoghurt culture Y at 37° C _
B Yoghurt culture YAB at 37° C .




Volatile acidity (m! 0.01 N NaoH/50g curd)
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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. acidophilus supported the present findings.

di ’Flavour Praduction

The diacetyl content of buffalo skim milk curd samples
prepared by dahi cultures D and DAB is presented in Table & and
Fig.?. From the results, it is evident that the amount of
diacetyl liberated by dahi culture D was reduced cansiderably
from 4.05 ppm +to 2.80 ppm with the addition of therapeutic
cultures. With dahi culture DAB, no significant change in
diacetyl content was observed with the change in incubation
temperature fraom 3I0° to 3I7°C. The decrease in diacety]l production
might be due to the difference in lactococci count as can  be

cbserved in Table 3.

The acetaldehyde content of buffalo skim milk curd prepared
by yoghurt cultures Y and YAB is presented in Table & and Fig.10.
Addition of Lb. acidephilus and Bif. bifidum to Qﬂghurt cultures
increased the acetaldehyde content from 28.4 ppm to 3I4.6 after
iBhrs of incubation at I7°C. These findings are in agreement with
the report of Guptﬁ and Tiwari (1788). Similarly, Yuguchi ¢ al.
(1989} also found stimulation of production af acetaldehyde by .
yughurt'cultures supplemented with HFif. bJfidum 15696.

e) Proteolytic Activity

There was a ﬁeducticn in the tyrosine content liberated by
dahi culture combination D with the addition of therapeutic
cultures especially when incubated at 3I7°C (Table-7 and Fig.i1).
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 was incubated at 30°C than at I7°C because of the

Rhigh cell count of lactocagceci in this combination particularly in

the former,



Table-&: Diacetyl/Acetaldehyde content of buffalo skim milk curd
: inoculated with selected cultures of dahi and yoghurt at
different periods of incubation '

S1. Formulated culture Incubation Incubation periand (hrs)
No. : : temperature =~—-——-e-——r————— e ————
(*Cr» & 12 i8

. T . . b S e i . U R B e S i k. e . e S B B S Y Y 4, T . . L S i e e e e o e e S . B T B 2 ol i e o . o . B e e

Diacetyl content (ppm}

1. Dahi culture D ' 30 3.75 3,70 4,05

2. Dahi culture DAB 30- 2.30 - 2.62. 2.88
I. Dahi culture DaB ' 37 . 2.50 2,55 2.68

Acetaldehyde content (ppm)
4. Yoghurt culture Y 37 24 .80 26.20 28,40
5. Yoghurt culture YAB 37 28.30 ' 31.80 34,60

Values are averages of five trials in duplicate



Fig. 9 Diacetyl production by dalu cultures D and DAB in

buffalo skim milk.
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Fig. 10 Acetaldehyde production by voghurt cultures Y and YADR
tn bufTalo 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

—_——— —— —— kS W U WY T

Sl. Formulated culture Incubation Incubation period (hrs)
No. ‘ . temperature —-—- ———— - -
(*G} ‘ & 12 ie

Proteolytic activity
{mg tyrousine/qg curd)

1. Dahi culture D 30 0.36 0.41 0.44

2. Dahi culture DAB. 30 0.28 0.33 0.41
3+ Dahi culture DAB 37 0,25 0.29 0.3&
4. Yeghurt culture VY X7 0.27 C.33 0.38
5. Yoghurt culture YAB 37 Q.22 0.28 0.33

S o B s, S By g e e e el e e _—

e Sl . —————— i — o o o o o kit . o o o e o o o . e T

Values are averages of five trials in duplicate

08



A Dah Culture D at 30° C

B Dahi culture DAB at 30° C

C Dahi cufture DAB at 37° C

D Yoghurt culture Y at 37° C

[ Yoshurt culture YAB at 3I°C




- Tyrosinc content (mg/g curd)
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Fig. 11 Protcolytic activity of dahi and yoghurt cultures mn
buffalo skim milk.
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With the addition of therapeutic cultures in yoghurt culture
combinations, no significant decrease in proteolytic aétiuity was
noticed and the present cbservation is in-agreement with that of
Sharma and Singh (i%82) who have reported similar results with

mixed yoghurt culture combination containing Lb. acidophilus.

4.2 Preparation of Bulk Freeze—dried Starter Cultures of Dahi

and Yoghurt
4.2.1 Belection of Growth Media

A bacterial growth medium has to adequately support the
growth by supplying all the essential nutrients required. UWhen
the medium has to be used commercially, its ingredients have tg
be cheap and its method of preparation should be convenient.
Bacteria, in general, have flexible growth requirements. However,
lactic acid bacteria are Tastidious in this resgect because of
their weak biosynthetic wmachinery. Keeping this in view, a
préliminary trial was undertaken to apprise the_suitability of
varjous buffalo skim milk and cheese whey based media for dah:
and yoghurt cultures. Results with regard to the growth of
formulated cultures of dahi and yoghurt in these  media are

presented in Tables-B and ?, respectively.

Relatively better growth of dahi culture combination D  and
yoghurt culture cambination Y, was observed in buffalo skim milk
based wmedia than in cheese whey based media. The cheese whey
based media were equally good for dahi and yoghurt cultures added
with the therapeutic cultures (b, acidophilus R + Bif. bLIfidum
I when grown at 37°C. However, the buffale skim milk medium
containing yeast autolysate and glucose was found best for dahi
culture combinations B and DAB at 3I7°C as well as JI0Q°C,
Similarly, buffalo skim milk medium with tryptone and glucose was

found to be good for both the yoghurt cultures Y and YAB.

The study was further continued using certain formulated

media to choose the best medium with respect to each culfture for



Table-B: Suitability of various formulated sedia for the growth of dahi cultures

51, . Dahi culture B Dahi cullyre DAB
No.. ~ Formolated eedia JoC e e Ry AN

Lulture growth
las % kransmittance at &00 nm
attar 18 hrs}

&, Skia &ilk based media:

l. Skia ailk - 3% + Sodium citrate - 1% + Mg504.7 Hal ~ €.02¢ L 9% 78 o
2, Skim &ilk - 5% * Veast autalysate - X% + Hlucose - 1% 35 &0 35 o
3. Skim silk - 10004l + Yeast extract - 4.51X o o 73 ¥
4, Skia ailk - 506 + Tryptone ~ {% + Glurose - 018 &« i w &5
5. Trypsin digested skin milk - 100 sl + Sodicm acetate - 5.5k +

Yeast extract - 0.5% + Blucose - 1.04 %0 %2 %8 9
B. Cheess whey based mediat
L. Cheese whey - 100¢ &l + Skim ailk - 10 &l + Yeast extract - 0.5% 2 % EAS &3
2. Cheege whey - 20K + Tryptone - 1% # Yeast extract - 0.05% 88 87 94 an
3. Cheese whey ~ 1000 a1 + Yeast extract - 0.5% + MnS04 H0-120 g + )

1950, 7H,0 = 120 ag + InS50y - 120 65 73 o 60
4, [heese whey - (0% + Sodium citrate- = 2+ WGy W0 - 0,(70 ¢

Cystaine ~ 0.5% + Yeast extract - 0.5% + Glucose - 0.5% 25 ko] %8 36

Values are iverages of six cbservations

€8



Table-9: Suitability af varicus forsalated sedia for the growth of yoghurt cultures

&, Yoghurt culture ¥ Yoghurt culture YAD
ta. Forsulated media 'c J1'C
Culture growth
{as % transaittance at &00 na
after 1B hrs})
A. Skia wilk based aedia

. Skim m1lk ~ 75% + Sodium acetate - 3% + Yeast extrack - 4.5%

. Skim mitk - 9% + Cystaine - 0.075% + Ascorbic acid - 0,150% +

Ygast exbrack - 1.3% + Tween BO - 0.}15%

. Skim midk ~ 5% + Yeast extract - 0.5% + Laclgse - 0.5% +

Sucrase - 0.25% + M504, 7 HyO - 0.13% ¢ KHPO4 - 020

. Trypsin digested skim milk - 100 ab + Sodium acetate - 0.5% +

Yeqst extract - G.3% + Slucaose - [0

Skim milk ~ 50% + Teyptone - 1,0% 4 Elucose ~ 0.1%

. Skim milk ~ 20 al 4 Distilled water - 130 al + Yeast autoiysate - 1.0% +

Blucgse - 1.0% :

+ Cheese shey hased aediat

Cheass whey - 1000 al + Yeast extract = 1%+ Tween 80 - 0,1%

. Chaese whey - 1000 el + Tryptone - I%  + Blucose -~ 1%

. Cheese whey - (0K + Yeast extract - 0.5% + glucese ~ 0.5% +

Sodium citrate - 2.0k + WSOy B0 - G.17% 9 Tween BO - 0,184
Cysteine - 0.5%

Vil

ves are averages of six ohservations
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the preparation of culture concentrates for freeze—-drying
purpogse. The results are tabulated in Tables 10 and 11 for dahi-

and yoghurt cultures, respectively.

Skim milk based media sSupported good growth when compared to
whey Based media (Table-10). Maximum viable cell count of dahi
cultures in different media was attained after 18 hrs of
incubation at respective temperatures. Further incubation for
another ftwo 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 culfure DAB was observed. The maximum viable <cell count
observed in skim milk supplemented with yeast autolysate (1.0%W)
and glucaose (0.1%) was 9.087 and ?.15% log colony forming units
per gram, respectively for dahi cultures D and DAB after 1B hrs

of incubation.

The analyses of variance {(ANOVA) are depicted in Appendices
III and.IV. The ANOVA revealed that the differences in the viable

cell counts were significant (P £0.011.

Skim milk (530%) supplemented with tryptone (1.0%) and
glucose (0.1%) was the best medium faor yoghurt cultures ¥ and
YAaB, which gave the ‘maximum cell yvield of 2.096 and ?.17& log cfu
per gram, respectively after 1& hrs of incubation at 3I7°C (Table-

113.

The results obtained with respect to viable cell counts of
yoghurt cultures Y and YAB were subjected to 1least square
analysis and thg analyses of variance are presented in Appendices
vV and V1. The differences among the cell counts were found to be

significant at 1% lewvel.

The lowering trend in acid preduction by all cultures of
dahi and yeghurt in whey media compared to that in skim "milk
media at different intervals of incubation was recorded (Tables

10 and 11). Maximum titratable acidity in skim milk medium



Tabie=101 Yiadle cell counts and Titratable acidity of dani cultures la certain formlated media at difterent periods of incubatien

sL.

Tncubation Pericd thrs)

1% 16 e 20 14 16 18 20
No. Farsulted mediz -
Viable cell count ¥ Titratable acidity
{log cfu/y) {expressed as lactic acid)
Dakl culture D L30°0)
1. Skia silk + Yaast 'autulysate_-r Blucose 8.763 8.991 9.087 9.045 0.73 0.82 ¢.8? 0.92
2. Trypsin digested skim wilk + Sodium acekate _
Blucose + Yeast extract 8.760 8.903 8.9%0 8.544 0.60 0.67 0.72 0.7
3. Cheese whey + Yeast extrachk + MaSDq.Hz0 + MgS04. 7H0 + InS0, 8.792  8.92% 18.988 8,977 0.64 .21 0.77 0.8l
Bahi culture DAB (37°C)
1. Skem milk + Yeast autalysate + Blucose .83 2.008  9.133 2,133 .84 0.58 L2 1,23
2. Trypsin digested skim milk + Sodiue acebate +
Blucose * Yeast extract B.857 B.923 9,002 8.982 0.80 0.88 0.2  0.98
3. Theese whey + Skim milk 4 Yeast extract B.740 8.913 8.970 B.%39 0.73 0.0 0.8 0.1
4, Cheese whey + Tryptone 4 Yeast extract 8.812 8.980 p.9M4 8,962 4.7 0.87 091 0.93
8. Cheese whey + Yeast extract + MgSOp. 7Hi0 + MnSDy.Ha0 + 158y 8,707 .8.942 9938 8.892 0.74 0.84 0.82 0.9

Values are averages of six observalions

g
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supplemented with yeast autolysate and glucose was noted with
dahi cultu;eﬁ_D and DAB. The difference in acidity between these
cultures can be attributed to the presence of Lb. acidophilus

which is ogenerally a high acid producer in the latter

combination.

Titratable acidity of 1.64 and 1.48 (4 L.A) was observed
with yoghurt culture cambinations Y and YAB, respectively in skim
milk medium supplemented with tryptone and glucose, after 1& hrs
of incubation. The lower acidity production by the latter
combination may be due to the associative growth effect of Lb.
acidophilus R and Bi¥, bifidum 1 with the yoghurt cultures as
‘evidenced by Singh et al. (19B2) and Kisza et al. (1978) who
cbserved the ability of (6. acidophilus and Rir. bifidum to

reduce the acid development by yoghurt cultures.

Qut of several media tested, skim milk suppglemented with
yeast autolysate and glucose was selected for the growth of dah:
cultures D and DAB whereas skim milk @medium cgntaining tryptone
and glucnée was chosen for the growth of yoghurt cultures ¥ and

YAB as these média were found to support maximum cell growth and

titratable acidity development.

