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INTRODUCTION

Milk 1s a universally accepted nutritious and almost
complete food versatile for 2ts high gquality proteins
minerals vitamins fat and carbohydrate Lactose a
reducible disaccharide 1s essential for better utilization of

calcium and other minerals M1lk fat 1s a concentrated source

of energy

Eventhough milk containsalmost all the constituents
required for human system, there are certain limitations for

1ts proper utilization

Lactose 1intolerance 1is a world wide problem in human
population (Fernandes and Shahani 1989c¢) In the small
intestine the lactose 1s hydrolysed to glucose and galactose
in the presence of the enzyme ,3 -galactosidase The
deficiency of this enzyme 1in human subjects leads to abdominal
pain bloating cramps loss of appetite and diarrhoea
because of abnormal fermentation of lactose as 1t enters the

colon (Houriyan 1984)

Yogurt 1s one of the most popular fermented milk
product known for its typical aroma flavour and

characteristic semi-solid consistency



Fermentation of milk by lactic acid bacteria ancreases
1ts dagestibility and nutritive value Lactase non-persistent
individuals tolerate yogurt better than milk as measured by

rise in blood glucose levels (Alm, 1982b)

The yogurt starter bacteria namely Streptococcus
salivarius subsp thermophilus (s salivaraus subsp

thermophilus) and Lactobacillus delbrueckii subsp bulgaraicus

(L delbrueckii subsp bulgaricus) utilize lactose for thear

growth and multiplication and produce lactic acad The
increased utilization of the milk swugar on consumption of
yogurt i1s attributed to partial hydrolysis of lactose and
presence of viable cells of starter culture which will
continue to multiply and produce ﬁ5—galact051dase duraing

their passage ain the digestive tract (Pochart et al  1989)

The therapeutic benefits attributed to yogurt
consumption are reduction in serum cholesterol levels
(Richardson, 1978) production of antibacterial substances and

inhibition of pathogenic organisms ir the intestine (Renner

1983)

Though fortification of yogurt mix waith milk powder
and other source of milk solids are done praimarily for
improving the body and texture 1t also results in enhancing

the nutrient contents of the product



Bifidobacteraia are anaerobic lactose fermenting
organisms found in the intestine of infants In breast fed
infants 99 per cent of aintestinal +flora are composed of
bifidobacteria As the age 1ncreases there 1s a decrease in
the number of bifidobacteria and corresponding increase of

other harmful bacteria (Ishibashi and Shaimamura, 1993)

The greatest advantage of the presence of
bifidobacteria 1in the intestine, either in infants or ain
adults 1s thear ability to prevent the proliferation of
Enterococcia and Clostradia Acetic acid produced by the
bafidobacteria createsan unfavourable condition for the growth
of most of the pathogens The bifidobacteria has been used in
conjunction with antaibiotic therapy to correct the microbial

imbalance in the intestine (Tojo et al , 1987)

Other beneficaial effects of incorporation of
bifidobacteria in regular diet include the reduction of serum
cholesterol level (Homma 1988) activation and improvement 1in
immune response system in chialdren (Kaloud and Stogmann 1969)

and anti-tumour effect (Tsuyuki et al 1991)

Starter culture of intestinal oragain are reported to
be more beneficial as a dietary adjunct because of better
adoption 1in the gastro-intestinal environment (Gilliland

1979 Hoover 1993)



During the fermentation the bifidobacteria produce
large quantity of acetic acid which impartsa typical insipid
flavour and taste not liked by the consumers Bifidobacteraial
specles are slow growers in milk and require some pre-formed

growth promoters for their multaiplication

Addition of B bifidum along with the normal yogurt
culture may improve the therapeutic value of the product The
acetic acaid flavour produced during fermentation by

bifidobacteria would also be masked by natural yogurt flavour

and aroma

Whey the by-product of chee.e, paneer and casein
industries 1s a valuable source of lactose protein and ash
About half of the total milk solids find their way in cheese
whey Seventy five per cent of whey solids 1s contributed by

lactose

Whey proteins are superior to casein or whole egg
proteins in respect of their nutraitive value The lysine and
tryptophan contents of whey proteins cre almost double than
those of casein (Palmer 1980) Trey are also valuable
because of thelr functional properties ain different food

formularies and baking industraies

With the increased production of cheese ain India and

abroad disposal of whey 1s one of the craitical problem



encountered by the dairy aindustry The majority of the whey
1s now drained off due to absence of viable economical

alternative leading to tremendous loss of valuakle nutrients

Whey so0lids and whey proteins have high Baological
Ooxygen Demand (BOD) and the present practice of disposal of

whey without any pre-treatment is creating difficulties in the

pollution control measures

The use of reverse osmosis and ultrafilteration
techniques for concentration and condensation of milk and whey
are very promisinyg but these processes are yet to be adopted

in commercial practice because of initial high cost and other

limitation

Under the present set up of dairy industry in India
the wvacuum condensation of whey solids and their use in
fermented milk products seems to be most practical The whey
solids in concentrated form and whey protein concentrates can
replace nonfat dry malk {(NDM) 1in yogurt By this the cost of
production of yogurt can be reduced and its nutraitive value

can be improved

Yogurt starter bacteria and bifidobacteria must remain
viable durany storage and during the passage through

intestine The presence of viable organism in the system 1is



essential for producing nutriticnal and therapeutic effects
Frozen yogurt and cultured i1ce cream are best known medium as

carriers of these organisms in the viable state

Plain and fruit flavoured yogurt are having short
shelf life Duraing refrigerated storage the acidity continues
to 1increase The products with higher acidity are very sour

in taste and flavour High amount of acadity 1s also

detrimental to starter culture

Prozen yogurt stored at -20°C has higher keeping
qualaity Increased amount of milk fat sugar and presence of

stabirlizers and emulsifiers in frozen yoqgurt further aimproves

1ts nutraitaive value

Frozen yogurt being a product having advantages of
both the nutritive value of yogurt and sensory gualaties of

ice cream 1s becoming widely popular in Europe and Ameraica

Nutrztional and therapeutic amportance of yogurt and
milk fermented with bafidobacteria are well documented Very
little information however 1s avallable regarding the growth
characteristics of bafidobacteria in combination with yogurt
culture Bio-chemical and microbiological alterations 1in
yogurt due to bifidobacteria are also required to be

investigated



Further study on survaival and stabilaty of
s salivarius subsp thermophilus L delbrueckil subsp

bulgaricus and B bifadu in frozen yogurt is also necessary

The present experiment therefore 1is undertaken with

the following objectives

1 To assess the effect of incorporation of different levels
of whey solids and whey protein dispersion as a
replacement for NDM on (a) growth of yogurt culture and
bifidobacteria (b) biochemical and (c) sensory

characteristics of yogurt and frozen yogurt

2 To study the growth performance of S salivarius subsp
thermophilus L delbrueckii subsp bulgaricus and
B bifidum as a mixed culture in yogurt fortified waith

different forms of whey solids

3 To study the effect of incorporation of B bifidum as a
supplementary starter culture on biochemical and

organoleptic characteristics i1n set and frozen yogurt

4 To study the survaval and stability of the yogurt starter
culture and bifidobacteria during the process of freezing

and frozen storage of the products at -20°C
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REVIEW OF LITERATURE

2 1 Yogurt starter culture

Streptococcus thermophilus (S thermophilus) and

Lactobacillus bulgaricus (L bulgaricus) have been reported as

the two prancipal organisms used for the preparation of yogurt

(Tamime and Deeth 1980)

Farrow and Collins (1984) reported a close genetic
relationship between S salavarius and § thermophilus They
sugyested that S thermophilus should be reclassified as a
subspecies of S salivarius and be redesignated as
5 salivaraus subsp thermophilus The new nomenclature was

subsequently accepted (Hardie 1986)

Hardie (1986) reported that the S salaivarius subsp
thermophilus was gram positive spherical to ovoid cells
arranged 1in pairs or in long chains lactic acid was found to
be the main fermentation product fiom fructose glucose
manncse and lactose Fermentation of sucrose by many strains
of thermophilus was also reported The glucose moiety of
lactose was fermented to lactic acid and galactose was either
released into the medrum or weakly fermented These organism

was reported to produce L-lactate from glucose metabolism



The optimum growth temperature report¢d was 37°C with minimum

19 to 21°C and maximum 52°C

Kandler and Weiss (15986) reported a high phenotypic
and genomic simrlaritzes between L  delbrueckia and
L bulgaricus and recommended that only L delbrueck:i should
be 1dentified as a separate species and L bulgarius to be

redesignated as L delbrueck:ii subsp bulgaricus

The morphological and biochemical characteristics of
L delbrueckii subsp bulgaricus have been described by
Kandler and Weiss (1986) The members of this species were
gram positive rods with rounded end occurring singly or in
short chains These were non-spcre formecrs catalase
negative facultative anaerobic or micro aerophilic These
organism were known to produce lactate from carbohydrate
metabolism Traces of acetate ethanol and carbon dioxide
production were also reported The organisms were found to

produce D(-) lactic acid from glucose fermentation

Kandler and Weiss (1986) also reported that optimum
growth temperature for L delbrueckii subsp bulgaricus was
45°C Pantothenic acid and niacin were reported to be
essential growth factor For some strains riboflavin folic

acid vitamin Bl2 and thymidine were also essential



2 1 1 sSymbiotic relationship between yogurt starter culture

Pette and lolkema (1950a) demonstrated the symbiosis
between § thermophilus and L bulgaricus They observed that
the rate of acid production was grecter when the two yogurt
bacteria were gron together in milk than grown separately
They also found that the number of cocci were much higher 1in
mixed culture than 1in a single culture under a similar
conditions of incubation Tamime (1977) hcwever reported
that population of both rods and cocci were much higher when

grown 1in mixed culture than in single culture under saimilar

conditions

Bautista et al (1966) aidentified the  compounds
responsible for the symbiotic growth of S thermophilus and
L bulgarius They found that histidine and glycine were
produced during fermentation by L  bulgarius and the
fortification of histidine and glycine resulted in higher acaid
production in milk by the saingle culture of thermophilus
They concluded that the histidine and glycine produced by the
bulgaricus was utilized by the thermophilus for their growth

during the fermentation of milk by the mixed culture

Galesloot et al (1968) found that under anaerobic
conditions the S thermophilus produced stimulatory factors

which favoured the growth of I bulgaricus Veringa et al



(1968) found that the stamulatory factor produced by

thermophilus was formic acid

Among the two yogurt starter bacteria L bulgaricus
was better able to hydrolyze casein whereas S thermophilus
had significant peptidase activity for hydrolysing the
products of 1nitial casein breakdcwn Consequently the
proteolytic activities of the two starter culture bacteria
complement each other and contribute to cooperative growth

(Moon and Reinbold 1976)

Tamime and Robinson (1985) reported that the pattern
of proteolysis by the yogurt culture would also help the two
organismg for their symbiotic growth The L bulgaricus
possessed more proteinases activaity and hydrolysed casein to
form polypeptides The peptidases synthesized by
S ‘thermophilus was responsible for breaking of the peptides

and the liberation of free amino acids

Driessen et al (1982) designed an experiment to study
the requirement of carbon dioxade (COZ) for optimum growth of
L bulgaricus Amount of carbon dioxide produced by
S5 thermophilus 1in mixed culture and effect of heat treatment
on carbon dioxide level in milk was also studied They
observed that for the optimum growth of L bulgaricus more

than 31 mg ot 002 per kg of milk was essential The 1initial



carbon dioxide level 1in yogurt mix was 60 mg ain one Kkg

buring heat treatment of 85°C for 5 minutes the concentration
of the gas was reduced to less than 6 to 10 mg per kg After
the i1noculation of the mix with the two yogurt culture 1t was
found +that S thermophilus produced 50 mg of carbon dioxide
per kg of the mix an first 45 minutes of 1incubation The
production of the carbon dioxide continued throughout the

1ncubation period
2 1 2 Polymer producing yogurt culture

Cho ah Ying et al (1990) prepared yogurt from the
combination of two types of yogurt culture vaiz RR and SW,
in a ratio of 20 80 Both the culture were having bulgaricus
and thermophailus 1n 1 1 ratio Thermophilus 1n RR culture
however, had an abilaty to produce polysaccharides It was
found that by the use of polymer producing cultures yogurt

with 1mproved consistency and texture ould be prepared

Marshall (1993) suggested the use of polymer producing
variants of the starter cultures to overcome the textural
problem in yogurt Both § salivarius subsp thermophilus and
L delbrueckii subsp bulgaricus were able to produce polymers
containing glucose galactose rhamnose and uronic acid
residues These polymers were respon.ible for improvang the

textural characterastics of the produc



Rodrate et al (1993) studied the rate of syneresis
apparent vaiscosity and sensory characteristics of yogurt
prepared from polymer producing (ropy) strains of yogurt
culture The products were prepared from the mix having 12
14 5 and 17 per cent of total solid They found that rate of
synersis was very low in yogurt from the ropy strains even at
12 per cent of total solids They suggested that a good
quality yogurt with reduced cost could be prepared by using

polymer producing culture with only 12 to 14 5 per cent total

solads
2 1 3 Generation time of yogurt culture bacteria

Mitchell and Sandine (1986) reported that the
generation time of S thermophilus varied from 51 7 minutes to
109 3 minutes and that of L bulgaricus was 40 2 to 77 9

minutes The generation time for earh species varied from

strains to straains

2.2 Bxrfrdobacteria

2 2 1 Morphological and physiological characteristics

Scardovi (1986) has described the morphological and
physiological propertaies of drfferent species of
bifidobacteraia B bifidum were repoited to be found in the

intestine of breast fed infants These were gram positive



rods of different shape The organism could be of different
forms such as short regular thin cells with pointed ends

coccoidal regular cells 1long cells waith slight bends or with
protuberances They might also found as club shaped or waith
spatulated extremities and also in star like aggregates or
disposed 1in V or palisade arrangement The c¢olonies of
bifidobacteria species were generally smooth convex entire
edge cream to white glistening and were of soft consaistency

These organisms were found to be non-acid £fast non-spore
formers non-motile Cells often stained airregularly with
methylene blue These were generally anaerobic however some

species could tolerate oxygen in the presence of carbon

dioxide

Scardova (1986) reported that the optimum growth
temperature for majority of bifidobacteria species was
37-41°cC However they can also grow at 25-28°C and could
tolerate the temperature upto 45°C Optimum pH for anitaial
growth was 6 5 7 0 Bifidobacteria were found to produce
acetic acid and lactic acid in the molar ratio of 3 2 carbon
dioxide was not produced B pifidum could ferment lactose
galactose fructose and sucrose Riboflavan nlcotlnée acad
folic acid and p amino benzoic acid were reported to be

essential for their growth



A water soluble bifidus growth stimulator (BGS) was

1solated from the cells of Propionikacterium freudenreichii

7025 by Kaneko et al (1994) The BG¢ was found to be present
in cell free extract as well as within the cells of

P freudenreichia It was also reported that several

intestainal bacteria such as Bacteriodes Enterobactor and

[
Entrococcus stamulate the growth of biafidobacteraia

The growth of B adolescentis 6003 was found to be

inhibited 1in the mixed culture with Cglostridium perfringens

7028 (Kaneko et al  1994) However they found that the

growith of B adolescentis 6003 was greatly enhanced even in

presence of ¢ perfraingens in media with short chain fatty

acids and BGS produced by P freudenreichii 7025

2 2 2 cCarbohydrate metabolism in bifidobacteria

The carbohydrate metabolism in the 17 strains of
B bifidum was studied by De-Varies and Stouthammer (1967
1968) The Fructose-6 phosphate phosrhoketelase was found be
an 1mportant enzyme reguired for the glucose metabolism ain
those strains Aldolase anc glucose 6-phosphate
dehydrogenase the enzymes reportec to be essential for
carbohydrate metabolism in homofermentative lactic ac:d
bacteraia were not detected in Dbifidobacter:a In their

experiment De Varies ¢ d Stouthammer (1968) found that the



acetate L(+) lactate ethyl alcohol and formate were the
major end products from glucose glalactose lactose mannitol
and xylose fermentation in different straans of

baifidobacteria

Frank and Marth (1988) pointed out that glucose
fermentation 1n bifidobacteria involied two phosphoketalase
enzymes one for fructose 6 P and other sepcifaic for
xylulose 5 P As such the pathway oi glucose metabolism in
bifidobacteria was found to produce 5 moles of ATP for every

two moles of glucose metabolaised
2 2 3 Cultured dairy products with birfidobacteria

Schular Malyoth et al (1968) reported that  the
bifidobacteria were slow growing and non competitive ain the
presence of other Jlactic acaid bacteraa These organism
required free amino acids for the initiation of their growth
n milk He found that with higher ainoculum sufficient
number of bifidobacteria could be propagated in the milk He
advocated the following scheme for the preparation of a
cultured milk product containing B bifidum § thermophilus

and Lactobacillus acidophilus Single culture of these

organisms were incubated for 7 4 and 24 hours respectively at
l2e¢C A b1k starter containing three organismgin 1 1 1 was

prepared and 1incubated further for four hours at 42°C The



m1lk was then inoculated with the bulk starter and incubated
again for three hours at similar temperature B bifidum
population in the product was 106—108 colony forming unat

(cfu) per ml

A fermented milk with B bifidum was prepared by
Marshall et al  (1982) using ultrafiltered skim milk
fortified with ultrafiltered cheese whey and threonine The
total solids content in the mix were djusted to 15 per cent
The mix contained 7 3 per cent proteirs 4 95 per cent lactose
1 3 per cent fat and 1 45 per cent ash The product obtained
after 24 hours of 1incubation at 37°C had a good aroma and
consistency saimilar to that of a corventional yogurt The
fresh product was having 3x109 cfu of B baifidum per ml and

after 21 days of storage at 4°C the viable count was 5 2x107

cfu per ml

Anand et al (1984) suggested the addition of one per
cent dextrose and 0 1 per cent yeast extract in the mlk
whereas Collins and Hall (1984) advocated the supplementation

of cystine and pyruvic acid for satisfactory growth of

B bifidum

Goh et al (1986) found tha B bafidum ATCC 11863
population 1in reconst+ituted skaim milk having nine per cent

total <¢nlids was 8 2 x 108 cfu per ml Fortification of the



skim m1lk waith L cystine (0 05 per cent) and yeast extract
(0 2 per cent) and increasing the inoculum rate from 2 to 5

per cent increased ithe B bifidum count to 6 7 x 109 cfu per

ml

Zbikowski and Zikjka (1986) reported that enrichment
of reconsituted skim milk with five per cent carrot jJuice
improved the acidity production by B bifidum They had
developed a humanized infant formula with milk solids
ultrafiltered whey protein concentrate, soyabean o1l carrot
Julce lactose and sucrose It was found that the acad
production by B bifidum in the humanized infant formula was

higher (17 8° SH) than in commercial anfant formulae

{9 0 16 7° SH)

Tamime and Robinson (1988) suggested the use of bulk
starter rather than direct to vat inoculation as a means for
reducing production time and ensuring higher numbers of viable

cells of bifidobacteria in the end product

Laroia and Martin (1990) reported that B bifidum
produced L(+) 1lactic acid whereas L acidophilus formed DL
1somers and D(-) by L bulgaricus It was alsc reported that
L(+) lactic acid was completely metabolised by ainfants in the
synthesais of glucose and glycogen ind was also used 1in

respiratory process The lactic acid with D(-) isomer



however was metabolized at a slower rate and caused metabolic
acidosis For these reasons Laroia and Martin (1990) argued
that the bifidobacteria had more beneficial role than

bulgaricus as a dietary adjunct

Puhan (1990) however found that human muscles
produced D( } lactate in small guantity and 1ts production was
considered as a normal physiological phenomenon The

accumulation of D(-) lactate had not produced any harmful

effect

Human mi1lk was reported to be a better substrate for
yrowth and multiplication of bifidobacteria because of the

presents of the bifidus factor (Laroia and Martin 1990)

Hoover (1993) however argued that no such bifidus
factor was present and better growth of bafidobacteria ain
human milk was due to lesser protein content and diminished

buffering capacaty

Desjardins et al (1990) studied the fermentation
characteristics and enzyme profiles of different strains of
bifidobacteria of infant and adult origin They found that
B bifidum 15696 and 28521 and B lonygum isolated from infant
intestine grew faster in milk than B adolescentis whach was
of adult origin Their findinys suggested a close

relationship between environmental and nutraitional conditions



an the intestine and growth performance of different straains
of bifidobacteria in milk All the strains of bafidobacterza
showed high = and [3 galactosidase activity They also
exhibited higher glycosidase activaity than other intestinal

flora

According to Desjardins et al (1990)e¢{-galactosidase
an enzyme responsible for hydrolysis of specific sugars such
as o D galactosyl oligosaccharides was found to be important

for the selective proliferation of bifidobacteria in human

intestinal tract

They also found that N acetyl D glucosaminidase
activity was present in all bifidobacteria of infant origin
and was absent in that of adult oraigin The highest actaivity

the enzyme was found for strain B bifidum Var pennsylvanicus

(ATCC 11863) a slow growing strain in milk

Modler et al (1990) found that incorporation of cell
biomass of B longum B brevi and B ainfantis into the aice
rream mix and subsequent batch freezing had a only slaight
effect on the survival of these organisms Approximately 90

per cent of bifidobacterial cells survived during freezing and

storage for 70 days at 17°C



In vivo and in vaitro studies on survival of
bifidobacter:za duraing gastric transait and in acidic
environment was carried out by Berracda et al (1991) Their
findings revealed that resistance to gastric envaironment
varied between different strains of bifidobacteria The
passage of the bafidus milk in stomach was monitored by non-
absorbable radio active 1sotopes It was found that 50 80 per
cent of the product passed into the intestine within 45 90
minutes The 1initial bifidobacteria population in the product
was 6x107 per gram During gastric transit the population

was decreased by less than two logarithmic unit

Misra and Kuila (1991 1992) used 10 per cent inoculum
of B bifidum for preparation of cultured bifidus mz2lk from
cow and bufffalo milk They found that after 18 hours of
incubation at 37°C the developed acidity was 0 78-0 86 per

cent and total viable count was 4x109 cfu per ml

Samona and Robainson (1%91) used sterile skim milk with
12 per cent total solids without any supplementation for
culture maintenance of B baifidum They used different
selective and non-selective media for enumeration of
bifidobacteria in reconstituted skim milk The average count

were 13 5x108 cfu per ml



Rogers (1991) enlisted the following crateria for
selection of bifidobacteria strains of right type (a) should
produce acetic and lactic acid in the ratio of 3 2 and attain
apH of 4 7 in milk withain four to eight hours at 38°C by
using 10 per cent inoculum (b) should possess fructose 6
phosphate phospho-ketolase enzyme {(c) should be negative for
the following tests catalase urease nitrate reductase
formation of aindole liguification of getatin and gas
formation from glucose (d) should possess sufficient acid
resistance to survive storage in products like yogurt (e)
should be tolerant tc oxygen resistant to bile and common

antibiotics used in human medicine

Micro encapsulation of the cells of bifidobacteria by
gelatin vegetable gum butter fat or by modified starch was
recommended for improving the survival rate of the organisms

in acadic condaition (Rogers 1991)

Murti et al  (1992) compared the growth of
bifidobacteria 1n soya extract 1in cow milk supplemented with
yeast extract and in unsupplemented cow milk The organism
daid not grow in unsupplemented milk Growth was more rapid 1in
supplemented milk than in soya extract The population of
bifidobacteria 2in supplemented milk was 1x1010 per ml and 1in

goya extract the count of 2 5x109 per ml was reported



Ishaibashi and Shimamura (1923) reported that the
fermented m1lk products containing bafidobacteria and
L acidophilus (like cultura AB) weire havaing the highest
demand because of their nutrational and therapeutic values
In terms of consistency and flavour these products resembled

natural yogurt

It was suggested that the cultivation of S salivarius
sub sp thermophilus with bifidobacteria would be beneficial
The release of carbon dioxide by the thermophilus would be
stimulatory for the growth of bifidobacteria (Ishabashi and

Shimamura 1993)

Ventling and Mistry (1993) studied the growth of
B bafidum and B longqum 1in ultrafiltered milk They reported
an increase 1in bufferaing capacity of ultrafiltered milk due to
concentration of proteins and salt The acaid preoduction by
both the bifidobacterial species was lJower 1in ultrafiltered
milk however the bacterial count showed no difference ain
ultrafiltered and normal skim milk It was also 1indicated
that the generation time for B longum was shorter (20 3 30 3

minutes) than B bifidum (66 2 134 4 minutes)



2 3 Importance of whey solids and their uses
2 3.1 Composition of cheese whey

Cheese whey was reported to contain seven per cent
total solaids which was about half of the total solids of
whole malk The major component of the whey was found to be
lactose (4 9 per cent) The content of protein fat and ash

were 0 9 0 3 and 0 6 respectively (Nutting 1970)

Palmer (1980) analysed whey proteins and casean for
their amino acid profile The lysine content of whey proteins
was 10 9 per cent as against 7 6 per cent in the casein The
percentage of cystine in whey proteins and casein was 3 15 and
0 4 respectively The total essential amino acids 1n whey was

higher (62 55 per cent) than in casein (49 45 per cent)

The prancipal whey proteins were ﬂ-—lactoglobulln
A lactalbumin bovine serum albumin and different immuno
globulins @ lactoglobulin was found to be the major whey
protein representing 50 per cent of total whey nitrogen

{(Whitney 1988)
2 3 2 Functional properties of whey proteins

Solubility of the proteins was considered as an
important functional property and wis found to be a pre

requisite for most other functionalities in food products



(Mulvih1ll and Fox 1989) They found that rennet casein
acld casein and casein coprecipitate were insoluble in water
Undenatured whey proteins however w2>re soluble in wide PpH
range and could be used as a replacement for chemical

stabilizers in food products

Devit (1989) suggested that whey proteins in
concentrate form could be incorporated in a wide range of food
products In undenatured form they w re soluble and could
exert gelling foaming emulsifyiny and water bindaing

properties i1n food and dairy products

Pearce and Marshall (1991) reported that
 -lactoglobulin and o¢-lactalbumin possessed foaming and
emulsifying activities equal to egg white proteins and should
be considered for the replacement for xpensive agents They
also found that denatured whey proteins could be used to

control viscosity in food
2 3 3 Method of concentration of whey solids

Vacuum concentration of whey al temperatures less than
60°C to 1increase its keeping quality and to reduce the volume

was in practice since middle of this century (Nutting 1970)

To avoid protein denaturation Marshall (1982)

recommended that the temperature durirg vacuum concentration



should be 1less than 70°C By thas procedure whey could be

concentrated to 50 60 per cent total solids

Concentration of whey solids by membrane processing
techniques like reverse osmosis and ultrafilteration were of
recent origin Whey could be concentrated to 25 per cent
total solids without affecting nutrational and functional
properties of whey proteans (Marshall 1982 Morr, 1989 Patel
et al 1991 and Nanjundaswamy 1992) One of the advantage
claimed for membrane processing besides low energy
requirement was that it did not cause any chemaical changes in

different whey components
2.3 4 Preparation of whey protein concentrate

Marshall (1982) reported that heat denaturation angd
acid precipitation for recovering of whey proteins was found
to be one of the oldest method Thais method retained the
nutritaive value of proteins however the functional

properties were lost by heat denaturation

Morr (1989) found that whey protein concentrate
prepared by ultrafiltration of cheddar cheese whey contained
78 per cent water 13 4 per cent proteins and 4 1 per cent
lactose There was no denaturation and all the functional

properties of the proteins remained unaffected



Vishweshwariah and Ramanathan (1991) pointed out that
the process of reverse osmosis and ultrafilteration were quite
expensive for recovering whey proteins They developed a
method of preparation of whey protein concentrate (WPC)
Fresh cheese whey was vacuum concentrated to 60 per cent total
solids and blended with coagulated whey proteins in a ratio of
115 by weight The latter compsnent was obtained by
coagulating another batch of cheese whey with two per cent
citric acaid at 80°C After cooling to 35°C the whey was
centrifuged and sediment of whey protein was collected The
mixture of the two product was homegenized by a single stage
homogenizer and dried ain a vacuum shelf drier at the
temperaturé%65°c with vacuum of 28 inches of mercury The
dried whey protein concentrate was having 36 per cent protein
51 per cent lactose 5 2 per cent fat 4 8 per cent ash and

three per cent water
2 3 5 Incorporation of whey solids in dairy products

Mathur and Shahani (1979) pointed out that whey solids
in dried or condensed form could be in~orporated in cheese
mirlk ainfant food formulae special dictetic food beverages
bakery products dried culture media and 1n 1ce cream mix In
these products whey solids could be us~d in the range of three
to 97 per cent Whoy solids besides contributing the nutraent

rich ingredients were found to help 1n flavour and texture



improvement Lactose the major component of whey solids
acted as a carrier of flavour in food and dairy products

They further aindicated that the largest single use of whey
solids 1in dairy products was in 1ce-cream to replace non-fat
dry milk (NDM) United States Federal regulation permit 25

per cent replacement of NDM by whey sclids

Broome et al {1982) used ultrafiltered Cheddar cheese
whey to replace NDM 1in yogurt The content of protein
lactose and ash after ultrafilteration of the whey were 5 8
4 8 and 0 7 per cent respectively The total solids were 12 8
per cent The whey was used to replace 12 20 25 and 30 per
cent of the NDM in the yogurt They ound that replacement of
NDM upto 25 per cent did not affect the taste and textural

properties of yogurt

A fermented milk product having typical yogurt flavour
with smooth consistency was prepared with the combination of
ultrafiltered skim milk and ultrafiltered cheddar cheese whey,
an 3 1 proportion {Marshall et al 1982) Starter culture of

Lactobacillus acidophilus was used for fermentation At

a pH
4 2 the viable acidophilus count was lxlO8 cfu per ml
Guirguis et al (1984) studied the viscosity and

syneresis in yogurt fortified with cpray dried whey protein

concentrate (WPC) They found that incorporation of WPC to



replace 50 per cent of NDM had resulted in aimproved viscosity

and reduced syneresis

Abd-El-Salam et al (1991) prepared yogurt from whole
buffalo milk and compared 1t with yogurt prepared from the
mi1lk fortified with ultrafiltered whey protein concentrate
They found that fortification of WPC at a level of 20 per cent
of the total mix improved the texture and mouth feel and

reduced the synersis in yogurt

Opdahl and Baer (1991) conducted a consumer s
acceptance survey of frozen yogurt The product was prepared
by replacing 100 per cent NDM with spray dried whey protein
concentrate The protein and carbohydrate content of whey
protein concentrate was 34 1 and 51 1 per cent respectively

They found that 87 8 per cent consumers had accepted this

product
2 3 6 Use of whey solids ain starter medium

Mathur and Shahan:i (1979) reported that whey based
medra with seven per cent total sollds supported better growth

for Streptococcus lactis S thermophilus 1L bulgaricus and

L aciadophailus than media prepared from reconstituted skim

milk with ten per cent total soliads



Modler and Villa-Garcaia (1993) developed an
inexpensive whey based medium for large scale production of
bifidobairleria The medium contained 11 per cent whey solids
0 05 per cent cystine and 0 23 per cent yeast extract
Bifidobacteria count i1in the order of 1010 were obtained an the

culture medium
2 4 Preparation of the basic mix for yogurt

Mi1lk and other raw materials used for the manufacture
of yogurt should be of very good quality Any off flavours in
raw milk could be carried over ir the finished dairy product

{(Norling 1979 and Chambers 1979)
2 4 1 sStandardisation for fat and solid not fat

The consistency and aroma of the yogurt was depended
on the level of the total solids in the product (Tamime and
Deeth 1980) They recommended that the total solids in the

best qualaty yogurt should be 15-16 per cent

The fa* percentage 1in yogurt varied from 0 5 per cent
to 3 8 peir cent depending on the legal standards ain different

countries {(lamime and Deeth 1980)

The desired 1level of total solid in the yogurt mix

could be achieved by the partial evaporation of the milk



(Norling 1979) fortification of skim milk powder (Tamime and
Robinson 1988) or by the fortification with condensed whey
and whey protein concentrate (Abd El-Salam 1991 and Pearce

and Marshall 1991)

2 4 2 cConcentration/standardisation of total solids in yogurt

mix by membrane processing

Jepsen {1977 1979) reported that whole m1ilk
concentrated by ultrafilteration to 18-20 per cent total

solids produced a smooth creamy yogurt with typical acid

flavour

Abrahamsen and Holman (1980) found that  yogurt
prepared from ultrafiltered milk gave a rirm coagulum and high

viscosity than that fortified with skim milk powder

Dixon (1985) reported that yogurt prepared from skim
m1lk concentrated by reverse o<mosis (RQO) was more viscous
with 1less synersis and was having typical flavour and
texture He suggested that the increase in viscosaty of RO
concentrated yogurt would allow the manufacturer to reduce

solid not fat (SNF) and stabilizers content of the product

2 4 3 Sweetening agents in yogurt

Sweetening agent wusually sugar was added in yogurt



to tone down the acidic taste and flavour (Tamime and

Robinson 1985)

A reduction in the rate of acid development by
S thermophilus and L bulgaricus was noted as the sugar
content 1n the yogurt increased from six to 12 per cent
(Tramer  1973) It was also found that § thermophilus was

more tolerant to high sugar concentration than L bulgaricus

Tamime and Robinsen (1985) reported that besides
sugar invert sugar, fructose glucose sorbitol and
saccharin could be used in yogurt depending on availability,

cost legal and nutritional aspects
2 4 4 Homogenization

Homogenization 1s the proce s by whach the fat
globules 1in milk or cream are broken down into small size by
mechanical force Due to reduction in globule diameter there
will be an increase in the surface area of fat globule by four
to six times The 1ncrease in suiface area was to be
responsible for increase in viscosity ind whiter appearance of
the product The small sized globules would have less
tendency for clumping and rising to the surface of the product

(Tamime and Robinson 1988)



2.4.5 Heat treatment of milk

Labropoulos et al  (1984) found that +the heat
treatment of milk with different time temperature combinations
influenced the body and texture of yogurt They compared the
effect of three types of heating processes viz ultra-heat
treatment (UHT) at 149°C for 3 3 seconds vat pasteurization
at 63°C for 30 minutes and conventional system with 82°C for
30 minutes It was found that heating of the yogurt mix for
82°C for 30 minutes resulted in a product with higher gel
firmness higher curd tension more viscosity and lesser
relative fluidaty and spreadability than that of UHT and vat
pasteurization method They had attraibuted the 1increased
water holding capacity of the milk proteins as a reason for

the enhanced viscosity of the product

Tamime and Robanson (1985) suggested that the heat
treatment of yogurt mix was essential for destruction of

pathogens and other undesirable organisms

Parnell-Clunies et al (1986) reported that yogurt
firmness and viscosity were increased with the vat process of
heat treatment (85°C for 10-40 minutes) of the mix as
compared to high temperature short time (HTST 98°C for

0 5-1 87 mainutes) and UHT (140°C for 2-8 seconds) Water



holding capacity of the coagulum how=ver was highest with

HTST process followed by URT and vat treatments

Frank and Marth (1988) reported that +the different
heat treatments either inhabit or stimulate the growth of
starter culture Heating the milk at 62° 72°C for 30 minutes
or 90°C for 60-180 minutes or autoclavaing at 120°C for 15-30
mainutes stimulated the growth of the starter culture
However heataing malk at 72°C for 45 minutes, or 82°C for
10-45 minutes or at 90°C for 1-45 minutes was anhabitory for
starter growth The stimulatory effect of heat treatments was
attributed to expulsion of oxygen with subsequent lowering of
the oxidation-reduction potential destruction of ainhibitors

partial protein hydrolysis and serum protein denaturation

2 4 6 Incubation temperature

Chambers (1979) reported that careful selection of
incubation temperature was essential for culture balance
acidaty texture and flavour of tte yogurt Rapid acad

development contributed to wheying off defect and poor gel

development

Tamime and Robinson {(1985) advocated that both short
set (40 45°C for 2 5 3 5 hours) or long set (30°C for 18

hours) methods of incubation of yogurt could be practiced



under aindustrial conditions depending on the type and method

of subsequent cooling

Cho~Ah-Ying et al (1990) found that the temperature
of incubation (38°C Vs 43°C) dad not sagnificantly affected
acidity and the viscosity of set and stirred yogurt However
the yogurt prepared at 38°C scored hagher in sensory

evaluation than at 43°C
2 5 Frozen yogurt

Gi1lliland (1979) emphasized that the culture bacteria
must be 1n a viable state during storage and at the time of
consumption of the product so that they could exert their

beneficial effect 1n the intestane

Fernandes and Shahani (1989c) stressed on the presence

of viable bacterial cell in yogurt to have 1its beneficial

effect to lactose aintolerant individuals than a mere

reduction 1in Jlactose content in iermented mrlk products

Their studies showed that yogurt cotaining live bacterial

cells was better tolerated by lactose¢ intolerant subjects than

pasteurized yogyurt

Salja and Ismaxl (1983) reported that the acidity of

plain yogurt was progressively increased during refrigerated



storage They also found that the product with high acadaty

was not acceptable to the consumers

The works of Modler et al (1990) and Mashayekh and
Brown (1992) had indacated that B galactosidase activity and
colony counts of S salivarius subsp thermophilus and
L delbrueckii subsp bulgaricus were orogressively decreased
during 31 days of storage at 4°C However, they found that
there was only a slight reduction of population of
thermophilus bulgaricus and bifidobacteria in frozen yogurt

and cultured ice cream stored at -17°C to 29°C

Freezing of the plain yogurt without standardasation
of fat and total solids resulted in th> formation of large 1ice
crystals (Mashayekh and Brown 1992) The presence of large
ice crystals caused the textural defects in frozen yogurt and
was unacceptable to consumers (Donhowe et al , 1991) The

large 1ce crystals were also detrimenial to the survival of

starter organism (Sheu et al

s 1993) Mashayekh and Brown
(1992) however found that fortification of fat sugar
stabilizers and emulsifiers reduced tte i1ce crystal size and

imparted a soft smooth texture to the irozen yogurt

2 51 Composition and method of preparation

Knupp (1979) recommended the following composition for

both soft serve and hard frozen types of yogurt Butter fat



one to two per cent NDM 8 10 per cent cane sugar 11 5-12 5

per cent corn syrup solids 8 8 5 per cent fruits 15 per cent

and stabilizers 0 25-0 45 per cent

To avoid ainhibition of culture activity during
incubation due to excessive sugar and +total solids Knupp
(1979) prepared the frozen yogurt in two stages Plain yogurt
with normal composition having 16 per cent total solid was
prepared 1in first stage Mixture of sugar stabilizers and
emulsifiers were heat treated and after cooling mixed with

fermented yogurt

Kosikowski (198l) analysed 24 brands of commercial
frozen yogurt for their proximate composition He found that
content of fat total protein carbohydrate ash and total
solids were 0 8 2 5 1 7-4 5 17 5-34 0 0712 23 6 38 9
per cent respectively He further reported that taitratable
acaidaty ranged from C0 31 1 35 per cent and pH 4 0-6 5 Some
of the frozen yogurt samples were having very less acidity and

did not have typical yogurt flavour

Opdahl and Baer (1991) used whey protein concenirate
to replace NDM in frozen yogurt The composition of the
product was as 1ndicated below The percentage of milk fat
was six whey protein concentrate 10 5 sucrose 11, corn syrup

solids three per cent stabilizers and emulsifiers 0 3 and



total solids 30 8 The titratable acidaty ain the product was

0 24 0 46 per cent

Mashayekh and Brown (1992) found that  higher
percentage of total solids (1 e 40 32 per cent) in the 1ice
cream mix did not affect the growth and acid production by the
thermophilus and bulgaricus They used yogurt starter culture
for the preparation of cultured ice cream The composition of
the mix was as under Fat 12 per cent SNF 1l per cent sugar
12 5 per cent corn syrup solids 4 5 per cent stabilizers and
emulsifiers 0 32 per cent The mix was inoculated with one
per cent yogurt starter culture After four to five hours of
incubation at 43°C the desired pH 1 e 4 9 was obtained The
product was cocled in an ice-bath with agitation to below 10°C
and aged overnight at 4°cC The mix was frozen ain batch 1ce
cream freezer and hardened to -29°C They claimed that thais

method gave a product with smooth consistency and good
flavour
Similar composition for the 1ce cream mix and similar

method was adopted for preparation of probiotic 1ce cream by

Hekmat and McMahon (1992) Four per cent inoculum each of
B bafidum and L acadophilus was used for fermentation The

desired pH of 4 9 was attained after {ive hours of 1incubation

at 42°C



2 6 Starter count in yogurt

261 Viable counts of S salaivarius subsp. thermophilus and

L. delbrueckiy subsp bulgaricus ain yoqurt

In order to ensure a desirable flavour aroma and firm
consistency Kroger (1976) has suggested a ratio of 1 1 for
thermophilus and bulgaraicus in the final product The balance
of these organisms can be maintained by the control of
incubation temperature selection of proper strains of starter
culture and the rate of inoculum of the indiwvidual organism

(Kroger 1976 and Chambers 1979)

Kroger (1976) found that the total plate count ain
yogurt increased from initial 26 millions to 700 million per

ml after 10 days of storage at 7°C

Chambers (1979) analysed 152 commercial samples of
yogurt for thermophilus and bulgaricus count He found that
only 15 per cent of the samples were having 1 1 ratio
L bulgaricus were dominant in 44 per cent of the samples and

8 thermophilus were more in 41 per cent of yogurt samples

Broome et al (1982) reported that the fortification

of whey protein concentrate in yogurt stimulated the growth of

jn

thermophailus however the same effect was not evident for

L helveticus



Labropoulos et al  (1982) found that by the
inoculation of the mix with 1 > per cent each of

S thermophilus and L bulgaricus a proper ratio of 11 of

viable cells could be maintained

Abou Donia et al (1984) evaluated the 20 commercial
samples of yogurt prepared from buffale milk (Zabady) for
total bacteraial count He found great wvariataon an total

count which ranged from 1 35 x 106 to 1 56 x 107 cfu per ml

In their experiment to test the compatibilaity of
different strains of thermophilus and bulgaricus at different
incubation temperature in mrlk Mitchell and Sandine (1986)
found that the temperature of incubation and optimum growth
temperature for indivadual strains did not have any anfluence
on their ratio He also found that fortification of mix with

mi1lk solads resulted in increased number of viable cells

Saljr et al (1987) studied the shelf life and total
lactic count of commercial yogurt samples They found that
there were no increase in coliform yeast and mould count

durainyg storage at 7°C for 5 days The total lactic count

7

ranged from 3 5 x 10" to 9 2 x 108 at the time of the sale of

the product

Prasad (1990) reported that storing raw milk

pasteurized milk and Lactoperoxidase activated milk for 24 to



72 hours at refrigerated temperature praior to preparation of
yogurt did not affect the thermophilus and bulgaricus count in
the product The average count for thermophilus was 2 33 x

108 cfu per ml and that of bulgaricus was 2 59 x 108

The findings of Gassem and Frank (19%1) revealed that
the incorporation of bacterial protease or purified plasmin 1in
yogurt mix prior to fermentation stimulated the growth and
acid production of yogurt starter culture The time required
to attain aiso-electric poaint during incubation was also
significantly lesser in enzyme treated mix than the control
However the thermophilus and bulgaricus count 1n enzyme

treated and control samples of yogurt did not differ

significantly

Hamzawi and Kamaly (1992) made the stirred yogurt from

buffaloe milk and enriched with 10-30 per cent cooked wheat

grains Plain yogurt was prepared using two per cent yogurt

starter culture After complete coagulation cooked wheat

grains were added at the rate of 10 20 and 30 per cent The

products were stored for seven days at refrigerated

temperature They found that the thermophilus and bulgaricus
counl were higher in yogurt enriched with cooked wheat grain
than in control After seven days of storage, the total
lactic counts in control sample were log 8 08 and in

enrached

samples were log 8 32 c¢fu per ml



Kim et al (1992) conducted an experiment on the
effect of mechanical shaking on viable count of thermophilus
and bulgaricus in yogurt samples of the product were shaken
at 100 and 200 revclution per minute immediately after the
coagulation The objective of thei investigation was to
determine the extent of damage to th= viable bacterial cells
during transport and delivery of th=> stirred yogurt They
found that mechanical shaking did not have any adverse effect

on survival of yogurt bacteria

Kim et al (1992) also studied the effect of storage
of the yogurt at 10 and 20°C on the starter bacterial cells
samples of the products were stored for 15 days It was found
that viable cells of thermophilus remained constant at more
than 1 x 109 cfu per ml during the 15 days storage period at
10°cC However the count rapidly decreased to 1 2 x 106 cfu
per ml at 20°C The bulgaricus count was also decreased to 2 6
x 106 cfu per ml at 20°C after six days of storage and

continued to decrease further throughout the storage period

26 2 Viable count of bifidobacteria 1in association with

yogurt starter culture

Robinson (1990) studied the survival of B bifidum 1in
yogurt Fermented product was prepared using 1 5 per cent

inoculum of B bifidum and 0 5 per cent yogurt culture The



mix was 1ncubated to pH 4 0 to 4 5 Fruit syrup was added
after fermentation and stored at refrigerated temperature for
21 days The B bafidum count after 21 days of storage was

more than 1 x 109 cfu per gram of the sample

Martin and Chou (1992) studied the viability of

o

bifidum B lonqum B infantis B adolescentis and
B breve i1n low pH (pH 4 2) and in high pH (pH 5 6) yogurt
They found that the peopulation of bifidobacteria declined
rapidly in yogurt having higher acidity It was also reported
that survival rate of bifidobacteria in yogurt was strain and

species dependent

Murti et al (1992) compared the 5 salivarius subsp
thermophilus L delbrueckia subsp bulgaricus and
bifidobacteria count in yogurt and in product prepared from
soya mrlk They found that the thermophilus developed better
an the presence of bifidobacteria however, the bulgaricus
growth was ainhibited The bifidobacteria remained stable ain
both yogurt and soya-yogurt at 1 x 107 per ml They also
indicated that soya milk was better substrate for thermophilus

and bulgaricus than milk

2.7 Viable count of thermophailus, bulgaricus and

bifidobacterial in frozen yogurt

Kosikowsk1 (1981) and Meyer (1989) found great



variations in the lactic acid bacterial count an commerciai
frozen yogurt The viable bacterial cells varied between 3 x
105 to 6 4 x 108 in 23 commercial samples of frozen yogurt
The ratio of thermophilus to bulgaricus was 1 1 in majority of
samples Some samples with 70 per cent thermophailus and 30

per cent bulgaricus were also encountered

Modler et al (1990) incorporated viable cell biomass

of B adolescentis B longum and B infantis into the 1ice-

cream max before freezing The bifidogenic factors in the
form of Jerusalem antichoke flour and fructo oligo-saccharides
were also incorporated into the max It was pointed out that
these two agents were non-nutritive sweeteners and not
metabolised by human digestive system However these could
be utilaized by bifidobacteria in the human colon as a source
of energy In their experiment Modl>r et al {(1990) found
that addition of the bifidogenic factors did not have any
adverse effect on bifidobacteria counts in the 2ice-cream
However ten per cent decrease in {he starter count was
observed during the blending of the orjanism with the mix and
freezing There were no change in bifidobacteria population
during storage of the ice-cream at -17 C for 70 days After
the end of the storage period the average bifidobacteria count

was log 7 0 cfu per ml



Mashayekh and Brown (1992) prepared a cultured ice-
cream by fermenting the mix with yogurt starter culture Ice-
cream mix was first made with 12 per cent fat 11 per cent SNF
12 5 per cent sugar 4 5 per cent corn syrup solid and 0 32
per cent stabilizer The mix was ancculated with one per cent
yogurt culture After fermentation the mix was frozen with
batch freezer and hardened at 29°C They found that duraing
freezing process there was only a slight decrease in number of
bacteria Storage of product at 29°C for one month did not

affected the count of thermorhilus and bulgaricus

significantly

Probiotic i1ce cream was made by fermenting a standard
1ce cream mix with L acadophilus and B bifaidum (Hekmat and
McMahon 1992) The mix was frozen in a batch freezer and
stored at 29°C After freezing and hardening bacterial count
were 1 5 x 108 cfu per ml for L acadophalus and 2 5 x 108 cfu
per ml for B bafidum Seventeen weeks after freezing these
counts had decreased to 4 x lO6 and 1 x 107 cfu per ml

respectively

In an experiment to study the viability of
L acidophilus and B bifidum in soft serve frozen yogurt
Holcomb et al (1991) found that both organism survived

freezing and continued to grow during storage at -5°C



Sheu et al (1993) developed a method of micro-
entrapment of bacterial cells in the beads of calcium alginate
to protect the cells duraing freezing and hardening They
reported that I delbrueckii subsp bulgaricus survived stall
freezing (without agitation) in i1ce milk mix much better than
in distilled water Entrapment protected the bulgaraicus cells
in batch and in continuously frozen ice milk In continuous
frozen milk the percentage of survaival was 90 per cent for
entrapped cells and 40 per cent for unprotected cells Count
of the bacterial population 1n soft 1ce milk prior to
hardening indicated@ that most of the death occurred in freezer
due to continuous agitation rather +than during hardening
process They concluded that alg.inate matrix not only
protected the entrapped bacterial cells during frozen storage

but also from mechanical damage during freezing

2 8 Proteolysis in yogurt

Proteolysis of casein by starter culture was found to
be important for optimum flavour and textural characteristics
of yogurt L delbrueckii subsp bulgaricus could hydrolyse
casein whereas S salavarius subcp thermophilus showed
significant peptidase activity for breaking down the products
of casein hydrolysais The proteolytic activities of the two
starter culture organism complement each other and released

the free amino acaids The maximum proteclysis was recorded



when the ratio of thermophilus to bulgaricus was 1 1 (Frank

and Marth 1988)

Hickey et al (1983) reported that the release of
amino acid threonine was essential for the production of
acetaldehyde L Dbulgaricus possessed the enzyme threonine

aldolase which was found to convert threonine to acetaldehyde

Abraham et al (1993) pointed out that proteolytic
system of L delbrueckii subsp bulgaricus was very complex
Proteinases of the bulgricus were associated with cell wall
and were regulated by temperature ani growth phase It was
observed that +the specific proteolytic actaivity (SPA) was
maximum when bulgaricus was grown at 34 to 38°C in milk with

low soluble natrogen Increasing the temperature above 40°C

decreased the SPA

Bifidobacteria were reported to be weakly proteolytic
and 1t was found that B bifidum require 60 to 90 hours at

37°C for proteolysis and formation of amino acids (Kurmann,

1988)
2 8 1 Products of proteolyis

Alm (1982c) reported that non protein nitrogen (NPN)

content of yogurt as 45 mg per 100 g while Shankar et al



(1983) found that NPN amounted to 7 8 per cent of total

nartrogen in yogurt

Sharma and Singh (1982) found that the tyrosaine wvalue
ixn fermented skim milk was higher when the pure culture of
bulgaricus was grown in skim milk than in mixed culture with
thermophilus Tyrosine values in skim milk were 0 41 mg per

gram for mixed culture after 18 hours of incubation at 37°C

The soluble NPN content in yogurt was reported to be

50 per cent higher than that in originil milk (Deeth 1984)

Tamime and Robanson (1985) rejorted that €ree amiro
acids in milk varied fror 3 29 to 10 31 and in yogurt 18 77 to

33 06 mg per 100 ml

Abou Donia et al (1984) found that the tyrosine
value of commercial samples of yogurt (Zabadi) ranged from 28

to 48 microgram per ml

Prasad (1990) reported an increase in the content of
NPN and tyrosine value 1n yogurt prepared from raw milk stored
for 72 hours at 4°C The content of NPN was 76 5 mg per 100 g
and tyrosine value 0 46 rg per g in the products prepared frcm
stored milk The values of NPN and tyrosine in the yogurt

from fresh milk were 20 mg per 100 g and 0 29 mg per g



respectively These increase was attributed to presence of

psychrotrogic bacterial enzymes in the stored milk

Gassem and Frank (1991) studied the pattern of
proteclysis in yogurt when the mix was ainccrporated with
enzymes protease A protease B or plasman Proteolysis was
studied on the basis of release of free amino groups (FAaG)
The enzymes were added into the yogurt mix and aged for 4-5
hours at 37°C After aging the yogurt culture was inoculated
Concentrations of FAG were recorded before and after enzyme
treatment and also after fermentation The FAG content of
yecgurt mix (before fermentation) without enzyme treatrent was
5 8 micromcles per ml The concentration of FAG in yogurt mix
(tefore fermentaticn) were increased to 7 1-8 4 micromoles per
ml duve to enzyme treatment There was further increace in FAG
content after the fermentation The FAG content i1in untreated
yogurt protea<e A Protease B and plasmin treated yogurt were

11 9 145 17 4 14 9 micromoles per ml respectively

2 3 Tlavour compounds in yogurt

Pette and Lolema (1950c¢c) regorted that the
acetaldehyde and other unknown compoun3s were responsible for

typircal yogurt flavour

Bottazzi and Vescovo (1969) a1solated 84 different

straans of thermophllle lactobac1illyi and five straains of



thermophilic streptococcir from French Swiss, German and
Italian yogurt They found that there were great variation in
quantity of acetaldehyde and acetone produced by the different
strains Strains of Lactobacilli were divided into three
groups on the basis of guantity of acetaldehyde and acetone
produced Group A which constaituted 22 6 per cent of the
strains studied produced more acetone (maximum 7 2 ppm) than
acetaldehyde (0 1 2 3 ppm) Group B (25 2 per cent of total
strains studied) produced 3 88 ppm of acetaldehyde and 2 44
ppm of acetone Acetaldehyde and acetone produced by group C
were 8 50 ppm and 3 00 ppm respectively The majority of the
strains under study (52 2 per cent) belonged to group C It
was further 1indicated that the products with eight ppm
acetaldehyde gave typical yogurt flavour All the strains of
lactobacilli produced only traces of acetoin and dad not
produced diacetyl Different straains of thermophilic
streptococcy studied by Bottazzi and Vescovo (1969) produced
1 7 to 2 3 ppm acetaldehyde 1 2 to 5 2 ppm acetone and 1 5 to

3 0 ppm acetoin

Kosikowski (1977) reported that the ideal flavour in

Plain yogurt was developed at pH 4 4

Rasic and Kurmain (1978) found that the ratio between
acetaldehyde to acetone should be 11281 to produce

desired flavour in yogurt



Singh et al (1982) reported that a mixed culture of
thermophilus and bulgaricus produced higher amount of
acetaldehyde than indaividual culture It was alsc found that
the maxaimum guantaity of acetaldehyde (28 per cent) in skam
mi1lk 1noculated with mixed yogurt culture was produced after
12 hours of incubation at 37°C Prolonged incubation reduced

the concentration of the flavour compound

It was also observed that incorporation of
L acidophilus along with thermophilus and bulgaricus reduced
the concentration of acetaldehyde in skim milk aincubated for

18 hours at 37°C (Sharma and Singh 1982)

Manjunath et al (1983) reported that the concent
ration of acetaldehyde in yogurt prepared from cow milk was
haigher than 1in goat milk yogurt waith similar +total solad

percentage The concentrataion of acetaldehyde was 150 and 124

microgram per 20 g of yogurt prepared from cow and goat milk

respectively

Tamime and Robanson (1983) reported that the typical
yogurt flavour was basically due to ccmbination of lactic acid
and carbonyl compounds such as acetaldehyde acetone acetoin
and diacetyl Certain volatile and non volatile compounds
for example pyruvic acid oxalic acad formic acid acetic

acad propionic and butyric acid also contributed to flavour



development 1in yogurt Certain amino acids such as serine
glutamic acad proline valine leucine 1soleucine and
tyrosine dad not directly involved in flavour production but

they were known as precursors for carbonyl compounds

Shukla et al  (1986) studied the effect of
incorporation of gelatin pectin gum acacia sodium hexa-
meta-phosphate (SHMP) sodium alginate and carboxy-methyl-
cellulose (CMC) on diacetyl production in yogurt prepared
from buffalo milk Diacetyl content in yogurt with different
levels of fat were also investigated They found that the
presence of the stabilizers decreased the concentration of
diacetyl In standardized buffalo milk yogurt (fat 4 5 per
cent) the diacetyl concentration was 10 20 10 85 ppm It was
reduced to 9 97-10 46 ppm due to addition of different
stabilizers Decreasing the fat percentage also adversely
affected the diacetyl level in the product Diacetyl content
in yogurt from toned milk (fat 3 0 per cent) was 8 02-8 23
ppm  and from double toned milk {(fat 1 5 per cent) it was

6 54 6 85 ppm

McGregor and Whate (1987) used different types of
sweetening agents in yogurt to study their effect on flavour
producing compound They compared sucrose alone (added at the
rate of four per cent in mix) with combination of sucrose and

corn sweeteners (at two per cent each) and corn sweeteners as



a sole source (four per cent) The diacetyl content in the
product ranged from 1 1 to 1 5 ppm ard acetaldehyde 24 9 to
27 2 ppm They found that types of sweeteners did not have
any significant effect on diacetyl and acetaldehyde

concentration in the yogurt

Diacetyl and volatile acidity in yogurt were found to

be 1ncreased by supplementation of Leuconostoc cremoris and

L dextranicum (Prasad and Srinivas 1987) Diacetyl content
was 1increased from 0 O 25 ppm (in control yogurt) to 2 0 4 5
ppm by addition of Leuconostoc specie The concentration of
acetaldehyde however decreased from 30 ppm (1in control} to

24 1 ppm by the supplementation

Kang et al (1988) reported +hat optimum flavour and
aroma in yogurt was found when acetaldehyde concentration was
23 to 41 ppm at pH 44 to 490 By the wuse of gas
chromatographic method they found that there was an increase
in acetaldehyde and acetic acid content and a decrease 1in

diacetyl after 10 days of refrigerated storage of the product

Marranzini et al (1989} reported that both yogurt
culture bacteria were capable of producing acetaldehyde from
threonine by symbiotic growth at 42°C High threonine and low

glycine levels gave increased acetalderhyde concentration The



reverse ratio of the two amino acids 1in yogurt decreased the

production acetaldehyde

Storaing the raw malk at 4°C for 48 hours prior to
yogurt preparation increased the diacetyl concentration and
decreased the acetaldehyde in yogurt (Prasad 1990) The
content of diracetyl 1in control yogurt was 5 7 ppm The
concentration was increased to 6 5 ppm in yogurt prepared from
stored milk On the contrary acetaldehyde content was

decreased from 26 37 ppm to 23 27 ppm 1in product prepared from

stored milk

2.9.1 Production of the flavour compounds by bifidobacteria

Alm (1982a) reported that acetic acid an m1lk
fermented by bifidobacteria was 650 mg per 100 g The plain
yogurt produced 10 mg of acetic acid per 100 g The
refrigerated storage of the products did not have any

influence on the guantity of acetic acid

Marshall et al (1982) used ultrafiltered cheese whey
concentrate and amino acid threonine for fortification in skim
m2lk Fermented products were prepared waith B bafidum,

B infantis B adolescentis and B longum using two per cent

anoculum After incubation for 24 hours at 37°C the
acetaldehyde concentration was 27 to 39 ppm The product

exhibited typical yogurt texture and flavour



Desjardins et al (1990) studied the rate of lactic
acid and acetic acad production by different strains of
bifidobacteria in skaim milk They reported that the growth and
acid production greatly varied amongst the different strains
The fast growing strains produced more titratable acadity than
slow growing after eight hours of aincubation A wide range in
acetate-lactate ratio was also observed Only faive out of 19

strains studied had a ratio of 1 § Bifidobacterium bifidum

11147 produced 2 5 taimes more lartate than acetate and

B infantis 27920 three times more aretate than lactate

Murti et al (1992) reported that incorporation of
bifidobacteria with normal yogurt starter culture reduced the
diacetyl and acetaldehyde concentration in the product The
content of acetaldehyde was reduced to six ppm as against
30 95 ppm 1in control yogurt Similarly diacetyl concentration

was also reduced to 0 25 ppm

Ventling and Mastry (1993) studied the production of
lactic acid and acetic acid by B pifidum and B longum an
ultrafiltered milk They found that there was an increase 1in
acetic acid and lactic acid production in ultrafiltered milk
The acetic acid concentration was increased by 2 5 times and
lactic acid by 2 9 times 1in skim milk concentrated by

ultrafilteration and fermented by B Dbifidum



2 10 organoleptic characteristics of yogurt

The quality of yogurt 1s usually measured in terms of
flavour body and texture The product performance 1s
reflected by the consumer s acceptance Wheying off and weak
gel formation ain yogurt were considered as serious defects

(Chambers 1979)

Seitz (1990) defined the flavour as tte combination of
taste and odour that is influenced by sensation of contact
heat cold and airritation It may b> thought as a unitary
experience that arises through the stamulation of senses of

taste smell and feel

According to Tobaas (1990) the term flavour includes
sensory properties as watery raich Ccreamy smooth and
astraingent Both tactual and even visual characteristics are

included in general concept of flavour

In the opinion of Norling (19 9) the popularity of
yogurt was not only due to 1its nutritional qualaity but due
also to 1ts typical flavour characteraistic texture

attractive appearance and different packaging systems

Francls and Ann (1978) suggested that to improve the

appearance of acidophilus milk and otter fermented product



they should be homogenized after coagulation at a pressure of

50-80 kg per cm?