LChristopherson and Zottola {(198%) suggested ultra-filtered
skim milk medium for (c. lactis ssp. lactis, Lc, lactis ssp.
cremoris and lc. lactis ssp. lactis biovar. diacetylatis. Prior
to that Petterson (1975) recommended the use of sterilized
recanstituted skim milk medium for the growth of mixed species
mesophilic lactic cultures. Kapoor (1976) formulated 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 yoghurf cultures (Kondratenke and Kondareva, 1978) using
diluted skim milk containing yeast extract and sodium acetate. In
the present study, the objective was to fcrmulate a simple medium
which is convenient for common usage. A high cell count of

yoghurt cultures was achieved by using a simple medium prepared



89
using skim milk fortified with tryptone and glucose as can  be
seen in Table 11. The use of skim milk medium Has another’
advantage of minimizing the lag phase of cultures as propased by
Speckman e¢ al. {1974} and the problem associated with whey media

centrifugation, employed for the purpose of clarificaetion, which

isg time—conﬁuaing and costly affair, is also eliminated.
4.2.2 Optimization of Growth Conditions

In order to maximize the cell population and activity in the
experiments were conducted
af the

starter concentrate for freeze-drying,
to determine the optimum conditions with respect to pH
medium, neutralization of the acidity developed, temperature of

incubation and rate of inoculation for all the combinations of

dahi and vyoghurt cultures in resgpective selected formulated

medium,
4.2.2.1 Effect of pH of the growth medium

All the combinations of dahi and yaghurt cultures gréw well

in the pH range of &.0 to 7.0 (Table-12). However, maximum viable

cell: count and titratable acidity with dahi cultures D and DAB

were observed at pH 6.5 rather than at pH &.0 or 7.0. In both the
cases sighificantly (P £ ©0.01) high viable cell counts were

nearly  after 18 hrs of incubation at their optimum

achieved
growth temperatures 3I0° and 37°C, respectively (Appendices III
and IV,
It may be inferred from the results (Table—13) that a pH of
Y,

4.0 to get a high cell count, was favoured by yoghurt culture
whereas pH &.5 was proved to be good to achieve maximum wviable
cell count of voghurt culture ¥Y&B, after 16 hrs af incubation at

I7°C. The counts were highly significant at 1% level (Appendices

Voand VIt.

The findings are in accordance with that. of the earlier

repaorts of Cogan et z2l. (17271) and Speckman {1975) who have
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Table-13¢ lnfluence of M af the salected growth eedium (skim ailk + trypioae + glucose! on viable cell count and titratable acidity of

yoghurt cultures at different peciods of incubation at 37°C

Incubation Period {hrs}

Browth - :
Si. Forsulated cullure Inoculum nadium 0 11 & I8 0 15 1% 1B
Na. fevel pH - '
1) Viable czil count % Titratable acidity
flog cfu/g) lexpressed as tactic acid)
l.. Yoohurt cutture ¥ 1.0 t.0 4.514 8.547 T.452 9.4BY 0.18 L 1.5b t.52
4.3 Gb12  BLALD 7.102  9.084 0.17 .22 1.4 1,%
7.0 6. M6 8719 g8.954 08.884 0.17 1.27 1.4 1.58
2. Yoghurt culture YAB 1.0 4.0 &.281 B.554 B.BA%  B.97¢ 0.14 1.07 1.12 {.18
8.5 6232 8.6 9.9 9.15 0.5 1.22 138 1%
7.0 B.802 o.141  9.112 0.15 .28 1.3 1.9

6.257

Values are averages of six observations

L6
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suggested a pH oaof 6.3-4.5 far mass production of mesophilic

lactococci® and that of Bozoglu el al. (1989) who had observed-

less viability losses when yoghurt cultures were grown at pH &.0

rather than a2t pH 6.5.

Ls

4.2.2.2. Effect of neutralization of growth medium

Maintenance of optinum pH throughout the incubation period
is very essential for obtaining maximum cell yields. This |is
especially true with lactic cultures which produce high acidity
which leads to ceill losses during the orowth period.
Neutralization of the medium is required to aveoid such cell
losses. However, the neutralizer used should not have adverse
effect on the bacfterial growth. The results are presented in

Table—-14.

There was a marked increase in the cell yield of all the
four cultures tested, with the neutrailization of the growth.
medium, to maintain the iaitizl pH, after 10, 12, 14, 1& and 1B
hrs of incubation when compared to respective control samples;
where the acidity of the growth medium was not neutrailzed to
initial pH., Rapid death af cells was observed in the control

samples.

Five fold increase in the cell count was recorded with dahi
cultures (D and DAB} whereas, it was only twofold in yoghurt
cultures (Y and YAB). The differences in the viable cell counts
of all the four cultures of neutralized and un-neutralized growth

media were found to be significant ét 1% level {Appendix VIIl.

The results are in confirmation with the reports of Hzall and
Antonveei (1988) who have cbserved fivefold increase in  NHgOH
neulrailized cheese starter cultures and with that of Lloyed and
Pont (1973), Efstathiou et al. (1975} and Ram (19B84) who have
reported twofold increase in cell population in the medium

neutralized with ammonium hydroxide vis~a-vis sodium hydroxide.



Table-14s Influence of neutralization of selected growth media to szintain initial oH on viabls cell! cownt of cullures
of dahi and yoghurt at diffevent pericds of incubation

Incubation Period (hes)
Erouth Erouth

Si. Faraslated culture  smedius . sedium  lncubation  Percentage 0 14 16 18 4 1 i8
No. £oRpo- pH temperature  of ---
. sition "D inaculua Control mediva - Neutralised mediua

{Viable cell caunt ¢ log cfu/lg)

1. Dahi culture D Skis milk 5% 5.3 30 1.0 6.090  B.6ST 9,100 9,042 9.677 T.4698 9708
+ N
Yeast aubo-
tysate I%
2. Dabi culture DAB ¥ 6.5 ¥ .0 4563 B.982 9,260 9.184 .23 9.650  9.6Bb
Glucase fX% -
3. Yoghurt cuiture ¥  Skim miik 30% 4.0 37 1.¢ 6,579 9.1728 9,442 5.218 2.552 .76 o.882
+
Tryptone 1% ]
4, Yaghurt culiure YAB + 4.3 37 1.0 4.568° 8.57% B8.858 B.AID 8.864 9.454 9302

Glucose 0.1%

Vilues are averages of six observations

¢6
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4. 2,2.3 Effect of incubation temperature

In order to obtain maximum cell density and activity of the
culture combinations of dahi and ycghurt in starter concentrates,
trials were conducted to optimize the temperature of incubation
for each of the combination. For this purpose, the inpculated
medium was incubated at 25°, 30* and X7°C for dahi cultures and
at 3I7° and 42°C for yoghurt cultures. The abservations made are

recorded in Tables 15 and 1& far dahi and yoghurt cultures,

reapectively.

With regard to dahi culture D based on viable cell counts
and titratabie acidity, incubation at IO°C was faund to be
suitable rather than at 25° or at 37°C. The incubation period was
shortened by 2 hrs with the increase in  incubation temperature
from 25°C to 3I0°C. Incubation at 37°C was found unsuitable for
this combination as the cell yield was less than what was
obtained either at 25°C or at 3I0°C and a drastic decrease .in the

cell count was ocbserved after 146 hrs of incubation at X7°¢C.

Dahi culture DAB grew bBetter at X7°C Chan at the rest of the
temperatures tested. The titratable acidity was also found to be
more at this temperature of incubation. The viable cell count as
well ae titratable acidity showed a decreasing trend with the
reduction in incubation temperature which may be due +to the
deviation <from the optimum temperature of Lb. écidaphilus and
Bif. bifidum, where the activity of these twwo cultures is at
minimum. The ANOVA (Appendices III and IV) for the data obtained

has indicated that the viable cell tounts achieved differ

significantly at 1% level.

In the case of yoghurt culture ¥, maximum cell count (2.477
log cful was achieved after 16 hrs of incubation at 37°C. Though
a log count of B.732 was obtaimed with a short incubation period
of 5 hrs at 42°C, upon further incubation the viable cell Fcunt
decreased drastically making it unsuitable for the preparatien of

starter concentrate. The maximum titratable acidity was also



Table-15t  Influence of incubation temperature on viable cell count and % bikratahle zcidity of dahi cultures in
selected growth aedium {skia milk + yeast autolysste # glucese) at ditferent periods of incubation

Incubation Period Ches!
Erowth

51.  Forsalated culture  sedium  Incubation O (" 1 18 0 t4 1 18
Na., pH tempariture
Q) Viable cell comnt Y Titratable acidity
{log cfusg) lexpressed as lactic acid)
1. Bahi culture D b5 23 5,344 8,348 8902 B.702 0.15 0.48 0.80 0.86
Rt 6,905 8.608 8.9 9,063 0,18 0,72 0.86 0.9
7 &, 462 p.57% 8.748 8.45% 0.15 0.70 0.82 .89
2. Dahi cultufe ] b5 sl 6623  B.3IU 8.518  A.630 0.18 0.6t 0.92 0.98
6,653 8.440 a.481 g8.614 8.17 0.74 0.95 1.04
37 b.642 8.568 B.984 ?.062 0.17 0.79 0.9% t.15

Values are averages of six observations
Hnoculue level: 1.0

46
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recorded at 3I7°C. Similar observation was made with yoghurt
culture YAB, Thus, the incubation temperature of 37°C was found’
to be equally <cuitable for both the combinations of yeoghurt
cultures. When the data was subjected to statistical analysis by
paired t—-test, the differences in the cell counts obtained at two
temperatures were found {o be significant for both the
combinations with a t-value of Z6.24 for yoghurt culture ¥ and

327.B5 fer yoghurt culture YAB,

The observations made with dahi cultures in this study are
cantradicting the reports of Efstathiou et al. (1975) who have
suggested the incubation at 25°C for praoper species balance ané
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 3I0°C was
found to be more suitable for the growth of (L(c. lactis ssp.
lactis C10 and Le. lactis ssp. cremoris W as pbserved by Pont and:

Halloway (19681, Blaine (1972) and Ram (1984).

' 4.2.2.4 Effect of inoculum size

It is clear that wviable cell counts and titratable acidity
enhanced as the rate of inoculum was increased from 0.5 to 1.5%
irrespectivﬁ of the culture (Table-17 and 1B). With the increase
in the inoculum rate the time taken to attain maximum cell count

decreased. This effect was observed with all the culturezs of dahi

and yoghurt.

After 18 hrs of incubation, maximum viable cell count of
2.097 and 7.149 (log cfu/g) and titratable acidity of 0.92 ' and
1.1B (% lactic acid) were observed with dahi cultures D and DAB,
respectively when added at the rate of 1.0% to the growth medium
and incubated at respective growth temperatures. Similarly,
Mmax Lmum iﬁg count of 9.219 and 9.23&6 caolony forming wunits and
titratable acidity of 1.64 and 1.446 (% LA) were noted after lé&hrs
with yoghurt cultures Y and YAB, respectively, when added at the

rate of 1.0% and incubated at 3I7°C. Inmterestingly, in all the



Table-17:  Influence of inoculum level of dahi cuttures on vishle cell count and % titratable acidity in selected
growth sedium (skinm milk + yazst utolysate + glucose? at different periods of incubation

Incubation Period thrs}

Growth -
at. Foraulated culture mediun  Jnoculum ] 14 14 i8 0 i 4 if
No. pH level {%) : .
Viabie ceil count . X Titratable acigity
(iog clu/g) lexpressed as lackic acid)
1. Dahi culture 6,3 0.5 6483 1.2 R0 7.991 0.té 0,54 0.49 ¢.78
D (30}
1.0 8.602 B.763 9.007 9.0% 0.18 0.68 0.E8 0.7
1.3 6.980 B.724  B.&Y]  B.AMA 0.18 0.66 0,64 0.9
2. Daht cuilture 85 0.5 &8 7,732 94 7.784 0.17 0.76 0.84 0.94
bap {31°0)
t.0 £.697 B.20 9.088  9.(49 0.18 0.8t 0.74 1,18

i.3 7.16¢  B.680 B.¥88 7.064 0,20 6.02 0.93 1.08

Value are averages af six chservations.

86



Table-1B8: Influence aof inoculum level of yoghurt culbures on viable cell count and % bitratable acidity in
selected growth medium (skim milk + tryptone + qlucosel at different periode of incubation &t 37°C

Incubation Period (hrs)

Grouth
sl Formulated culture sediva Inoculum ¢ 14 1& 18 0 14 16 i
No., pH leval %)
Vizble cell count £ Titratable acidity
{log cfu/gl {expressed as lactic acid)
t. Yoghurt culture ¥ &.0 0.5 6462 B,332 B.768  B.W D.15 0,92 1.22 1.34
1.0 6.853 B.797 R.219  Q.14D 0.13 1.28 1.50 11¥-1)
1.5 . b.H97 B.958 B.BAY  B.712 0.1& 1.25 1.38 1.2
2. Yoghurt culture YAB 5,3 0.9 6477 8548 B.9ED  2.0B0 0.15 0.09 1.12 1.20
1.0 . 6698 B.908 %236 .49 0.15 1.14 1.2 1.46
1.9 o2k 2.041 89.928° 8.87% 0.15 1,22 1.28 .34

Values are averages of six observations.

€6
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cases reduction in incubation period to get maximum population,

was ogbserved with the increase in the rate of inoculum.

The observations made with regard to viable cell count were
found to be highly significant at 1% level {(Appendices III to VI)

with all the combinations dahi and yoghurt cultures.

The results obtained are in agreement with those of Ayunts
et al. {(197?) who had obtained maximum vield of bacterial
concentrate of lactic acid bacteria using 1.0% inoculum after
incubating for 14-14 hrs. The population changes with higher rate
of inoculum -were too rapid, and after 16 hrs of incculation,
significant decline in the cell number was started making it
urtsuitable for +the preparation of concentrates, whereas lower
level af inaculum (0.3%) needed longer incubation period to get a

good number of viable cells.
4.2.3. Influence of Cryoprotective Agents

Use of crycprcfective ﬁgents is recommended &to probtect
micro—organisms during freeze-drying process. Three Tormulations
viz, 1)3% buffalo skim milk + 1.5% gelatin + 8% sucrose; 21104
buffale skim milk + 1.5% gelatin + 7% sucrose + 1M monosodium
glutamate and 31104 buffalo skim milk + 7% sucrose + 1IN
monosodium glutamate were tried in this study and their effect on
culture wviability was studied and the results are presented in

Tables 19 and 20 for dahi and yoghurt cultures, respectively.

& perusal of the results with formulation 1 indicated a
survival rate of 80.00% for dahi culture D, 90.73% for dahi
culture DAB, 7B.40% for yoghurt culfure Y and B4.55% for yoghurt
culture YAB. Addition of monosodium glutamate to the . same
suspending medium increased the survival rate of all ¢he four
combinations giving B7.350, %&6.20, B8.4&6 and 89.51¥% survival for
the respective cultures studied. The differences observed in the
viability were found to be highly significant at one percent

level as shown in ANOVA tables {(Appendices III to VI).



Table-1%: Influence of formulated cryoprotective agents on viable call ccunt and bigchemical performance of bulk
freeze~dried dahi cultures grown in selected growth medium (Skim milk + Yeast
autolysate + Glucose) under standardized growth conditions

ey

Dahi cultures

51. Formulated - —— -
No Tests performed cbyonrotect{ve b DAB
' agents® = 00———mmee———- ——— : - -
. Bafore F.D#% After F.D. Befare F.D. After F.D.
1., Viable cell eount Formulation 1 11.544 11.4462 it.ise 11,120
tlog cfur/qg) Formulation 2 11.602 11.540 1t.198 i1.181
Formulation 3 11.397 11.204 11.112 11.070
2. Culture activity factor Formulation } 0.52 0.30 0.5¢% 0.54
{Horrall & Elliker test) Formutakion 2 0.57 .50 0.5& 0.54
Formulation 3 ¢.48 0.44 0.53 0.49
3. Diacetyl content (ppm) Formutation 1 4.29 .09 3.t4 2.22
Formulation 2 4,35 4.18 3.0E 2.98
Formulation 3 4.20 4.00 .12 2.B&
4, Protealytic activity Formulation t 0.42 0.3%9 0.29 0.34
{mg tyrosine/g curd) Formulation 2 0.45 0.42 0.40 0.38
formulation 3 Q.44 0.40 0.41 0.35
5, Residual moisture content Formutation i - .85 - t.90
(%) Formulation 2 - 1.22 - 1.38
Formulation 3 - 1.94 ~ 2.00

e B A o e e e Tk stk i T L - o e e 2 T T k) M ok o = o

Values are averages of six observations.*Formslation 1:
Formulation 2:

*#F .D: Freeze-dryinq Formulation 3:

P T i = 7 o e e e e e iy e e .

——

9% buffalo skim milk + {.5% gelatin + BY% sucrose
10% buffalo skim milk + 1.5% gelatin + 7% sucrose + LM MSEB
10% buffalo skim milk + 7% sucrose + M MSG

LOL



Table-20: Influente of formulated cryoprotective agents on viable cell esunt and biochemical performance of bulk
fregze-dried yoghurt cultures grown in selected growth medium (Skim milk +
Tryptone + Blucose! under standardized growth conditions

A . . B R o e s e S e it ke i e e ke £ e = P P S N N B o o . i e T . o . g g N T e o o e o e ke

51, Formulated @ -~———-——mm—————a - - —
No. Tests performed cryoprotective ¥ YAB
agents# e —————— e
Before F.D#* After F.D. Before F.D, After F.D.
t. Viable cell count Formutation 1 11.079 10.991 11.074 11.007
{log cfu/g) Formulation 2 11.113 11,0460 11.155 11.102
Farmulation 3 11.096 10.989 11.133 11.096
2. Culture activity factor Formulation 1 0.50 0.44 0.45 0.43
(Horrall & Elliker test) Formaulation 2 0.56 0.33 0.48 .45
tacicity expressed as Formulation 3 0.48 0.44 Q.44 0.41
% lactir acid) )
3. Acetgzldehyde cantent {(ppm) Formslation 1 28,00 26.20 29.00 2&.40
Formulation 2 30.00 28.80 32.10 29.40
Formulation 3 27.40 25.80 28.70 25.20
4, Proteolytic activity Formulation 1 Q.37 0.34 0.35 0.29
(mg tyrosine/g curd) Formutation 2 0.48 0.45 0.42 0.38
Formulation 3 0.3% 0.35 0.32 0.24
5. Residual moisture content Formulation 1 -~ o 1.82 - 1.78
(%) Formdlation 2 - 1.29 —e 1,42
Formulation 3 -- 1.96 - 1.94

e e o e ik By s g o

Values are averages of six observations,#Formulation 1: 5% buffalo skim milk + 1.3% gelatin + B% sucrose

Formulation 2: 10% huffalo skim milk + 1.5% gealatin + 7% sucrose + 1M MSG
+%F .D: Freeze-drying Formulation 3: 10% buffalo skim milk + 7% sucrose + 1M MSE

2ol
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The culture activity of all the combinations that were
freeze-dried in fnrmulation-z was found to be satisfactory. The
residual mpoisture content in freeze—dried cultures of all the
combinaticine was at minimum with fofmulation 2. The biochemical
activity in terms of flavour production (diacetyl/acetaldehyde)
and proteclytic activity of all the cultures was also superior
with the suspending medium formulated with skim milk, gelatin,

sucrose and monosodium glutamate.

Bkim milk has been in use since long as a cryoptraotective
agent and Rogers (1914} was the first to use it for lactic
cultures. Use of skim milk gave only 60% viability with certain
lactococci (Yano ef al, 19&80), Addition of other cryoprotective
agents to milk can improve the protective effect of skim milk as
observed in - the present study. The activity and biochemical
performance of all the cultures freeze-dried using a suspending
medium {(formulation 2).was maximum as the survival rates of the
respective combinations of cultures were also high. This 158 in
agreement with Pettersson’'s (172795} observation who alsc noted a

relationship between activity of concentrates and wviability of

cells.

Addition of sucrose to the suspending media has an advantage
of inhibiting free radical formulation and thus helps to improve
the survival rate (Nikolova, 19783 Lagada et al., 19825 and
Alaeddinoglu e¢ al., 1989). Use of monosodium glutamate to get
| 60-95Y% survival of lactic cultures during Ffreeze—-drying was
reported by Speckman (1975), Kilara et al. (1976}, Lagoda et al.
(1982) and Kim et al. (1?B87}.

The present findings are also comparable with the reports of
Damjanovic and Radulovic (1967} and Radulovic (1971) who have
achijeved S0-100% survival of Bif. bifidum and L(b. acidophilus
when & suspending medium containing sucrose, gelatin and skim
milk was wused. The minor differences in the survival rate of

different combinations of dahi and yoghurt can be attributed to
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the species and strain wvariation of cultures or to ftheir

associative growth in mixed cultures.

4.5. Stability of Bulk Freeze-dried Formulated Dahi and Yoghurt

Cultures during Storage

4.3.1 Influence of Storage Temperature and Sealing Atmosphoere

on the Stability of Freeze—-dried Cultures

Freeze—dried dahi and voghurt cultures, after sealing under
air and vacuum in laminated aluminium foil pouches, were stored
at 4° and -20°C for a period of 90 days, and their activity was
monitored for viabilit&, culture activity, acidity development,
protenlytic activity, flavour producticon and residual moisture

content and the observations are recorded in Tables 21 to 32.

£.3.1.1. Bulk freezé—dried dahi culture D

Variation in survival rate was observed with culfure D as
shown in Table—-2i. 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 93.6%. respectively. For
samples stored at -20°C it was comparatively higher, B3.& and

?4.7% for air and vaccum sealing, respectively.

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, irrespective of storage

temperature (Table 21 to Z3).
4.3.1.2 Bulk freeze-dried dahi culture DAB

Results presented in Tahble-24, show that both sealing

environment and storage temperature have detrimental effect on



Table-21:  Intluence of sealing ll:iu!phere and tempurature on vizhle cell count and residual moisture contant: of bulk frasze-

drisd dahi culture D during storage

s

Seatjng atmgsphere

Pariod
of sterage “far Yacuum
{days} -
Storage temperature Storage temperature
4'C S| C -20°E
Viable cell  Residual Vighie cell Residual Viabie cell  Residual Viabte cell Residual
- counk roisbure count anisture count roisture count raisture
flog cfu/g)  contenit®)  {log cfufgl contenti¥)  {log cfufy?  contenti¥d (log cfu/gl content (%)
] 1.5 1.20 11.531 1.20 11.531 L2 1,53 1.2
5 11.502 1.2 -- - 11.529 1,20 - -
{94, 1) {99.4)
ki) 11.490 .22 11.516 i.20 1t.52¢4 t.21 1t.528 L.20
1%0.%) ' %4 {98.5} (39,13
45 1.452 1.23 - -- 11.512 1.2t - -
185.2) (72.9)
60 Bt.424 t.24 1£.500 1.20 11.504 1.22 11.520 1.20
179.4) 92,9 {33.85) 197,43
5 E.408 1.24 - -- 11,840 1.22 - --
(75.2i {84.8
50 11.379 1.25 11.483 1.21 11,454 1.22 11,508 1.21
170.4) {89.8) LUANY (9.7}

Values are averages of three trials in duplicate
1loaediately freeze-drying
Values in parentheses indicate percent surv_ival

SOL



Tible-221 Influence of sualing ateosphere and temperaburs on activity and titrabable acidity of bulk freste-deied dahi
culture D during storage :

Sealing atsasphere

Period
of storage fir Vacuus
{days) -- -
Storage temperatuss Storage tesperature
4C -0 L -20°C
Culture ¥ Titratahle Culture ¥ Titratable  Culture X% Titratable fulture % Titratable
activity  zcidity activity acidity activity  acidity activity  acidity
tactor {expressed fackor (expressed factor {erpressed factar {expresaed
as lactic 2s lackic as lactie as jactic
acid) acid) - ) acid) acid}
] 0.52 £.93 0,92 0.93 0,32 ¢.93 0.52 4.93
15 0.52 0.53 ~ -— 0.52 6.93 - -
R 0.51 0.92 052 0.93 0.52 0.93 0.52 0.93
45 0,31 0.52 -- -- 0.51 0.92 - -~
&0 0.51 0.51 0.52 ¢.93 0.51 0.92 0.52 0,93
75 4,50 Q.90 - - 0.51 0. - ==
90 0,50 0.90 0.5 0.92 0.50 0.9¢ 0.51 0.92

Values are averages of three trials in duplicate
almedialely after freez-drying

S0L



Table 23t Influence of sealing atacaphere and temperature on diacetyl content and probeclytic wetivity of bulk freere-dried

dahi culture I during storage

Sealing atsosphere

Perind
of storaga Air Vacuua
{days) —_
Storage temperature Storage temperature
4'C -20C g -0
Diacetyl Proteolytic  Diacetyl  Proteslytic Diacetyl  Proteoiytic Biacetyl Proteolytic
content ackivity content activity content activity content ackivity
{ppm) {eg tyrosine/g) (ppm}  teg tyrosinelg) tppr?  lag tyrosine/q} ppal  (mg tyrosine/g)
02 4.10 0.48 4,10 0.48 4.t0 8.48 4.40 0.48
13 ©4.08 0.4 . - - 4.09 0.48 - -
kii} .07 8.3 4.10 0.47 4.0%9 0.47 4,10 0.49
45 07  0.% - ~- 5,08 0.47 - --
0 4,04 0.45 4,08 0.47 4,08 0.4 4,10 0.47
75 2.06 0.4 - ~- 4.06 0.86 - - —
% 0L 0 108 0.8 1.0b 0.5 A 0.47

Values are averages of three trizls in duplicate
#[omediately after freeze-drying

oL



Tabie-28: Influence of sealing atmosphere and teapecgture on vizble cell count and residual moisture content of bulk freeza-
deied dahi culture DAB during starige

Seating almusphere

Period - -
of storage air ' Vacuum
{days})
Storage tesperature Storage tesperaturs
a'g -20*C &' -20°C
Viable £ell Residusl Viable cell Residual . Viable cell  Residual Vizhle cel} Residua)
tounk noisturs count aaisture count roisture caunt roisture
{log cfu/g)  contentiX) (log cfulg) contenti¥l  (log clu/g)  contenti®) llog cfu/g! confent (X}
1] it.144 1.12 11, 14 1.32 .14 1.1 11.14¢ - 1,72
- . L
15 1,12 3 - - 11.144 1.32 -- -
(93.0) . : {92.5)
1o 11,101 1.14 L LT 1.33 1.1 1.33 ti.141 1.32
(0.0 197.B8} (9g8. {98.8?
45 11.094 1.35 - - 11.132 1.33 -- ~-
: BT R {96.8)
&0 11.077 1.37 H.122 1.5 11,129 .14 1t.13% 1.3
(63.2} 194, &} {95.0) {97.6}
! 11.052 (.37 -- - .zt L3 -- -
(B0.3) : {94
%0 11.018 1.18 11.402 1.35 11,118 1.35 11124 1.34
1.9 {90.2 (53.7 (75.00

Values are averages of three Lrials in duplitate,
2lmmediakely after freeze-drying
Values in parentheses indicate percent survival

80L



Table-25: Influence of setling atmosphere and tempertture on activily and tibratable acidity of bulk freeze-dried dahi

tulture VB during storage

Bealing atmasphere

Period -
of storage Air Vacuum
{days)
Storag? temperature Storage kesperature
4" ' 2L o 2T
Cylture X Fitratable  Eultere X% Titratable Cultyre ¥ Titratable, Lulture ¥ Titratable
activity  acidity activity  acidity ativity  acidity activity  acidity
factor  (expressed tactor (expressed  factor {expressed tactor lexpressed
' ag lactic \ as lactic 3s lactic as latkic
acid) acid) aciti acid}
O 0.45 1.20 0.4 1.20 0.4 1.20 0,46 1.20
15 0.43 i.18 - -- 0.46 1.20 -- -
30 0.45 .1 0.8 1,20 0.45 L2 0.8 1,20
4 8.4 t.15 - ~ 0,45 .19 - --
&0 0.43 1.14 0715 ' .18 0.44 1.19 0.4 1.20
75 0.42 1.13 - - 0.44 .19 - -~
9g 0.42 1.12 0.45 .18 0,43 .18 3,83 L.t7

Values are averages of three trizls in duplicate
+lnmediate after freee-drying

éol



Table 2t Influence of sealing ateesphere and temperature on diacetyl content and proteglytic sciivity of bulk freeze-gried

dahi tultuee DB during starage

Sezling ateosphere

Pericd of -
storage Air Yacuum
{days} : : .
Storage temperaturey Storage temperature
§C =2'C - T -20°C
Diacetyl Pruteulytéc Diacetyl  Proteobrtic Diacetyl  Proteolytic Diacety) Proteolytic
content activity contant activity tontent activity content ackivity
{ppe) . {sg tyrosine/y) lppa} (a9 tyrosine/y) (ppal  Imy tyrosine/g) {pom)  (rg tyrosine/q)
0 290 0% 2.50 0.3% X 0.3 2.90 0.3
15 e 0.35 -- - T8 0.3 -~ -
30 2.97 0.35 2,89 0.36 2.69 0,34 2.90 0.36
45 2.8 4.33 - - 2.88 0.34 - -
&0 2.8 0.33 .68 0.5 2.87 0.34 .30 0.35
75 2.85 0.33 -- - .87 0.3 - -
50 2.5 9.32 2.87 0.35 .87 0.33 2.59 0.3

Values are averages of three trials in duplicake
isaediately after fresze-drying

oLl
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the cultures and the deterioration increased with the increase in

storage period.