Broome et al (1982) reported that replacement of non
fat dry mrlk (NDM) by uvltrafiltered cheese whey concentrate at

25 per cent did not affected the taste and texture of yogurt

Labropoulos et al (1982) conducted an experiment on
sensory evaluation of fermented milk products made from single
and mixed culture of thermophilus bulgaricus and
L acadophilus Body and flavour score for yogurt from mixed
culture were higher than that of prepared from using
individual cultures The product with pure bulgaricus culture
was bitter and that of with pure thermophilus was having mild
acid flavour Incorporation of L acidophilus as a
supplementary culture 1in yogurt produred a different flavour

which was appreciated by the consumers

Manjunath et al (1983) compared the organoleptic
characteristics of yogurt prepared with cow and goat milk It
was indicated that the characteristic goaty smell was
completely masked by the acetaldehyde ind finished product had
a delicate aroma The average organoleptic score for yogurt
with goat milk was 16 as against 15 for cow milk yogurt (The

judgement was made on arbitrary 20 point scale) Some members



of panel preferred the product with goat milk and some failed

to distinguish 1t from that of cow milk

Guirguis et al (1984) reported that the fortificataion
of whey protein concentrate (WPC) to replace part of skim milk

solids in yogurt improved the viscosity and reduced

susceptability to syneresas

Prasad and Srinivas (1987) found that there was ar
increase i1n organoleptic score for body and flavour of yogurt
when the product was prepared with supplementation of

Leuconostoc c¢remoris or L dextranium along waith yogurt

culture

Tamime and Robinson (1988) reported that excessive
numbers of Dbifidobacteria in ferment=d product produced a

vinegar taint and a poor flavour

hurmann (1988) suggested that to overcome the mild
flavour and insipid taste of the fermeated milk, cultured with
bifidobacteria, 1t should be grown with yogurt starter

culture

In a study on the influence of incubation temperature
on the sensory characteristics of set ind stirred yogurt cho-
Ah-Ying et al (1990) found that the panalists preferred the

flavour and texture of set yogurt prepared at 38°C than at



43°C The texture of the set yogurt was significantly coarser
at 43°cC They attrabuted thas to accelerated aggregation of

casein micelles resulting in coarse protein net work at higher

temperature

Rash (1990} suggested that milk for preparation of
fermented product should be wholesome and fresh Any
potential flavour defect in raw milk were accentuated dJduring
fermentation The most common defect 1n yogurt was the
absence of typical flavour resulting from inadequate acid
development Other defects like unclean rancad and baitter

occurred from poor quality milk or contamination of starter

Prasad (1990) reported that storing raw milk under
refrigerated conditions for 72 hours reduced the body and
texture scores from 4 23 to 4 03 and flavour scores from 8 37
to 8 00 for yogurt Pasteurization or activation of
Lactoperoxidase system of the milk prior to storage of milk
for 72 hours did not adversely affect the body texture and
flavour of yogurt prepared from the stored milk
Deterioration of £lavour ain yogurt from stored milk was
attributed to the presence of proteolytic enzymes synthesized

by the psychrotrophes during storage

Abd El Salam et al (13991) found that fortafication of

ultrafiltered whey protein concentrate at the rate of 20 per



cent 1n yogurt prepared from buffalo milk improved taste

body and texture and mouth feel of the product

Gassem and Frank (1991) reported that yogurt made from
mi1lk treated with protease enzyme from Psudomonas was more
fairm had greater apparent viscosity and greater syneresis

than that of control (untreated)

Hamzaw:z and Kamaly (1992) found that enrichment of
stirred yogurt with cooked wheat grains improved the flavour
body and texture score however, the cppearance of the product

was not liked by the panelists
211 Organoleptic characteristic of frozen yogurt

Opdahl and Baer (1991) used whey protein concentrate
to replace non-fat dry mirlk (NDM) fo:r preparation of frozen
yogurt The product was subjected to consumer s acceptance
test Data from 1005 consumers was studied Amongst the
three flavouring products vanilla strawberry and chocolate

95 per cent of consumers preferred Lhe frozen yogurt with

strawberry flavour

Mashayekh and Brown (1992) conducted a sensory

evaluation test for cultured ice cream fermented with yogurt
starter culture They found that the most preferred product

on the basis of appearance texture mouth feel and flavour



was the one having a pH of 4 9 1incomparison to the product
with pH 4 4 and pH 5 4 The members of panel preferred
cultured ice cream over the commercial frozen yogurt because

of richness and the texture of the former product

Frozen fermented i1ce cream was prepared by using the

mixed starter culture of B bafidum and L  acadophilus

Sensory evaluation of the product was carried out at different
PH The judges were asked to indicate their preferences for
the products having the pH of 5§ 0 5 5 and 6 0 The fermented

1ce cream with the pH 5 5 was most preferred by the evaluators

(Hekmat and McMohan 1992)
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MATERIALS AND METHODS

3 1 Materials
311 Mlk

Fresh pooled cow milk was collected from TUniversity

livestock farm Mannuthy Thrissur

By partial skimming the fat content of the milk was

adjusted to three per cent
3 1 2 Cottage cheese whey

Rennet coagulated fresh cottage cheese whey was

collected from Kerala Agricultural Universaity Dairy plant

Mannuthy Thrissur

The whey was immediately heated to 90°C for 10 minutes to

1nactivate residual rennet and bacterial cultures
31 21 Method of condensation

The cheese whey was condensed to approximately 8 1
concentration by vacuum evaporator Anhydro Type Lab EWO

1688 at a temperature of 45°C with a vacuum of 70 cm of

mercury



The condensed whey was immediately cooled to 5°C and
stored at -20°C wuntal 1t was utilized for fortification of

yogurt mix The condensed whey was used within a week of its

manufacture
312 2 Preparation of size reduced whey protein dispersion

The whey protein dispersion was prepared by the method

described by Le-Lievere (1990)

Part of the condensed whey was heated to 95°C for
10 minutes and acidified with one per cent catric acid to a pH
of 4 6 The suspens:ion was centraifuged at 2500 rpm for
15 manutes The sediment of protein was collected after

discarding the clear supernatent The whey protein dispersion

was 1mmediately used in yogurt mix

Average composition of NDM condensed whey and whey
protein dispersion used for fortifiction of yogurt mix 1s

given in Table 3 1
313 sStarter cultures

Freeze dried cultures of (1) S salivarius subsp

thermophilus NDRI YH-S and (11) L delbrueckia subsp

bulgaricus YH-L were obtained from WNational Collection of

Dairy Cultures National Dairy Research Institute Karnal



Table 3 1 Average composition of non fat dry malk (NDM) condensed cottage cheese whey
and whey protein dispersion used for the fortification of yogurt mix
under different treatments

(on dry matter basis)
Total solids T m mm m mm s m s mmmmm e mems mms—e— e e
Protein Fat Lactose Ash
(by difference)

(per cent)
NDM 96 30 35 92 0 83 55 78 7 47
Condensed cottage 40 66 10 32 0 00 78 62 11 06
cheese whey
Whey protein 50 37 15 85 0 00 76 21 7 94

dispersion

¥9



Lyophilised culture of B bifidum 2715 was procured
from National Collection of Food Bacteria Agricultural and
Food Research Council (AFRC) Institute of Food Research,

Readiny
3 1 3 1 Maintenance of starter cultures

Pure cultures of thermophilus and bulgaricus were

maintained separately in sterile skim milk and subcultured at

weekly interxrval

The starter culture of B bifidum was maintained 1in
sterile skim milk fortified with one per cent dextrose and 0 1

per cent yeast extract Sub~-culturing was done at weekly

interxval

The starter cultures were tested periodically for

their puraty and actaivity
3 2 Plan of experiment

To study the effect of incorporation of different
levels of whey solids and whey protein dispersion as a
substitute for NDM and to assess the growth characteristics
of B bafidum along with normal yogurt culture and their
effect on biochemical and organoleptic qualities of set and
frozen yogurt the following plan of experiment was designed

and 1t 1s depicted in Fig 1



TREATMENTS

Part A

Fermentation with

S salvariu, subsp thermophilus
and L delbrueckn subsp bulgaricus

Al

All

Al

AlV

Fortification for total solids with non fat dry
milk (NDM)

Fortification for total sol ds with condensed
whey to replace 50 per cent NDM

Fortification for total sol ds w th condensed
whey to replace 100 per cent NDM

Fortification for total solids with whey
protein dispersion to replace 100 per cent
NDM

Fig 1 Plan of experiment

PartB

Fermentation with

S salivarius subsp thermophilus
L delbrueckn subsp bulgaricus
and B bifidum

Bl

B il I

B IV -

99



on the basis of the starter cultures used for

fermentation the experiment was divided as part A and part B

For the treatments under part A, normal yogurt culture

viz § salavaraus subsp thermophilus and 1L delbrueckii

subsp bulgaricus were used for fermentataion

For the treatments under part B the fermentation was

carried out by a combination of nornal yogurt culture and

B bifidum

On the basis of the nature of fortification of milk
solids 1in yogurt mix the part A and pfart B were divided ainto

four treatments each as described hereunder

Fat and total soliads contents of yogurt mix under each
treatments of part A and B were standardized to three and 16

per cent respectively

Part A

Fermentation with normal yogurt culture viz
S Sal varius subsp thermophilus anc L delbrueckii subsp

bulgaricus

Treatment A-I Fortification of yogurt mix with NDM
{control)



Treatment A-IT

Treatment A-ITII

Treatment A-IV

Fortification of the mix with condensed
whey to replace 50 per cent NDM on dry

matter basis

Fortification of the mix with condensed
whey to replace 100 per cent NDM on dry

matter basas

Fortification of the mix with whey protein
dispersion to replace 100 per cent NDM on

dry matter basis

Part B

Fermentation with a combinition of normal yogurt

culture and B bifidum

Treatment B I

Treatment B-IT

Treatment B-III

Fortification of yogurt mix with NDM

Fortification of the mix with condensed

whey +to replace 50 per cent NDM on dry

matter basis

Fortification of tte mix with condensed
whey to replace 100 per cent NDM on dry

matter basis



Treatment B-IV Fortification of the mix with whey

protein daspersion to replace 100 per

cent NDM on dry matter basas

3.3 Preparation of yogurt

The yogurt mixes under all the treatments of part A

and part B were used for the preparation of yogurt

After the standardization of fat and total solids

sugar at the rate of five per cent (w/v) was added into the

mix

The yogurt mix was pre heated to 70°C and homogenized

1n a two stage homogenizer at 2000 and 500 PSI

After the homogenization the mix was heated to 85°C

for 30 minutes and subsequently cooled to 30°C

The mix wunder all the treatments of part A were
inoculated with an active cultures of (1) 8§ salivarius subsp
thermophilus YH-S and (ii) L delbruecki:i subsp bulgaricus
YH-L grown separately and added at the rate of one per cent

each

The yogurt mixes under the treatment of part B were

rnoculated with an active cultures of (1) S salivarius

subsp thermophilus YH-S (11} L delbrueckii subsp



bulgaricus YH-~L at the rate of one per cent each and (2111)
B bifidum 2715 at the rate of ten per cent The rate of
inoculum of B bifidum was decided by a pre-experimental

trial

After thorough blending of the cultures with the mix
1t was dispensed in 50 ml glass containers for set yogurt and

500 ml glass containers for stirred yogurt

The containers were then transferred to an incubator
set at 30°C (Tamime and Robinscon 1985) The pH of mix was
monitored pericdically ti1ll the desired pH was attained The
cups were i1mmediately transferred to a refraigerator maintained

at 4°C for cooling

The period of the incubation was adjusted in such a

way to get a constant pH of 4 6 after overnight cooling
3 4 Preparation of the frozen yogurt

Stirred yogurt from all the treatments under part A
and part B were used as a hase for preparation of frozen

yogurt

After fermentation and cooling the coagulum of yogurt
was broken To this cream sugar sodium alginate

(stabilizer) and glycerol monostearate (emulsifier) were added



and thoroughly Dblended to obtain a mix with the following

percentge composition

Fat 10
Scolid not fat 13-14
Sugar 15
Sodium alginate 0 25
Glycerol monostearate (GMS) 0 25

Fresh cream with 50 per cent fat was used for
standardisation of fat in frozen yogurt The mixture of
cream sugar sodium alginate and GMS was heat treated at

85°C for 30 minutes and cooled to 30°C before addition into

stirred yogurt

After thorough mixing the product was aged at 4°C for

a minimum period of five hours

The product was then frozen ty using a batch freezer
(Vulcan laval) to 40 per cent over run The frozen yogurt
was collected in approximately one and half latre stainless

steel containers and stored at -20°C ftor hardening

The preparation of set and frozen yogurt 1is depicted

in the FLOW CHART



FORTIFICATION WITH NDM OR
CONDENSED WHEY OR
WHEY PROTEIN DISPERSION

ADDITION OF SUGAR @ FIVE PER CENT

PRE HEATING
70°C
HOMOGENIZATION

2500 PSI
500 PSI

HEAT TREATMENT

85°C FOR 30 MINUTES
COOLING

30°C

INOCULATION WITH STARTER CULTURE

DISPENSING

S0ml] GLASS | S00m] G.ASS
CONTAINERS CONTAINERS

INCUBATION AT 30°C INCUBATION AT 30°C

COOLING TO 5°C COOLING TO 5°C

BREAKING THE COAGULUM
SET YOGURT

BLENDING WITH CREAM SUGAR
STABIL ZER & EMULSIFIER

AGEING AT 5°C

BATCH FREEZING

HARDEN NG AT 20°C
FROZEN YOGURT




35 Analys:is of set yogurt

Samples of set yogurt from part A and part B under all

treatments were collected after cooling The samples were

analysed for estimating following microbiological and

biochemical parameters
3 51 Microbiological analyses
3511 Preparation of diluents

Phosphate buffer was used for serial dilution of the

samples One ml of the yogurt sample was transferred
aseptically into nine ml of sterile phosphate butter Seraial
drlutions were prepared upto the dilution factor of 109 One

ml of appropriate dilution (106—109 for enumération of starter

bacteria and 101 for yeast and mould count) was used for the

bacterial and yeast and mold counts

3512 Enumeration of thermophilus and bulgaricus in set

yogurt

Yogurt lactic agar (Matalon and Sandine, 1986) was
used for enumeration of thermophilus and bulgaricus ain the
samples of set yogurt under all the treatment of part A and
part B One ml sample of appropriate diluentions (106—109)

was transferred into sterile petri dishe in duplicate



Approximately 10 to 12 ml of the melled agar medium was then
poured and mixed thoroughly by rotaiing the petri dishes

After the solidification of the medii the petr:r dishes were
placed up side down in the incubator .et at 37°C under reduced

oxygen tension for 48 hours

The colonies of thermophilus and bulgaricus were
enumerated separately based on differential colony
characteristics as described by Matalon and Sandine (1986)
The colonies of thermophilus were smaller white and wathout
any cloudy zone The colonies of bulgaricus appeared as large

white and surrounded by a cloudy zone

3513 B bifidum count

Lithium chloride-sodium propionate agar (LP agar)
(Lapierre et al 1992) with the following composition was

used for the enumeration of B bifidum in yogurt

Liver infusion 35 g
Lactose 10 g
Peptone 10 g
Sodium chloride 2 g
Lithaium chlorade 2 g
Sodium propionate 3 g
Agar 20 g

Distilled water 1000 ml



All the ingredients of the medium were disseclved 1in
distilled water and the pH was adjusted to 6 7 + 0 2 The

medium was sterilized at 121°C for 15 minutes

6.10%) of the

One ml of the appropriate dilutions (10
sample was transferred into the petii dishes 1in duplicate
Approximately 10 to 12 ml of melted agar was poured and mixed
thoroughly The plates were incubal ed at 37°C for 48 hours
under reduced oxygen tension Whice smooth glistening
convex colonies of B bifidum were counted Sample of all the

treatment under part B were used for enumeration of

B bifidum

The results of starter counts were expressed as colony

forming unit (cfu) per ml x 109

351 4 Coliform count

The samples of set yogurt und~r the treatments of part
A and B were enumerated for the coliform by using violet red

bile agar (IS 5401 1969)
3515 Yeast and mold count

Yeast and mold in set yogurt under the treatments of
part A and part B were enumerated by using potato-dextrose

agar (IS 5403 1969)



3 5 2 Biochemical analyses of set yogurt

Samples of set yogurt from all the treatment under
part A and part B were collected after cooling for estimating

the followiny biochemical parameters

3521 BAcadaity and pH

Titratable acidity of the samples of set yogurt were
measured by method prescribed for fermented milk product IS

1479 part II (1961)

pH of the samples during fermentation and after

cooling was monitoreéd by an electronic digital pH meter

352 2 Total solads

Total solid in yogurt was determined by vacuum dryang
(Tamime and Robinson 1985) Sodium hydroxide was used as a

moisture absorber
35 2 3 Non protein nitrogen (NPN)

The content of NPN in the samples of set yogurt were

estimated by the method of IS 1479 part II (1961)

352 4 Tyrosine value

The tyrosine values of the samples of set yogurt were

determined by the procedure of Lowry et al (1951)



3525 Diacetyl content

The procedure of Owades and Jakovac as modified by
Pack et al (1964) was adopted for measuring the content of

diacetyl in set yogurt
35 2 6 Acetaldehyde content

The content of acetaldehyde in the samples of set
yogurt were determined by the method developed by Laindsay and

Day (1965)
3 5 2 7 cContent of acetic acad

The content of acetic acid in the samples of set
yoyurt were determined by using AIMIL NUCON gas chromatograph

series 5700 waith the following condations

Column type Glass column Chromosorb 101
Column temperature 160°C
Detector temperature lga0e°cC
Carrier gas flow rate 30 ml per minute
Gas pressure Naitrogen 3 kg per square cm
Hydrogen 2 kg per cm2
Oxygen 1 kg per cm®

Chart speed One c(entimetre per minute



Sample processing

The samples of the set yogurt were double filtered
using cotton pad in the first ainstance and filter paper
(Whatman No 1) subsequently to obtain clear filtrate The

filtrates were used for detection of acetic acad

The concentration of acetic acid in the samples was
determined by measuring the height of the peak and retention
time 1in centimetres Area under the peak was calculated by

multiplying height of peak with retention time

A standard curve was prepared with different

concentrations of acetic acid
3.6 Sensory evaluation of set yogurt

The samples of set yogurt were evaluated for sensory
characteristics by a panel of five judges The score card
proposed by Pearce and Heap (1974) was adopted for evaluation
Average score obtained from five members of panel for each

replication was used for statistical analysis

Score card proforma for evaluation of yogurt ais as

follows



SCORE CARD FOR YOGURT

Date

Taster

Code No
a
b
c

Appearance and colour

Defects

Body and texture

Defects

Flavours
Defects

Overall score

Judge the three characteristics on the 1 to 5 scale

5
4
3
2
1

The overall

Possible defects

Appearance & col

Body and texture

Flavour

Excellent
Very good
Good
Fair

Poor

score was obtainad by multiplying the
flavour score by two and then addang the score to rest An
excellent yogurt gives an overall score of 20

our

Extraneous matter lack of
uniformity unnatural colour,
surface discolouration wheying
off fat separation gassiness

Too thin, gelatinous chalky
lumpy or granular slimy

Excess acid, excess sugar
excess stabiliser excess milk
powder yeasty unclean



3 7 Analysis of frozen yogurt

The samples of frozen yogmt stored at -20°C were
collected after freezang and hardening (0 day) and also on
15th 30th 45th 60th 75th and 90ih day of storage The
samples for bacteriological analysis were collected in
sterilized glass containers Immediately after drawaing the
samples were thawed to room temperatuie and used for analyses

of the following parameters

1 Viable count of thermophilus and bulgaricus
2 Viable count of B bifidum

3 pH

4 Acidaty

5 Tyrosine value

6 Acetac acid content (only on 0 45th and 90th day)

The analytical procedure for the samples of the frozen

yogurt were same as described under 3 5

3 8 Sensory evaluation af frozen yogurt

The samples of frozen yogirt after freezing and
hardening (0 day) and on every 15th day upto 90 days were

subjected to sensory evaluation by a panel of five judges

The proforma of the score card used for sensory

evaluation of frozen yogurt i1s as fol lows



SCORE CARD FOR EVALUATION OF FROZEN YOGURT

Date
Perfect
Characteraistics score
I Flavour 45
Defects
IT Body and texture 30
Defects
ITI Colour and package 5
Defects
v Melting quality 5
Defects
v Bacteria 15
Total 100
Possible defects
Flavour Excess acad e>cess
flavours unnatural

flavours metallic fla

Body & texture Crumbly soggy and

stabiliser harsh
flavours flat
vours unclean

weak body course

texture sandy buttery fluffy texture

Colour & package Unnatural colour
Meltang quality Curdy meltdown gquick melting, very slow
melting

Name and Signature



The score card proposed for sensory evaluation of 1ce
cream (Nelson and Trout 1964) with slight modification was

adopted for the evaluation of frozen yogurt

According to Nelson and Trout (1964) there was a
general practice to allot full rating of 15 points under the

1tem of bacteria as it 1s impossible to judge the bacterial

population by organoleptic test
3 9 statistical analysas

The experiment was carried out with six replication
for all the treatments under part A and part B The data were
subjected to statistical analysis (Snedecor and Cochran
1967) The complete randomised design (CRD) was selected to
test the siynificance between the treatments Paired
t-tests were used to compare the set yogurt and frozen yogurt
and also for comparison of frozen ycgurt at different time

intervals

During the study it was noticed that there was a
substantial decrease an the count <cf L delbrueckia subsp
bulgaricus under the treatment B-I (in association with
bifidobacteria) in comparaison with A-I The count of
8§ salavaraius subsp thermophilus however, showed a marginal
increase 1in B-I Further the count of bulgaricus under

treatment B-III showed lesser decrease than B-I In order to



closely moniteor the count of thermophilus and bulgaricus in
association with B Dbifidum and effect of incorporation of
condensed whey on the starter culture¢ a supporting trial waith
ten replication was carried out The data obtained under the
supporting trial was subjected to stitistical analysis samilar

to that of main traial

The mean values of NPN after analysis of variance
showed a very close similaraty between the treatments of part
A and part B Therefore to test the significance between the
treatments T II 1III and IV the data was regrouped according
to method of Mead (1988) and analysed for the test of

significance



RESULTS




RESULTS

The resultsobtained in the present investigation are

presented under the following subheadings

Microbiological analyses
Biochemical analyses and

Sensory evaluation

Microbiolog:ical analyses

The samplesof set and frozen yogurt were analysed for

viable count of S salivarius subsp thermophilus,

L delbrueckii subsp bulgaricus and B bifaidum

Two trials were conducted to assess the growth of the

starter culture in yogurt under different treatments

The main trial was carried out with six replicataions
The samples of set and frozen yogurt were analysed for the
viable count of thermophilus, bulgaricus and bifidobacteria
under all the treatments of part A and part B The samples of
frozen yoyurt stored at -20°C were tested for the viable
starter count till the end of storage period of 90 days The
values 1in the main trial with s1:¢ replication showed a
substantaial differences 1n starter counts between the

treatments but they were found to be statistically not



significant A supporting trial therefore was carried out
for the wviable count of thermophilus bulgaricus and
bifidobacteria in set and frozen yogurt under treatments A-I

A-IIT B-I and B-IIT with ten replications

The samples of frozen yoyurt stored at ~20°C an
supporting trial were analysed for viable starter count for 30

days as against the 90 days in main traal

The result obtained for both the trials are presented

hereunder

141 Viable count of starter bacteris in set yogurt under

different treatments (Main traial)

The mean value of S salivarius subsp thermophilus

L delbrueckii subsp bulgaricus and B bifidum count under

different treatments are presented in Table 4 la

The thermophilus count under A I, A-II A-III and A-IV
9 9

were 3 23 x 10 3 66 x 10 3 93 x 109 and 3 21 x 109 cfu per
ml respectively Slaight increase in thermophilus count was
recorded under treatments A II and A-III than A-I (control)
But these difference were statistically not significant
(Table 4 1b) The count under A IV was almost equal to A I
The thermophilus count under B I B-II B-III and B-IV were

] 9

4 26 x 10 3 70 x 10

3 06 x 10° and 3 16 x 10° cfu per ml



Table 4 la viable count of starter bacteria in set
different treatments (Main trial)

yogurt under

§ salivarius

L delbrueckii

Treatments subsp subsp
thermophilus bulgaricus

B bafidum

kG o e e e b 8 S S ot 7 P o ot e e G S S Bl Rt D D s St (e T S P S o S T e T At Y v A p o - G o o e s

A-I 323 +0 19 391 + 0 41 -
A IT 366 +0 63 3 46 + 0 56 -
A-IIT 3 93 + 0 42 365 + 0 36 -
A-IV 3 21 +0 56 2 36 + 0 26 -
B-I 4 26 + 0 57 2 40 + 0 76 2 25 + 0 45
B-IT 370+ 0 49 2 67 + 0 86 3 36 + 0 80
B-IIT 306 + 0 37 3 46 + 1 24 326+ 0 15
B-IV 316 + 0 75 2 55+ 011 3 48 + 0 32
Eacn value 1s the mean of six replications
Table 4 1b Analysis of varaiance

Source DF MS F
Count of Between treatment 7 1 10 0 65 NS
thermophilus Withain treatment 40 1 68
Count of Between treatment 7 2 34 0 87 NS
bulgaricus Within treatment 40 2 69
Count of Between treatmentiL 3 191 1 28 Ns
bifidobacteraia Within treatment 20 1 49

NS - Not significant



The thermophilus count under B-I was substantially higher than
the count under A-I The values under A~II and B-II A-IV and
B-IV were very close to each other The differences 1in the
treatments were found to be statistically not sagnificant

{Table 4 1b)

The bulgaricus count under treatment A-I, A-II A-III
and A-IV were 3 91 x 109 3 46 x 107 3 65 x 109 and 2 36 x
109 cfu per ml respectively (Table 4 la} The corresponding
figures under B-I B-II B III and B-IV were 2 40 x 109, 2 67
X 109, 3 46 x 109 and 2 55 x 109 cfu p>r ml respectively The
count under the treatments cf part B were substantially lower
than the corresponding values of part A with the exception of
treatment IV (A-IV and B-1IV) The maximum difference was
noticed between BA-I and B I and minimum between A-III and
B-I1I However the difference an bulgaricus count between the

treatments were found to be statistically not saignificant

(Table 4 1lb)

The bifidobacteria count under treatment B-I B-II

B-III and B-IV were 2 25 x 109

3 48 x 109 cfu per ml (Table 4 la) The count under B-II

336 x 107, 3 26 x 10° and

B-III and B-IV were substantially higher than B-I These
differences 1in the treatments were found to be statistically

not significant (Table 4 1b)



The findaings of main traial indicated that there was
marginal increase in thermophilus count under B-TI in
comparason with A-I and all the treatments under part B
(except B-IV) had lower bulgaricus count than the respective

treatments under part A, with substantial decrease in number

under B I as compare to A I

It was also found that the decrease in bulgaricus
count was lesser under B~III than B-I the daifference being

statistically not significant

It was therefore found desirable to conduct a
supporting trial with increased number of replications The
objective of the supporting trial was to closely monitor the
thermophilus and bulgaricus count 1in association with
bifidobacteria and possible beneficial effect of incorporation

of condensed whey on the starter activity

The second objective of the supporting trial was to
substantiate the findings of main trial 1in respect of
thermophilus bulgaricus and bitidobacteria count by

increasing the number of replication to ten

The supporting trial comprised of four treatments viz
A-I A IIT B-I and B-III The parameters studied were
thermophilus, bulgaricus, bifidobacteria count i1n set yogurt

and frozen yogurt The sample of fiozen yogurt made under



supporting trial were also analysed for viable starter count

for 30 days of storage period

The result obtained in supporting trial are as under

4 2 Viable count of starter bacteria in set yogurt under

different treatments (Supporting trial)

The viable count of thermophilus bulgaricus and
baifidobacteria 1in set yogurt under different treatments for

the supporting trial 1s presented in Table 4 2a

The thermophilus count under A~I and A-III were 3 05 x
109 and 3 46 x 109 cfu per ml respectaively Corresponding
values under B-I and B-III were 3 40 > 109 and 2 99 x 109 cfu
per ml respectively A marginal 1increase 1in thermophilus
count was observed under A-III as compared to A-I Similarly
a sliyht increase in count was recorded under treatment B-I in
comparison with A-I The differences i1n the count between

treatments were found to be statisiically not significant

(Table 4 2b)

The bulgaricus count in set yogurt under treatments
A-I, A-IIT B-I B-IIT were 2 98 x 10° 3 29 x 10° 1 66 » 10°
and 2 95 x 109 cfu per ml The differences in bulgaricus
count between A I and A III and also between A~III and B-III

were statistically not significant The calculated craitical



Table 4 2a Viable count of starter bacteria in set yogurt under
different treatments (Supporting traial)

S salavaraus L delbrueckii
Treatments subsp ~ubsp B  bafidum
thermophilus bulgaricus

- e et Bt s o S Y g e Gt 0 Snf S o S G A S A e e S T s S Gt Sk B S S S (o O S T e B S o St

(cfu per ml x 109)

A-I 305+ 010 2 93 + 0 04 --
A-III 346 + 0 21 329 +0 18 --
B I 340 + 0 22 1 66 + 0 05 2 95 + 0 24
B-I1I 2 99 + 0 09 29> + 011 2 80 + 0 18
cD -- 0 51 --

Each value represents the mean of 10 replications

Table 4 2b Analysais of varaiance

Source DF MSs F
Count of Between treatment 3 0 57 2 01 NS
thermophilus Withain treatment 36 0 29
Count of Between treatment 3 5 23 39 61**
bulgaricus Withain treatment 36 0 13
count of Between treatment 1 0 11 0 24 NS
bifidobacteria Withain treatment 18 0 46
NS - Non significant

*% ~ Highly sagnaficant (P<0 01)



difference (CD) was O 51 A highly significant (P<0 01)
reductaion in bulgaricus count was observed under treatment B-I
in comparison to A-I The count under treatment B-III was

significantly (P<0 01) hagher in comparison to B-I

(Table 4 2b)

The bifidobacteria count 1in set yogurt under
treatments B-I and B III were 2 95 x 109 and 2 80 x 109 cfu
per ml This difference i1n the count between treatments was

statistically not significant (Table 4 2b)

43 Ratio between the starter bacteria in set yogurt (Maan

traial)

The ratio between the (1) theimophilus-bulgaricus (11)
thermophilus bifidobacteria and (1121) bulgaricus-—
bifidobacteria were calculated from the values of viable count
of starter bacteria The ratio in set yoyurt under different

treatments (after the incubation and ooling) are depicted 1in

Table 4 3a

The thermophilus-bulgaricus ratio in set yogurt under
treatment A-I (contrxol) was 1 21 The ratio under treatments
A-II and A-III were near to one The thermophilus-bulgaricus
ratio in set yogurt under treatment A-IV was lower (0 74) than

that of optaimum



Table 4 3a

(Main trial)

Ratio between the starter bacteria in se

t yogurt

Ratio between

Treatments -
thermophilus- thermophilus- bulgaricus-
bulgaricus bifidobacteria bifidobacteria

A-I 121 +015 -= -

A-II 095 + 0 16 - -

A-III 093+ 013 - -

A-IV 0 74 + 33 - -

B-I 056 + 010 053 +0 13 094 + 0 39

B-II 072 + 0 16 091 +0 21 126 + 0 48

B III 113 + 16 107 + 26 0 94 + 0 52

B-IV 081 + 0 43 110 + 0 44 137 + 0 14

Each value 1s the mean of six replacations

Table 4 3b Analysis of variance

Source DF MS F
thermophilus Between treatment 7 0 65 0 76 NS

bulgaricus Within treatment 40 0 84

thermophilus Between treatment 3 1 06 2 11 Ns

bifidobacteria Within treatment 20 0 50

bulgaricus Between treatment 3 0 32 0 31 NS

birfidobacteria Within treatment 20 1 05

NS -~ Non-significant



The thermophilus-bulgaricus ratio 1n set yogurt under
treatments B-I B-II B-III and B-IV were 0 56, 0 72 1 13 and
0 81 The ratio under B-I, B-II and B-IV were lower than the
normal and B-III was near to the ratio found ain yogurt under
treatment A-I (control) Statistical analysais, however
revealed that the dafferences 1in the ratio between the

treatments were not significant (Table 4 3b)

The thermophilus-bifidobacteria ratio under B-I was
very low (0 53) i1n comparison with B-II B-III and B-IV The
bulgaricus-bifidobacteria ratio in yogurt under treatment B-I
B-IT B-III and B-IV were 0 94, 1 26 0 94 and 1 37
respectively (Table 4 3a) The differences in the ratio

between the treatments were statistically not significant

(Table 4 3b)

4 4 Ratio between the starter bacteria in set yogurt

(Supporting traal)

The ratro between the (1) thermophilus-bulgaricus
(11) thermophilus-bifidobacteraia and {111) bulgaricus-
bifidobacteria were calculated from the values of viable count

of starter bacteraia

The ratio in set yogurt (in supporting +trial) under

different treatment are given in Table 4 4a



Table 4 4a

Ratio

between

(Supporting trial)

the starter bacteria in

set yogurt

Ratio between

Treatments - ———— - -
thermophilus- thermophilus- bulgaricus-
bulgaricus bifidobacteraia bifidobacteria