The wviable cell counts in the culture sealed under air was
found to be 11.038 (log cfu/g) after ?0 days storage at 4°C
resulting in 22.1% cell death. Compratively higher cell count
{11.118 1log cfu/g} was observed with vacuum sealed samples when
stored at 4°C for a period of 90 days. In this case ?3.7 percent

viability of cells was achieved.

Storage at -20°C has resulted in higher cell counts with
both air and vacuum sealed samples with 11.10Z2 and 11.124 ({lag
cfu/g), respectively at the end of stbrﬁge 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 stnréd far longer pericds. The
trend observed with regard to biochmeical activity and residual
moisture content for dahi culture DAB. (Table 24 to 2&6) was also
similar to that of dahi culture D at all the conditions of

storage.
4.3.1.3 Bulk freeze-dried yaghurt cul ture Y

Bulk freeze-dried starter concentrate of yoghurt culture VY,
after sealing under air and vacuum in laminated foil pouches has
showed wvariation in viability 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 B3I.O0 percent for air and vacuum
Sealed, respectively whereas the percentage viability recorded
for air and vacuum sealed samples was B3.0 and ?1.6 when stored
at -20°C for a period of 90 days which are significantly higher

than when stored at 4°C.



Plate.4. Microscopic examination of dahi

prepared with bulk
freeze-dried dahi cul turs nan

Plate.s Micrnscop:c

éxamination of yoghurt Prepared
yoghurt culture YAB

with



Table=27t  Influence of sealing atmosphere and tenperaturd on visble cell count and residual moisture content of bulk freeze-

dried yoghurt cullure ¥ during storige

Sealing ateosphare

Period
of glorage Air Vacuun
[days]
Storage temperature Starage temperature
-26°C =0T
Viable cell Residual Viahle céll Residual Vigole cell  Residual Viable call Residual
cmnt roisture count noisture tount apisture rount maisture
llog cfu/g)  content(¥%)  {log cfu/g} content(X}  llog cfu/g)  content{X) [log cfu/g} coatent{¥)
O 11.049 1.26 11.049 1.24 11.04% 1,25 11.04% 1,26
15 11.013 1.26 - - 11.03%9 1.74 - -
{96.31 (97.7)
Jo 1.026 1.27 T 11,025 .26 11.035 1.2 1).082 1.26
{94.8) (94.4] {94.81 178.4)
45 11.008 1.27 - - - pE.004 1.27 - -
(9:.0y {50.21
&0 10.972 1.2 11.010 1.9 £0.984 i.27 11.022 1.26
8. 5.4 {Bs.1] ICARS:
15 10.94 1.28 - - 10.978 1.28 - -
(78,91 {65.0}
oG 10.898 .28 10,948 1.27 10.759 1,28 11.01% 1.7
{70.6) (63.0] {83.0) 191.8)

Values are averages of three trials in duplicate.
1inaediately after freeze-drying
Values in parenthesss indicate percent survivil

ati



Table-20: Influence of seating atmosphere and tempercbure on activity and titrabable acldlty of bulk freeze-dried

yoghurt culture ¥ during storage

Sealing atmasphere

Pericd
of storage Air Vacuum
{days)
Storage tesperature Starzge temperalure
L -4'C §'g -20°C
Cutture % Titratable Culture ¥ Titrztable Culture % TFitratable Culture ¥ Titratable
ackivity  acidity activity  acidity ackivity  acidity activity  acidity
factar taxgregsad factor . lexgressed factor {expressed factor {exprassed
as lactic as tactic 35 lactic as lactic
acid! awcid} acig} wcidi
02 0,53 1.64 0.53 .44 4.5 t.04 0,33 i.64
{5 0.53 {84 -- - 0.53 1.4 - -
0.52 1.63 0.53 .43 0.52 1.563 0.53 b4
45 0,52 1.62 - - 0.52 L&3 - -
0.5t 1.52 - 9.52 I.63 0,52 .53 0.33 1.483
75 0.51 1.6¢ - - 0.51 L.&2 - --
%0 0.50 1.81 0.52 LY 0.51 B WY 0.52 1.63

Values are averages of three trials in dupiicate
#lamediately after freeza-deying

¢Li



Table-29r  Influence of sealing ateosphece and temperature on icetalydshyde conbent and proteoiytbic activity of bulk

fresze-
dried yoghurt culture ¥ during storage
Sealing atmosohere
Period of -
storage Air Vaciit
(days)
Storage teaperature Storage temperature
4'C =20'C °C -20'C
Acetaldehyde Proteolytic  Acetaldshyde Protealytic "Acetaldehyde Proteolytic Acetaldshyde Proteolytic
content ackivity content activity content activity content ackivity
{pps) (g tyrosine/g) {pam} {mg tyrosine/g) lppal img tyrosine/q)  [ppm) {mg byrosine/g}

0 28.80 0.42 28.5) 0.42 28.80 0.42 2B.50 0.42
15 28.58 0.4t -- - -R.58 0.42 - —
0 .57 0.4t 28,50 0.42 2.58 0.41 28,50 0.42
45 28.59 0.18 - -- 20.55 0.4t - -—
&0 28,33 0.3e 8.54 0.3 78,55 0.18 28.58 0.41
3 28.51 8.15 — - 28.52 0.38 - -
% 28,50 0.3 .54 0.39 .52 2.38 2.5 0.4

Yalues are avertges of three trials in duplicate
timeediately after freeze-drying

wil
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It is clear from the values given in Table 27 to 29 that the

storage temperature and sealing atmosphere have little ar no-
effect on the biochemical activity and residual moisture content

of freeze—dried culture Y over the period of 90 days starage.

4.3.1.4 Bulk Ffreeze—dried yubhurt cul ture YAB

A perusal of the ¥able 30 reveals lower survival rate
(7X.3%) for air sealed cultures when stored at 4°C. Staring at
-20"C increased the survival rate by &%. Similar ftrend was
cbserved with vacuum sealed cultures stored at 4 and -20°C for a
period of @0 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 cultures
sealed under air when compared to that af the vacuum sealed

cultures. The loss was mare in samples stored foar longer period

especially at higher temperatures of storage.

The residual moisture ctontent and biocchemical performance
measured in terms of culture activity, acetaldehyde content,
titratable acidity and proleolytic activity of freeze-dried
yoghurt culture YAB were little or not at all influenced by the

conditions of storage employed in the study (Table IO to 32).

The data obtained with regard to viable cell counts aof the
bulk freeze—dried culture combinations of dahi and vyvoghurt,
during storage were analysed statistically by three—way ANOVA
method. However, the values of samples stored at 4°C at 15, 45
and 75 day intervals were omitted for uniformity sake in the
analysis, The wvariations in viable cell counts with regard to
sealing atmosphere, temperature of storage and étorage period
were found to be highly significant (Appendix VIII} at one
percent level. As the storage period increased, viable cell

counts decreased at a faster rate with increasing storage

temperature, indicating significant (P < 0.01) interaction effact

cf the two variables.



Table~30c  influence of sedling aksosphere and tescerdture on viable cill count end residual salwture content of bulk freaze-
dried yoghurt culture YAD during storage

Sealing atmasphere

Period
of storage Air Vatuva
{days) - ;
Storage tesparature Storage temperature
a'c ' -20'C 8'C ~20°C
Viable cell Residual Viable cell AResidez] . Viable cell  Residual Viahle cell Residual
count moisture count mpisture count noisture tount moisture
log cfufg)  contenti¥) (log cfu/gl content(X) -(leg cfu/gl  contenkidd {log clufy) conkent (¥)
™ 11,071 1.38 11.071 1.38 - 1LO 1.38 11.071 1.3¢
15 11,052 1.39 - - H.084 1.38 - -
{95,7) : 19,5
0 11.040 39 11.035 1.38 11.080 1.39 11.068 1.38
(954} 95.4) 197,91 (99. 3
45 ti.018 1.4¢ -- - 11.044 L3 -- -
(89.9) 124.0)
& 14,007 1.40 1.0k 139 1.025 1,39 1).041 1.39
(B4. 3} (68.1) (20,0} (93,4}
75 10,5904 1.40 - -- 11.008 .40 - -
78.5} (85,3}
20 10.938 1.41 10.976 1.3% 10.994 1.40 11.035 1.3%
3.3 80.41 . _ {24. 2} {92.3}

Values are averages of three trials in duplicate,
1iaqediately after freeze-drying
Values in parentheses indicate percent survival

9Lt



Tenle-3it Influsnce of se1ling tteoaphece and temprriture

culbure YAB during storage

on sctivity and biteatable zcldity of bulk fresze-dried yoghurt

Y

Sedling atmosphere

Period
af storage Air Vacuum
ldaysl et e e e -
Storage temerakure Storage temperzture
A'C -20'C " -20'C
Colture - ¥ Titratable Cultere ¥ Titratable Colture % Titratable futture % Titratable
activity  acidity activity  acidity activity  acidity ackivity  acidity
factor {exprassed factor {expressed factor {exprassed factor {expressed
as lactic 35 lactic as lactic as lactic
acid} acid} acid} acid)
lig] 0.54 1.4 0.54 _ .46 0.3 1.46 0.54 i.46
15 0.54 1.45 - N 0,54 1,465 - -
Rt 0.33 .45 0.3 i.4 0.53 1.43 0.54 .44
45 0.53 .44 - - 0.53 .43 - —-
&0 0.52 1.4 .33 {.42 0.52 1,44 0.54 1.43
75 0.5 1.43 - -- 0.52 1.4 -- -
90 0.5t 1.42 0.52 1.3 0.51 1.43 0.53 1,45

Values are averages af three trials in duplicats
tlmmediately after freeze-drying

PANA



Table-321 Influence of sealing atmosphere and temperature on acetalydehyde tontent and proteclytic activity :uf hulk  freeze-

dried yoghutt culture YAB during storage

Sealing atmosphere

Rir

Vacuua

Pariod - Starage temperiture Starage temperature

of storage :

{days} 4'C ~20°C ©o -0°C
fcetaldehyde Proteolytic Acetaldehyde Protegiytic . Acetizldehyde Proteolytic  Acataldehyde Protenlytic
content activity content activity eontent activity cantent activiby

tppm} teg tyrosina/gl  {ppal {ng tyrosine/gl  {ppa) {mg tyrosine/g} {ppmb img tyrosinelg)

3] 35.0 8.39 35.0 0.3 H.0 0.5 5.0 0.33

13 34,99 0.33 - -- .9 0,13 -~ -

.97 0.33 - 5.0 0.35 B X7 4.3 3.9 0.34
.9 0.32 -- -- 34.% 0.33 - -

&0 3495 6.32 ROR: 0.3 iR o3 n.% 0.74
. 0.3 - -- "W 0.31 -- --

30 4.9 0.3 34,90 0.34 34,95 0.30 34,95 .33

Values are averages of three trials in duplicate
timediately after freeze-drying

gLL



Table-32t Influence of sealing atmosphers and temperature on acetaiydebyde content and protealytic sctivity af bulk  fresze-

dried yoghutt culture YA during storage

Sealing atmosphers

Rir Vicuur

Pericd : Storage temperiture Storage tempecatura

of starage —-= :

{days} C -20'C ' -X'C
fcetaldehyde Proteolytic Acetaldehyde Proteclylic . Acetaldehyde Proteolytic  Acataldehyde Protenlytic
coatent activity content activity content activity caatent activity

{ppa} {sg tyrosing/g} (ppa} ing tyrosine/gl {pps) {rg tyrosine/gt  {ppmd (my tyrosinelq)

0 35.0 0.3 5.0 .35 5.0 0.3 3.0 0.35

i3 34,98 .33 - - -- 3499 0.35 - -

o 3497 0.33 - RO 0.3 ' 34.97 .33 34.57 0.4

435 M.% 0.32 - -- 14.9% 0.33 - -

&0 U5 0.32 34.98 0.34 % 0.0 W59 0.4

735 Je.24 0.31 -- -- ‘3445 0.31 -- -

30 34,593 0.30 34,99 0.34 95 0.30 34,95 0.3

Values are averages af three trials in duplicabe
sIsmediately after freeze-drying

gLl
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It has been found {(Maister ef al., 1938 and Decowski, 19611}

that both over drying and under drying affect the survival of.
It was also demonstrated that there is an

freeze-dried cultures.
(Grief¥,

optimal residual moisture content for maximum stability
1971). Higher morfality rate, when the residual moisture dropped
to less than 0.5%, was shown by Font de Valdez et al. (1985). The
residual moisture content recorded in the present study (1.20-
1.41%) For dahi and yoghurt cultures is within the limit of
moisture level recommended {(0.35-2.0%} for higher survival rate of

freeze—dried 1lactic acid bacteria {(Habaj, i¥&43; Gehriger, 1748

and Sinbha, 198%}.