A-T 097 + 003 - --

A-III 0 95 + 0 08 - -

B I 0 48 + 0 08 0 86 + 0 14 177 + 0 16

B-III 0 99 + 0 05 0 93 + 0 06 0 94 + 0 06

cD 0 28 - 0 57

Each value 1s the average of 10 replications

Table 4 4b Analysis of varaiance

Source DF MS F

thermophil 1s Between treatment 3 0 51 12 93**

bulgaricus Within treatment 36 0 04

thermophilus Between treatment 1 0 02 0 17 Ns

bifidobacteria Within treatment 18 0 12

bulgaricus Between treatment 1 319 19 68**

bifidobacteraia Within treatment 18 0 16

NS -~ Non-significant

* %k -

Highly significant (P<0 01)



The ratio between the population of thermophilus and
bulgaricus 1in set yogurt under treatments A-I A-IITI B-I and
B-III were 0 97, 0 95 0 48 and 0 99 respectavely The ratio
under B-I was significantly (P<0 01) lower than that of other

treatments (Table 4 4b)

The thermophilus bifidobacteria ratio in set yogurt
under treatment B-I and B-III were 0 86 and 0 93 respectaively
This difference i1n the ratio was statistically not significant

{Table 4 4Db)

The bulgaricus-bifidobacteria ratio under B-I and
B-III was 1 77 and 0 94 respectavely The ratio under B-III

was saignificantly (P<0 01) lower than the ratio under B-I

(Table 4 4b)

4 5 Effect of freezing and hardening on viable starter count

in yogurt under different treatments (Main traal)

The comparative faigures of the viable count of
thermophilus bulgaricus and bifidobacteria in set and frozen
yogurt are presented in Table 4 5a The viable count of the

starter Dbacteria in frozen yogurt were taken after freezing

and hardening at —-20°C

The maximum thermophilus count in frozen yogurt under

the treatments of part A was 2 06 x 109 cfu per ml ain



Table 4 5a

Effect

of freezing and hardening on viable starter
different treatments {(Main traial)

count

in yogurt

under

Treatments

B III

S salivarius subsp

thermophilus

Mean value9
(cfu/ml x 107)

Set Frozen
yogurt yogurt
3 23 + 177 +
0 19 1 24
366 + 1 25 +
0 63 0 58
393 + 2 06 +
0 42 0 86
321 + 094 +
N 56 0 14
4 26 + 2 45 +
0 57 1 44
370 %+ 1l 80 +
0 49 0 86
306+ 136+
0 37 0 73
316 + 115 +
0 75 0 57

L delbrueckil subsp

bulgaricus

t value Mean value9
(cfu/ml x 107)
Set Frozen
yogurt yogurt
1l 09 NS 391 + 175 +
0 41 0 96
235 N8 346+ 130+
0 56 0 76
1l 94 NS 3 65 + 2 31 +
0 36 0 75
5 20 ** 2 36 + 1 32 +
n 726 g 1
1 51 NS 2 40 + 1 37 +
0 76 0 93
2 10 NS 2 67 + 1 47 +
0 86 0 53
2 11 NS 3 46 + 2 63 +
1 24 0 73
1 91 NS 2 55 + 1 43 +
011 0 36

B bafidum
t value Mean value t value
(cfu/ml x 107)
Set Frozen
yogurt yogurt
1 84 NS - -
1 91 NS - -
2 16 NS - -~
2 09 NS - - -
134Ns 225+ 154+ 082NS
0 45 0 62
092 N8 336+ 263+ 066NS
0 80 0 63
0 44 NS 3 26 + 1 85+ 2 47 NS
0 15 0 60
3 38 * 3 48 + 170+ 224 Ns
0 32 0 58

96



Table 4 5b Analysis of variance

Count of thermophilus

Set yogurt

Frozen yogurt

Count of bulgaricus

Set yogurt

Frozen yogurt

Count of bifidobacteria

Set yogurt

Frozen yogurt

-

Source

Between treatment
Within treatment

Between treatment
Withain treatment

Between treatment
Withain treatment

Between treatment
~thir treatmert

Between treatment
Within treatment

Between treatment
Within treatment

MS

110 0
1 68

213 0
4 79

2 34 0
2 69

1 53 0
3 023

1 91 1
1 49

1 40 (]
2 24

65

44

87

51

28

63

NS

NS

NS

NS

NS

NS

NS - Non-significant

Le



treatment A-IIT and minimum was 0 91 x 109 cfu per ml in

treatment A-IV

Under treatments in part B the maxaimum and minimum
values were 2 45 x 109 and 1 15 x 109 ¢fu per ml under B-I and

B-IV respectavely

The bulgaricus count in frozen yogurt under different
treatments was in the range of 1 32 x lO9 to 2 63 x 109 cfu

per ml The lowest count was recorded under treatment A-IT

and highest under B III

The bifidobacteria count 1in frozen yogurt under

treatments B~I B-II B-III and B-IV were 1 54 x 109 2 63 x

109 1l 85 x 109 and 1 70 x 109 cfu per ml respectively
The differences between the treatments in
thermophilus bulgaricus and bafidobacteria count were

statistically not significant (Table 4 5b)

Comparison of the values of siarter bacterial count
between set and frozen yogurt indicate that there was a
decrease 1n the population of thermorhilus bulgaricus and
bifidobacteria during the process of freezing and hardening to
-20°C (Fig 2 3 and 4) The decrease in the population of

starter bacteria during the freezing and hardening of the
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yogurt under different treatment however was less than one

logarithmic unit

Paired t test aindicate that the decrease in
thermophilus count in frozen yogurt was not significant under
all the treatment except A-IV Highly sagnificant (P<0 01)

reduction of thermophilus count was observed under A-IV

Significant reduction of the bulgaricus count was
recorded under the treatment B-IV The dafferences in
bulgaricus count Dbetween set and frozen yogurt wunder the
remaining treatments were not significant Reduction ain
bifidobacteria count during the freezing and hardening of

yogurt under all the treatment was also statistically not

significant

It can be summarised that there were reduction (which
was not statastically significant for majority of treatment)

in the population of § salivaraius subsp thermophilus,

L delbrueckii subsp bulgaricus and B bifidum during the
freezaing and hardening of yogurt The reductaion in the
population of all three starter bacter:ia, however, did not

exceeded one logarithmic unit



4 6 Effect of freezing and hardening on viable starter count

in yogurt under different treatments {Supporting trial)

The comparative figures of thermophilus, bulgaricus
and bifidobacteria count in set and frozen yogurt (0 day) are

given 1n Table 4 6a

The thermophilus count in frozen yogurt (0 day) under
A-I and A-III were 2 06 x 109 and 2 41 x 109 cfu per ml
respectively The corresponding values under B-I and B-III
were 2 15 x 109 and 2 43 x 109 cfu per ml respectaively The
differences between the treatments were found to be

statistically not significant (Table 4 6b)

The bulgaricus count in frozen yogurt (0 day) wunder

A-I A-III B-I and B-III were 2 27 x 10° 2 68 x 10° 1 07 x

109 and 2 55 x 109 cfu per ml respectively The count under

B-I was significantly (P<0 0l) lower than A-I, A~III and
B-IIT The bulgaricus count an  A-I {control) also
significantly lower than A-III (Table 4 6b) The cratical

difference (CD) was 0 47

The bifidobacteria count in frozen yogurt (0 day)

under B-I and B-III were 2 48 x 10° ani 2 32 x 10° cfu per ml

respectively The difference between count were found to be

statistically not significant (Table 4 6b)



Table 4 6a Effect of freezing and hardening on viable starter count 1in yogurt under
different treatments (Supporting trial)
S salavarius subsp L delbrueckii subsp B bafadum
thermophilus bulgaricus
Treatments Mean value9 t value Mean value9 t value Mean value9 t value
{(cfu/ml x 107) (cfu/ml x 107) (cfu/ml x 107)
Set Frozen Set Frozen Set Frozen
yogurt yogurt yogurt yogurt yogurt yogurt
A-I 305 + 2 06 + 5 30** 2 98 + 2 27 + 7 88** - - -
0 10 0 07 0 04 0 09
A-III 3 46 + 2 41 + 6 56** 329 + 2 68 + 10 08** - -
0 21 0 25 0 18 0 13
B-I 340 + 2 15 + 4 37** 1l 66 + 107 + 9 22%% 2 95 + 2 48 + 4 32%%*
0 22 0 18 0 05 0 05 0 24 0 24
B ITI 299 + 2 43 + 3 57%* 2 95 + 2 55 + 6 70%* 2 80 + 2 32 + 2 94%*
0 09 0 15 0 11 0 11 0 18 0 10
CcD 0 51 0 47
Each value 1s the mean of 10 replications
* ~ Sagnaficant (P<0 05) ** Highly significant (P<0 01)

Vot



Table 4 6b Analysis of variance

Count of thermophilus

Set yogurt

Frozen yogurt

Count of bulgaricus

Set yogurt

rrozen yogurt

Count of bifidobacteraia

Set yogurt

Frozen yogurt

Between treatment
Withain treatment

Between treatment
Withain treatment

Between treatment
Waithan treatment

Between treatment
Within treatment

Between treatment
Waithin treatment

Between treatment
Withan treatment

1
18

[ I ]

oo

owum

(= 1)

57
29

34
44

23
13

39
11

11
46

13
35

2 01 NS

0 77 NS

39 61*%*

49 32**

0 24 NS

0 34 Ns

NS - ©Non-significant

* %

Highly significant {P<0 01)



Comparison of thermophilus (Fig 5) bulgaricus (Fig 6)
and bifidobacteria (Fig 7) counts between set and frozen
yogurt aindicate a haighly sagnificant reduction during the
process of manufacturaing of frozen yogurt The reduction
under all the treatment however was limited to less than one

logaraithnic unit

4 7 Fffect of storage of frozen yogurt at -20°C for 0-90

days on S salaivarius subsp thermophilus count under

different treatments (Main trial)

The thermophilus count in frozen yogurt under
different treatment gradually decreased during the 90 days of
storage (Table 4 7a) The rate of decrease was uniform upto
30 days The highest reduction in counts were recorded between

30 and 45 days thereafter rate of reduction was steady till

90 days (Fig 8a and 8b)

Paired t test for comparison of <thermophilus count
between 0 and 15 0 and 30 0 and 45 0 and 60 0 and 75 0
and 90 days under different treatmenis was carried out and
t values are given 1in Table 4 7c The perusal of t values
indicate that the reduction in the count during storage was

statistically not sagnificant

After 90 days of otorage the thermophilus count 1in

frozen yogurt under treatments A-I A-JI A-III and A-IV were



9

cfu per ml x 1u

Fig 5

% 3
A
15
% ¢
el Hat
45

Al A-lNl B-1 Bill

Set Yogurt Frozen Yogurt

Comparison of S salivarius subsp thermophilus count between set and

frozen yogurt under different treatments (Supporting traal)

L0T



cfu per ml x 10°

4 -
3 - £
a3}
ke 5
2 %
to5y
1 -
5
0- T
A-l A-ill B-l B-ili

Set Yogurt Frozen Yogurt

Fig 6 Comparison of L delbrueckii subsp bulgaricus count between set
and frozen yogurt under different treatments (Supportang traal)

80T



cfu per ml x 10

Fag 7

R set Yogurt Frozen Yogurt
Comparaison of B bifidum count between set and frozen yogurt under

different treatments (Supporting trial)

60T



Table 4 7a Effect of storage of frozen yogurt at =-20°C for 0-90 days on
S salivarius subsp thermophilus count under different treatments
(Main trial)
Perxod (days)
Treatment 0 15 30 45 60 75 20
(cfu per ml x 107)

Al 177 + 108 + 107 + 0 52 + 0 47 + 0 48 + 0 26 +
1 24 0 23 0 62 0 14 0 14 0 09 0 05

A-II 1l 25 + 113 + 151 + 0 76 + 0 24 + 0 36 + 0 34 +
0 58 0 57 0 62 0 44 0 04 0 05 0 02

A-III 2 06 + 111 + 142 + 0 83 + 0 36 + 0 35 + 0 28 +
0 86 g 42 0 67 0 51 0 04 0 04 0 04

A-IV 0 94 + 1 05 + 0 31 + 0 43 + 0 50 + 0 37 + 0 35 +
014 0 44 0 05 0 08 0 10 0 02 0 04

B-I 2 45 + 121 + 113 + G 57 + 0 56 + 0 45 + 0 25 +
1 44 0 43 0 48 0 25 0 08 0 08 0 03

B II 1 80 % 127 + 0 44 + 130 % 0 47 + 0 32 + 0 29 +
0 86 0 43 0 08 0 49 0 06 0 06 0 04

B-III 1 36 + 0 87 + 0 93 + 0 37 + 0 57 + 0 41 + 0 28 +
0 73 0 24 0 57 01l 0 06 0 07 0 05

B~-IV 115 + 122+ 144 + 027 + 0 49 + 0 48 + 0 30 +
0 57 0 62 0 66 ¢ 06 0 09 0 08 0 05

01T



Table 4 7b Analysis of variance

Period {days) Source DF MS F
0 Between treatment 7 2 130 0 44 NS
Within treatment 40 4 790
15 Between treatment 7 0 090 0 07 NS
Within treatment 40 1l 200
30 Between treatment 7 1 240 0 74 NS
Withain treatment 40 1 690
45 Between treatment 7 0 660 1l 06 NS
Within treatment 40 0 620
60 Between treatment 7 0 070 1 57 NS
Within treatment 40 0 050
7= Between treatmient 7 0 026G 0 78 NS
Within treatment 40 0 030
90 Between treatment 7 0 009 0 76 NS
Within treatment 40 0 011
NS - ©HNon-significant

I11



Table 4.7c t val ues

Treat nent s 0 Vs 15 0 Vs 30 0 Vs 45 0 Vs 60 0 Vs 75 0 Vs 90
A-1 0.48 NS 0.44 NS 0.96 NS 0.97 NS 1.01 NS 1.22 NS
A1 0.33 NS 0.33 NS 0.69 NS 1.72 NS 1.58 NS 1.53 NS
A1 0.55 NS 0.55 NS 1.09 NS 1.92 NS 1.99 NS 2.07 NS
A1V 1.20 NS 1.20 NS 0.53 NS 0.16 NS 1.08 NS 1.05 NS
B- 1 0.82 NS 0.83 NS 1.28 NS 1.27 NS 1.39 NS 1.53 NS
B-11 1.50 NS 1.50 NS 0.44 NS 1.60 NS 1.64 NS 1.37 NS
B-111 0.40 NS 0.40 NS 1.28 NS 1.02 NS 1.35 NS 1.48 NS
B-1V 0.54 NS 0.54 NS 1.63 NS 1.04 NS 1.12 NS 1.45 NS

NS - Non-significant

ffl P>MM P«c«?"EWP* WD 33NN
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9 4 9 9 9
0 34 x 10 0 28 x 107 and 0 35 x 10 cfu per ml

0 26 x 10
respectively The corresponding values under B-I B~II B-III
and B IV were 0 25 x 10° 0 29 x 107 0 28 x 10° and 0 30 x
109 cfu per ml respectively Compar son of the thermophilus

count in frozen yogurt between 0 and 310 days indicate that the

reduction in the counts was limited to one logarithmic unat

4.8 Effect of storage of frozen ycgurt at —-20°C for 0-90

days on L delbrueckii subsp bulgaricus count under

different treatments (Main trial)

The bulgaricus count in frozen yogurt under different
treatments stored at -20°C for 0-90 days are presented in

Tahle 4 8a

The bulgaricus count in frozen yogurt under different
treatments gradually decreased during the storage (Fig 9a
and 9b) The rate of decrease was alrost uniform during 0-90
days Paired t test indicate thail the 4 fferences in the
bulgaricus count in frozen yogurt between 0 and 90 days were
not saynificant (lable 4 8c¢) under treatments A-I A-IT B-I
and B-IT The statistically saigraificant reduction ain
bulgaricus count was recorded in fro en yogqurt under A IIT
A-IV BRB~III and B-IV after the 90 days of storage The count
after 90 days of storage under the treatments A-I A-IT A-III

and A-IV was 0 41 x 10° 0 45 x 10° 0 33 x 10° ang 0 22 x 10°



Table 4 Ba Effect of storage of frozen yogurt at -20°C for 0-90 days on

L delbrueckii subsp bulgaricus count under different treatments
(Main trial)

Period (days)

Trectments 0 15 30 45 60 75 90
{cfu per ml x 109)

A-I 175 + 112 + 0 77 + 60 + 072 + 0 26 + 0 41 +
0 96 0 77 0 24 0 15 0 26 0 05 0 16

A-TI 130+ 085+ 105+ 099 + 0 80 + 0 38 + 0 45 +
0 76 0 28 0 69 0 15 0 28 0 13 0 14

A-IIT 231+ 110 + 0 96 + 107 + 0 43 + 077 + 0 33 +
0 75 0 34 0 44 0 20 011 0 26 0 04

A IV 1 32 + 0 76 + 0 45 + 0 30 + 0 53 + 0 95 + 0 22 +
0 31 0 27 017 0 06 0 19 0 32 0 04

B-I 137 + 147 + 072 + 0 61 + 104 + 0 27 + 0 44 +
0 93 0 91 0 22 0 26 0 26 0 14 0 18

B-II 147 + 0 94 + 0 56 + 102+ 0 81 + 0 26 + 0 28 +
0 53 0 30 0 24 0 16 0 28 0 05 0 02

B-IIT 2 63 + 176 + 072 + 0 89 + 0 35 + 0 99 + 0 20 +
0 73 0 83 0 37 0 24 0 13 0 41 c 05

B IV 143+ 082+ 103 + 0 40 + 0 53 + 0 90 + 018 +
0 36 0 23 0 38 0 11 0 24 0 42 0 04

Each value 1s the mean of six replications

9TT



‘Fable 4 8b Analysas of variance

15

30

45

60

75

90

Between treatment
Withain treatment

Between treatment
Withain treatment

Between treatment
Waithin treatment

Between treatment
Withan treatment

Between treatment
Withan treatment

Between treatment
Within treatment

Between treatment
Within treatment

oo

534
031

727
928

280
884

525
203

320
323

854
425

076
067

0 317

2 590

0 991

2 011

1 134

NS

NS

NS

NS

NS

Non-significant

*

Signaficant (P<0 05)

LTT



Table 4 8¢ t values

Treatments 0 vs 15 0 vs 30 0 Vs 45 Vs 60 Vs 75 Vs 90
A-T 1 40 NS 1 18 NS 1 06 NS 03 NS 56 NS 29 NS
A-TI 0 84 NS 0 21 NS 0 34 NS 55 NS 15 NS 02 NS
A-TIIT 1 44 NS 1 31 NS 1 52 NS 39 NS 72 NS 60 *

A-TV 1l 13 NS 2 48 NS 3 25 * 58 NS 72 NS 27 *

B-I 0 67 NS 0 73 NS 0 73 Ns 29 NS 11 NS 91 WS
B-IT 1 20 NS 1 43 NS 0 65 NS 01 NS 27 NS 23 NS
B-ITI 1 09 NS 2 34 NS 2 24 NS 87 * 55 NS 18 *

B-IV 1 25 NS 0 65 NS 2 49 NS 56 NS 49 NS 15 *

NS Non-significant

* - Saignificant {(P<0 05)

STT
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cfu per ml The corresponding values under B-I, B-II, B-III

9 9

and B-IV were 0 44 x 20° 0 28 x 10°, 0 20 x 10° and 0 18 x

109 cfu per ml respectively

1.9 Df€oct of storage of frozen yogurt at -20°C for 0-90

days on B bifidum count under dJifferent treatments

(Main traial)

The bifidobacteria count in frozen yogurt under
different treatments gradually decreased durang the 90 days of
storage (Fig 10) The rate of decrease in the counts were
maximum between 0 and 15 days After 15 days the rate of
decrease remained steady Paired t test aindicate tha
significant decrease in bifidobacter:ia population in frozen
yogurt between 0 and 15 0 and 30 0 and 45 0 and 60 0 and
75 0 and 90 days of storage under B-I1I Significant decrease
was also recorded between 0 and 45 0 and 75 and 0 and 90 days
of storage under B-III and between 0 and 90 days of storage
under B-IV No significant difference have been found at

different period under B-I (Table 4 9¢)

The bafidobacteria count in frozen yogurt after 90

% 011 x10° 013 x 10° ang

days of storage were 0 13 x 10
0 07 x 109 cfu per ml (Table 4 9a) The differences in

bifidobacterium count between different treatment in frozen



Table 4 9a Effect of storage of frozen yogurt stored at -20°C for 0-90 days on
B bifidum count under dirfferent treatments (Main trial)
Period (days)
Treatments = =————== ————m—msmm—m m= mmo— —e— Smmmmesm S —SmS Smmemmmmm s S
0 15 30 45 60 75 90
(cfu per ml x 109)
B-I 154 + 0 38 + 35 + 0 35 + 0 24 + 0 22 % 013 +
0 62 0 02 04 0 03 0 02 0 06 0 04
B~II 2 63 + 0 31 + 35 + 0 30 + 0 18 + 0 33 + 0 11 *
0 63 0 04 06 0 04 0 06 0 06 0 05
B-III 185 + 029 + 37 + 0 25 + 0 25 + 0 21 + 0 13 +
0 60 0 02 08 0 04 0 07 0 09 0 06
B-1IV 170 + 0 32 + 34 + 0 35 + 0 31 + 019 + 0 07 +
0 58 9 06 03 06 0 04 0 08 0 04
Each value represents the mean of six replications

[AAN



Table 4 9b Analysas of variance

15

30

45

60

75

90

Between treatment
Within treatment

Between treatment
Withain treatment

Between treatment
Within treatment

Between treatment
Within treatment

Between treatment
Within treatment

Between treatment
Within treatment

Between treatment
Within treatment

[N o] (=)

oo

404
241

0l1
012

00l
022

014
015

017
018

025
038

004
018

047

991

945

661

238

NS

NS

NS

NS

NS

NS

NS

Non-significant

£zt



Table 4 9c t values

Treatments 0 Vs 15 Vs 30 Vs 45 Vs 60 Vs 75 0 vs 90

B-I 1l 88 NS 94 NS 95 NS 10 NS 09 NS 2 28 NS
B-IT 379 =* 72 * 54 ¥ 61 ~* 51 * 3 80 *

B-IIT 2 55 NS 48 NS 76 * 52 NS 65 * 2 92 *

B-IV 2 22 NS 30 NS 10 NS 24 NS 37 NS 2 73 *

NS - Non-significant

® = bdigniricant

tP<u 05,

veT
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yogurt at 0 15 30 45 60 75 and 90 days of storage were

found to be statastically not sagnificant (Table 4 9b)

It can be summarised that the counts of <thermophilus,
bulgaricus and bafidobacteria in {rozen yogurt decreased
gradually during the storage at -20°C However the overall
decrease under different treatment d2d not exceed more than
one log cycle At the end of 90 day« of storage sufficaient
population of these starter bacteria were recorded to have

their beneficial effect after consumption

4 10 Effect of storage on viable siarter count 1in frozen
yogurt at-20°C for 0-30 days under different treatments

(Supporting traial)

Ti e thermophilus bulgaricus ind bifidobacteria count
in frozen yogurt stored for 0 15 and 30 days under different

treatments are presented in Table 4 10a

There was a sharp decrease in the count of all three
starter bacteria between 0 and 15 days of storage The
decrease in the count between L5 and 30 days were

comparatively less (Fig 11 12 and 13)

Highly sagnificant reduction (P<0 01) in thermophilus
count was recorded between 0 and 1> days (Table 4 1l0c) of

storage of frozen yogurt under all the treatments except



Table 4 1l0a

Effect of storage on viable starter count in frozen yougrt at -20°C for
0-30 days under different treatments (Supportang traal)

S salivarius subsp L delbrueckii subsp B bafidum
thermophilus bulgaricus
Period (days) Period (days) Period (days)
0 15 30 0 15 30 0 15 30

Treat- -
ments
A-I 206+ 036+ 032+ 227+ 036+ 028+ - - -
0 23 0 07 0 03 0 09 0 07 0 02
A TIIX 241 + 078 + 052+ 268+ 073+ 050+ - - -
0 <5 0 25 0 12 0 1s 0 22 014
B-I 215+ 049 + 0 45 + 107+ 025+ 0 25 + 248+ 062+ 0 60 *
0 18 0 07 0 09 0 05 0 04 0 04 0 24 0 26 0 10
B-III 243 + 128+ 070+ 255+ 122+ 069 + 232+ 033+ 055+
0 15 0 48 0 13 0 11 0 45 013 010 004 0 09
CcD 0 47 0 82 0 38

e o ————— —— — S S e et e

(cfu per ml x 10°9°)

Each value 1is

the mean of ten replications

LeT



Tsble 4 10b Analysis of variance

Source

Cocunt of thermophilus

¢ day Between treatment
Withain treatment

15 day Between treatment
¢ Within treatment

30 day Between treatment
Within treatment

Count of bulgaricus

0 day Between treatment
Within treatment

15 day Between treatment
Within treatment

30 de, Bet een treatment
Within treatment

Count of bifidobacteria

0 day Between treatment
Within treatment

15 day Between treatment
Within treatment

30 day Between treatment
Within treatment

18

o O

oK

(el o]

oo o0 o O oH-

oo

340
443

675
776

253
116

390
109

920
670

430
150

128
350

409
352

013
103

49

766

158

170

320

860

860

340

160

126

NS

NS

NS

* %

NS

NS

NS

NS - Non gsigdgnificant * ~ gignificant (P<0 05)

** — Highlv significant (P<0 01)

g8cT



Table 4 10c t values

S salivarius subsp

L delbrueckii subsp

B bifidum

thermophilus bulgaricus

Treatments -- -———————-—oue —-—— & —cm——e———e e

0 vs 15 0 vs 30 0 vs 15 0 vs 30 0 vs 15 0 vs 30
A-I 7 17 *=* 7 73 ** 12 66 ** 17 86 ** - -
A-III 4 42 ** 6 78 ** 11 72 ** 12 47 ** - -
B-I 9 49 ** 8 72 ** 9 57 ** 14 81 ** 5 75 ** 6 30 **
B ITI 2 13 NS 11 16 *x* 2 63 * 8 10 ** 18 36 ** 12 61 **
NS Non-significant * — Significant (P<0 05) ** ~ Highly significant (P<0 01)

621
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B-III The reductaicen ain the thermophilus count was

statistically not significant under treatment B-~IIX

Comparison between 0 and 30 days also indicate the
haghly saignificant (P<0 01) reductien of the thermophilus

count during the storage of frozen yogurt for 30 days

The thermophilus count in frozen yogurt after 15 days

9 9

of storage was 0 36 x 10 0 78 x 10 0 49 x lO9 and 1 28 x

109 cfu per ml under treatments A-I A-III B-I and B-III

respectavely The thermophilus count in frozen yogurt under
treatments A-I A~IITI B~I and B-III were 0 32 x 109 0 52 x

109 0 45 x 109 and 0 70 x 109 cfu per ml respectively after

30 days of storage

As regards to bulgaricus and bifidobacteria a highly
significant (P<0 0l) reduction in the count w~as recorded for
both duraing storage period of 15 and 30 days (Table 4 10c¢)

under all the treatments

The bulgaricus count at the end of the 30 days storage
in frozen yogurt under A-I A IITI B-I and B-III were 0 28 x
10° 050 x 10° 025 x10° ana 069 x 10° cfu per ml

respectively

The bifidobacteria count at the end of 30 days of



storagye in frozen yogurt under B-I and B-III were 0 60 x 10°

and 0 55 x 109 cfu per ml respectively

Eventhough a haighly significant (P<0 0l) reduction 1in
the count of thermophilus bulgaricus and bifidobacteria were
recorded under different treatments after the storage of 30

days the extent of reduction was only one to two logarithmic

unit

4.11 Coliform, yeast and mould count in set yogurt wunder

dirfferent treatments

The coliform yeast and mould count in the samples of

set yogurt under different treatments are presented in

Table 4 lla

The mean c¢oliform count under treatment A I A-IT
A-IIT and A-IV were 1 66 1 66 3 33 and 3 33 cfu per ml
respectively The corresponding values under B-I B-II B-III
and B IV were 1 66 1l 66 333 and 5 00 cfu per ml
respectively The differences between the counts under
different  treatments were found to bestatistically not

significant (Table 4 11lb)

The mean values for yeast and mould count in set
yogurt under A I A II A-III and A-IV were 3 33 3 33 11 66

and 5 00 cfu per ml respectaively The count under B I B IT



Table 4 lla coliform yeast and mould count 1in

under different treatments

set yogurt

Treatments Coliform Yeast and mould
(cfu per ml)

A-I 166 +16 333+21
A-II 166 +16 333+21
A-IIX 333+19 11 66 + 6 5
A-IV 333+12 5 00 + 3 4
B-I 166 +16 6 67 + 6 6
B~-II 166 +16 333 +33
B-III 333+19 6 67 + 49
B IV 500+ 49 333 +33
Each value 1s the mean of six replications
Table 4 11b Analysis of variance

Source D F MS F
Colaiform Between treatment 7 49 70 0 92 NS
count Within treatment 40 53 75
Yeast and Between treatment 7 51 19 0 44 NS
mould count Within treatment 40 115 83

NS Non significant



B IIT and B-IV were 6 67 3 33 6 67 and 3 33 cfu per ml
respectively The dafferences ain the count between the

treatments were found to be not significant (Table 4 11b)

Biochemical analysais

4 12 comparison of titratable acidity between set and frozen

yogurt under different treatments

The titratable acidity expressed as per cent
equivalent lactic acad in set yogurt at pH 4 6 and frozen

yogurt (0 day) under different treatments are gaven 1in

Table 4 1l2a

The mean acidity in set yogurt at pH 4 6 under A-I
A-II A-III and A-IV were 0 99 0 93 O 96 and 0 S4 per cent
equivalent lactic acad The corresponding values under B-I
B-II B-III and B-IV were 0 98 0 96 1 02 and 0 98 per cent

equivalent lactic acaid

The mean acidity i1n frozen yogurt immed:iately after
freezing and overnight hardening (0 day) wunder A-I A-IT
A-IIT and A-IV were 0 85 0 86 0 37 and 0 93 per cent
equivalent lactic acid respectively The corresponding
figures under B I B-~II B-III and B IV were 0 87 0 86 0 88

and 0 94 per cent equivalent lactic acid respectively



Table 4 12a

Comparison

of tatratable acidity between set and

frozen yogurt under different treatments {per cent

equivalent lactic acaid)

Titratable acidity in

Treatments —— m mmmee s ememe—ee - t values

set yogurt frozen

at pd 4 6 yogurt
A-T 0 93 + 0 06 0 85 + 0 03 1 70 NS
A-II C 93 + 0 04 0 86 + 0 02 1 27 NS
A-III 0 96 + 0 04 0 87 + 0 05 1 58 NS
A IV 0 94 + 0 04 0 93 + 0 04 0 39 NS
B-I 0 98 + 0 04 0 87 + 0 04 2 47 NS
B-II 0 96 + 0 04 0 86 + 0 02 2 23 NS
B-IIIX 102+ 003 0 88 + 0 06 2 63 *
B-IV 0 98 + 0 06 0 94 + 0 01 0 53 NS
Each value 1s the mean of sax replicat.ons
Table 4 12b Analysis of variance

Source DF MS F
Yogurt Between treatment 7 5 67 0 38 NS
Within treatment 40 1 48

Frozen Between treatment 7 0 007 0 84 NS
Yogurt Within treatment 40 0 008
NS - Non-sagnificant * Significant (P<0 05)



Analysis of variance between the treatment indicated
no significant differences in acidity in set yogurt and also

between the treatments in frozen yogurt (0 day) (Table 4 12b)

Eventhough slight reduction in the acidity during the
process of manufacturing of frozen yogurt was observed the
reduction was found to be statistically not sagnificant except

under B-III (Table 4 l2a)

4 13 Titratable acadity in frozen yogurt stored at -20°C for

0-90 days under different treaiments

The mean values of titratable acidity expressed as per
cent equavalent lactic acid in frozen yogurt stored for 0-90

days are presented in Table 4 13a

The titratable acadity in frozen yogurt under
different treatments showed slight increase during the storage
perrod At the end of 90 days of storage the mean acidity
under A-I A-II A-III and A IV were 0 91, 0 88 0 92 and 0 85
per cent equivalent lactic acid respectavely The
corresponding values under B-I B-II B-III and B-IV were

092 094 0 91 and 0 88 per cent recpectively

The differences in the values of acidity between 0 and

90 days were found to be not significant (Table 4 1l3c¢)



Table 4 1l3a Titratable acidity in frozen yogurt stored at -20°C for 0 to 90 days
under different treatments (per cent equivalent lactic acid)

Period (days)

Treatments —==—-—————- I e
0 15 30 45 60 75 90

A-T 0 85 + 0 92 + 0 89 + 0 94 + 0 98 + 0 85 + 0 91 +
0 03 0 04 0 03 0 04 0 03 0 02 0 02

A-IT 0 86 + 0 87 + 0 87 + c 90 + 0 91 + 0 80 + 0 88 +
0 01 0 03 0 04 0 06 0 05 0 01 0 02

A-TIII 0 87 + 0 82 + 0 88 + 0 99 + 0 94 + 0 82 + 0 92 +
0 05 0 02 0 04 0 05 0 04 0 02 0 02

A-IV 0 93 + 0 88 + 0 86 + 0 98 + 0 97 + 0 89 + 0 85 +
0 03 0 06 0 03 0 04 0 06 0 03 0 01

B I 0 87 + 093 + 0 93 + 1 04 + 102 + 0 90 + 0 92 +
0 03 0 02 0 03 0 04 0 03 0 03 0 03

B~-TI 0 86 + 0 88 + 0 89 + 102+ 0 92 + 0 88 + 0 94 +
0 01 0 02 0 03 0 06 0 02 0 03 0 02

B~IIX 0 88 + 0 86 + 0 86 + 103+ 0 94 + 0 85 + 0 91 +
0 05 0 02 0 04 0 04 0 03 0 02 0 01

B 1V 094 + 0 90 + 0 90 + 0 98 + 1 01 + 0 90 + 0 88 +
0 01 0 06 0 03 0 04 0 04 0 03 0 02

Each value 1s the mean of six replications

6ET



4 13b

Analysis of variance

———— el et e et e b e e e ey e et b ek e et v St Ak e R v v St e ot et e

15

30

45

60

75

90

Between treatment
Within treatment

Between treatment
Withan treatment

Between treatment
Withan treatment

Between treatment
Within treatment

Between treatment
Withain treatment

Becxween treatment
Withain treatment

Between treatment
Within treatment

007
008

007
009

003
008

004
016

010
0l2

008
005

005
004

NS

NS

NS

NS

NS

NS

Non-significant
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Table 4.13c. t values

Treat ment s 0 Vs 15 0 Vs 30 0 Vs 45 0 Vs 60 0 Vs 75 0 Vs 90
Al 1.97 NS 1.24 NS 6.03 ** 4.69 ** 0.18 NS 1.44 NS
A-11 0.58 NS 0.23 NS 2.75 3.92 NS 1.87 NS 1.61 NS
A- 111 1.12 NS 0.41 NS 2.10 NS 2.47 NS 0.75 NS 1.03 NS
A1V 0.58 NS 1.22 NS 1.02 NS 0.56 NS 0.56 NS 1.78 NS
B- | 1.88 NS 1.29 NS 5.12 ** 4.36 ** 0.44 NS 1.21 NS
B-11 1.07 NS 1.21 NS 3.84 * 2.71 ° 0.54 NS 2.35 NS
B-111 0.23 NS 0.58 NS 2.43 NS 1.03 NS 0.53 NS 0.78 NS
B-1V 0.73 NS 1.13 NS 1.24 NS 2.10 NS 0.81 NS 1.65 NS
NS - Non-significant * - Sgnificant (P<0.05) ** - Hghly significant (P<0.01)



4 14 pH of frozen yogurt stored at -~20°C during 0-90 days

under different treatments

The pH of frozen yogurt after freezing and overnight
hardening (0 day) and stored for 90 days at -20°C under

different treatments are presented in Table 4 l4=a

The mean values of pH of frozen yogurt (0 day) under
A-I A-II A III and A-IV were 4 84 4 74 4 77 and 4 69
respectively The corresponding values under B~I, B-II, B III
and B IV were 4 74 4 72, 4 73 and 4 71 respectively The
differences between treatments were found to be statistically

not significant (Table 4 14b)

There were slight appareni decrease in pH of frozen
yogurt during the storage period Oon 90 day the pH under A-I
A-ITX A-III and A-IV were 4 70 4 68 4 66 and 4 60 The
corresponding values wunder B-I B-II B-III and B-IV were
4 65, 4 64 4 63 and 4 57 respectavely The comparison of pH
values between 0 and S0 days howev=r indicate that the
decrease 1in pH was statiaistically not significant for all the

treatments except under A-I (Table 4 ldc)

A slight but statistically significant reduction in pH

was observed in frozen yogurt under A-T



Table 4 l4a pH of frozen yogurt stored at -20°C for 0 to 90 days under different

treatments
Period (days)

Treatments —— e e e - ——— —_— == - - - -
0 15 30 45 60 75 90

A-I 4 84 + 4 71 + 4 62 + 4 65 + 4 76 + 4 61 + 4 70 +
0 03 0 04 0 01 0 02 0 04 0 001 0 01

A-II1 4 74 + 4 70 + 4 68 + 4 65 + 4 74 + 4 70 + 4 68 +
0 08 0 07 0 03 0 02 0 02 0 001 0 0l

A-III 4 77 + 472 + 472 + 4 65 + 4 64 + 4 67 + 4 66 +
0 08 0 05 0 04 0 02 0 02 0 02 0 04

A-IV 4 69 + 4 80 + 470 % 4 66 + 4 64 + 4 62 + 4 60 +
0 10 0 07 0 03 0 02 0 02 0 01 ¢ 01

B-I 4 74 + 4 68 + 4 61 + 4 63 + 4 74 + 4 61 + 4 65 +
0 07 0 ne6 0 01 0 02 0 04 0 001 0 02

B-II 472 + 4 68 + 4 67 + 4 68 + 4 73 + 4 69 + 4 64 +
0 04 0 05 0 01 0 03 02 002 0 02

B-III 4 73 + 4 66 + 4 68 + 4 66 + 4 64 + 4 66 + 4 63 +
0 06 0 07 0 03 0 02 0 02 0 02 0 02

B-IV 4 71 + 4 68 + 4 65 + 4 63 + 4 62 + 4 58 + 4 57 +
0 08 0 09 0 03 0 02 0 01 0 01 0 01
CD 0 10 0 07 0 09

Each value 1s the mean of six replications

EvT



Tabl e 4. 14b.

Anal ysi s of variance

Peri od (days) Source DF MS F
0 Bet ween treat ment 7 0.013 0.42 NS
Wthin treatnment 40 0. 033
15 Bet ween treat ment 7 0.012 0.44 NS
Wthin treatnment 40 0. 027
30 Bet ween treat ment 7 0. 008 1. 53 NS
Wthin treatment 40 0. 005
45 Bet ween treat ment 7 0. 002 0.63 NS
Wthin treatnment 40 0. 003
60 Bet ween treat nent 7 0.021 4,36 **
Wthin treatment 40 0. 005
75 Bet ween treat ment 7 0.012 8.35 **
Wthin treatment 40 0. 001
90 Bet ween traaf npnt - 7 Q, QLQ 2.71 *
Wthin treatment 40 0. 004
NS - Non-significant * - Significant (P<0.05) ** - Highly significant (P<0.01)



Table 4 l4c t values

Treatments 0 vs 15 0 Vs 30 0 Vs 45 0 vs 60 0 Vs 75 0 vs 90
AT 374 * 7 65 *=* 6 68 ** 1l 55 Ns 6 17 *=* 317 *

A-II 0 76 NS 0 95 NS 1 21 ns 0 02 NS 0 48 NS 0 63 NS
A-1III 0 85 NS 0 72 NS 1l 66 NS 1l 56 NS 1 26 NS 0 95 NS
A-IV 0 81 NS 0 72 NS 0 53 NS 0 43 NS 0 68 NS 0 86 NS
B-I 177 Ns 3 68 * 2 19 NS 0 12 NS 2 89 * 1 93 Ns
B II 0 76 NS 1 26 NS 0 86 NS 0 23 NS 0 41 NS 1 23 NS
B-IIT 1 88 NS 0 82 Ns 0 96 NS 1 14 NS 1 07 NS 1 23 NS
B IV 0 53 NS 0 59 NS 0 79 NS 0 85 NS 1 27 NS 1 48 NS
NS - Non-significant * Significant (P<0 05) ** - Highly significant (P<0 01)

SYT



4 15 Contents of total solids in set yogurt under different

treatments

The total solids percentage 1in set yogurt under

different treatments are presented in lable 4 15a

Total solids percentage in set yogurt under A-I A-II
A-IIT and A-IV were 21 32 21 02 21 73 and 20 86
respectively The corresponding values under B-I B-II B-IIT
and B-IV were 21 52 21 55 21 65 and 21 33 respectively The
di1fferences between the treatments were found to be

statistically not significant (Table 4 15Db)

4 16 Content of Non Protein Nitrogen (NPN) ain set yogurt

under different treatments

The content of NPN ain yogurt under A-I A-II, A-III
and A-IV were 63 03 52 53, 46 69 and 60 69 mg per 100 g
respectively (Table 4 1l6a) The wvalues under A-I and &A-1IV
were very close and haigher than A-II and A=-III The
corresponding values under B~I B-II B-III and B-IV were
51 36 58 36 49 61 ang 63 03 myg per 100 g respectively
Perusal of the values of NPN under t:eatmentsof part A and
part B revealed great variation withir part A and B No set
pattern between values was observed The analysis of variance
(Table 4 16b) however revealed no <ignificant differences

between the treatments To interpret the values of NPN the



Tab1é415a Content of total solids in
set yogurt under different

treatments
Treatments Total solids (per cent)
A-T 21 32 + 0 10
A II 21 02 + 0 24
a-III 21 73 + 0 42
A IV 20 86 + 0 15
B-I 21 52 + 0 17
B-II 21 55 + 0 27
B-III 21 65 + 0 20
B-IV 21 33 + 0 13

Each value represents the mean of six
replications

Table 4 15b Analysis of variance

Source D ¥ MS F
Between treatment 7 0 559 0 65 NS
Withain treatment 40 0 340

NS - Non-significant



Table 4 l6a Content of non protein nitrogen (NPN) 1in set yogurt
under different treatments (ml per 100 g)

Treatments A B Combined mean
of part A & B

I 63 03 + 9 56 51 3b + 8 76 57 20
IT 52 53 + 11 58 58 36 + 13 24 55 45
I11 46 69 + 9 80 49 61 + 8 78 48 15
v 60 69 + 8 97 63 03 + 10 77 61 86
Combined
means of 55 74 55 59

I IT IITI&IV

Each value 1n c¢olumn (1) and (2) represent the mean of six
replication

Each value i1in the column (3) was obtained from the combination of
s1Xx replication from part A and six replication from part B
Thus each value represent the mean of 12 replication

Table 4 16b Analysis of variance

Source DF MS F
Between treatment 7 245 796 0 38 Ns
Within treatment 40 645 055

NS Not signaficant



data were regrouped under I II III and IV by combining the
values from part A and part B The overall means were
calculated based on 12 observation (6 each from A and B) and

as
data was analysedAper the method of Mead (1988)

The overall mean for treatments under part A and B
were 55 74 and 55 59 respectively There was no statistacally

significant difference between two

The overall mean values for NPN under I, II IJII and
IV was 57 20 55 45 48 15 and 61 86 mg per 100 g respectively
{(Table 4 16a)

The analysis of variance revealed the significant
difference between the treatments The calculated CD was
9 65 The NPN content in yogurt under IV was saignificantly

higher (P<0 05) than that of IIT and at par with I and II

4 17 Comparaison of tyrosine values in set and frozen yogurt

under different treatments

The tyrosaine value in set and frozen yogurt after

freezing and hardening (0 day) under different treatments are

given in (Table 4 17a)

Tyrosine value 1n set yogurt under treatments A-I,
A-II A-III and A IV were 0 18 0 20, 0 17 and 0 24 mg per g

respectively The corresponding valu=s under treatment B-I



Table 4 1l7a Comparison of tyrosine values in set and frozen
yogurt under different treatments

Mean tyrosine value mg/g

Treatments = = -—-=- - -~ t values

Set yogurt Frozen yogqurt
A-I 0 18 + 0 03 0 17 + 0 04 0 35 NS
A-IT 0 20 + 0 02 017 + 0 03 2 75 *
A-III 0 17 + 0 03 0 22 + 0 02 1 25 NS
A IV 0 24 + 0 01 0 25 + 0 02 0 33 N8
B-1 0.20 + 0 01 019 + 0 03 0 40 NS
B II 0 21 + 0 02 0 1% + 0 03 1 13 NS
B-III 0 19 + 0 02 0 23 + 0 01 0 91 Ns
B-IV 0 24 + 0 01 0 26 + 0 001 122 ¥ws
Each value 1s the mean of six replications
NS - Non-significant * Saignaficant (P<0 05)
Table 4 17b Analysis of variance

Source DF MS F

Set Between treatment 7 0 004 1 25 Ns
yogurt Within treatment 40 0 003
Frozen Between treatment 7 0 008 1 91 Ns
Yogurt Within treatment 40 0 004

NS - Non signaificant



B-II B-IIT and B IV were 0 20 0 21 0 19 and 0 24

respectaively

The tyrosine value under treatments of part A were
lower than corresponding values under part B The values
under A-IV and B-IV were exactly same The tyrosaine value
under treatment IV (A IV and B IV) was substantially higher
than treatment I (A-I and B-I) The differences 1in the

treatment were found to be not significant (Table 4 17b)

The tyrosine value in frozen yogurt (0 day) under A-I
A-IX A III and A IV were 0 17 0 17 0 22 and 0 25 mg per g
respectively The corresponding figure under B-I B-II B-~III

and B-IV were 0 19 0 19 0 23 and 0 25 mg per g respectively

The perusal of the figures in Table 4 17a indicate
that the tyrosine value of frozen yogart (0 day) under A-II

was marginally but sagnificantly lower than that of set

yogurt

The tyrosine value of frozen yogurt (0 day) under the
treatment III and IV (in both part A <nd B) were higher than
that of set yogurt The increase 1in the value was by

0 04-0 05 mg per g



4 18 Tyrosine values in frozen yogurt stored at -20°C for

0-90 days, under different treatments

The tyrosine valuwes in frozen yogurt stored for 0-30

days and analysed at 15 days interval were presented

Table 4 18a

It was observed that there was an increase in tyrosine
values of frozen yogurt under all the treatments with the
progress 1in storage period The increase was abrupt between 0
and 15 days of storage under A I A-II B-I and B-II
thereafter the wvalues aincreased steadaly The 1increase 1in
tyrosine value under A IIT A-IV B-III and B-1IV was slow from
the beginnang of storage period The tyrosine value in frozen
yYogurt on 90 days of storage under A-I A-IT, A-III and A-IV
were 0 27 0 27 0 28 and 0 27 mg per g respectively The
corresponding Vvalues under B-I B-II B-III and B-IV were
0 27 0 27 0 27 and 0 28 mg per g respectively The
differences 1in tyrosine value between 0 and 90 day were
statistically sagnificant under A~II, B II and B-III and an
other treatment i1t was found to be not significant

(Table 4 18c)



Tanle 4 18a Tyrosine values in frozen yogurt stored at -20°C for 0-90 days under
different treatments

Treatments -—--—--= =-—- - = mmmme———— - s = e — e -

0 15 30 45 60 75 90
(mg per g)

A I 017 + ¢ 25 + 0 25 + 0 27 + 0 27 0 26 + 0 27 +
0 04 0 01 0 01 0 01 0 01 0 01 0 01

A-IT 017 + 0 23 + 024 + 0 25 + 0 26 + 0 27 + 0 27 +
0 03 0 01 0 01 0 01 0 01 0 01 0 01

A-III 0 22 + 0 23 + 0 24 + 0 25 + 0 26 %+ 0 27 + 0 28 +
0 02 00l 0 01 0 01 0 01 001 0 01

A-IV 0 25 + 0 21 + 0 24 + 0 26 + 0 27 + 0 27 + 0 27 +
0 02 0 01 0 02 001 0 01 0 01 0 01

BI 019 + 0 24 + 0 24 + 0 27 + 0 27 + 0 27 + 0 27 +
0 03 0 01 0 02 0 01 0 01 0 01 0 01

B-II 0 19 + 0 22 + 0 23 + 0 26 + 0 26 + 0 27 + 0 27 +
0 03 0 01 0 02 0 0l 0 01 0 01 0 01

B-III 0 23 + 0 23 + 0 23 + 0 26 + 0 26 + 0 26 + 0 27 +
0 01 0 02 0 02 001 0 01 0 01 0 0l

B~-IV 0 26 + 0 22 + 0 24 % 0 27 + 0 27 + 0 27 + 0 28 +
0 01 0 0l 0 01 001 0 01 001 001

Each value 1s the mean of six replications

€8T



Table 4 18b

Analysis of variance
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Table 4.18c. t val ues

Tr eat nent s 0 Vs 15 0 Vs 30 0 Vs 45 0 Vs 60 0 Vs 75 0 Vs 90
A1l 1.96 NS 1.98 NS 1.90 NS 2.28 NS 2.37 NS 2.51 NS
A-11 2.09 NS 2.03 NS 2.72 * 2.89 * 3.25 * 3.31 *
A- 111 0.59 NS 1.00 NS 2.05 NS 2.43 NS 3.55 * 0.00 NS
A1V 2.17 NS 0.46 NS 0.85 NS 1.49 NS 1.51 NS 1.49 NS
B- | 1.17 NS 1.15 NS 2.10 NS 2.12 NS 2.19 NS 2.39 NS
B-11 1.08 NS 0.94 NS 2.12 NS 2.30 NS 2.68 * 2.79 *
B-111 0.41 NS 0.41 NS 0.00 NS 2.35 NS 2.61 * 3.16 *
B-1V 3.41 * 1.88 NS 0.92 NS 0.48 NS 0.86 NS 0.00 NS
NS - Non-significant * - Significant (P<0.05)

TMAFATTM* \a sk § 1k k& ik e k| ' i %' R rik Sk A T i<imii



4 19 Contents of diacetyl and acetaldehyde 1in set yogurt

under different treatments

The content of diacetyl acetildehyde and their ratio

in set yogurt are given in Table 4 193

The diacetyl content in set yogurt under treatments
A-I A-IT A-IITI and A-IV was 13 92 12 80 10 00 and 19 00
ppm respectively The corresponding figures under B-I B-IT
B III and B IV were 10 17 10 23, 7 83 and 15 17 ppm

respectively

The diacetyl content under the treatments of part B
were found to be lower than the corresponding treatment of
part A (Fig 14) The dlacetyl values under treatment IV (both
in A-IV and B 1IV) were substantially haigher than that of
treatment I (A-I and B-I) The content of diacetyl under
treatments of II and III {(both in A and B part) were lesser

than their respective control (A-I and B-I)

These differences were found to be statistically not

significant (Table 4 19b)

The acetaldehyde content under A-I A-II A IITI and
A~-IV were 36 50 33 67 43 04 and 31 50 ppm respectavely
(Fig 14) The corresponding values under B-I B-IY B-III and

B-IV were 31 88 34 46 34 52 and 32 42 ppm respectively The



Table 4 19a

Contents of diacetyl and acetaldehyde 1in set yogurt
under different treatments

Treatments Dracetyl Acetaldehyde Diacetyl-
(ppm) (ppm) acetaldehyde
ratio
A-TI 13 92 + 2 82 36 50 + 32 2 62 + 0 20
A I 12 80 + 3 64 33 67 + 0 08 2 63 + 0 83
A-IIT 10 00 + 1 63 43 04 + 99 4 30 + 3 19
A~IV 19 00 + 4 44 31 50 + 15 1 66 + 1 49
B-I 10 17 + 1 30 31 88 + 65 314+ 079
B-I1 10 13 + 0 93 34 46 + 2 14 3 40 + 0 48
B~III 7 83 + 1 08 34 52 + 81 4 41 +1 81
B-~-IV 15 17 + 3 22 32 42 + 2 04 214 + 0 44
CD 8 03
Each value represents the mean of six replications
Table 4 19b  Analysis of variance
Source DF MS F
Diacetyl Between treatment 7 77 494 1 76 Ns
Withain treatment 40 43 922
Acetaldehyde Between treatment 7 83 486 2 58 *
HWithin treatment 40 32 339
Diacetyl-~ Between treatment 7 12 549 0 95 NS
acetaldehyde Withain treatment 40 13 192
ratio

NS - Non-significant

* - Significant (P<0 05)
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acetaldehyde content under A-III was saignificantly (P<0 01)

higher than A-II A-IV and B-III and at par waith A-I

The daacetyl-acetaldehyde ratio under A-I A-IT
A-IIT and A-IV were 2 62 2 63 4 30 and 1 66 respectively
The corresponding ratio under B-I B II B III and B-IV were
3 14 3 40 4 41 and 2 14 respectively The ratio under
treatment III (both A-III and B-III) was very high while in
A-IV was very low The differences i1n the ratio between the

treatment were not statistically significant (Table 4 19b)

4 20 Contents of acetic acid xn set and frozen yogurt

stored at -20°C for 0, 45 and 90 days under d4ifferent

treatments

The content of acetic acid in set and frozen yogurt

are presented in Table 4 20

The acetic acid content unaer treatment A-I A-II
A IIT and A IV were not detected by the gas chromatograph
{Chromosork 101) The average values for acetic acid in set
yogurt under B-I B II B-III and B-(V were 0 21 0 14 0 16

and 0 08 per cent respectively

The content of acetic acid tn set yogurt fortified

with NDM (B I) was substantially higher than that of yogurt



Table 4 20

Contents of acetic acid an set and frozen yogurt
stored at =-20°C for 0 45 and 90 days under
different treatments

Treatments

—— ey o et o o —

A-TI

A IIT

A IV

B~II
B III

B-IV

Yogurt Frozen yogurt (per cent)
(per cent)  ———vr——mmem e e
0 45 90
Not Not Not Not
detectable detectable detectable detectable
~do- -do- -do- -do-
~do- -do- do- -do~-
-do —do- -do- -do-
0 21 0 22 0 20 0 21
0 14 0 15 0 11 0 09
0 16 0 16 0 12 0 15
0 08 0 09 0 09 0 06

Each value 1s the mean of two replications

Table 4 21 Lactic acaid acetic acid raitio in set
different treatments

yogurt under

Treatments Lactic acid Acetac acid
{per cent) (per cent)
B~I 0 77 0 21
B-II 0 82 0 14
B-IIT 0 86 0 16
B~-IV 0 90 0 08

ey e e e ot o e ——

0 17
0 19




fortified with condensed whey (B-II and B-III) and whey

protein dispersion (B IV)

The values of acetic acid in frozen yogurt (0 day)
were 0 22 015 0 16 and 0 09 per cent under B-I, B-II, B-III
and B~-IV respectavely A very slight differences ain values of
acetic acid between set and frozen yogurt (0 day) was

observed

After 90 days of storage the values under B-II and
B-IV were reduced to 0 09 and 0 06 per cent respectively The
values under B-I and B-III remain more or less unchanged

during the storage

4.21 Lactic acad - acetaic acid ratioc in set yogurt under

different treatments

The taitratable acidity for yogurt recorded under the
treatments of part B (yogurt prepared from the combination of
thermophilus bulgaricus and bifidobacteria) includes the
lactic acid and acetic acid as the bifidobacteria are
reported to produce a substantial amount of acetac acid along
with lactic acid during glucose metabolism To know the
quantaty of lactic acid produced in yogurt under part B the
average values of acetic acid were subtracted from the average
values of tatratable acidity in correspondang treatments The

calculated values of lactic acid were used for obtaining the



ratio between 1lactic and acetic 1cid The ratio under
different treatment are presented ain Table 4 21 The lactac
acid-acetic acid ratio in yogurt under B-I B-II B-IITI and

B IV were 0 27 0 17 0 19 and 0 09 respectively
Sensory evaluation

4 22 Score for the organoleptic characters of set yogurt

under different treatments

The mean organoleptic scores of set yogurt for general
appearance body and texture flavour and total score are

given in Table 4 22a and depicted in Fig 15

The mean score for general appearance under A I A-II
A-TII and A-IV were 4 28 3 74 4 27 and 4 46 respectively
Corresponding values under B-I B-I1 B~-III and B-IV were
3 96 3 84 3 84 and 4 25 respectively The general
appearance score under treatment IV {both A-IV and B-IV) was
higher than I (A-I and B I) The general appearance under

A-I A-III and A-IV were slightly hicher than corresponding

treatment under part B

The dafferences between the treatments were found to

be statistacally not significant (Table 4 22b)

The body and texture score in set yogurt under A I

A-1IT A ITY and A-IV were 4 18 3 90 3 98 and 4 50 The



Table 4 22a Sscore for organoleptic characters of set yogurt
under dafferent treatments

Treat- General Body and Flavour Total

ments appearance texture

A-T 4 28 + 0 11 418 + 0 14 8 75 + 0 12 17 23 + 0 21

A-II 374 +0 21 390 +015 8 43 + 0 19 16 11 + 0 42

A-IIT 4 27 + 0 06 398 + 011 8 55 + 0 27 16 36 + 0 37

A-IV 4 46 + 0 19 4 50 + 0 05 8 81 + 0 15 17 80 + 0 29

B-I 3 96 + 0 14 4 05 + 0 17 8 07 + 0 25 16 17 + 0 39

B-IT 384 +0 21 383 +0 13 7 72 + Q 46 15 55 + 0 71

B-111 3 84 + 0 22 395 + 0 12 7 87 + 0 46 15 38 + 0 43

B-IV 4 25 + 0 15 4 20+ 011 8 22 + 0 20 16 67 + 0 27

CcD 0 39 119

Each value 1s the mean of six replications

Table 4 22b Analysis of variance

Characterastics Source DF MS F

General Between treatment 7 0 423 2 110 NS

appearance Waithain treatment 40 0 200

Beody and Between treatment 7 0 276 2 518 *

texture Waithin treatment 40 0 109

Flavour Between treatment 7 0 976 1 730 ns
Within treatment 40 0 564

Total Between treatment 7 3 957 3 834 **
Within treatment 40 1 032

NS Non saignificant

** — Highly significant (P<0 01)

* - oignificant (P<0 05)
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corresponding values under B~-I B II B~III and B-IV were
4 05 3 83 3 95 and 4 20 respectively The body and texture
score under A IV was significantly higher than A ITI and A-III

The score under & I and A-IV however were at par with each
other The differences in the body and texture score under
the treatments of part B were statistically not significant
(Table 4 22b) The body and texture score under the
treatments of part B were slightly lower than the

corresponding treatment of part a

The flavour scores under A-I A-II A-III and A-IV
were 8 75 8 43 8 55 and 8 81 respectively The
corresponding value under B-I B II B-III and B IV were 8 07

7 72 7 87 and 8 22 respectively The flaveour score under

A-IV was highest and very close to control (A-I) The scores
under BA-II and A-III were substantially lower than A~I The
same trend was noticed under the treatments of part B The

comparison of A and B indicate that the flavour scores under
all the treatment of part B were lower than the corresponding
treatments of part A The difference< in flavour score under
different treatments were found tc¢ be statistically not

sagnificant (Table 4 22b)

Total score under treatment A-I A-II A-IIT A-IV
were 17 23 16 11 16 36 and 17 80 respectively The

cerresponding values under B-I B-I1 B-III and B-IV were



16 17 15 55 15 38 and 16 67 respeclaively The total score
under A IV was highest and close to A-I The total score
under A-II and A-III were significantly lower than A-IV The
total score under part B were comparatively lower than the
corresponding treatment of part A Comparison among the
treatments of part B indicate that the total score under B IV

was significantly higher than B III and at par wath B-I and
B-II (Table 4 22b)

4 23 Score for flavour of frozen yoqurt stored fmr at -20°C

for 0-90 days under different ireatments

The flavour scoresof frozen yogurt under different

treatments are presented in Table 4 23a

The flavour scoresin frozen yogurt after freezing and
hardening (0 day) under A-I A II A-III and BA-IV were 42 17
40 83 41 63 and 42 43 respectively The corresponding scores
treatment under B-I B-II B-IIX and B-IV were 42 07 41 30
40 40 and 42 43 respectively The scores under the treatments
of I and IV (both 1n part A and B) were found to slightly
higher than the II and ITII These differences between the
treatments were found to be statistically not significant
(Table 4 23b) Comparison of the flavour scores of frozen
yogurt between 0 day and 90 days of storage indicate that in

general no substantial change were noticed under majority of



Table 4 23a Score for flavour of frozen yogurt stored at -20°C for 0-90 days under

different treatments

Period (days)
Treatments -- ===  ————>= ———==-- -

0 15 30 45 60
A-IT 42 17 + 41 27 + 41 17 + 35 77 + 42 53 +
0 45 ¢ 61 0 46 6 43 0 44
A-IT 40 B3 + 41 73 + 40 77 + 42 53 + 42 20 +
0 53 0 91 0 42 0 46 0 29
A III 41 63 + 41 37 + 42 02 + 42 15 + 41 80 +
0 84 0 78 0 72 0 32 D 42
A IV 42 43 % 41 73 + 41 40 + 42 50 + 41 28 +
0 61 0 56 0 33 0 28 1 24
B-T 42 07 + 40 87 + 39 38 + 41 43 + 42 17 +
¢ 37 0 56 0 .7 1+ 18 0 84
B-IT 41 30 + 41 03 + 39 07 + 42 53 + 41 40 +
0 44 119 0 27 0 31 1 30
B-III 40 40 + 40 90 + 38 62 + 42 33 + 41 90 +
0 63 0 72 0 20 0 35 0 33
B-IV 42 43 + 40 40 + 38 82 + 42 17 + 41 13 4
0 62 071 0 44 0 56 1 24
CcD 1 47
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Table 4 23b

Analysis of variance

Period (days)

0

15

30

45

60

75

90

Source
Between treatment
Within treatment

Between treatment
Within treatment

Between treatment
W.thain treatment

Between treatment
Withain treatment

Between treatment
Withain treatment

Bectween treatment
Within treatment

Between treatment
Withain treatment

DF

MS

445
037

N W

250
709

W -

10 587
1 090

32 169
32 694

1 469
4 567

466
622

O

787
986

SN

F

1 691

0 337

9 714

0 984

0 322

0 976

2 826

NS

NS

* &k

NS

NS

NS

NS - Non-significant

* - gignificant (P<0 05)