4.3.2 Prediction of Ghelf [ife of Bulk Freeze—-dried Cultures of
Dahi and Yoghurt

For the preparation of good quality fermented milk products,
direct—vaﬁ-incculaticn (bulk freezEfdriedJ cultures must Have
.sufficient number of organisms to accomplish the fermentation.
However, during the storage of freeze-dried cultures, the viable
counts were observed to decrease, possibly to a number which
falls below the optimum for obtaining guod guality product. The
‘decrease in wviable count is a function of several parameters
including residusl moisture content, temperature and periocd af
storage, atmosphere of sealing etc. These parameters alsc 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), tifratable
acidity (TA), diacetyl (D) or acetaldehyde (AD) productien,
paroteolytic activity (PA) and storage.perind {SP} of the samples
sealed wunder vacuum were subjected to multiple regression
analysis in log~linear and linear-linear forms. The latter
equation was found fto be better model which explained the
contribution of each viarable to the change in the wviable cell

count - (Y). The regression equations obtained to predict the
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viable cell counts are as follows:s

1)

a)

Dahi culture D sealed under vacuum and stored at 4°C:

(~164.15 + 18.3B RM + 43.79 CAF + 22.72 Ta + 346.12 D - 42.17

Pa - 0.03 sP) x 10'° (RZ = 0.9859)

Dahi culture D sealed wnder vacuum and stored at ~-20°C

(-82.48 + 13.71 RM + JZ.146CAF + 24,42 TA + 11.42 D + 42.04

pa - 0.08 SP) X 10°° (R® < 0.9885)

Dahi culture DAB cealed under vacuum and stored at 4°C

(-6.64 <+ 11.02 RM + F.Q1CAF + 4,10 TA - 1,60 D =+ 3,483

Pa - 0.08 SPy x 10°° (RZ = 0.9963)

Dahi culture DAB sealed under vacuum and stored at -20°C

(12.74 - B.0%9 RM - 1.53 CAF + é.lb TA + 1.97D - 11.37 P4
- 0.06 EP)Y X 1010 (R2 = 0.991é61

Yoghurt culture Y sealed under vacuum and stored at 4°C

(35.90 + 10.19 RM - 4,71 CAF + 9.27 TA - 1.96 AD + 14.01
Pa - 0.0z sP) x 10'° R? = 0.9756)

Yoghurt culture Y sealed under vacuum and stored at -20°C

-

(-26.10 + 4.6 RM + JI.44 CAF + 0.07 TA + 1.09 Al - 4.22 PA -

0.0t spy x 10'° (R% = 0.9947)

Yeoghurt culture YAB sealed under varuum and stored at 4°C

(36.63 - 29.40 RM + 3.13 CAF + 4.07 TA + 0.83 AD - 59.24 Pa
0.07 spy x 10'° (R? = 0.8234)

-
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B. Yoghurt culture YAB sealed under vacuum and stored at -20°C
¥ = {(253.87 - 3.0&6 RM ~ 13.4%9 CAF + 0.65 TA - &£.42 4D - 19.31 P4 -
10 '

0.02 5P} X 10

(R2 = 0.9280)

The HE values of all the equations ranged from 0.9280 to
Q.76 except in case of yoghurt culture YAB sealed under wacuum
and gstared at 4°C, where the Rz value was .8234 which was
comparatively low, yet adeguate ernough to reasonably predict the
viable counts. The high R2 values in all the eguations indicate
that the mathematical prediction of viable counts and thereby

shelf life, 1is 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 freere-dried cultures
prepared in the present investigation, dahi and yéghurt were
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 Determination of Inoculum Bize

The obsgervations pertaining to the trials made to ascertain
the size of inoculum needed far direct inoculation of wmilk for
product preparation are presented in Table-33. o

It was observed from the results that use of lower levels of
inaculum size (0,001 and O0.005% w/v) was wnsuitasble as it
produced iLnsufficient guantities of acidity and improper body and
texture. Higher levels of inoculum size ji.,e. 0.05 and 0.1% were
alsp found to be unsuitable for product preparation as the level

of titratable acidity produced was too high angd the curd thus

formed was hard.



Table—-33:

Influence of
titratable
curd

texture af standardized buffalo milk (4.0%

inoculum size of bulk freeze—dried dahi and yoghurt
acidity and bhody &

cultures on
fat)

P i A " o o e A el B e B . e . el e il Bl AL L S T S T — P W farl] P Wk S Sk B WY P N Rl S S S L W S S S T T T i . T —— — — — -y —— - ——

Body & Texture
of the curd

e A Sy ———— — ———— . i i,

Dahi culture D

Control:Liquid culture

Dahi culture DAB

Cnntral:Liquid culture

Yoghurt culture Y

Caontrol:Liquid culture

Yoghurt cul ture YAB

Caontrol:liquid culture

Intculum
size
(% w/v)

1.0 {v/v}

0.001
¢.005
0.010
0.050
0.100

1.0 (v/v)

0.001
0,005
0.010
0,050
¢.100

1.0 {v/v}

3.001

0.0065

0.010
0.050
0.100

% Titratable
acidity
{expressed as
lactic acid)

(1&)

(14)

(15}

{12)

{iad

(L2)

Loose body
Semiglossy
Glossy and
Glossy and
Semiglossy

Blossy and

Mo body

Semiglassy
Blossy and
Semiglossy
Glossy and

Blassy and

Lovse body
Semiglassy
Glossy and
Glossy and
Glossy and

Blassy and

Loose body
Blossy and
Glossy and
Semiglassy
Semiglossy

Blossy and

and semifirm
firm )
hard

and hard

firm

and firm
firm
and hard
hard

firm

and semifirm
firm
hard
hard

firm

semifirm
firm

and hard
and hard

————— T T T o o o o e e e A T, T o o o ke et Akl M S ———— — i o -

Values are averages of five trials in duplicate
Values in parentheses indicate the time

thrs} taken to attain the acidity

gci
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The inoculum size, which gave almost same acidity with
respect to control samples prepared with 1.0% liquid cultures of
respective culture combinations, was 0.01%4 (w/v} for all
combinations of dahi and yoghurt cultures. The titratable acidity
and textural characters of the curd samples were 3also found ¢o be

satisfactory at this rate of inoculum.

4.4.2 Culture activity and Biochemical Performance of Bulk
Freeze—dried Cultures of Dahi and Yoghurt in Cow and
Buffalo Milk

Most of the dairy products, 1in dairy industry are
manufactured from mixed milk. However, certain products like
Cheddar cheese, Maozzarella cheese etc, are invariably gprepared
from either cow or buffalo milk. Cow milk has been reported to be
tongenial for starter growth but buffalo milk owing to certain
inherent praoperties is known to have some effect on starter
proliferation. Since bulk fEeEZehdried starter cultures develpped
were envisaged to be used with both cow and buffale milk, the

performance of the cultures in beth types of milk was determined.

Dahi culture D was found to be active both in buffalo and
cow milk samples with {activity factor ranged from 0.45 to 0.52)
when subjected to Horrall and Elliker test. The titratable
acidity after 16 hrs of incubation at 30°C was in the range of
0.92 to 0.97 in cow and buffalo milk samples. Slightly less
quantity of volatile acidity developmentcan be seen in cow milk
curd  {29.20-29.50 ml of 0.01 N NaOH/50pg curd} compared to that
produced in‘buffalu milk (31.80 to 32.50 ml). Diacetyl content
was almost same in cow and buffalo milk curds with a
concentration of 3X.71 tc 4.00 ppm. Appfeciable difference in
proteolytic activity in cow and buffale wilk curd was not
observed. The tyrosine canfent 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 (Table-34).



Table—-34: Culture activity and biochemical performance of 0.01 % (w/v) bulk

dahi culture D in skimmed and standardized milk (4.0%

after 14 hrs incubation at 3JI0*C.

fat) of cow

freeze—dried
and buffalo

Skimmed Standardized

milk

T g ——————— s e et e et L e S S TP R Y

1. Culture activity factor
(Horrall & Elliker test)

2. Y% Titratable acidity
' {expressed as lactic acid)

3. Volatile acidity
{ml of 0.01 N NaOH/50g curd)

4. Diacetyl content {(ppm)

3. Proteolytic activity
{mg tyrosine/g curd}

milk milk
0.45 0.48
C.92 0.94
22.50 29.20
3.71 3.78
0.43 0.44

! —— ————— g (T ——————— T — T o o o o o e e o e el e . B A ot ot o o e e e e Al A e e S i S ————

Values are averages of five trials

in duplicate.

52l
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There was no difference in the performance of dahi culture
combination DAB either in cow or buffalo milk, after 16 hrs of
incubation at 37°C. The culture was active bpoth in rcow and
buffaloc milk samples. The titratable acidity produced in two
types of milk% was comparable., The difference in volatile acidity
developed in cow and buffalo milk was mezgre which ranged upED a
quantity of 0.3 ml of C.01 N NagH per 50 g of curd. The diacetyl

content and tyrosine content of cow and buffalo milk curds were

in the same order (Table-391).

The perfaormance of yoghurt cultures ¥ and YAB in buffalo
milk was comparable to that of cow milk samples (Tables 346 and
I7). 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 culfure combinations (Y and

YAB) exhibited slightly more volatile acid producticon in buffalo

~milk than in cow milk as was observed by Jain (1979) who has
reported similar observation with mixed cultures of voghurt.

As noted in earlier seﬁtian, it may be abserved that no
appreciable di fference was nokticed in the activity and
‘bicochemical performance of all the four cultures either in
skimmed or standardized milk irrespective of the type of wamilk
{cow or buffalo? used. This observation was in agreement with the
findings of Khanngﬁjﬁggéf who had reported similar observation
with yoghurt starters in buffalo and cow milk samples. The
present finding c«learly indicated that the bulk freeze-dried
cu}ture combinations of dahi and yoghurt can be ﬁsed in any type

of milk to prepare good guality products.
4.4.3 Analysis of Dahi and Yoghurt

4.4.3.1 Lactic count and biochemical quality

The results pertaining to lactic count and biochemical
freeze-dried

The

quality of dahi and yoghurt samples prepared using

cultures are presented in Tables 38 and I?, respectively.



Table-35: Culture activity and biochemical performance of 0.01 % {(w/v) bulk freeze-dried
dahi culture DAB in skimmed and standardized milk (4.0% fat) of cow and buffala
after 14 hrs incubation at IX7°C.

—— kS B el U S U S L AN R P S A R A R AN PUR D PR M M S S e A A AR S e Ba B S e b e e e ek S . S A S AN A BN Ml B e okl e o e . o e o Y Ak Bk e S e e e e e

Cow milk Buffalo milk
81. Biochemical tests === ---r-——————mmmmmmmmmom e
No. Skimmed Standardized Skimmed Etandardized
milk milk milk milk
1. Culture activity factor 0.42 .45 0.454 0.48,
{Horrall & Elliker test) '
2. ¥ Titratable acidity 1.08 1.14 1.146 1.20
{expressed as lactic acid}
3. WVolatile acidity 15.84 16.02 15.94 i6.12
{ml of 0.01 N NaOH/SQg curd?} :
4. Diacetyl content {(ppm? : 2.64 2.70 2.72 2.79
5. Proteolytic activity ' 0.35 0.38 0.37 0.3%9

{mg tyrosines/g curd)

—_——————e— e e — o - —————————— T T Tt Mt W Ml ek A B S ek Sk ko ek o e e o e e e e e g e . . . ey ey A N o e o . e ke B o o o ok o e ko ey

Values are averages of five trials in duplicate. .
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Table—-3&2 Culture activity and biochemical performance of 0,01 % {(wfv) bulk freeze—-dried

yoghutrt culture Y in skimmed and standardized milk {(4.0% fat) of cow and buffalo
after 12 hrs incubation at 37-C.