**% - Highly significant (P<0 01)

891



Table 4.23c. t val ues

Treat nents 0 Vs 15 0 Vs 30 0 Vs 45 0 Vs 60 0 Vs 75 0 Vs 90
A1 1.25 NS 1.35 NS 0.99 NS 0.51 NS 0.64 NS 2.43 NS
A-11 0.79 NS 0.12 NS 3.53 * 3.05 * 2.54 NS 0.70 NS
A-111 0.32 NS 0.26 NS 0.59 NS 0.20 NS 1.43 NS 0.37 NS
A1V 1.08 NS 1.79 NS 0.13 NS 0.91 NS 1.15 NS 1.82 NS
B- | 1.87 NS 1.15 ** 0.68 NS 0.14 NS 0.93 NS 2.32 NS
B-11 0.23 NS 4.86 *7 3.51 ° 0.07 NS 2.15 NS 4.57 **
B-111 0.78 NS 2.40 NS 3.51 * 1.76 NS 1.65 NS 1.48 NS
B-1V 2.12 NS 3.45 * 0.27 NS 1.09 NS 1.01 NS 0.567 NS
NS - Non-significant * - Sgnificant (P<0.05) ** - Hghly significant (P<0.01)

AMA YM%* A Mm% wm? m* WR 2N A 0477 0a<A mw' mti mm»M M «M



treatment The differences in the flavour score between 0 and
90 days were found to be statistically not sagnificant under
different treatment except under B-IT A slight but
significant reduction was noticed cn 90 days of storage under

B-II (Table 4 23c)

4 24 Score for the body and texture of frozen yogurt stored

at -20°C for 0-90 days under drfferent treatments

The body and texture score of frozen yogurt after
freezing and hardenaing {0 day) under A-I A-II A-IITI and A-IV
were 27 77 26 60 26 93 and 26 73 respectavely The
corresponding values wunder B-I B-I1 B III and B-IV were
27 93 27 06 27 53 and 26 83 respectively (Table 4 24a) The
body and texture score an frozen yogurt (0 day) under A-IT
A-III and A-IV were lower than that of control (A-I) Similar
trend was notaiced under the treatments of part B However
these differences between the treatments were statistically

not significant (Table 4 24Db)

The body and texture characteristic as judged by
organoleptic evaluation remain steady upto 60 days of storage
in almost all the treatments Thereafter a substantial
reduction was noticed under all the treatments of part A and
part B except A I Under A-I very less reduction 1in score was

found on 75th day but higher reduction on 90th day



Table 4 24a Score for the body and texture of frozen yogurt stored at -20°C for 0-90
days under different treatments
Period (days)
Treatments - --— - - - - —————— = e mmmm mmeee e e -
0 15 30 45 60 75 90

A-T 27 77 + 28 96 + 28 63 + 27 10 + 26 68 + 27 08 + 25 60 +
0 53 0 30 0 22 0 86 0 43 0 60 0 24

A-TI 26 60 + 27 40 + 27 50 + 25 20 + 26 60 + 26 16 + 25 90 +
0 64 0 29 0 27 0 77 0 34 0 34 0 49

A IIT 26 93 + 28 36 + 28 30 + 27 03 * 25 73 + 26 33 + 25 26 +
0 42 0 33 019 0 55 1 34 0 73 0 48

A-IV 26 73 + 27 57 * 27 36 + 26 60 + 26 73 25 66 + 25 66 +
0 57 0 58 0 35 0 30 0 73 0 49 0 49

BT 27 93 * 27 46 + 27 10 + 26 56 + 27 91 + 26 93 + 25 93 +
0 35 0 33 0 40 118 0 53 0 49 0 56

B-II 27 06 + 25 80 + 26 03 + 25 20 + 26 53 + 26 63 + 25 70 +
0 31 0 55 0 42 0 96 0 54 0 46 0 13

B-III 27 53 + 27 23 + 27 56 + 26 43 + 27 06 + 25 98 + 25 70 +
0 39 0 73 0 55 0 54 0 45 0 43 0 55

B-1IV 26 83 + 26 86 + 26 76 + 26 93 + 25 16 + 26 36 + 25 83 +
0 66 0 31 0 22 0 61 112 0 75 1 05

CD 1 59 121

Bach value is

the mean of six replacations

TLT



Tabl e 4.24b. Analysis of variance

Peri od (days) Sour ce DF (VS F
0 Bet ween treat nent 7 1.514 1.000
Wthin treatnment 40 1.514
15 Bet ween treat nent 7 5. 397 4.275
Wthin treatnment 40 1. 262
30 Bet ween treat nent 4. 053 5. 487
Wthin treatnent 40 0. 739
45 Bet ween treat nent 7 3.533 0. 987
Wthin treat nent 40 3. 579
60 Bet ween treat nent 7 4. 088 1.154 NS
Wthin treat nent 40 3.544
75 Bet ween treat nent 7 1. 352 0.728
Wthin treat nent 40 1.856
I Bet ween treat nment 7 0. 26/ 0. 139
Wthin treatnent 40 1.917

NS - Non-significant ** - Hghly significant (P<0.01)



Table 4.24c. t val ues

Treat ments 0 Vs 15 0 Vs 30 0 Vs 45 0 Vs 60 0 Vs 75 0 Vs 90
A1 2.27 NS 1.60 NS 0.58 NS 1.59 NS 1.04 NS 3.79 **
A-11 1.47 NS 1.90 NS 1.49 NS 0.00 NS 0.72 NS 0.68 NS
A- 111 1.93 NS 3.27 * 0.14 NS 0.88 NS 0.81 NS 1.99 NS
A1V 1.10 NS 0.77 NS 0.29 NS 0.00 NS 1.17 NS 1.57 NS
B-1I 1.53 NS 1.50 NS 1.36 NS 0.03 NS 1.41 NS 3.32 *
B-11 1.55 NS 1.61 NS 1.73 NS 1.02 NS 1.03 NS 4.96 **
B-111 0.36 NS 0.06 NS 1.49 NS 0.84 NS 2.82 * 3.56 *
B-1V 0.06 NS 0.14 NS 0.08 NS 2.44 NS 0.56 NS 0.59 NS
NS - Non-significant * - Significant (P<0.05) ** - Hghly significant (P<0.01)

U)



Paired t test between the 0 and 90 days indicate that the
reduction were statistically sagnificant under B-I B-III and

highly significant under A I and B-II (Table 4 24c)

4 25 Score for the melting quality of frozen yogurt stored

at -20°C for 0-90 days under different treatments

Score for melting guality of frozen yogurt under
different treatments stored for 0-80 days are presented 1in

Table 4 25a

Melting guality score of frozen yogurt (0 day) under
A-I A-II A-II and A IV were 4 70 4 66, 456 and 4 63
respectively Corresponding score under B-I B-II B III and

B IV were 4 62 4 56 4 53 and 4 46 respectively

The score under A-II A-IIT and A IV eventhough
statistically not signaficant (4 25b) but were slightly lower
than A-I Similar trend was also found under the treatment of

part B

The melting quality score remained steady through out
the storage period and slight reduction was recorded on 90

days under A-I A II A III A IV B-I and B-II

The differences of melting quality score 1in frozen
yogurt between 0 and 90 days samples under all the treatments

were found to be not significant (Table 4 25¢)



Table 4 25a Score for melting quality of frozen yogurt stored at 20°C for 0 90 days
under different treatments

Period (days)

Treatments -~ ~—=——=—==<=
0 15 30 45 60 75 90

A-I 4 70 + 4 67 + 4 77 + 4 81 + 4 43 + 4 81 + 4 46 +
0 06 0 06 0 06 0 07 014 0 05 011

A-II 4 66 + 4 73 + 4 63 + 4 80 + 4 83 + 4 63 + 4 50 +
0 09 0 04 0 03 0 08 0 16 0 11 0 08

A-IIX 4 56 + 4 66 % 4 63 + 4 93 + 4 73 + 4 56 + 4 33 +
0 09 0 06 0 06 0 04 011 0 13 0 15

A-IV 4 63 + 4 73 + 4 70 + 4 60 + 475 + 4 33 + 4 33 +
0 06 0 04 0 04 0 16 0 07 0 18 0 16

B I 4 62 + 4 70 + 4 73 + 4 86 + 4 58 + 4 70 + 4 17 +
0 1le 0 04 0 04 0 0% 0 12 0 06 ¢ 09

B II 4 56 + 4 73 + 4 80 + 4 80 + 4 50 + 4 43 + 4 46 +
0 13 0 04 0 05 0 09 0 14 0 1l 0 14

B-III 4 53 + 4 50 + 4 73 + 4 80 + 4 78 + 4 60 + 4 53 +
0 06 0 13 0 04 0 16 0 07 0 10 0 16

B-IV 4 46 + 470 + 4 66 + 4 86 + 4 80 + 4 58 + 4 53 +
0 12 0 04 0 06 0 04 0 08 0 14 011

Each value 1s the mean of six replications

SLT



Tabl e 4. 25b.

Period (days)

15

30

45

60

75

90

Anal ysi s of variance

Sour ce
Bet ween treat nent
Wthin treatnent

Bet ween treat nent
Wthin treatnent

Bet ween treat nent
Wthin treatnent

Bet ween treat nent
Wthin treatnent

Bet ween treat nent
Wthin treatnent

Bet ween treat nent
Wthin treatnent

Bet ween treat nent
Wthin treatnent

NS - Non-significant

OO0 OO OO0 OO OO oo oo

. 034
. 062

. 036
. 027

. 022
. 016

. 057
. 066

. 134
. 087

. 134
. 088

. 039
. 107

. 551

. 328

. 399

. 855

. 541

. 525

. 363

NS

NS

NS

NS

NS



Table 4 25c t values

Treatments 0 vs 15 0 vs 30 0 Vs 45 0 vs 60 80 vs 75 0 vs 90
A-I 0 61 Ns 0 59 NS 1 78 NS 1 53 NS 1 40 ns 1 55 NS
A-II 0 50 NS 0 34 NS 1l 02 NS 1 24 NS 0 27 NS 1 74 NS
A III 0 80 Ns 0 79 NS 3 05 * 0 98 NS 0 00 NS 1 05 Ns
A IV 2 23 Ns 1 58 NS 0 15 Ns 1 11 ns 1 86 NS 2 42 NS
B-I 0 68 NS 0 72 NS 1 98 Ns 0 18 NS 0 75 NS 1 06 NS
B-II 1 18 Ns 1 65 NS 1 16 NS 0 31 NS 0 72 NS 0 47 NS
B-IIT 0 19 Ns 2 23 NS 1 39 NS 3 47 * 0 54 NS 0 00 NS
B IV 2 44 NS 1 93 NS 3 46 * 2 19 NS 0 52 NS 0 29 NS
NS ~ Non-significant * — Significant (P<0 05)

LLT



4 26 Score for colour and package of frozen yogurt stored

at -20°C for 0-90 days under different treatments

The colour and package score 1in frozen yogurt stored
for 0-90 days vunder different treatment are given in

Table 4 26a

The colour and package score in frozen yogurt (0 day)
under A-I A II A~III and A IV were 4 76 4 66, 4 66 and 4 /3
respectively The corresponding values under B-I B-II B-~IIT
and B IV were 4 76, 4 63 4 53 and 4 >3 respectively These
differences between the treatments were found to be not
significant (Table 4 26b) The colouws and package score of
frozen yogurt remain steady upto 75 days of storage A highly
significant decrease was observed on 90 days under A-I and
significant decrease wunder B I Sibstantial decrease 1in
colour and package score was noticed on 75 and 90 days under
A IV The colour and package score uncer B~II was lower on 90
days in comparison to 0 day but it was found to be not

significant (Table 4 26c)

4 27 Total score of frozen yogurt stored at 20°C for 0-90

days under drfferent treatment

The total score of frozen yogurt stored at 20°C for

0-90 days are tabulated in Table 4 27a



Table 4 26a Score of colour and package of frozen yogurt stored at 20°C for 0 90
days under different treatments
Period (days)
Treatments - ———————r—————c-—— -_— - e i = m———— = = e = - -
0 15 30 45 60 75 90

Al 4 76 + 4 76 + 4 76 + 4 90 + 4 58 + 4 83 + 4 36 +
0 06 0 08 9 06 0 03 0 15 0 03 0 08

A II 4 66 + 4 76 + 4 70 + 4 85 + 4 43 + 4 63 + 4 50 +
011 0 03 ¢ 04 ¢ 03 0 11 0 13 0 06

A IIX 4 66 + 4 73 + 4 80 + 4 85 + 4 63 + 4 53 + 4 586 +
0 09 0 06 0 05 0 09 0 14 0 12 0 15

A-TIV 4 73 + 4 70 + 4 63 + 4 88 + 4 71 + 4 25 + 4 30 +
0 09 011 0 06 0 04 0 15 0 13 0 15

BT 4 76 - 4 86 + 4 83 + 4 88 + 4 61 + 4 70 + 4 31 +
0 06 0 06 0 03 0 05 013 0 06 0 09

B II 4 63 + 4 80 + 4 70 + 4 91 + 4 60 + 4 50 + 4 26 +
011 0 05 0 04 0 06 0 13 011 0 08

B-III 4 53 + 4 66 + 4 70 + 4 75 * 4 68 + 4 58 + 4 70 +
0 09 0 06 0 06 011 0 15 0 13 0 09

B IV 4 63 + 4 73 + 4 86 + 4 90 + 4 71 + 4 57 + 4 43 +
¢ 09 0 04 0 06 0 04 0 16 0 13 0 16

Each value 1s the mean of s v replicataions

6LT



Tabl e 4.26b. Analysis of variance

Period (days) Sour ce DF MS

Bet ween treat nent 7 0. 038 0. 664 NS
Wthin treatnent 40 0. 057

15 Bet ween treat nent 7 0. 023 0. 798 NS
Wthin treatnent 40 0. 029

30 Bet ween treat nent 7 0. 038 2.078 NS
Wthin treatnent 40 0. 018

45 Bet ween treat nent 7 0. 017 0.430 NS
Wthin treatnent 40 0. 039

60 Bet ween treat nent 7 0. 051 0. 402 NS
Wthin treatnent 40 0. 127

75 Bet ween treat nent 7 0. 170 2. 071 NS
Wthin treatnent 40 0. 082

TIT Bet ween treat nent 7 0. 134 1.57 2 NS
Wthin treatnent 40 0. 086

NS - Non-significant



Table 4.26. t val ues

Treat nents 0 Vs 15 0 Vs 30 0 Vs 45 0 Vs 60 0 Vs 75 0 Vs 90
A-1 0.00 NS 0.00 NS 1.51 NS 0.94 NS 1.00 NS 5.47 **
A1 0.88 NS 0.25 NS 1.14 NS 1.41 NS 0.15 NS 1.74 NS
A- 111 0.46 NS 1.58 NS 1.33 NS 0.17 NS 1.08 NS 1.26 NS
A1V 0.21 NS 0.80 NS 1.46 NS 0.07 NS 2.74 * 1.40 NS
B- 1 1.16 NS 0.79 NS 1.55 NS 0.87 NS 0.67 NS 3.57 *

B-11 1.53 NS 0.79 NS 1.87 NS 0.18 NS 0.65 NS 2.10 NS
B-111 0.83 NS 1.27 NS 1.39 NS 0.68 NS 0.45 NS 0.95 NS
B-1V 1.00 NS 2.44 NS 2.16 NS 0.35 NS 0.27 NS 0.80 NS

NS - Non-significant * - Sgnificant (P<0.05) ** - Hghly significant (P<0.01)



Table 4 27a Total score of frozen yogurt stored at -20°C for 0-90 days under
different treatments

Period (days)

Treatments - - ~==—=——-- - e mmm e —e s
0 15 30 45 60 75 90

A-T 94 05 + 94 60 + 94 66 + 94 93 + 93 30 + 94 08 + 89 60 +
0 78 0 81 0 51 0 82 1l 05 0 60 0 70

A II g2 00 + 93 70 + 92 56 + 92 63 + 93 25 + 93 15 + 91 30 +
0 95 111 0 45 117 0 60 0 84 0 83

A-TIT 91 63 + 94 13 + 94 70 + 92 78 + 90 58 + 92 56 + 91 00 +
1 44 0 77 0 79 0 98 1 55 1 40 0 76

A IV 93 26 + 93 83 + 93 20 + 93 46 + 86 96 + 90 56 + 90 86 +
0 73 0 59 0 49 0 55 5 12 1 31 131

B-I 94 23 + 92 60 + 90 80 + 92 65 + 94 21 + 91 18 + 90 86 +
g = 0 75 0 &5 217 o 91 2 o0 1 74

B-II 92 10 + 91 46 + 89 60 + 91 85 + 91 33 + 93 38 + 90 06 +
0 50 1 00 0 62 1 42 2 60 0 86 0 46

B~-III 91 06 + 92 30 + 90 65 + 93 81 + 93 50 + 91 76 + 91 56 +
1 44 0 84 0 51 0 84 o 78 0 80 1 08

B IV 93 23 + 91 70 + 89 93 + 94 33 + 91 38 * 91 23 * 91 86 +
103 0 97 0 S8 0 87 2 45 1l 04 1 20

Each value 1s the mean of six replications

28T



Table 4 27b

Analysas of variance

Perirod (days)

0

15

30

45

60

75

90

Source
Between treatment
Withain treatment

Between treatment
Withain treatment

Between treatment
Within treatment

Between treatment
Within treatment

Between treatment
Within treatment

Between treatment
Within treatment

Between treatment
Withain treatment

DF MS
7 8 087
40 5 854
7 8 320
40 4 582
7 25 246
40 2 079
7 6 228
40 9 146
7 32 849
40 33 294
7 9 252
40 11 767
7 3 373
40 6 136

12

382

816

144

681

986

786

550

NS

NS

* %

NS

NS

NS

NS

NS - Non-significant

** - Highly significant (P<0 01)

£8T



Table 4.27b.

Period (days)

NS

15

30

45

60

75

Anal ysis of variance

Sour ce

Bet ween treat ment
Wthin treatnment

Bet ween treat ment
Wthin treatnment

Bet ween treat ment
Wthin treatment

Bet ween treat nent
Wthin treatnent

Bet ween treat nment
Wthin treat nent

Bet ween tr eat ment
Wthin treatnent

Bet ween Lredtnent
Wthin treatnent

- Non-significant

DF

40

40

40

40

40

40

40

H ghly significant

>

. 087
. 854

320
. 582

N 0l

N

246
. 079

. 228
. 146

840
. 294

. 252
. 767

w W
W PO WN oo o

H

. 373
6. 136

(P<0. 01)

1.382

1.816

12. 144

0. 681

0. 986

0. 786

0. 550

NS

NS

NS

NS

00
u>



A I {control)

A III

B-IIT

Yogurt mix fortified with DM and fermentation
by thermophilus and bilgar.cus

Yogurt mix fortified with condensed cheese whey
as a replacement of 50 per cent NDM and
fermentation as in A I

Yogurt maix fortified with condensed cheese whey
as a replacement of 100 per cent NDM and
fermentation as i1n A I

Yogurt mix fortified wath whey protein
dispersion for replacement of 100 per cent NDM
and fernentation as in A-T

Yogurt mix fortified with NDM and fermentation
by thermophilus bulgaricus and bifidobacter.ia

Yogurt max fortified with condensed cheese whey
as a rep acement for 50 per cent NDM and
fermentat.on as B-I

Yogurt mix fortified with condensed cheese whey
as a replacement for 100 per cent NDM and
fermentation as B-I

Yogurt nix fortified with whey protean
dispersion as a replacement for 100 per cent NDM
and fermentation as B I



The total score for frozen yogurt (0 day) under
treatment A I A-ITI A-III and A-IV were 94 05 92 00 91 63
and 93 26 respectaively The corresponding values under B I
B-II B-III and B IV were 94 23 92 10 91 06 and 93 23

respectaively

The total score in frozen yogurt (0 day) under
treatment A-IV was found to very close to the control (A-I)
The score under A II and A III were slightly lower than
control (A-I) Simirlar trend was maintained under treatments
of part B The differences between treatment however were

found to be statistically not significant (Table 4 27b)

During the storage the total -core of frozen yogurt
remained steady The comparison of total score in frozen
yogurt between 0 and 90 day indicate no significant change

under all the treatment except A-I and B-II (4 27c)



DISCUSSION




DISCUSSION

Yogurt 1s one of the most popular fermented milk
product world waide It 1s distinguished from other cultured
milk products by 1its typical flavour and aroma and its
characteristic body and texture The yogurt starter culture
viz S salavarius subsp thermophijus and L  delbrueckia
subsp bulgaricus in balanced ratio (1 1) 1s responsible for
the +typical green apple flavour of the product The body
characteristics of the yogurt 1s dependent on the

concentration of milk solids an the product

Non fat dry milk (NDM) 1s generally used for
standardization of total solids in yogurt mix Due to
increasing demand of caseain and caseainates in food and bakiang
industries (Southward 1989) the price of NDM has ancreased

the
many fold in last the 20 years

Cheese whey 1n condensed form can be an alternative

for NDM 1n yogurt

In the present investigation, an attempt has been made
to study the effect of aincorporation of condensed cottage
cheese whey and whey protein dispersion as a replacement for

NDM on growth characteristic of normal yogurt starter culture



and bifidobacteria Ef fect of addition of condensed cheese
whey and whey protein dispersion on biochemical and oxgano-
leptic characteristics of yogurt and frozen yogurt were also

anvestigated

Survaval of bifidobacteria in set and frozen yogurt
and the influence of this organism on normal yogurt starter
culture were studied Birochemical tests and sensory
evaluation were undertaken to as ess the effect of
incorporation of bifidobacteria in the product The data

obtained are discussed under the following sub heads

Microbiological analyses
Biochenical analyses

Sensory evaluation
Microbiological analyses

51 Viable count of starter bacteraia in set yogurt under

different treatments

Milk 1s the most suitable growth medium for all types
of micro organisms including the yogurt starter culture A
variety of substrates like lactose protein fat and mineral
matters are available 1n malk for their growth and
multiplication A substantial amount of total nitrogen in

m1lk occurs 1n a readily available form for bacterial



metabolism These include amino acad N, urea N and ammonia
N These compounds are sufficient to initiate the growth of
thermophilus which 1s one of the constituent of yogurt
starter culture (Frank and Marth 1988) The proteolytic
enzymes produced by bulgaricus are praimarily responsible for
casein breakdown and release of small peptides which are
required for stimulation of thermophilus growth Thus the
proteolytic activity of the bulgaricus 1s 1important for

symbiotic growth of yogurt starter culture (Moon and Reinbold

1976)

A sufficient numbers of viable starter bacteria in
cultured dairy products including yogurt are essential for

their nutritional and therapeutic effects to consumers

(Fernandes and Shahani 1989c)

Tamime and Robinson (1985) suggested that the yogurt
should contain more than 100x106 per ml of viable cells of
thermophilus and bulgaricus at the tire of consumption to have

1t s beneficial therapeutic effects

In the present investigation the optimum growth of
thermophilus and bulgaricus were obtained under all the
treatments (Table 4 la) The thermophilus count varied £rom
3 21x109 to 3 93x10° cfu per ml under the treatments of part A

an main trial



The replacement of NDM in yogurt by condensed whey
solids and whey proteain dispersion did not show any adverse
effect on thermophilus count In fact a slight apparent
increase 1in thermophilus count was noted in yogurt fortified
with condensed cheese whey (under treatment A-II and A-III in

main traial)

The thermophilus count 1in yogurt under treatment A-I
and A-III in supporting trial (Table 4 2a) are also indicative
of similar trend and confirm the findings of main trial Thus
1t could be concluded that the incorporation ot condensed
cheese whey had a stimulatory effect on thermophilus ain

yogurt

The present findings are in agreement with observation
of Broome et al (1982) In their experaiment 1t was found
that the incorporation of whey protein concentrate in yogurt
to replace part of NDM resulted in higher thermophilus TS2
count H1ll et al (1974) reported that whey solids contain
small peptides and glycomacropeptides These compounds are
breakdown components of K~casein due to the action of rennet
in the process of cheese making Mcon and Reinbold (1976)
found that some of the free amino acids and peptides released
by bulgaricus by their proteolytic action were the stimulatory

agents for the thermophilus



Apparent aincrease in thermophilus count 1in yogurt
fortified with condensed whey 1n present investigation maght
he due to the availability of pre-formed peptides and amino-

acids 1n excess quantaty

Stimulatory effect of incorporation of condensed whey
in yogurt was not noticed on the bulgaricus count The
bulgaracus count an yogurt under different treatments was in
the range of 2 36x109 -3 9lxlO9 cfu per ml (Table 4 la) The
bulgaricus count in yogurt prepared from the fortification of
NDM (A-I) was found to be apparently higher than that of
product fortified with condensed whey (A II and A-III) Moon
and Reinbold (1976) reported that L bulgaricus possessed
relatively high proteolytic activity <nd derive their nutrient
reguirement by breaking the o ana [3 caseins It can
therefore be assumed that the higher bulgaricus count 1in
yogurt fortified with NDM 1in main trial maght be due to
avarlabilaity of higher amount of casean thane?the yogurt
fortified with condensed whey The values of bulgaricus count
under A-I and A III in supportang trial also indicate no
stimulatory effect of condensed whey c¢n the bulgaricus count
The findings of Broome et al (1982) =upport the observation

made under the present investigation

Fventhough 1t was found in the present experament

that the condensed whey had a stamulatory effect on the



thermophilus the counts of both thermophilus and bulgaricus
in yogurt fortified with whey protein dispersion (under A-IV)

were lower than under A-III The probable reason might be as

under

Whey protein dispersion was prepared by the
precapaitation of proteins in whey by the combined action of
heat and acad One per cent citric arad was used to lower the
pH of +the condensed whey to 4 6 The daspersion of whey
proteins was collected by centrifugation and used for the
fortification of yogurt max lhe adiition of acidified whey
protein dispersion might have reduced the pH of yogurt mix
(under treatment A-IV) before the start of incubation This
might have resulted in the reduction of the incubation period

required for the coagulation of the mix and attainment of

desired level of pH

Thus low count particularly of bulgaricus in yoqurt
under A IV might be attributed to lesser period of incubation
for attaining the desired pH If the incubation might have
continued for some more time the thermophilus and bulgaricus
would have been haigher without further decrease in pH due to

buf fering action of whey proteins

The thermophilus count in yogurt under treatments of

part B were in the range of 3 06x109 4 26x109 cfu per ml



{rable 4 1la) The comparison of the values between the
treatments of part A and part B indicate that the addition of

bifidobacteria had not affected the count of thermophilus

adversely Infact the count of therrophilus was found to be
higher under treatment B I 1n comparison with A-I This
findainy 1s i1n agreement wath that of Murti et al (13892) The

thermophilus count in yogurt under treatment B~I 1n supporting
trial was also higher than of A-I Thus the result of

supporting trial confirmed the data obtained in main traial

It can be concluded that the thermophilus count was
not affected by the presence of bifidcbacteria in yogurt For
the optimum growth of thermophilus the amino acids glycine
histidine and glutamic acids were reported to be most
essential (Bautista et al  1966) Collins and Hall (1984)
stressed the importance of cysteine and ascorbic acid for the
growth of bifidobacteria Poch and Bezkorovainy (1988) found
that bovine casein digest and yeast extract were the most

potential growth promoter for the bafidobacteraia

From the findings of the present experiments it could
be assumed that nutritional requirement of thermophilus and
bifidobacteria are fulfilled by the proteolysis of casein by
the bulgaricus and yogurt mix under all the treatments have
sufficient nutrient to sustain optimum growth of thermophilus

and bifidobacteria Perusal of the values in Table 4 la also



indicate an apparent reduction in th thermophilus count 1in
yogurt wunder treatments B II and B-I[I 1in comparison to B-I

But 1s within the optimum range The composition of the raw
material used for the fortification of yogurt mix 1is indicated
in Table 3 1 The protein content in NDM was higher than that
of condensed whey As such the yogurt mix under the
treatments of B-I (fortified with NDM) might be having haigher
protein i1n comparison to B II and B-IITI (fortified with
condensed whey) The apparently 1lower +thermophilus count
under treatment B II and B ITYI uight bpe due to non-

availability of sufficient proteins and amino acids

The bulgaricus count under tr=atments of part B was ain
the range of 2 40x109 ~ 3 46x109 cfu per ml 1in main trial
(Table 4 la) and 1 66x109 -2 95x109 per ml in supporting
trial (Table 4 2a) In both the exprriments the bulgaricus
count in vogurt .n presence of bifidobacteria was found to be
in optimum range (as suggested by Tamime and Robinson 1985)
However in comparison with the treatments under part A the
count was found to be lesser under corresponding treatments of
part B The bulgaricus count under A I 1n main trial was
3 91x109 c¢fu per ml and under B-I 1t was 2 40x109 cfu per ml
The saimilar trend was also observed 1in supporting traal
There was highly sagnificant (P<0 01l) reduction in bulgaricus

count in yogurt under treatment B I in comparison with A I 1in



supporting traal These findings are in agreement with that of
Murti et al (1992) This reduction might be attributed to

competition for the nutrient with the bifidobacteria

The bulgaricus derive their major nitrogen source by
hydrolyzing the casein (Moon and Reainbold 1976 Tamime and
Robinson 1985) Poch and Bezkorovainy (1988) found that the
bovine casein digest supported the optimum growth of many
species of bafidobacteria in synthetic medium Poor growth of
the bifidobacteria in the absence of kovine casein digest have
been reported even 1f the media contain sufficient free amino

acids

Low count of bulgaricus 1in presence of bifidobacteria
under the +treatment of B-I therefore may be due to non-

availabrlity of some of growth factor which may be common for

both

Perusal of the values in Table 4 la indicate that the
reduction of bulgaricus count was lesser under B III than that
found under B-I This observation was confirmed in supporting
trial (Table 4 2a) 1he buljaricis count 1n yogurt under
B III 1in supporting trial was significantly higher than B I
and at par with A I (control) In otherwords the reduction of
the bulgaricus count in the presence of bifidobactria in the

sample of yogurt fortified with NDM was more than that of



condensed whey The probable reason for this might be
utilization of whey proteins and other amino acids by the
bifidobacteria for their growth thereby a reduction 1in the
competition for the wutilization of breakdown products of

caseln

The B baifidum count in set yogurt in main trial was
in the range of 2 25x109 -3 48x109 cfu per ml (Table 4 la)
The count under supporting trial was 2 80 2 95x109 cfu per

ml (Table 4 2a)

Ishibash:i and Shimamura {1993) suggested that the
fermented milk products must possess a minimum of 1x107 viable
cells of bifidobacteria for their beneficial therapeutic
effect to the consumers In the present ainvestigation the
bifidobacteria population was found to be optimum 1in the

presence of thermophilus and bulgaricus

Bifidobacteria were reported to be a slow grower an
milk and reguire some growth promoters for their optimum
growth activity (Collins and Hall 1984) Bifidobacteria were
also reported as nutritionally fastidious micro-organism and
only limited nunber of organisn could grow in minimal culture
condition (Poch and Bezkorovainy 1988) Growth and acid
production were quite different among the different strains

and species of bifidobacteria The bifidobacteria of infant



oriyain were found to be comparatively faster in milk media and
produce 0 65 per cent titratable acidity (Desjardins et al

1990)

However the optimum growth of bifidobacteria under
present 1nvestigation was possible due to the associatave
action of thermophilus and bulgaricus The § salivarius
subsp thermophilus were reported to produce enough carbon
dioxide to support the growth of bulgaricus (Driessen et al
1982) It was also reported that L delbrueckii subsp
bulgaricus posses significant proteolytic activaity and were
capable of releasing different peptides and amino acids by
hydrolysing casein (Frank and Marth 1988) The conpound
released by thermophilus and bulgaricis might have stimulated

the bidifobacteria growth under all the treatments of present

investaigation

The bifidobacteria count in ycgurt under treatments of
B IT B III and B IV 1n main trial wa< apparently higher than
that of B I The fortification of whey solids and whey
protein dispersion in place of NDM might be the probable
stimulatory factors for the baifidobacteria However the same
effect was not observed under the treatments of supportiang
trial The count under treatment B-I and B~III was found to
be very close The 1ncrease in the bifidobacteria count in

presence of whey solids during the present investigation can



be corroborated wath the findings of Marshal et al (1982) and

Ventling and Mistry (1993)

Marshall et al (1982) found the optimum growth of
B bafidum and B longum in ultrafiltered milk fortified with

cheese whey protein and threonine

Ventling and Mastry (1993) found that ultrafilteration
of skim milk to 1increase the protein concentration had
beneficial effect on the growth of bifidobacteria The acad
production and bifidobacteraia count was higher in

ultrafiltered milk
5 2 Ratio between starter bacteria in set yogurt

The thermophilus-bulgaricus ratio in yogurt should be
1 1 to produce optimum aroma and flavour (Tamime and Deeth
1980) The final ratio of thermophilus and bulgaricus 1§ also

indicative of symbiotic yrowth relationship between the two

The thermophilus bulgaricus ratio under different
treatments was an the range of 0 56 1 21 (Table 4 3a) The

ratios under treatments A I A-~II A-III and B III were found

to be optimum

Fortification of condensed whey in yogurt had no

adverse effect on thermophilus bulgaricus ratio in majority of



treatments The low ratio under A IV was due to low count of

bulgaricus in comparison with thermophilus

The presence of bifidobacteria had a adverse effect on
thermophilus~bulgaricus ratio The 1atio under treatment B I
B IT and B IV in main trial were lower than one (Table 4 3a)
Highly significant (P<0 0l1) reduction of thermophilus
bulgaricus ratio was found under treatment B~I in supporting
trial (Table 4 4a) Lower growth of bulgaricus in presence of

bifidobacter:ia was responsible for imbalance in the ratio

The ratio under B III 1n both the experiment were
found to be around one and optimum The presence of whey
proteins 1in the mix was aindirectly 1 esponsible for restorang
the proper balance of thermophilus and bulgaricus It can be
concluded that condensed whey had no adverse effect on balance
growth of normal yogurt starter culture Bifidobacteria
however may cause adverse effect on the ratio especially 1in
the yogurt prepared by fortification of NDM The
incorporation of condensed whey to replace 100 per cent WDM
supports the growth of thermophilus and bulgaricus in a
balance form even in the presence of bifidobacteria Lower
ratios under A IV and B IV were due to acidifying effect of
whey protein dispersion Extended incubation period of yogurt

mix under A IV and B IV may restore the proper balance



The thermophilus bifidobacteria ratio under different
treatments were between 0 53-1 10 in main trial (Table 4 3a)
and 0 86-0 93 an supporting traal (Table 4 4a) Low ratio was
found under B I This was because of low bifidobacteria count

1in yogurt fortified with NDM

The bulgaricus~bifidobacteria ratio were in the ranye
of 0 94~1 37 under the treatments of main trial and 0 %94 1 77
under the treatments of supporting trial (Table 4 3a and 4 4a
respectively) The importance of thermophilus bulgarius ratio
were pointed out 1in literature for symbiotic growth
proteolysis and production of flavour compound (Tamime and
Robinson 1985) No reports are available regarding optimum
ratio between the population of thermophilus bifidobacteria
and bulgaricus-~bifidobacteria However Hoover (1993) and
Ishibashi and Shimamura (1993) had stressed the importance of
bafidobacteria in cultured milk in a range of 107 lO8 to have

a beneficial therapeutic effect

In the present experaiment optimum growth of
bifidobacteria was obtained in the presence of normal yogurt
culture However the incorporation of condensed whey to
replace 100 per cent NDM was found to be the best preposition

as 1t supported the balance growth of all the three organisi s



5 3 Effect of freezing and hardening on viable starter count

in yogurt under ditferent treatments

The comparison of viable count of thermophilus
bulgaricus and bifidobacteria between set and frozen yogurt
(Fig 2 3 and 4) 1indicate the reduction during the process of
freezang and hardening These observations were confirmed ain
supportaing trial (Fig 5 6 and 7) A highly significant
reduction 1in the count of all three starter bacteria diring
freezing and hardening were recorded ain suppo.ting traial
(Table 4 6a) Reduction in the thermophilus bulgaricus and
bifidobacteria count under all the treatments however was
limited to one logarithmic unit The thermophilus bulgaraicus
and bifidobacterial count an frozen yogurt (0 day) were in the

range of 0 94 x 10° - 2 45 x 10° 1 30 x 10° 2 63 x 10° and

154 x 109 2 63 x 109 cfu per ml reopectively in main traial
(Table 4 5a) These values are found to be in optimum range
as recommended by Tamime and Robinson (1985) Ishibisha and

Shimamura (1993) for wusing this o>rganism as a dietary

adjuncts

Similar range of reduction in starter culture count
during the process of freezing and hardening was recorded by

Modler et al (1990) Mashayekh and Brown (1992) and Heknat
and McMohan (1992)



Speck and Ray (1977) reported that gram positive
bacteria were generally less susceptikle to freeze injury than
gram negatives Marth (1973) and Sheu et al (1993) reported
that casein sucrose, lactose could act as the cryoprotective
substances and protect the starter bacteria during freezing
and hardening Sheu et al (13993) also found that loss of
viable bulgaricus cells could be decreased by the
mxcroentrapment 1in calcium alyinate beads Addition of six

per cent glycerol further enhanced the protective effect

The frozen yoyurt mix under different treatment in the
present investigation was having more than 13 per cent SNL 10
per cent fat 0 25 per cent glycerol monosterate (GMS) 0 25

per cent sodium alginate and 15 per cent sugar

It can be concluded that the damage to the starter
bacterial cells during the freezing and hardening of yogurt
was minimum This might be due +to the presence of
hydrocolloaids like the sodium algarate and cryoprotective
substances like casein lactose and ugar The extra amount
of calcium might have formed a alginate beads to protect the

bacterial cells against the freezing damage




5 4 Effect of storage of frozen yogurt at 20°C for 0-90 days

on S salivarius subsp therinophilus count under

different treatments

The perusal of Table 4 7a indicate that there were a
linear decrease 1in the thermbsphilus count in frozen yojut
under all the treatments during the period of storage of J0O
days The rate of decrease was very slow upto 30 days of
storage but the count declined drastically between 30 and 45
day and remained steady till the end of 90 days (Fig 8a and
8b) However even after 90 days the population of
thermophilus in the frozen yogurt was in substantial nunber
At the end of 90 days of storage the thermophilus count wund r
different treatment were in the range of 0 25 x 109 0 35 x
109 cfu per ml Comparison of the count between 0 and 90 day
indicated that the decrease was limited to only one
logarithmic unat Similar trend was also recorded in the

supporting trial (Table 4 1l0a)

Perusal of the t values 1n Table 4 10c 1indicate the
highly significant (P<0 01) reduction 1in the thermophilus
count duraing the storage of frozen yogurt for 30 days at -20°C

under majoraty of the treatments in supporting traal



5 5 Effect of storage of frozen yogurt at -20°C for 0-90 days

on L delbrucekii subsp bulgaraicus count  under

different treatments

The data in Table 4 8a indicate a gradual reduction in
bulgaricus count in frozen yogurt during storage The rate of
decrease of bulgricus count under all the treatments was
uniform throughout the storage period (Fig 9a and 9b) After
90 days of storage the bulgaricus count in frozen yogurt were
in the range of 0 18 x 109 0 45 x 109 cfu per ml The
decrease 1n bulyaricus from beginning of the storage period

t11l 90 days was also limited to about one log cycle

Statistical analysis of differences in the bulgaricus
count between 0 and 90 days were found to be significant under
A-ITI A-IV B III and B~-IV of main trial ({Table 4 8c)
Significant reduction in bulgaricus count during storage of
frozen yogurt at -20°C for 30 days was also recorded under the

treatments of A I A III B I and B-III in supporting trial
(Table 4 10c)

5 6 Lffect of storage of frozen yogurt at -20°C for 0-30 days

on B bifidum count under different treatments

Gradual reduction in the count of B bifidum during
the storage of frozen yogurt was also observed under all the

treatments studied The rate of reduction of bifidobateria



count was comparatavely high between 0 and 15 day of storage
(Fig 10) After 15 days decrease 1in the count was steady
After 90 days of storage the count was in the range of 0 07 x
109 - 013 x 109 cfu per ml (Table 4 9a) The differences in
the bifidobacteria count between 0 and 90 days were found to
be statastiacally signiiicant under B-II B-III and B-1V
(Table 4 9a) The reduction in the count after 90 days of
storage was however limited to less than two log cycle The

comparison of bifidobacteria count at 0 and 30 days under

treatment of supporting trial were found to be highly

siynificant (Table 4 10c)

From the above resulis 1t could be concluded that
there was a gradual decrease in the count of starter bactaria
during the storage But still sufficient numbers were £ und
at the end of 90 days of storage to have 1ts beneficial
effect after consumption The decr ase ain the count of
thernophilus and bulgaricus were of only one log cycle and

that of bifidobacteria was between one to two log cycle

The findanjys of Modler et al (1990) Holcomb et al
(1991} Pekmat and McMohan (1392) Laroia and Martin (1 91)
and Mashavexh and BrLown (1992) support the observation made in

the present investigation



Modler et al (1990) found a significant reduction an
the population of B lonqum B brevi and B infantis 1in
cultured ice cream by one log cycle during storage for 70 days

at ~30°C

Holcomb et al (1991) reported +the wviabilaity and
growth of B bifidum and L acidophilus in soft serve frozen

yogurt at -5°C during the storage period of six hours

Laroaa and Martin {1991) reported B bifidum
population was 3 7 x 106 40 x 106 c¢fu/ml 1n frozen yogurt

after eight weeks of storage at ~23°C

Hekmat and McMohan (1992) founi that after 17 weeks of
storage of cultured ice cream at -29°C the B bifidum count

were 1 x 107 cfu per ml

Mashayekh and Brown {1992) indicated that if cultured
lce-cream were stored at -29°C for more than one month it
would still have the wviable cells of thermophilus and

bulgaricus in the range of 106 107

Above reports support the prerent findings and also
that bafidobacteria could be incorporated successfully in
frozen yogurt and the product could be stored for 90 days

without substantial reduction in starter bacterial population



57 Coliform, yeast and mould count in set yogurt under

different treatments

Coliform count 1n the set yogurt under different

treatments was in the range of 1 66-5 cfu per ml (Table 4 11)

The yeast and mould count in the set yogurt wunder
different treatments was in the range of 3 33 - 11 66 cfu per

ml

The count of these organi ms in fermented dairy
product was carried out to assess the standard of hygienic
measures adopted during their preparation Indaian standards
(1973) specified the limits for coliform yeast and mould
count 1in fermented milk product The coliform count 1in the

product should not be more than 10 and yeast and mould 100

per ml

The count of coliform yeast and mould in set yogurt
under different treatment in the present ainvestigation were

found to be within the limit specified by IS (1973)

Biochemical analyses

58 Comparison of titratable acidity and pH between set and

frozen yogqurt under different treatments

The most important fermentative reaction used in dairy



processing 1S the homofermentative conversion of lactose to
lactic acad The efficient manufacture of high quality
fermented product 1including yogurt requares a rapad and
consistent rate of lactic acid production (Frank and Marth

1988) The lactic acid gives the sharp acid taste to yogurt
and contributes to the typical flaveour (Tamime and Robinson

1985) The lactic acid also helps to destabilize the casein
micelle and this 1lead to coagulation of milk protein and
formation of the yogurt gel Production of lactic acid by
starter culture 1s considered as one of the criteria to judge

1ts activity

$§ salivarius subsp thermophilus and L delbrueckii
subsp bulgaricus are homofermentative organism In the mixed
culture they are capable of producang optimum range of lactic
acid under favourable conditions of 1incubation (1 e at 30ec

for long set or 42°C for short set method)

The yogurt coagulum of desirable firmness could be
obtained by incubating the mix to a pi of 4 6 - 4 7 (Tamime
and Robainson 1985) M114 yogurts of pH 4 4 4 6 and acadaty
of 0 9 per cent are being favoured by the consumers
Considerable efforts beiny made by commercial companies +to
maintain these pH values during the period between manufacture

and consumption (Marshall 1993)



Yogurt havainy pH of 4 4 4 6 and acadaty 09 -1 0
per cent are known to maintain a proper balance of
thermophilus and bulgaricus (Tamime ard Robinson 1985) The
optimum level of acidity (around one per cent) as also found
to be important to prevent the growth of pathogens (Schaack

and Marth 1988)

In the present experiment the titratable acidity under
the treatments of part A and part B was in the range of 0 93
1 02 per cent equivalent lactic acid at fixed pH of 4 6
(Table 4 12a) The minor variations in the acidity between
the treatments can be attributed to different bufferaing

capacity of the yogurt mix

The bifidobacteria were reported to produce lactic
acid and acetic acid in 2 3 ratio (Scardovi 1986) The
values of titratable acidity obtained under treatments of part

B of the present investigation ainclude both lactic and acetac

acid

The tatratable acidity ain the frozen yogurt after
freezing and hardening (0 day) under different treatment was
in the range of 0 85 0 94 per cent eguivalent lactic acid

(Table 4 12a) and pH 1in the range of 4 69 4 84 (Table 4 l4a)

The set yoqurt was used as a base for the preparation

of frozen yogurt after standardization of fat and total



solads Cream sugar sodium alglnate and glycerol
monostearate (GMS) were blended with set yogurt after
incubation and cooling The titratable acidaity and pH were

measured after batch freezing and hardening at 20°C

The comparison of titratable acidity and pH between
set and frozen yogurt indicate a slight reduction in acaidaty

and a slight increase in pH of the latter

Under all the treatments the titratable acadity was
slightly lower and pH slightly higher in frozen yogurt than
the corresponding treatments in set yoqurt The effect may be

due to dilution of acidity by addition of cream and sugar

59 Titratable acadity and pH in firozen yoqurt storage at

—-20°C for 0 90 days under different treatments

A slight 1increase 1n acidaity and corresponding
decrease in pH in frozen yogurt under different treatments
were recorded during its storage for 90 days (Table 4 13a and
4 14a) The dafferences 1in the acidity 1n frozen yogurt
between 0 and 90 day under all the treatments however was

found to be not significant

In a survey conducted by Kosicowski (1981) to assess
the chemical and microbiological characteristic of commercial

frozen yogurt 1t was found that only S50 per cent of total



samples analysed were having a desir=d pH of 4 0 -~ 4 55 and
0 8 ~1 35 per cent titratable acidaty The samples with pH
4 0 - 4 5 were having optimum lactic count The samples with
high pH and low acidity were devoid of optimum lactic count

and lack the typilcal yogurt flavour

5 10 Contents of total solids in set yoqurt wunder different

treatments

The percentage of total solids in set yogurt under
different treatments were 1in the range of 20 86 21 73
(Table 4 15a) To maintain the proper body and texture of the
yogurt Tamime and Robinson (1985) recommended that the total
milk solids ain the mix should be 15 16 per cent Desaired
levels of total solids can be achieved by fortification with
NDM or by heat concentration or by membrane processing namely

ultrafilteration and reverse osmosis

In the present investaigation the standardization of
mix for total solids was carried out by fortification with
NDM condensed cottage cheese whey or with whey protean

dispersion

Solid not fat 1levels of yogurt mix under all the
treatments were maintained at 13 per cent Mix was

standardized to three per cent fat and sugar was added at

1ate of fiie per cent



5 11 Contents of non-protein nitrogen (NPN) in set yogurt

under different treatments

Proteolysas in the set yogurt under different
treatment in the present investigation was measured in terms

of content of NPN and tyrosine value

The content of NPN in set yogurt wunder A I A II
A III and A-IV were 63 03 52 53 46 63 and 60 69 mg per 100 g
respectively (Table 4 16a) The corr=»sponding values under
BI B-II B III and B IV were 51 36 58 36 49 61 and 63 03
mg per 100 g Wide varaiations in th=> values for NPN were
observed between treatments however the differences were
found to be statistically not significant The over all mean
of the treatments under part A was 55 74 and that of
treatments under part B was 55 59 This indicate that the NPN
content of yogurt under part A and part B were almost same
The combined mean of part A and part B under treatments I II
IIT and IV were 57 20 55 45 48 15 and 61 86 respectively
(Table 4 1l6a) The differences in the values might be due to
the nature of fortification of yogurt nix The data obtained
were regrouped according to the method of Mead (1988) to
evaluate the efiect of treatment on th> content of NPN From
the pooled analysis 1t was found that the NPN content an
yogurt prepared with fortification of vhey protein dispersion

was significantly hagher than that of yogurt with condensed



whey at replacement level 100 per cent Content of NPN ain
yogurt prepared by fortification of whey protein dispersion

and with NDM were at par with each other

The a§1y51s of raw material used for the fortifaication
of mix (Table 3 1) indicate a higher levels of total proteins
in NDM than condensed whey The yogurt mix with fortification
of condensed whey (under treatments II and III) might be
having low levels of total proteins in comparison to mix with
NDM and whey protein daspersion {(under treatments I and 1IV
respectively) The low values of NPN under treatments II and

IIT could be attributed to low level of total protein in the

mix

The highest NPN content was recorded under treatment
v The presence of higher amount of whey proteins in thas

mix might be attributed for higher proteolysis

Alm (1982c¢c) reported that NPN content of yogurt was
45 mg per 100 g and Shankar et al (1983) found that the NPN
amounted to 7 8 per cent of total nitrogen in yogurt Tamime
and Robinson (1985) reported that the free aminoc acads 1in

yogurt varied from 18 77 33 06 mg pex 100 gy

It can be concluded that the presence of

bifidobacteria in the yogurt did not have any influence on the



The tyrosine values in set yogurt under treatment A T
A IT A ITI and A IV were 0 18 0 20 0 17 and 0 24 mg per g
respectively (Table 4 17a) The corresponding values under
BI B ITI B IITI and B IV were 0 20 0 21 © 19 and 0 24 mg
per ¢ respectively The values under part A were very close
to the corresponding treatment of part B and values of A IV

and B IV were exactly same

The data of NPN content and tyrosine values in the
fermented products indicate the nature of proteolysis Whey
solids and whey protein dispersion contain certain small
peptide derived from odsl casein and also glycomacropeptides
from the action of rennin on K casein (Hi1ll et al 1974)
The thermophilus possessed good peptidase activity and whey
proteins were considered as a ready source for their growth
The higher proteolysis under the treatment IV (of both A-IV

and B 1IV) can be attributed to the nature of protein

The proteolysis in yogurt was reported to be dependent
upon the strains of starter culture and the ratio between

thermophilus bulgaricus (Tamime and Deeth 1980)



Shankar et al (1983) reported the tyrosine value 1in
yogurt as 23 1 mg per 100 g The amount of amino acids found
in yogurt was reported to be a balance between their release
due to proteolysis and their utilisation (Slocum et al
1988) It was found that amount of fiee amino acids in the
milk after the fermentation by a single culture of bulgaricus
were higher than in the product in which fermentation was
carried out by mixed culture of thermophilus and bulgaracus
(Slocum et al 1988) Their finding indicate that the
utilization of amino acids by thermophilus after thear
release by the proteolytic action of 1he enzymes produced by

bulgaricus

The bifidobacteria were reporied to have a very weak
proteclytic activaty however conside:;able strain wvariation
vere also reported (Kurmann 1988) Misra and Kuila (1991)
reported the tyrosine values among th different strains of
B bifidum The tyrosine  value in milk fermented by
B bifidum 1solated from the infant fiecal samples was 1in the
range of 202 286 microgram per g after 24 hours of
incubation The values with the strains from NDRI Karnal and

National Collectaion of Dairy Organism (NCDO) Reading were

245 371 5 microgram per g

The tyrosine value in frozen yogurt (0 day) under

Lreatment A-I A II A-IIT and A-IV weie 0 17 0 17 0 22 and



0 25 my per g respectively (Table 4 17a) The corresponding
values under treatment B I B II B III and B-IV were 0 19

0 19 0 23 and 0 26 mg per g respectively

Ccomparison of tyrosine values between set and frozen
yogurt indicate the differences 1in the values were
statistically not significant under all treatments except

A-II

The tyrosine value in frozen yogurt (0 day) under
treatment A II was sagnificantly lower than that of set
yogurt The variations in the tyrosine value under different
treatments between set and frozen yogurt might be due to the
addition of cream and sugar for the standardization of frozen

yogurt mix

5 13 Tyrosine values 1in frozen yogurt stored at 20°C for

0 90 days under different treatments

The tyrosine values in frozei yogurt under all the
treatments gradually increased during the period of storage
Sharp increase 1n tyrosaine value was noticed between 0 and 15
days of storage under A I A II B-I and B II The range of
tyrosine value under different trea ments on 15th day of
storage were 0 21 0 25 mg per g After 15 days the rate of
increase was Slow The tyrosine value in frozen yogurt after

90 days varied from 0 27 0 28 mg per g The statistical



analysis for comparison of tyrosine values ain frozen yogurt
between 0 and 90 days of storage 1indicate & significant
increase under A II B II and B III Eventhough 1increase in
tyrosine value during storage was found to be statastically
not significant under the remaining the treatment it 1s clear
from the data tabulated in Table 4 18a that there were gradual

increase in the values under all the treatment

It 1s an established fact that metabolic activity of
starter culture ceases at the storage temperature of 20°C and
hence the possibility of proteolysis by the micro organism can
be completely ruled out The perusal of the data in the
Table 4 7 - 4 9 however 1indicate that there were gradual
reduction 211n the count of thermophilus bulgaricus and
bifidobacteria during the storage of frozen yogurt This
indicate that there was a continuous lysis of the bacterial
cells due to the frozen storage The gradual increase in the
tyrosine values in frozen yogurt could be correlated with the
bacterial 1lysis during the storage The release of the
proteins due to tre break down of the bacterial cells might

have 1increased the tyrosine value in the frozen yogurt

Keeney and Kroger (1987) pointed out that freezing as
such would not have any significant effect on milk proteins
but on frozen storage the stability of calcium caselnate

phosphate complex was affected The effect of frozen storage



on protein stability was also found to be dependent on storage
temperature and Aduration of the storage It was further
reported that interaction among milk component were not
completely inhaibited during the frozen storage The 1ncrease
1n tyrosine value during storage may not be due to complete
destabilisation of casein but some minor mechanical damage to
the casein micelles cannot be completely ruled out Therefore
1t could be concluded that the increase in tyrosine value of
frozen yogurt during storage 1i1s due to (1) to 1lysis of

bacterial cells and (11} mechanical damage to milk proteins

5 14 Contents of diacetyl and acetaldehyde in set yogqurt

under different treatments

The diacetyl 1s the flavour producing compound and 1in
combination with acetaldehyde 1s responsible for
characterastic green apple flavour of the yogurt The
diacetyl content in set yogurt in the present experiment under

different treatments are gaven in Tabl=s 4 19a

The content of diacetyl under A-I A II A IIT and
A-IV were 13 92 12 80 10 00 and 19 00 ppm respectively
(Table 4 19a) The concentration of tie diacetyl under these
treatments in the present experiment were found to be higher
than earlier reported values Gre=:n and Manning (1982)

reported that diacetyl concentration rirely exceed 0 5 ppm ain



yogurt Shukla (1986) reported a value of 10 75 ppm ain yogurt
prepared from buffaloe milk Prasad (1990) recorded the

diacetyl concentration in yogurt rangei from 3 2 - 8 0 ppm

Strain differences in starter ulture might be one of
the reason for variations in the content of diacetyl 1in

present experiment and those of the revorted values

The diacetyl concentration under A-IV and B IV were
found to be higher than control The yogurt mix under the
treatment of A IV and B-IV were fortified with whey proteain
dispersion One per cent citric acid was used for
acidification of condensed whey to bring down the pH to 4 6

and for getting the whey protein dispersion

Cogyan (1981) and Mellerick and Cogan (198l) reported
that the presence of excess citrate 1in the growth media
suppressed both diacetyl reductase and acetoin reductase
actavaty thereby alleowing the accumulation of diacetyl and
acetone 1n the product In the light of the observations made
by Cogan (1981) and Mellerick and Cogan (198l) it could be
inferred that the apparently higher diacetyl content in the
yogurt prepared from the mix fortified with whey protein
dispersion (under treatments A-IV and B-IV) may be due the

2 esence of the residual citrate



The diacetyl concentration ain yogurt under the
treatments B I B II B III and B IV were 10 17 10 13 7 83
and 15 17 ppm respectively These rsalues were found to be
lower than the corresponding concentrations under A I AII
A IIXI and A IV Similar observation, were also recorded by
Murti et al (1992) In their experiment the diacetyl
concentration in yogurt was 0 66 ppm and 1t was reduced to

0 25 ppm due to supplementation B bifidum as a third starter

culture

Dracetyl 1s reported to be produced by the lactic acid
bacteria during glucose and catric acid metabolaism by two
different path ways (Keenan and Lindsay 1968) Pyruvic acad
15 the 1intermediate product in fermeitation of both glucose
and citric acad The utilization of pyruvic acid by lactic
acid bacteria for the production of different flavour
compounds 1including the lactic acid 1 well documented (Keenan
and Lindsey 1968 sSeaitz 1990) The main flavouring compound
originating from pyruvic acid metabolism besides lactic acad

are acetaldehyde ethanol diacetyl ind acetoain

Acetaldehyde thiamine pyrophosphate (TPP) complex 1is
prodiced by decarboxylation of pyruvale The reaction require
a d valent metal either Mg+2 or Mn+2 and the enzyme pyruvate
carboxylase The acetaldehyde TPP complex was found to

combine with acetyl COA to produce diacetyl Diacetyl



synthetase act as a catalyst in thas reaction (Seitz et al
1963) Cogan (1981) reported that the diacetyl can be reduced

to acetoin by the enzyme diacetyl reductase

Frank and Marth (1988) reported that the concentration
of diacetyl in a product was dependent on the availability of
acetyl COA Low concentration of diacetyl in fermented
products could also be due to 1ts conversion 1into acetoin

because of high diacetyl-reductase actaivity

Potential sources of diacetyl reductase 1in the
cultured dairy product include starter culture organism as
well as contaminants such as coliforn yeast mould and other
non-starter lactobacilli (Steitz et al 1963 Keenan and

Lindsay 1968 Wang and Frank 1981)

Bifidobacteria are characterised by a unigque form of
carbohydrate metabolism (Frank and Marth 1988) De Varaies
and Stouthammer (1967) studied the pathway of glucose
fermentation in 17 strains of B bifidum They have reported

the absence of aldolase an enzyme unique to glycolysas for

homofermentative organism ard glucose 6-~phosphate
dehydrogenase 1n all the strains of bifidobacteria The
latter enzyme was the characterastac of all the

homofermentative lactic acid bacteria In the cell free



extract of all the 17 strains studied activity of fructose 6

phosphate phsophoketalase was demonstrated by De Varies and

Stouthammer (1967)

In a separate experaiment De Varies and Stouthammer
(1968) found that acetate L{+) lactate ethyl alcohol and
formate were the fermentation end products of glucose
galactose lactose mannitol and xylose metabolism by
bifidobacteria The varaiation in concentration of these end
products were also reported to be dependent on the strains and
also with substrate used with the particular strain They
found that the amount of lactate formed@ was different in

glucose and lactose fermentation with the same straan

In their experiment they were unable to detect acetoin
and pyruvate after the fermentation They explained the
reasons for the absence of acetoin a1d pyruvate in the media
after the carbohydrate fermentation by bifidobacteria as
underx The pyruvate formed from glu ose via the fructose 6
phosphate phosphoketolase route was pirtly reduced to lactate
and partly split to acetyl phosphate and formate They also

pointed out that bifidobacteria convert pyruvate formed as an

intermediate product by the two paihways The first was
reduction of pyruvate to L(+) lactate The second path was
cleavage ot pyruvate into acetyl phosphate and formate Part

of acetyl phosphate formed was reduced to ethyl alcohol



In the 1laght of foregoing observations i1t could be
inferred that the low concentrations ox diacetyl in the yogurt
under the treatments of part B 1in th» present investigtion
might be due to the utilization of pyruvic acid by the
bifidobacteria for the production acetate lactate formate
and ethanol Some of the pyruvaic acid might have been
utilized for the production of diacetyl by the thermophilus

and bulgaricus

The acetaldehyde concentration 1in yogurt under
treatment A I A-II A-IITI and A-IV ware 36 50 33 67 43 04
and 31 05 ppm respectively (Table 4 19a) Acetaldehyde 15 a
very 1important £flavour compound anid 1S responsible for
characterastic flavour of yogurt Kang et al (1988)
suggested that the acetaldehyde at the level of 23 41 ppm gave
an optimum flavour to yogurt Great variations in
acetaldehyde concentration in yogurt were reported earlier
Hamdan et al (1971) reported a value of 22 26 ppm and
Abrahamsen et al (1978) 17 1 ppm acetaldehyde in yogurt

Green and Manning (1982) found the acetaldehyde concentration

of 23-41 ppm 1in yogurt

Tamime and Robinson (198>) opined that the
concentration of acetaldehyde in fermented milk product was
depended on the starter culture 1incubation temperature and

levels of total solids in the mix The content of



acetaldehyde obtained for different treatments in the present
experiment are within the range of reported value except
under & III The acetaldehyde content in yogurt prepared from
fortification of condensed whey as a replacement for 100 per
cent NDM (A III) was significantly higher than that of other

treatments

Acetaldehyde 1s reported to be formed during glucose
metabolism by lactic acid bacteria (Lees and Jago 1978) The
glucose was metabolized to acetaldehyde by the yogurt starter
bacteria by the activity of enzyme aldehyde dehydrogenase

Hickey et al  (1983) reported that acetaldehyde was also

produced from amino acid threonine Threonaine aldolase which

was reported to be present in L delbxrueckii subsp bulgaricus

was responsible for conversion of threonine to acetaldehyde

The higher level of acetaldehyde under treatment A III in
present investigation may be attributed to the availability of
extra amount of free threonine in the mix by the fortification
of condensed whey Even though the nature of available
proteins and amino acids were similar in yogurt under
treatments A IIT and A IV still lewer concentration of
acetaldehyde «vas recorded under latter The data from
Table 4 la 1ndicate the lower cour of thermophilus and
bulgaricus under treatment A IV than that of A III

Therefore the probable reason for ower concentration of



acetaldehyde an yogurt jrepared from fortification with whey
protein daspersion than that with cordensed whey was due to
lower count of thermophilus and bulgaricus under treatment

A-IV

The content of acetaldehyde in yogurt under B-~I and
B III were found to be substantially lower than ke that of
A I and A III The concentration under A I and A III were
36 50 and 43 04 ppm respectavely Tte corresponding values

under B I and B IIY were 31 88 and 34 52 respectively

Similar findings regardaing the reduction of
acetaldehyde by the presence of bifidobacteria was recorded by
Murti et al (1992) The concentration of acetaldehyde was
reduced from 38 95 to 6 ppm and ethanol levels increased from

[ 3
0 35 to 0 55 ppm 1n yogurt supplemented by addltlonéculture of

bafidobacteria

Lees and Jago (1978) reported the reduction of
acetaldehyde 1nto ethanol by the action of enzyme alcohol
dehydrogenase by certain starter culture The characterastaic
flavour of yogurt was reported to be due to accumulatlon% high
concentration of acetaldehyde in the Lroduct It was reported
that the acetaldehyde was not reduced by normal yogurt starter

cilture as the enzyme alcohol dehydrogenase was not present

1in both the organisns



The low concentration of acetaldehyde in the product
fermented by bifidobacteria alone or in combination of starter
culture may also be attributed to the presence of alcohol

dehydrogenase in B bifidum (De Varies and Stouthammer 1968)