——— et ——— e, T o —————— . e o et S i, s, i il W B Wkl S Y T — e o e e M R o e i e T Y A B T Y e e e e . o e e e o i s . il S A R o

Cow milk Buffala milk
el. Biachemical tests R ittt i ab et
No. Sk immed Standardized Skimmed Standardized
milk milk milk milk
{. Culture activity factor 0.48 0.51 0.50 0.52
{Horrall & Elliker {est)
LY
2. Y% Titratable acidity _ 1.53 1.56 1.58 1.40
{expressed as lactic acid)
I. Volatile acidity 7 .34 7.78 7 .40 7.85
{ml of 0.01 N NaOH/3Q0g curd)
4. Acetaldehyde content {(ppm} 27.10 27 .20 27 .20 27.50
5. Proteolytic activity ' 0.31 0.32 0.33 0.36

{mg tyrosinesg curd?}

- it R e oy i Bk Bk . e e e A Rk S, el I N . S S . = o ks A o e R A T i} W S ———— —

Values are averages of five trials in duplicate.’
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Table—~-37: Culture activity and biochemical performance of 0.0%1 ¥ {(w/v) bulk freeze-dried
vaghurt culture YAP in skimmed and standardized milk (4.0% fat) of

cow and
bBuffalo after 12 hrs incubation at 37°C.
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Cow milk Buffala milk
S1. Biochemical tests ~ °~ = --------osseeess-sooooo comemmemcse s s s
No. Skimmed Standardized Skimmed Standardized
milk milk milk milk
1. Culture activity factor 0.45 0.49 2.4B 0.51
{(Horrall & Elliker test!}
2. % Titratable acidity. .28 1,32 1.31 1.35
(expressed as lactic acid}
I. WVolatile acidity B.26 8.45 B.5S B.60
{ml af 0.01 N NalH/50g curd)
4. Acetaldehyde content (ppm) 32.40 32.80 3I3.08 33.20
5. Proteolytic activity . 0.28 _ Q0.31 0.32 0.34

{mg tyrosine/qg curdil

Values are averages of five trials in duplicate.

62L
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microscapic view of the cultures in dahi and yoghurt prepared

with DAB and YAB was shown in Plates 4 and S5, respectively.

The lactic caunts (excluding the caunts of Lb. acidophilus
and PFPif. bifidum) of dahi samples prepared with cultures D and
DAB were in the range of 7.210 to B.330 log cfu per gram product,
whereas the yoghurft samples prepared with cultures Y and YAB had
the lactic culfures in the range of 8,104 to B8.524 log cfu per
gram product. The lactic cell count in both dahi and yoghurt was

found to be satisfactory ta have a good guality product.

The titratable acidity (0.98%) diacetyl content (4.14 ppm}
and proteolytic activity {(0.49 mg tyrosine) of dahi prebired with
freeze-dried cultufe D was found to be slightly more than the
corresponding values of dahi prepared with liquid culture of the
same combination, whereas only slight reduction 1n wvolatile

acidity of dahi prepared with freeze-dried culture combination

wags noticed.

In terms of biochemical activity, dahi prepared with freeze-
dried culture DAB was found to be as good as dahi samples
prepared with liguid cultures of the same combination. Similarly,
yvoghurt samples prepared with freeze-dried cultures ¥ and YAB
‘ were found to be more active in terms aof biochemical '‘properties
compared to those prepared with respective liguid cultures of the

same combinations.

The titratable acidity production in the yughurt was
slightly retarded with the incorporation of lb. acidophilus and
Bif. bifidum in the culture conbination of Y. Similarly, yoghurt
prepared with culture combination YAB had less tyrosine content.
The present cbservaticns are in agreement with the results of
Sharma and Prasad (1984} and Kisza ef al. (1978) with acidophilus
yoghurt and Yuguchi ef zl. (19879) with yoghurt containing bifidus

culture.



Table-38¢ CLComparison ot lactic count 2nd biochemica)l propertise of dahi preplrld‘ with
bulk freeze—dried dahi cultures using standardized (4.0% fat) buffalo ailk

e e S b

Cuthure D
5i. {3020+

Culture DAB

{I7°0 )%
MNa. Biochemical property — -———= 3 " g 5
Liquid culbure FB culture Ligquid cualture FD culture
{16 hrois® {14 hrs)*# (16 brsi*= (14 hra)s*s

l. Lacktic count B.33 8.24 7.45 7.21
{log cfu/g}

2. % Titratable acidity 3.78 .94 i.20 1.22
[expressed as lactic acid)

I Vaolatile acidity I5.10 35.80 15,00 16,20
tmt of 0.1N NalH/309 curd)

4. Diacetyl content 4,10 4.14 2. 70 2.82
(ppm?

3. FProteolytic activity .46 . 0.49 0.38 .40

{mg tyrasine/g curd)

Values are averages of five triale in duplicaks.

# = Temperature at which produck was preparad.

*# Period taken %o set the mill.

+ Inaculum size for ligquid cultures @ 1.0% {v/v) and
bisly; freeze-dried cullures @ 0.01% fw/v)

w o
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Table-39: Comparison of
liquid and bulk freeze~dried yoghurt cultures using standardized (A4.0% fzt} buffalo

No.

5‘

—— e

milk at 37 *C

lactic count and blochemical properties of

yoghurt

prepared with

Biachemical property

Lactic count
(iog cfu/g)

% Titratable acidity

texpressed as lactic acid)

Volatile acidity

{ml of O.IN NaOM/50g cucrd)

Acetaldehyde content
{ppm}

Frutéolytic activity
{mg tyrosine/q curd)

Values are averages of five trials in duplicate.
Period taken to set the milk

*
+

Eulture Y Culture YAD
L + + .. + +
“Liguid cutture  FD culture Liguid culture FD culture
(14 hrsi» {12 hra)# {14 hrs)s (12 hrs)»
B.52 B8.31 B.44 B.10
1.64 .62 1.40 1.38
27.50 - 27.80 32.80 33.20
0.36 0.38 0.32 0.35

Inoculum size for ligquid cultures 1 1.0% {y/v) and

Bulk freeze-dried cultures

0.01% (w/v}

a¢



133

However, thé variations in biochemical properties abserved
in dahi or vyoghurt, prepared with 1liquid and . freeze—dried
cultures were not significant. It was alsou observed that all the
freeze—-dried cultures were able to set the products comparatively
in shorter time period (14 hre with dahi and 12 hrs with yoghurt
cultures) compared to 1& hrs with dahi and 14 hrs with yoghurt of
incubation required for liquid cul tures af respective
combinations. This clearly indicated the wusability of bulk
freeze~dried culture combinations in the preparation of dahi and

yoghurt routinely either in small scale or at industrial level.
4.4,.3.2 Viability of Bif. bifidum and Lb. acidophilus

To have the therapeutic benefit, there is a need to maintain
a minimum number of cells of Lb., acidophilus and Bif., bifidum 1in
cultured products. Table-40 indicales the viable cell counts of
BPif. bifidum and Lb. acidophilus in dahi and yogﬁuft prepared by

using liquid as well as freeze-dried cultures,

The wiable cell counts of L&. acidophilus in dahi and
yaghurt prepared with respective liquid cultures of DAB and YAB
were found to be 7.92B and 7.654 log c©fu per gram whereas the
counts in the products prepared using respective freeze-dried
tultures were 7.BlZ and 7.586 log cfu per gram ia dahi and
yoghurt, respectively. The viable cell counts of Bif. bifidum _in
dahi and yoghurt pfepared with respective liguid cﬁltures of DAB
and YAB were found to be 7.579 and 7.122 log cfu per gram whereas
the counts 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, it may be observed that the counts of

acidophilus were mnre than that of hifidabacteria in all the

progucts prepared. The counts of both bifidobacteria and
acidophilus were more in the products prepared with liquid

cultures when compared to the products prepared using respechtive

freeze-dried cultures. The difference may be attributed o the



Table—-40: Viable cell counts of Bif.bifidum I and Lb.acidophilus R in dahi and yoghurt
prepared with liquid and bulk freeze-dried cultures of dahi (DAB} and Yoghurt

(YAB)

Sl1.  Product prepared  Type of  Viable cell counts of  Viable cell counts of
No. culture Bif.bifidum 1 Lb.acidophiius R
S O
1. Bahi culture DAB Liquid . 7.579 7.928

2. Dahi culture DAB Freeze—-dried 7.440 7.812

3. Yoghurt culture YAB Liquid 7122 7.5694

4. Yoghurt culture YAB Freeze-dried 7.092 . 7.5Bé

e e ——— ey S — o . e S oy o e e e i A s B S B o e Rt ik o . e e ek L S i AP R S A . PP P T o e i N e e e e e, e

Values are average of six trials in duplicate.-
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loss in the viability during freeze—drying process and during

storage of the cultures.

In any case, the viable cell count was more than the
"therapeutic minimuﬁ' {106 cells/g) which has been proposed as
escential to effect some noticeable putritional, prophylactic
and/or +ftherapeutic benefit when consumed (Billiland, 19893
Klupsch, 1989 and Kurmann aﬁd Rasic, 1991). The results are

comaprable to the observations of Klupsch (19683) who reported the

7

presance of 107-108 cells of Lb. acidophilus and 106—10 cells of

Bif. bifidum per gram in the product and Yuguchi et al. (1989}
who have demonstrated the presence of 106 cells of bBifidobacteria

in yoghurt fermented with bifidobacteria.

2.4.3.3 Sensory evaluation of dahi and yoghurt

Dn the basis cf.crgaﬂoleptic evaluation, dahi prepared with
culture DAB was rated as "very good" with overall scores of 17.58
and 17.3& for praducts prepared.with liquid and freeze—dried
cultures {(Table—41}) whersas dahi samples prepared with tigquid and
freeze-dried cultures of D were considered “excellent” with
scores of 18.48 and 18B.1B, respectively. In contrast, wyoghurt

samples prepared with Y and YAB were rated as "excellent"

The analysis of variance (Appendix Ixi pertaining fto ¢the
sensary evaluation of dahi samples prepared with 1liquid -and
freeze-dried dahi culture D revealed that the scores allotted
were significantly higher compared to the scores allotted to dahi
samples prepared with culture DAB at one perceat level. The
scores allotted to dahi samples prepared with ligquid cultures (D
and DAB}! were significantly higher at 5% level compared ta the

scores of dahi prepared with freeze-dried cultures (D and DAB}.

The sensory scares of yoghurt prepared with culture
combination Y and Y¥AB were found to be non-significant at 1%
level, which indicated that the addition of [(b&. acidophilus and

Bif. bifidum has not changed the sensory properties of yoghurt.
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Table—21: Sensary evaluation of dahi and yoghurt prepared with liquid and bulk

freeze—

dried cultures of dahi and yoghurt. )
Scores obtained

Sl1. Product Observations Maximum = = —————mmmememee e e

No . Scores Liquid Freeze-dried
allotted )

1. Dahi {(with culture D} a) Appearance S 4.4B 4,73
b) Body & Texture -] 4.45 4.83
c) Flavour 10 .35 ?.52
Overall score 20 iB.4B i8.18
2. Dahi (with culture DAB) a) Appearance 5 a.a2 4,61
b) Body % Texture 5 4,74 4.73
c) Flavour 10 B8.02 B.0Z2
Overall score 20 17.58 17.36
3. Yoghurt {(with culture Y}ia) Appearance 5 4.70 4.82
b) Bady & Texture 5 4.80 4.64
c} Flavour 10 ?.30 .82
Overall score . 20  i8.80 19.29
4. Yaghurt {(with culture a) Appearance 3 4.68 4.84
YAR! b? Body & Texture 5 4,58 4.bb
c) Flavour 10 ?.38 ®.80
Overall sceore 20 18.4&4 19.30

— i ———————————— —————— T — ot [ o ——————— e a2

Values are averages of five samples.

€L



The Treason for low flavaur
with culture DAB when compared
with culture D (9.52 and 9.42)
which might have masked the

variations of indiwvidual liking

the observations made with
accordance with the findings of

{1289) .
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scores (B.02) of dahi prepared:
to the scores nf‘ dahi prepared
may be due to the high acidity
ariginal flavour of dahi and

of the Jjudges.

regard toc yoghurt samples were in

(198%2) and Klupsch

Yuguchi & al.

4.5 Evaluation of Nutritional and Therapeutic Values of Dahi and

Yoghurt
the composition of various
There o significant diff

content among various diets.
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4.5.1 Effect on Body Weight Gai
The male albino rats were
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Table-42: Chemical analysis of variaus praoducts fed to male albino rats
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Fat content Cholesteral %YTitratable acidity
No. (%) {mg/100qg} {expressed ags lactic
acid}
1. Standardized buffalo milk 4,05 11.10 0.15
Z. Dahi with cultture D 4,02 11.00 0.92
3. Dahi with culture DAB 3.@8 10.80 1.1&6
4. Yoghurt with culture Y 3.88 10.&0 1.64
5. Yoghurt with culture YAB 3.B0O 10.43 1.3&6

e i ke e e e S T N M M A R A SRS ANE i Sk e e e e S S AR A ek i by kT W B iy A S Bk S e S . e S i ek e e B Y T S S S A it e e P Bk Sk e e e R B i Rk

Values are averages of six estimations.
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R Rat chew

B Standardized bultato milk

3] Blahi prepared with culture D

DAB {Bahi prepared with culture DAB

Y Yosurt prepared with culture Y

YAB | Yosurt prepared with culture YAB




Mean body weight.gain (g)

Fig. 12 Effect of dabi and yoghunt prepared by using different culture combinations on mean body
weight gain of albino rats.
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the products prepared with the combinations of DAB and YAB with a
body weighé gain of 1279.33 and 123.33 g, respectively.

It is interesting to note that the addition of Bif. bifidum
and Lb. acidophilus %o the cultures of dahi and yoghurt helped in
improving the body weight in bath the groups and this effect was
significantly more with dahi than with yoghurt samples. The data
cbtained in the experiment disclosed that the diffefences
cbsérved in body weight gain among the rats fed with various

diets was found to be significant at cne percent level (Appendix

K).

From the data, it may be inferred that fermented mitlk
progducts definitely have a role 1n improving the body weight and
the present abservation is comaparable to the that of Hdﬁgracve
and Alford (1978). Similar observation was recorded earlier in
other animals (McDonpugh et al., 198235 Hitchins eof ai., 1783 and
Poliman, 19B4}). The present obgervations are contradicting the
results of Chawila (1982) which may be due to variations in the
experimeﬁtal .dégign, differences in the campasitian of diet or

the ratio of the strains present in the products.
4.5.2 Effect on Sarum Cholesterol Level of Male Albino Rafs

Thé levels of serum cholestercl in male albino rats fed with

dahi and yoghurt prepared with freeze-dried culture combinations

are presented in Table 43 and Fig.13.

The experimeﬁtal artimals in Group A became
hypercholesterolemic and the serum cholesterol level rose from 3B
to 72 mg per deciliter on feeding the standardized buffalo wmilk
far 30 days. The serum cholesterol level of rats fed with dahi
had gone upto &5 mg from the initial level of 60 mg per 100 ml
of serum at the end of the experiment, wheregs an lIncrease of
only 2.4 mg cholesterol per 100 ml was observed in control group
fed extclusively with rat chew. The rise 1n serum chalesterol is

mainly due to the milk fat present in the diets fed.



R Rat chew

3 ‘ Standardized buffalo milk

D Klahi prepared with culiure D

DAB |Pahi prepared with culture DAB

Y. Yogurl prepared with culture Y

YAR | Yogurt prepared with culture YAB




Serum cholesterol level (mg/100ml)

Fig. 13 Elfect of dahi and yoghurt prepared by using different culture combinations on serum
cholesterol level of albino rats.
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Table-43: Effect of feeding dahi and yoghurt preﬁared with bulk freeze-dried cultures

of
dahi and yoghurt on serum cholestral level of male albina rats

e B g T S —— e e e e ke e A T e e ek 0 Bk e e S R B A e e = e e e N A S B g . A= S . N B B e o . e e = e =i ikt i e e e e e S S B o e

Group Major Diet Fed = e

o . T e e Y e P A . Ty S A Sap S as A Ak e e e At B S S T ) e e = b ey gy A T . . A e — Ay

Serum cholestrol level {(mg/71i00 ml)

Rat chew : 52.35 &1.85 42.06
A Standardized buffalc milk _59.92 65.18 72.54
Dahi with culture D ' 40.28 63.18 65 .41
T bant with culture DAB 40.56 sSB.46 56.55
B Yoghurt with culture ﬁ 58.38 56.98 35.75
Yoghurt with culture ygB 59,21 S7.73 54.53

Values are averages of six ohservations

eyl
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The r;ts in Grdup_B fed with ynéﬁurt (prepared with culture
Y}, dahi and yoghurt containing bifidobacteria and tb.
acidophilus registered a steady and gradual decrease 1n secum
cholesterol till the end of Experiméntal period. The decrzase was
in the grder aof 2.63, 4.1 and 4.4B mg/10Q ml in the rats fed with
yaghurt {(with culture Y?, dahi (with culture DAB) and yoghurt

{with culture DABY, respectively,

1t its 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 ¥ and ¥YAaB.

The analysis of the data obtained for group A revealed that
the increase in serum cholesteral level was significant at one
percent level as shown in the ANOVA Table {(Appendix XI) whereas
the decrease in serum cholesterol lesvel in rats fed with dahi
prepared with culture DAB and yoghurt prepared with cultures v
and YAB was found to be significant (P £ 0.01}).

The present findings are in agreement with the reports of
Kansal and Chawla (1984), who repnrtéd reduction in plasma
cholesternl level in rats fed with dahi and acidophilus dahi over
a period af 90 days, Hepner et al. {1972}, GCorbach et al. (1788).
The experiments of Brunewald (1982) and Ishida and Kubo (19851
are alsp supporting the present findimgs af luwefing effect of
fermented milks containing Lb. acidophilus. Similaf]y, Danielson
et al. (1989) reported reduction in cholesterol level  in bqars

fed with lb. acidophilus 16.
4.5.3 Evaluation of Antibacterial Activity
All the products showed antibacterial activity to a variable

degree against all the three test organisms viz. £. coli, &.

tyvphimurium and Sh. dveenteriae. It is evident from the data



Table-44: Antibacterial activity of dahi and yoghurt grepared with bulk
freeze—dried cultures of dahi and yoghurt

e . — e e e e e e e T e e e e Ak e e e T T ) Al S i e T i B Bk ke o o o o e . ey ot e S e e e ey e ey T v o

g1. Product = ————————— e ————— e
Ng. Escherichia Salmonrnella . Shigella
colil K 12 typhimurium A-KIGM dysenterias KIGM
Inhibition zone diameter {(mm}*
1. Control 10.50 ' 10.00 10.00
2. Dahi with 12.00 10.34 11.08

culture D

3. Pahi with 16.00 . ia.12 14,20
cul ture DAB '

4., Yoghurt with 13.350 12.50 14.00
culture Y

5. Yoghurt with 18.50 146
culture YAB

Values are averages of five trials in duplicate,.
*Values are inclusive of &mm bore diameter,

VVery strong inhibition 17 - 20 mm .

Strong inhibition >14 - 17 am

Moderate inhibition >11 - 14 om

No inhibition <ii mm

i
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{Table—-44 and Plate-&6} that dahi prepared with cu%ture DAB had
more antiﬁacterial activity with a strong ﬁnhibiticn of all the
test organisms. The inhibition was maximum against £. coli with
an inhibitaory zone diameter of 16 mm. On the contrary, dahi
prepared with culture combination D exhibited moderate inhibition

against E. coli and S5Sh. dysenteriae with a zone diameter of 12.00

and 11,08 om, respectively.

Yaghurt prepared with culture YAB exhibited wvery strong
inhibition against all the test eorganisms (146.10 to 18.30 mm of
inhibition zone?) and yoghurt prepared with culture Y showed
antibacterial activity in the range of 12.50 fto 14.00 @m. From
the results, it is concluded that yoghurt samples with and
without therapézic cultures have strong inhibitory activity
compared to that of dahi prepared with culture D or DAB. The
greater inhibitory activity observed with dahi and yoghurt
compared to control (2% lactie a?id) indicates the presence of

inhibitory substances other than lactic acid.

The higher inhibiﬁory activity of yoghurt compared to dahi
can be attributed to the presence of Lb. delbrueckii ssp.
bulgaricus and Str. salivarius ssp. thermophilus 1n yoghurt
culture which synthesize the antitacterial compounds. {(Abou Donia

et al., 1980 and Dave et ai., 1992).

The enhanced antibacterial activity of dahi and yoghurt
containing Pi1f. bifidum and Lb. acidophilus may be due to the
high antibiotic nature of Bif. bifidum (Anand et al., 19847 Tojo
et al., 1987 and Tum&da et al., i988B) and that of Llb. acidophilus
(Vakil and Shahani 19653; Sandine 19793 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 Rao (1993) who reported stronger antibacterial
activity of yoghurt ice-cream supplemented with Lb. acidophilus
and Bif, bifidum than the product prepared with yoghurt cultures.






SUMMARY AND CONCLUSIONS




3.0 SUMMARY AND CONCLUSIONS

5.1 Twelve combinations of lactic cultures were formulated using
ten strains of lactic acid bacteria. From these, dahi and yaoghurt
culture formulations were gselected on the -basis of better

biochemical gperfarmance and body and texturé af the resultant

curds.

To the selected dahi and yoghurt cultures selected strains
aof Lb. acidophilus and Bif. bifidum were cambined an the basis of

tatal performance aof these cultures.

The promising two dahi cultures and two voghurt cultures
developed in this study were designated as dahi culture D, dahi
culture DAB; yoghurt culfture Y and vyoghurt culture YAB and

consisted of the following strains of lactic acid bacterias:

Bahi culbture D has (c., factis ssp. Jactis Cl1Q, Lc. lactis
ssp. cremoris €1 and Llc. lactis ssp. lactis biovar. diaceéyvilactis
DRC1. - Dahi culture DAB has Lb. acidephilus R and Bif, bifidum 1
aleng with the combined strains of dahi culture D. Yoghurt
culture V¥ has- Str. salivarius ssp. ¢thermophilus HST and Lb.
delbrueckii ssp. bulgaricus RTS. Yaghurt culture YAB has lb.
acidophilus R and PBIif., bifidum 1 along with +the strains aof

ycghuﬁt culturg Y.

Dahi culturé D had a viable cell count of B8.5546 1log cfu/g,
titratable acidity of 0.73% LA, vaolatile acidity of 36.0 ml of
0.01M NaGH/50g curd, diacetyl content af 4.035 ppm and proteolytic
activity, in terms of 0.44 mg tyrasine liberated, after 18 hrs at
30*C in buffalo skim milk. Dahi culture DAB had a wviable count
7.450 lagq cfu/g, titratable acidity of 1.18% LA, volatile acidity
of 146.5 ml of 0,01 N NaOH/50g curd, diacetyl content of 2.48 ppm
and proteolytic activity, in terms of 0.3émg tyrasine liberated,

after 18 hes at I7*'C in buffalo skim milk.
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‘Yoghurt culture Y had a viable cell count of B8.447 tag
cfu/qg, titratable acidity of 1.68B% LA, vcolatile acidity of B.2 mi
of Q.0IN NaOH/50g curd, acetaldehyde content of 28.40 ppm and
proteclytic activity.of 0.38 mg tyrosine liberated after 18 hrs
at 3I7°C in buffalo skim milk. Yoghurt culture YAB had a wviahle
celi count af 8.38B0 log cfu/g, titratable acidity of 1.44% LA,
volatile acidity of 8.9 ml, acetaldehyde content of X4.50 ppm and
protealytic activity, in terms of tyrosine liberated of 0.33 mg,

after 18 hrs at 37°C in buffalo skim mili.

5.2 Eleven skim milk based. and seven cheese whey based media
were farmulated far the biomass praduction of dahi cultures D and
DAB and vyoghurt cultures Y and YAB. Skim milk based medium
{Medium one) with the ingredients of skim .milk {5¥%), yeast
autolysate (1%4) and glucose (1%} with a pH of 6.5 for dahi
cultures D and DAB. Another ckim milk medium (Medium two) with
the composition of skim milk (O50%), tryptone (1%} and glucose
(0.1%) with a gH of &.C far yagﬁurt culture ¥ and with a pH of
&.5 far vyaghurt culture YAB were found to be the best on the
ttasis of the viable count and titratable acidity.

5.3 Medium one with a pH af &.5 for dahi cultures D anq DABE with
a respective cell yield of 9.708 and 9.6846 (lag cfu/g! and medium
twa with a pH of &.0 for yoghurt culture Y and with a pH of 6.5
for yoghurt culture YAB, which yielded 9.882 and 9.3502 log cfu/g,

respectively were found to be the best.

Dahi cultures perfaormed best after neutralization with
viable cell counts of ?.708 and ?.686 lag cfulg foﬁ 0 and DAB,
respectively, at the eand of 18 hrs af incubation wunder the
canditions aof pH &.5, temperature 30°C for D and I7°C for DaB
with 1% inoculum rate. For yoghurt culture a pH 4.0 for Y and &.5
for YAB, temperature 30°C and 1% inoculum rate showed maximun

viable cell count (9.88 and 9.502 lag cfu/g, respectively for Y
and YAB).
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5.4 Dut af three formulated crycoprotective Zgents the
cryoprotective agent consisting of 104 buffalo milk, L.S%
gelatin, 74 sucrose and M manosodium glutamate was found to have
maximum pratective effect with least reduction in viable cel]}
counts; of-dahi culture D (13%}), dahi culture DAB (3.8%), yoghurt
cul fure Y (11.6%) and yaghurt culture YAB (11.2&). This newly
formulated suspending medium was the best among all the

cryoprotective agents so far reparted.

3.5 The survival of dahi and yoghurt cultures, packed in 25g
quantities in laminated aluminium Toil pouches (12 micron
polvethylene + 12 wmicron aluminium foil + 150 gaugage
polypropyliene) sealed under vacuum was found ta bhe maximum when
stored at -20°C. The difference in survival rate between dahi and
yvoghurt cultures sealed under vacuum and stored at -—-20°C was
because of the characteristic of mesophilic and tﬁefmophilic
nature of the respective cultures. Sealing atmosphere ot air and-
higher temperature of storage (4°C) were found to be deletericus

for the wiability and activity of cultures.

The resitdual moisture content of freeze—-dried dahi and
yaghurt cultures (1n the range of 1.20-1.41%) had not showed any
deleterious effect an survival. Therefore, the moisture conteant

limit below 1.53% is recommended for Ffreeze-driegd lactic acid

bacteria.

5.4 The regression equations derived with the parameters of
residual maoisture cantent, titratable acidity,
diacetyl/acetaldehyde content, proteaolytic activity and storage

perigd wera ‘found ta give the shelf-life of bulk freeze-~dried

dahi and yaghurt cultures.

5.7 The inoculum rate of Q.01% (w/v} of four cultures was equal
to 1.0%4 of liquid cultures. The biochemical perfarmance of
freeze-dried cultures was slightly better than the routinely used

liquid cultures. The incubation period was shortened by twa bhes
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with freeze—dried cultures. A pack of 2Z3g culture can be used to

prepare 25¢ kg of dahir ar yoghurt.

5.8 Biochemical performance and starter activity of bulk freeze-
drisd cultures of dahi and yaghurt were in the same order
irrespective af the type of the milk, cow skim milk {(?.6% TMS),
buffalo skim milk (10.20% TMS), cow milk (4% fat, 13.4% TMS) and
buffala wmilk (4% fat, 15.7% TMS). The performance af dah: and
yaghurt cultures was slightly better in buffalo milk thamn other
milke. Bulk freeze-dried cultures of dahi and yaghurt are equally
goad to manufacture good quality dahi and yaghurt in all types aof
milk.

Dahi prepared with culture DAB contained 7.44Q and 7.812
(log cfusql) of Bi¥. bifidum and Ll&. aclidaphilus, respectively and
yoghurt prepared with yoghurt culture YAB had 7.092 and 7.58&6 laog

cfu/g, respectively..

Dahi and yoghurt prepared using bulk freeze—-dried cultures
were rated from very good to excellent. The score was similar to
thase obtained by the products prepared with 1liguid cultures.
Addition aof Lb. acidophilus and Fif. &ifidum to yoghurt has no
etffect on the sensary acceptance. However, dahi1 prepared with DAB

scared 4.5% less, yet it was well-accepted.

On the basis of the data obtained in the present study and
keeping in view of the general hygienic condition af the dairy

plants in our country, the following microbiolagical standards

are suggested:

Dahi with and without acidophilus and bifidobacterium should
have the lactic acid bacteria count aof 107 cful/g, ftitratable
aéidity of Q.8 to 1.2fand diacetyl content of 2.0-I.5 ppm.
Yaghurt with and without the therapeutic cultures should contain
the lactic acid bacterial count of 107 cfu/g, titratable acidity
of 1.4-1.46 and 15-20 ppm of acetaldehyde. The minimum counts of
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LA. acirdophilus and Fif. bIfidunm should be 106 cfu/g in dahi and

yaghurt.

5.9 Feeding aof dahit and yoghurt ta albhino rats for a period cof
four weeks 1increased the mean body weight but feeding of the
products containing therapeutic cul tures enhanced the mean body
weight gain by 20.68 and 2.92%4, respectively. Feeding af
standardized buffalo milk (4.0% fat) raised the serum cholesteral
leval fram 3B.92 tao 72.34 mg percent. Dahi feeding tao increased
the serum cholesteral content significantly from &0.28 to &5.41
mg. However, dahi incorporated with therapeutic cuitures had a
decreasing effect on serum cholesterol level. The reduction being
&.68%. Plain yoghurt also raduced the cﬁnieaterol level (4.5%),
fhawever, presence of therapeutic cultures in yoghurt reduced the

serum cholesterol content further (7.9%).

Daht and yoghurt prepared with DAP and YAB cultures had
shawn strong: antibacterial activity against E.colsf, Sai.
typhimurium and Sh.dysenteriaé. Dahi and yoghurt prepared with D

and Y cultures showed maoderate inhibition..

CONCLUSIONS

The most importanmt finding of the study is the designation
of the prnmising starter cultures for dahi and yoghurt
preparation with uniformitf in the quality from batch to batch.
Praduction of cancentrated freeze—dried cultures are expected ta
bring about significant changes in the trend of dahi and yoghurt

manufacture in the country.

The present investigation clearly demcnstrated the benefitsg
with the incorporation of therapeutic cultures in thé cultures of
dahi and yoéhurt. Therefore, there is every need to use these two
cultures to enhance the nutritional and therapeutic values of the

praducts and to maintain health.

b L & L L)
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APPENDIX—-T1I
Scare Card for Sensory Evaluation af Dahi/Yaghurt

Dairy Microbinlogy BDivision
National Rairy Research Institute
Karnal~132 001

Date of manufacture:
Name aof the Judge:
Date of Judging:

Eode Nos:
Observations Scareg Defects
Max i mum Alloted
{(Put / against defect,if any)
a) Appearance - i) Unnatural celaur
ii} Wheying off
iii) Surface discolouration
iv) Foreign matter
b) Body & Texture S i} Teo thin iillumpy/Granular
iii} Wheying off
iv) BGassy
c) Flavour : 1 i} High acid iilBitter
iil) Yeastiy iviunclean
v} Burnt vilchalky
vii) Powdery flavour in yoghurt
Dverall scare 20

Suggested réting

Excellent
Very good
Good
Fair

Paoar

Signature of the Judge



fppendix-131s  ANOVA of standardization of orowth mediue and growth conditions for dahi culture B after
14 hrs of incubation at 3L '

Source Hean sum of squares

of 0.F -

effect Selection of " Opkimizakion of Dptimization of Fffack of Effect of
growth asdiug tesperature pH inpculuw fevel  eryoprotective

agant

Replicakion 5§ 0.8%e-13 0,269 -0LHS 0.270e-0415 0. B45e-041G 0. 50T2-0INS

Effect 2 0. 186e-0f45 URCYES 0,444+ 2535+ UNEY L

Errar N[ .838e 05 .44 0.2420-0b- 0.111e-01 0,2450-01

Ch at 1% '

evel 0.4%2e-02 0, {20e-01 0. Me-07 0.193e-01 0 JaDe-2

NS = Mot Significant 2t weSignificant af 3% levet (P { 0D

fppendiz-TVs fHVA of standardization of growth sediue and growth conditipns for dahi culture DAD after
18 tirs of incubation at 37'C

Source ' - Mean suk of squarzs

of DF _

stfect - Dptisization of Gptiaization of Eftect of Effact of Selection of
teaparature #H - inocelue level  cryoprotective  DF growth wedius

ageat

Replication  § 0, 75Za-1H45 0. 34te-NN5 0. 41%a-04H8 0. 25%e~03N5 3 07800408

Effect 2 0,453 0.2 2,424 0,505+ 4 0.4 e0be

Errar 0 0, J75e-04 0. M Te-0y .359e~04 0.36%-07 20 D480t

b at ¥ ' 0,112e-07 ¢.452e-03 & 15e-01 0,281l 0.112e-01

level :

B = Nt Significant o ilSignificant at 1% level (P £ 0.0H)



fppendis-111:  ANVR of standardization of growth aedium and growth conditions for dahi culture b after
1& hrs of incubation at 30°C

Source Hean sup of squares

ot B.F

effect . Belection of Optisization of Lotiwization of Fffect af Effect of
growth eediug temperakure pH inoclua Tevel  cryoprotactive

agent

Replication | 0.B14z-04a2 0205085 0.30e-0415 . 845e-04H5 0,90%~015

Etfect 2 0,15%4e-D]1 42 03,2473 H.444:2 2,535 0, 14235

Ervor n 0.818-05 6.43 0.24%-0% g.11ie~03 3,3432~3

th at 1%

level 5. 45 5e-02 0. 81e-0 0 HHe-02 . 153~} 0. A0

M5 = Not Significant 12 #iSignificant at 1% Jeval (P { .01}

fppendix-1: ANOWA of standardization of growth medius and growth conditions for dahi culture DAB affer
1B hrs of incubstion st J1E

Source _ « Mean sum ot squares

of bF - -

effect Optimization ot Bptiaizabion of Effect-of Effect of Belection of
teaperature oM inoculus level cryoprobective  DF  growth mediua

agent

Replication § 0.357e-040S 0,34t e-0LH8 $.415e-D8HS ,30%e-NING 5 0,760e-0ANS

Eftect 2 0.74533 b, 2333 24 D,5858 5 B 4e-0ias

Ecror to 0.375e-04 . 94%e-05 0.355e-04 0.367e-02 20 044801

oo at 1% 0. 11207 0.9%2a-02 2. 115e=01 f0,365e-01 D.112e-01

1evel

uS = Nob Gignificant :¢ #aSignificant at 1X level (P £ 0.01%



Appendix-V:

aftar 156 hrs of incubation at 37°C

e e e e e e e e e e e e e ey e e T P T ——

Selection of

grawth medium

Saurce

of B.F
effect

Repliecation 5
Effect 2
Error i0
CD at i%

level

0.417e-0DANS
0.205e-014x
0.178e-D4
0.768a-02

———— e e

Optimization of
£H

e e e e e L L e Bl b s o ok ot by

. 192a-04NS
0,385+
0.175e-04
D.747a-02

aNOVWA of standardization of growth medium and growth conditions for yoghurt culture ¥

Effect of Effact of

inoculum level cryopraotective
agent

D&M 3e-Gawa 3.1B0a-02%4

D.112#% 1.97 4%

0.522e-05 2.212e-03

0.41Be-01 . 2&&e=01

NS = Mot Significant s¢ *xBignificant at 1%:level (P £ 0.01)

dppendix—Vis

after 146 hrs af incubation at I7°C

ANOVA af standardization of growth médium and growth conditions for yoghurt culture YAB

Saurce Mean sum of sguaras

of D.F - ———

effect Dotimization of Influence of Effect of Eelection of
pH inoculum level cryoprotective DF grawth mediom

agent

Replication 3 G.&0Be~04x% 0.14Be-Db#* 0. 120e-03NB 5 0.B&4e-044

Effect 2" D24 %% D, 11634 0.430%% 3z DL 1R7 %%

Error 10 0.10%e-G4 0.177e-04& .682e-03F i3 (. 208e-04

C.D. at i¥% 0.404e-01 0.B1&a-02 0.4772-01 . 776e-02

level

NS = Not Significant

rx *x*#5ignificant at

14 leval (P <€ O.01)



fppendix-V11:

ANOVYA of the effect of neutralization of growth medium to maintain the initial pH an
viable cell count of dahi and yoghurt cultures

Source

of DF
effect

Jahi culture
combination D

viean sum of squares

Dahi culture
combinatian DABR

Replication 5

Effect I
Error 15
Ch at 1Y%

level

D.124a~-0T 342
13,45 1 #4
0.,533e-05
0,302

- -

01958~ 4x4
10,67 4%

0.4192-03
,348e-02

NS = Not Significant :: x#Significant at 1% level

Appendix-VI1I:

Yoghurt culture
comnbination Y

0. 35T a—(4%
15 .05 44
0.741e-05

O 4LT5e—027

Bahi culture
combination D

(P £ 001

e s e e e ey

Yaghurt culiurs
combination YAB

i B T T P B k. o o e e S . A o e e e g . R, L R Ak iy ek B o B e o . P A e

4T3 Te~04%%
11.475%»

0. 2156213
O, 2%0e-0%

Bahi culture
cambination DAB

Yoghurt culture
combination Y

ANDVA of the effect of storage conditions an bulk freere-dried cultures of dahi and yoghurt

o e e e e e i B Pl el e e ki e e e e P L N R o o] T B o & o . Y B B Bk P TN B Bl e e o . AR R o o e e e B ok e ) o B . — o o e e

Yoghurt culifurs
combination YAB

B, 131 p~-05NS
0. 27Be-Dixs
0.26Fa-01%x
0.17%e-01 %%
0. 132e-01 %%
0.518e-02%%
0.635e-03%%
0.314a~02%%
0.20%e-04

0.363e-02
0. 3&3e-02
0.313e-02

B. h&De-D4NS
0,8172-004%
0. 4780244
0.539e-00%4
D.I12e—02%%
D 1TFe-0T#*%
0.6728-03%%
0. 43300244
0. 165e-04

0.327e-02
$3.327e-02
0. 4462202

D.127a~35N5
0. 4922-02%
0. 46448-02%%
D, 75e-01%x
0. 1b67e~0q4%
0, 206e=-07%%
0.207a-024%
0. 283a-03%%
245a=04

0.3R3e-02
2.3%1e—-02
0,.53&e-07

[—— ——

0, 2100~-04NS
G T390 -0 %
0,.1008e-02%%
. 12he-0luas
0,500e-0Te%
0.595e-0T%%
D.12Me-034%
.53 2003
0.18Be-034

0. T45a-02
H.3458-02
0,487 e-02

Source

of LOF
affact
Replication 2
a 1
B 1
g 5
A XB i
AXC Z
BXC I
AXBXC I
Error 3t
CD at 1% lsvel
A

B

C

¥

I

S = Mot Significant g: *#Significant at 1% level (P 4 0.
= Gealing atmosphere :: B = Storage temperature 1 =

orage period

e e s L L



Appendix—-IX: ANOVA of the sensory evaluation of dahi and yoghurt

t

T o bt i T B B b o . 5 A S . o S B oy T S o o = = T e ek o T —_— = o = e T o e B s MR o o e o

Soutrce Madn sum of squares

ot DE 0 e e e e ————

effect Dahi Yaghurt

Replication 4 0.4613e-01NE 0.21Be--01NS

Culfure combinations 1 2.24%P%% . . 25Ta~01NG

Type of culture 1 0.289% 12465 %3

All effect interaction 1 1 O56H . 395e—01NE

Errar 12 ' o D.341e-010 0.374a-01

CD at 1% level 0.2520 3. 3I2B0

D at 5% level Q1644 ——

NS = Not Significant :: #Significant at 8% level (P < .05}

**Significant at 1% level (P & 0.01)

Appendix~X: ANOVA aof the effect of feeding dahi and yoghurt on body weight gain
of male albina rats

Source " DF Sum of sguares Mean sum oF F valug ChBoO, o1

squares

Replication S 2173.%132 1435 .06 4,025 x

Periad 3 1432046, 4600 48402, 21 437 .945%%

Treatment : 5 10410580 2087.11 19, 26F %% 7.85

Intaraction is 5118.250 407 .88 S.774%n

Error . 119 124264190 108,035 -

Total 143 176334 . 900 C.F.: 70518¢.04

Ak o Ay P ekt o b At Sl e =t o e Al Bk B, Tk T . T e e L e Bl i A B . e e ey B b = har e = e e A AmA e A = e e A

## Gignificant at P<{0.01. K



Appendix—XIz ANDVA of the effect of feeding dahi and yaghurt on serum cholesterol
level af male albino rats '

Group A Group B
Source nF 85 MSEs F Cco 55 MSS F cD
Replication 5 1t.74 2.35 Q.B3ING - 10.88 2.18 2.29NS -
Treatment 2 84.90 42,45 18.92#%  1.45 25 .&6% 12.35 13.,00u4% 0.84
Periad : 2 &38.74 319.3%9 112.39#% 1.02 128.22 44,11 L7 A8 % 0.59
Evrror &4 125.09 2.84 41i.9 0.249
Total 23 860.51 . 205.46%
% = Hignificant at P<0.0Q%
N8 = Mot significant