The lower concentration of acetaldehyde in yogurt
under B I and B III in present experiment could be due to
reduction of part of the acetaldehyde to ethanol by the enzyme

alcohol dehydrogenase produced by bifidobacteraa

Another important reason for low levels of
acetaldehyde wunder treatment B I could be the substantially
low count of bulgaricus as compared to A I (Table 4 la) But
in yogurt under treatment B~III had sufficiently higher
bulgaricus count but still the 1lower concentration of
acetaldehyde was recorded Thus higher number of
bifidobacteria in yogurt under B III Ln comparison with B I

may be responsible for the reduction of the part of

acetaldehyde to ethanol

Marshall et al (1982) reported that the fortification
of threonine stimulated the biafidobacteria growth in the
ultrafiltered m1lk They also found production of

acetaldehyde by the B bifidum B ainfantis B lonqum angd

B adolescentis in the product w ere ijanged from 27-39 ppm



Thus the above findings reflect that the acetaldehyde
concentration was dependent on the types of protein in the
mix the population of bulgaricus and bifidobacteria The
final 1levels of acetaldehyde 1s th= balance between aits

production and 1ts reduction into ethanol

5 15 Content of acetic acad 1in set yoqurt and frozemn yogurt
stored at -20°C for 0, 45 and 90 days under different

treatments

The acetic acid content i1n set yogurt under the

treatments of part A were not d=tectable by the gas
chromtographlc method used in present =xperiment The values
of the acetic acid 1in yogurt under the treatment B-I B II

B III and B IV were 0 21 0 14 0 16 and 0 08 per cent
respectively (Table 4 20) Production of acetic acid in
traces were reported for most of the homofermentative
lactobacilli (Xandler and Weiss 1986) during the anaerobic
fermentation of glucose Different species of baifidobacteria
produce acetic acid and lactic acid in the ratio of 3 2 by the
fexmentatrion of glucose (Scardove 1986) The fermentation
involves two phosphoketolase enzymss one specific for
fructose 6 P which produce acetyl pho phate and erythrose 4

phosphate and the otﬁér specrfic for xylulose 5 P which
produce acetyl P and glycerald%%de 3P This path way yields

five moles of ATP for every two moles ¢f glucose metabolized



As such 1t 1s more efficient than homolactic fermentation

(Frank and Marth 1988)

The higher levels of acetic acid production in yogurt
under the treatments of part B ain comparison with that of part
A 1n present investigation 1s the indicative of the normal
glucose metabolism by bifidobacteria in presencedﬁthermophllus

and bulgaricus

The product prepared from fortification of NDM in
vogurt mix (under treatment B I) produce apparently higher
acetic acid than product fortified with condensed whey (B II
and B III) The lowest level of acetic acid was found 1in
yogurt prepared by fortification of whey protein dispersion
(under B 1IV) In the light of above 1t could be suggested
that the nature of proteins of the mix may have some influence
on the production of acetic acad It may be 1interesting to
note that yogurt wunder B IV (fortified with whey protein
dispersion) produced substiantially hijher amount of diacetyl
and very low acetic acad Both thes¢ compounds are formed

during glucose metabolism but from two drfferent path ways

De Varies and Stouthammer (1968) found that the
concentratron of acetic acid was deperdent on the strains of

brfidobacteria and the substrate ised They recorded



different values for acetic acid by the metabelism of glucose

galactose and lactose

Strain difference for production of acetic acid and
lactic acid by the baifidobacteria was also reported by
Desjardins et al (1990} Different strains of B bifidum

produced acetic acid in the range of 3 53 -~ 12 10 millimoles

Ventling and Mastry (1993) found that concentration of
protein by ultrafilteration of skim milk 1increase the
production of acetic acid by +the bifidobacteria They
recorded the acetic acid level in normal skim milk waith 3 15
per cent protein as 5 61 millimoles However by increasing
the concentration of protein to six per cent by
ultrafiltration the concentration of acetic acid was increased

to 9 37 millimoles

The variation 1in the concentration of acetic acid
under the different treatments in the present experiment may
therefore be attributed to nature and levels of protein in the

miXx

The content of acetic acid 1in frozen yogurt
immediately after freezing and ovevnaght hardening (0 day)
under B I B II B-III and B-IV were } 22 0 15 0 16 and 0 09
per cent respectively (Table 4 20) No appreciable

differences were noticed in the values of acetic acid 1in



frozen yogurt as compared to the corresponding values in set

set yogurt

The content of acetic acid in frozen yogurt stored for
90 days diad not change substantially The values after 90
days of storage under B-I B II B 1II and B IV were 0 21

0 05 0 15 and 0 06 respectively (Table 4 20)

5 16 Lactaic acid - acetic acid ratio in set yogurt under

different treatments

Homofermentative lactic acid bacteria ferment lactose
to produce mainly lactic acid besides traces of other
substances 1in milk The titratable icidity in the fermented
mi1lk products 1s often referred as lactic acid and express in

terms of per cent equivalent lactic acid

Bifidobacterium bifidum ire heterofermentative

organisms and produce lactaic acid and acetic acid in a molar
ratio of 2 3 The titratable acidit in product containing
bifidobacteria either as a single culture or in mixed culture
with other lactic acid bacteria include lactic acid and acetic
acid To calculate the ratio between lactic and acetic acad
1n the present experiment values of acetic acad were
subtracted from the average values of titratable acidity 1in
the correspondiny treatment and thus the values of lactic

acid were obtained Subsequently the ratios were calculated



The lactic acid acetic acid ratio in milk fermented
with bifidobacteria was reported to be 2 3 (Scardova 1986)
Desjardins et al (1990) however reported wide species and
strain varaations in the concentration of acetic and lactac
acid produced by bifidobacteraa The ratio of lactic to
acetic acad for different strains of B bifidum recorded by
Desjardins et al (1990) were an the range of 1 0 4 to 11 4
Only {ave of the 19 strains of bifidobacteria had maintained

the ratioc of 2 3 between lactate and acetate 1in theair

investigation

Ventling and Mastry (1993) reported the variations 1in
acetic acaid lactic acid ratio due to concentration of
protein in milk by ultrafilteration They found that the
acetic to lactic acid ratio were in the range of 0 45 0 66 at

different concentrations of protein in the mixes

The lactic acid acetic acid ratio in yogurt were
reported to be important for the flavour characteraistic of the
product Tamime and Robinson (1988) found that the excessive
acetic acid can adversely affect the typical flavour of the

yogurt

The lactic acad acetic acid ratic under the

treatments of part A 1in the present experiment was not



calculated as the content of acetic acid wunder these

treatments was too low to be detected

The ratio found in set yogurt under B-I B-II B IIX
and B IV were 0 27 0 17 0 19 and 0 09 respectively
(Table 4 21) These ratio indicate that even though optimum
growth of bifidobacteria were obtained under different
treatments the concentration of lactic acid 1s more than that
of acetic acad This suggest that these low concentration of

acetic acid may not influence the organoleptic character of

the product
Sensory characteristics of yogurt

5 17 Score for organoleptic characteristics of set yogurt

under different treatments

The organoleptic characteristic of the set yogurt
under different treatments were evaluated in terms of score
obtained for general appearance body and texture flavour by

a panel of five judges

The consumer s acceptabilaity of any food prodicts 1s
largely based on 1its flavour and texture but the consumers are
first attracted by the appearance of the product The use of

NDM for yogurt preparation 1s an established practice The

condensed whey or whey protein dispersion may change the



general appearance and technological characterastic of the
product The score for general appearance thus 18 a very

important tool and may serve as a guide for assessing the

censumer s response

The general appearance score under A I A II A III
and A IV were 4 28 3 74 4 27 and 4 46 respectively out of
maximum five respeetzvely (Table 4 22a) These differences
were found{fbe statistically non significant The general
appearance score under A III was very close to control (A I)
and the score was highest under A-IV It could be concluded
that the use of condensed whey for replacement of 100 per cent
NDM in yogurt did not adversely affect the general
appearance and the fortification of whey protein dispersion 1in

place of NDM 1mproved the general appearance

Similar trend was observed for treatments under part
B The score for general appearance under B I B IT
B ITI and B IV were 3 96 3 84 3 84 and 4 25 respectively
On statistical analysis no significant differences were found
between the treatments of part A with the corresponding

treatment of part B

The body and texture score may indicate the gquality of
yoyurt in terms of viscosity curd tension gel firmness and

syneresis Higher levels of total milk solizds in the mix are



reported be responsible for its physical properties especially
the wviscosity and gel firmness One of the objective of the
present investigation 1s to assess the alteration in physical
and technological properties of yogirt prepared from milk

fortified with condensed whey or whey protein dispersion

The body and texture score under A I A IT A III and

A 1V were 4 18 3 90 3 98 and 4 50 respectively
(Table 4 22a) The score under A-IV was more than control
(A-I) By this result i1t can be concluded that the body and

texture score was sagnificantly imprcved by the use of whey
protein dispersion in yogurt mix The body and texture score
of yogurt prepared by fortification of condensed whey were
marginally lower than control Similar trend was observed
under the treatments of part B The body and texture score
under B I B II B III and B-IV were 4 05 3 83 3 95 and 4 20
respectively The body and texture score under the treatments
of part B were slightly lower than the corresponding treatment
of part A and dafferences between A I and B I A II and
B II A IIT and B IILI and A IV and B IV were found to be

statistically not saignificant (Table 4 22b)

The fi1i1dings of the present experiment are in
agreement with the result obtaired by Broome et al (1982)
Guirguis et al (1984) and  Abd El Salam et al {1991)

—_—

Pxperinent of Broome et al (1982) had proved that cheese whey



protein concentrate could replace 25 per cent of NDM 1n yogurt
without affectiny taste and textural qualaty Guirquis (1984)
reported that fortification of yogurt pre mix with whey
protein concentrate to partially replace the NDM aimproved
viscosity characteristics and reduced yneresis Abd~El1l Salam
{1991) found an increase in smoothness body and texture 1in

yogurt fortified with cheese whey protein concentrate

Reduced syneresis and smooth texture of yogurt
prepared with fortification of whey protein dispersion may be

due to better water holding capacity of whey proteins (De wit

1983)

The flavour score of set yogurt under A I A II A III
and A IV were 8 75 8 43 8 55 and 8 81 respectively
(Table 4 22a) The values under A I and A IV were very close
and that of A IT A III were marginally lower than control
(A I} Samilar trend was also observed under the treatments of
part B The flavour score under part B were 8 07 7 72 7 87
and 8 22 respectively The score under part B were slightly
lower than the corresponding treatment. of part A The reason
for low flavour score under part B can be directly attributegd
to presence of acetic acid and lower concentration of diacetyl
and acelaldehyde than that of treatments under part A The

flavour score under treatment B II and B III were apparently

lower than that of B IV



Lower flavour score obtained under B II and B-III as
compared to that of B IV could be altributed to lower acetic
acid and higher diacetyl concentration in latter The flavour
score obtained under treatments of part A are in confirmation
of the results obtained by Broome et al (1982) and Abd-El

Ssalam (1990)

Marshall et al (1982) reported that the addition of
ultrafiltered cheese whey protein ani threonine into the mirlk
and fermentation by a single culture of bifidobacteraa

produced a product similar to yogurt flavour

It can be concluded that the use of condensed whey has
not affected the flavour characteristic of the yogurt
substantially and the products fortafied with whey protein
daspersaon are superior in flavour characteristics than +that
of control Further the supplem=>ntation of the starter
culture of bifidobacteria along w~ith traditional yogurt
culture has not affected the flavour characteristic

significantly

Total score under treatment A I A-II A III and A-IV
were 17 23 16 11 16 36 and 17 80 respectively (Table 4 22a)
Higher total scores under A IV were due to higher score for

yeneral appearance Dbody and texture and flavour The total

score under A-~IV were significan*ly higher than A IT and



A-IIX The corresponding total score under B I B IIX B IIT

and B-IV were 16 17 15 55 15 38 and 16 67 respectively

From the score obtain for general appearance hedy and
texture and flavour 1t can be inferred that condensed whey
can be substituted for NPM i1n yoguri without affecting the
organoleptic and technological characteristics The
fortification of whey protein dispersion improved the flavour
and body and texture characteristics of the set yogurt The
total score under A IV and B IV were found to be highest
The smooth texture of the yogurt due to presence of whey
protein dispersion was appreciated by all the 3judges The
higher water holding property of the whey proteins might have
amproved the textural properties of ;ogurt Thus 1t can be
concluded that fortification of whey protein dispersion was
found to be most suitable alternative for NDM in yogurt The
product which was fortified with whe; protein dispersion was
found to superior in general appearance body and texture and

flavour than the yogurt in which NDM was used

5 18 Score for flavour of frozen yojurt stored at -20°C for

0-90 days under different treatments

The sensory evaluation of frozen yogurt was carried

6
out on the ba51sé;core for flavour body and texture melting

quality coclour and package and bacteria



The score card adopted by American Dairy Science
assocliation for ice-cream (Nelson and Trout 1964) was used

for evaluation of frozen yogurt

The flavour score of frozen yogurt immediately after
freezaing and hardening (0 day) under A-I A-II A XII and A-IV
were 42 17 40 83 41 63 and 42 43 respectively (Table 4 23a)
No significant differences were found between the treatments
The flavour score in yogurt fortified with condensed whey were
sliyhtly 1lower than control The flavour score of yogurt
fortified with whey protein daspersion was very close to
control (A 1) Similar trend was observed under the
treatments of part B No significant differences were
recorded between treatment of part B with the corresponding
treatments of part A It can ke concluded that the
fortification of condensed whey whey protein dispersion and
inclusion of bifidobacteria as anradditional culture in yogurt

did not affected the flavour of frozen yogurt

Contrary to the flavour score under part B of set
yogurt the values of flavour score of part A and part B an
frozen yogurt were very close Higher fat and sugar
percentage 1in frozen product might tave masked some of the

undesirable flavour produce by acetic acid



The sensory evaluation of frozen yogurt 1us carried
out at every 15 days intexval till ttre end of experimental

periecd to assess the quality of the product during storage

No substantial change 1in flavour score of frozen
yogurt were noticed upto 90 days storage The differences in
the score between 0 and 90 days under different treatment were
statistically not significant except for B-II Under the
treatment B-II even though a stctistacally significant
difference was found between 0 and 90 day the decrease 1in the
flavour score was very slight On 0 day the flavour score was

41 30 and 1t decreased to 40 57 on 90 day (Table 4 23a)

The result obtained by Mashayekh and Brown (1992)

regarding the sensory evaluation ard flavour sgore in 1ce
Aa.b.'/dy us

cream cultured with Streptococcus Asubsp thermophilus and

L delbrueckii subsp bulgaricus supports the flavour

characteristic obtained under present investigation

Opdahl and Baer (1991) conducted a consumer acceptance
test of frozen yogurt which was fortified with cheese whey
protein concentrate Thear result indicated that the frozen

yogurt was most accepted product in comparison with 1ce cream

Hekmat and McMohan (1992) conducted a sensory
evaluation test of a probiotic 1ce cream The i1ce-cream mix

w1 fer cnted by B bifidum and L acidophilus before freezing



and hardenang They reported a favcurable response for the

flavour of the product from the judges

5 19 Score for body and texture of frozen yogurt stored at

-20°C for 0-90 days under different treatments

The Dbody and texture of the frozen yogurt was judged

@
on 30 point scale

The body and texture score of the frozen yogurt
(0 day) wunder different treatments were in the range of
26 60 - 27 93 (Table 4 24a) The drfferences between the

treatments were found to be stataistically not significant

(Table 4 24b)

This finding aindicate that the body and texture of the
frozen yogurt was not affected by the fortification of

condensed whey or whey protein dispersion in place of NDM

The body and texture of a frozen dessert 1s reported
to be entirely dependent on the size and distribution of 1ice
crystals To maintain a characterastic fine texture for 1ice
cream 1ce crystals should be very small angular and
uniformly dispersed between air cells soladified fat globules

and the unfrozen water phase (Keeney ind Kroger 1987)



The composition of the mix merkedly affect the size
and shape of 1ce crystals The contert of fat and SNF in the
mix are regarded as the most important ingredient which are
responsible for physical structure of ice cream Raising of
the fat and SNF to certain level favcur small i1ce crystals
both by mechanical obstruction and by the water bainding

property of extra protein

In the present experiment pliin yogurt was used as a
base for preparation of frozen yogurt As the yogurt contain
16 per cent malk total solids and five per cent sugar there

was every chance of the formation of large 1ce crystals

The large 1ce crystals were not only responsible for
sandiness 1n product but also detrimental to starter culture

(Ssheu et al  1993)

of
In order to avoad formatlonAlarge 1ce crystals the

total solids levels of the yogurt were raised to 36 per cent
by addition of cream and sugar after the fermentation and
cooling The composition of frozen yogurt mix was adjusted as

per the IS (1964) for the ice crean

Sodium alginate as stabilizer and GMS as emulsifier

waere used to maintain the physical characteristic



The 1largest saingle use of whey 1in a dairy product as
reported by Mathur and Shahani (1979) was for the replacement
of NDM 1n ice cream The code of federal regulations of USA
allowed the use of cheddar cheese whey solids as a replacement
of NDM in the ice-cream to a maximum limit of 25 per cent of

the SNF an the max

Opdahl and Baer (1991) reported that because there
were no federal standard for frozen yogurt and no restriction
on the amount of whey solids that can be added to frozen
yogurt mixes 1ts use to replace 100 MNDM would be economically
Justified They found that the body texture and physical
characteristics of the frozen yogurt was not affected by the

incorpeoration of whey protein concentiate into the mix

Frozen yogurt being a product of recent origin and
competing with the traditicnally mos! popular dairy product
1ce cream (XKnupp 1978 Kosikowskl 1981) 1t a1s desirable
that the body and texture of this product should be as perfect

as that of 1ce cream

The composition of frozen yojurt used and the method
of 1ts preparation adopted 1in the pre ent experiment was found
to be most suitable as Judged by 1ts technological

characteraistic body and texture



Different methods of preparaiion of frozen yogurt or

cultured ice cream was reported in the literature

Laroia and Martin (1991) inoculated the mixed culture
of thermophilus and bulgaricus at the rate of 1 25 per cent
each 21nto a i1ice cream mix The total solids content of the
mix was 19 per cent After four hours of incubation at 43°C
the desired pH of 3 6 4 6 was found After the
fermentation the yogurt was pasteirrized to destroy the
starter culture The mix was then iroculated with combaned
culture of B bifidum and L acidophilus These starters were
added 45 minutes before freezing After freezing and
hardening the B bifidum count wa= 6 4x106 and that of

L acidophilus was 7 8x106 cfu per ml

One of the limitation of the method adopted by Larocia
and Martain (1991) was the destruction of thermophilus and
bulgaricus Even though these two organisms are of non human
origin they are found to have some therapeutic values
Besides the final product will not be having the typical
yogurt flavour as the volatile flavour are removed during the
heat treatment Another disadvantage of heat +treatment of
ferme: ted product 1s the syneresis The syneresis is

considered as the serious defect in frozen products



Mashayekh and Brown {(1992) prepared of frozen cultured
1ce cream with thermophilus and bulgaricus The 1ce~cream mix
containiny 40 per cent total solids was inoculated with one
per cent 1inoculum of normal yogurt starter culture They
claimed that the desired pH was reached withain four to faive
hours at 43°C The mix was then frozen in 1ce cream freezer
They found that smooth consistency in the product with 90 100

per cent over run

Hekmat and McMohan (1992) adopted a similar method
for preparation of probiotic ice-cream with B bifidum and
L acidophilus The rate of inoculur has four per cent for
cach orjanism The 1incubation was carried out at 42°C till
the desired pH 4 9 attained It was reported that the desired

PH was attained in five hours

5 20 Score for melting quality of irozen yogurt stored at

—20°C for 0-90 days under different treatments

The melting quality score of frozen yogurt (0 day)

under different {reatments were in the range of 4 46 4 70

(Table 4 25a) The maximum point allotted for thais

characteristic was five

Arbuckle (1966) pointed out tle melting guality of the
lce cream was depended on mix composition emulszfier and

stabilizers used Excessive stabilizers cause very slow



melting vVery high fat content also was considered as one of
the reason for slow melting Whey leskage from the i1ce-cream
or frozen yogurt occurs during meltinag because of poor quality

ingredient or improper balance of mix

Since these types of defects were not observed in the
frozen yogurt prepared in the present experiment 1t can be
concluded that the incorporation of vhey solids in dJafferent

forms had not affected the melting quality of frozen yogurt

The melting quality score during the period of storage
did not change substantially After 90 days of storage of
frozen yogurt the score were in the range of 4 17 4 53 No
statistical significant difference wcs found 1n the score of

melting quality between 0 and 90 days (Table 4 25b)

5 21 Score for colour and package of frozen yogurt stored

at -20°C for 0-90 days underx d)fferent treatments

The colour and package score for frozen yogurt (0 day)
were 1in the range of 4 53 4 76 out of the maximum of five

(Table 4 26a)

The colour and package of any product indicate among

other things the sanitary and hygienic measures adopted during

the preparation of dairy product



In the present investigation artificial colours were
not wused in frozen yogurt The colour and package score
suggest that the condensed whey or whey protein dispersion can
be used in the product without affecting its appearance The
condensed whey contain haigh lactose Heating of supersaturated
solution of lactose may cause browninj and caramalisation due
to anteraction with proteins The yogurt mix under all
treatments were heated to 80°C for 30 minutes before
fermentation The colour and package scores for frozen yogurt
obtained suggest no such defect like caramalisation It can
be thus concluded that colour and packaging were not affected

by the use of condensed whey or whey protein dispersion

The storing the frozen yogurt for 90 days had not
resulted 1in any substantial change 1in the colour and package

score After 90 days the score were 1in the range of

4 26~4 70

Comparison of colour and pac<age score between 0 and
90 days aindicate no significant differences under all the
treatment except A I and B I Marginal but statistically
significant reduction in the score was found after 90 days of

storage of frozen yogurt under A-I and B I

Bacterial score

Bacterial score for frozen yogurt were not evaluated



and as such full score of 15 points were added to the total
score of flavour body and texture melting qualaity and colour

and package

The score for bacteria were included in the score card
of 1ce cream so as to judge the presence of contaminants
(Nelsen and Trout 1964) But as 1t was found dafficult to
evaluate the i1ce-cream for bacteria by the judges the full 15
points were usually allowed to be addec anto the total (Nelsen
and Trout 1964) The similar procedure was adopted in the

present experament for the bacterial score for frozen yogurt

5 22 Total score of frozen yogurt stored at -20°C for 0 90

days under different treatments

The total score in frozen yogurt (0 days) under
different treatments were in the range of 91 06 94 23
(Table 4 27a) Analysis of variance howed the differences
between the treatments were not significant The score
obtained for flavour body and texture melting guality and
colour and appearance for the frozen yogurt indicate that a
high qualaty set and frozen yogurt can be prepared by
fortification of the mix with condensed whey Incorporation
of whey protein dispersion in mix produced a superior product
amongst all the treatments studied One of the most important

advantage of fortification of whey sclids 1s to reduce the



cost of production As 1t was found that whey solids both as
a condensed form and as whey protein dispersion could replace
the NDM 1n yogurt without affecting 1ts sensory and
technological gqualities The utilization of whey solids in

yogurt may also help in reduction of the problems of whey

disposal

Frozen yogurt have an added advantage over the aice
cream as 1t have a optimum level of viable starter bacteria
The presence of viable starter culture ensure the therapeutic
benefi1t of the product The frozen yojurt 1s found to be one
of best vehicle for 1ncorporatloé?blfldobacter1a as a dietary
adjunct The therapeutic and nutritional benefaits of

barfadobacteraia and necrmal yogurt ulture were already

described in the beginning

The total score of frozen yojurt after 90 days of
storage was 1n the range of 89 60 91 86 (Table 4 27a) This
also indicate that no substantial c¢hange 1n organoleptic

characters of frozen yogurt had occurred during the storage

From the foregoing discussione 1t can therefore be

concluded that

1 a good quality yogurt can be prepared by the fortification

of different forms of whey solids as a substitute for NDM



thereby saving the cost of production and utailaization of

precious whey proteins

vacuum condensation of cottage cleese whey has proved to
be a viable method for obtaining the whey solids in
concentrated form The whey solids in this form can be
used 1n set and frozen yogurt for amproving their

nutritive value

textural characteristics of set and fro-en yogurt can be

improved by incorporation of whey protein dispersion 1in

place of NDM

yogurt can be one of the best vehicle for incorporation of
B bifidum as a diretary adjunct as the optimum growth of
B bafidum can be obtained when grown as a mixed culture

with thermophilus and bulgaricus

eventhough the reduction an the count of the bulgricus was
observed 1in yogurt when grown with bifidobacteria 1ts
growth can be improved by the aincorporation of whey solads

in place of NDM

conversion of yogurt into the frozen yogurt was found to
be a good method for increasing the shelf 1life of the
product without having a much deleterious effect on

st irter hacteria including bifidobacteria



Future prospects

From the present study 1t 1s proved that the condensed
whey can be a better alternative to NDM in yogurt further
studies on the following aspect may be wuseful in dairy

industry

Studies can be undertaken to overcome the lactose
crystalization during the freezing (because high lactose
content in condensed whey) by hydrolysing the part of lactose
in condensed whey with B-D-galaclosidase enzymes Addition of
whey solids 1in 1ndigenous dairy products like Dahi and

Rasoqolla may improve their textural characterastics

Studies on the amino acad profiles in yogurt fortified
with condensed whey solaids and supplemented with
bifidobacteria may be very useful for osetter understanding of
the growth requirement of bifidobacteraia and 1its symbiotic

relationships with conventional yogurt starter bacteria



SUMMAIRY




SUMMARY

An experiment was undertaken to study the effect of
incorporation of condensed cottage cheese whey and B bifidum

i1n yogurt

Set and frozen yogurt were prepared with cow milk

standardized to three per cent fat and 13 per cent SNF

Yogurt mixes were prepared with fortification of NDM
condensed whey to replace 50 and 100 per cent NDM or with whey

protein dispersion (as a complete subsiitute for NDM)

Streptococcus salivarius subsp thermophi1lus and

L delbrueckii subsp bulgaricus were ised as starter culture
for fermentation of the yogurt mix under treatments of part a
and B bafidum i1n combination with conventional yogurt culture

for mix under treatments of part B

Set yogurt was used as a base for preparation of

frozen yogurt

Microbiological analysis revealed that the
incorporation of whey solids in different forms had stimulated
the growth of thermophilus and bifidobacteria The bulgaricus
count however remained stable i1in yogurt fortified waith

condensed whey



The growth of thermophilus was also stimulated by the
incorporation of B bifidum as a supplementary culture
however viable count of bulgaricus in yogurt supplemented
with bifidobacteria were 1lesser ain comparison to that of
yogurt with only conventional starter bacteria, but growth of
the bulgaricus can be improved by incorporation whey solids in

the max

Optimum growth of the bifidobacteria was recorded when

grown in association with thermophilus and bulgaricus

The thermophilus bulgaricus and bifidobacteria count
in set yogurt were in the range of 3 06 x 109 ~ 4 26 x 109,
2 36 x 10° - 3 91 x 10 and 2 25 x 10° - 3 48 x 10% cfu per ml

respectavely

The viable count of thermophilus bulgaricus, and
bifidobacteria were reduced by less than one logarithmic unit
during the process of freezing and hardening of yogurt
Storang the frozen yogurt at 20°C for 90 days further reduced
the count of starter bacteria by one to two logaraithmic unit
After 90 days of storage the viable count of thermophilus
bulgaricus and bifidobacteria were in the range of 0 25 x 109

9

- 035x10° 018 x 10° 0 45 x 10° and 0 07 0 13 x 102

cfu per ml respectively These count were well above the
dietary recommendation (106 107) suggested for benefacial

therapeutic effects



From the biochemical studies 1t was found that the NPN
in set yogurt varied from 46 69-63 03 mg per 100 g under

different treatments

The tyrosine value were in the range of 0 17-0 24 mg
per g an set yogurt under different treatments The highest
tyrosine values were found ain the procaucts fortified with whey
protein daispersion Gradual increase 1in tyrosine values 1in
frozen yogurt were recorded during the period of storage
After the end of 90 days these values were in the range of

0 27-0 28 mg per g

The concentration of diacetyl and acetaldehyde was

affected both by fortification of whey solids and presence of

bifidobacteria Their concentration ranged from 7 83-19 00

ppm and 31 50-43 04 ppm resgectively in set yogurt under

different treatments Highest concentratzon of diacetyl was

found 1in yogurt fortified with whey protein dispersion while

inccrporation of condensed whey to substitute NDM (100 per

cent replacement) produced highest level of acetaldehyde

The concentration of acetic acid in the product with
conventional yogurt bacteria was too low to ke detected by gas

chromatograph The content of acetic acid in yogurt in which

B Dbafidum was used as a supplementing culture was found to be

in the range of 0 08 0 21 per cent No appreciable change 1in

this concentration was found during the storage



Organoleptic evaluation su,gested that the textural
characterastic and flavour of yogurt could be improved by the
incorporation of whey protein dispersion Presence of
bifidobacteria had not affected the flavour score of yogurt

significantly

The flavour body and texture of the frozen yogurt
were not affected by the storage for 90 days Reduction 1n
body and texture sccre and flavour scores were very marginal

after the 90 days of storage

It can be concluded that the incorporation of whey
solids was stimulatory to the growth of thermophilus and
bifidobacteria Use of B bifidum as supplementary culture
have increa<ed the viable count of thermophilus however the
growth of bulgaricus was adversely affected Yogurt was found
to be an effective redium for incorporation of B bifidum as a
dietary adjunct Eventhough there was a reduction in viable
count of starter bacteria during the process of freezing and
hardening and also during the frozen storage at -20°C still
after the end of 90 days sufficient number of viable cells of
thermophilus bulgaricus and bifidoba teria were precent in

the product so as to provide ben¢ficial nutrative and

therapeutic effect after its consumptin
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ABSTRACT

An experiment was conducted to assess the possibility
of utilization of whey solids in different forms in yogurt as
a substitute for NDM and alsc B bifidum as an adjunct waith

the view to improve thke therapeutic value of yogurt

A detalled review of literature wac presented on the
morphological and physiological characteristics of starter
cultures 1imporlance and utilization of whey solids effect of
long term storage on starter bacteria and other related

aspects

Methodology of condensation of cottage cheese whey
preparation of whey protein dispersion and manufacture of set

and frozen yogurt has been descraibed Important analytical

procedures were presented

The experiment comprised of part A and part B based on
the starter culture The mix under the part A were fermented
with conventional yogurt starter culture viz § salivarius
subsp thermophilus and L delbrueckii subsp bulgaricus as
against this the mix under part B were fermented with

conbination of conventional yogurt starter and B bafidum

Fa h part comprised of four treatments based on types

of mill solids used to raise the content of SNF to 13 per



cent For mixes under A-I and B-I fortif:cation was with NDM
For A-II and B ITI condensed whey was used to replace 50 per
cent NDM Mixes under A ITII and B III were fortified waith
condensed whey to replace 100 per cent NDM and whey protein
dispersion was used to replace complete NDM under A-IV and

B-IV

The results obtained had been compared with similar

reported studies and conclusions were drawn

The data regarding the starter bacterial count
indicated the optimum growth of thermophilus bulgaricus and
bifidobacteria in yogurt fortified with different forms of
whey solaids The count of thermophilus and bifidobacteria
were higher with the fortification of whey solids 1in yogurt
mix and the growth of bulgaricus was not adversely affected

in the presence of the whey solids

Incorporation of B biafidum stimulated the growth of
thermophailus however 1t was found to have some ainhibitory
effect on bulgaricus count The 1inhibaitory effect of
B bifidum on bulgaricus was lesser in presence of whey solids

than in yoyurt fortified with NDM

Optimum growth of B bafidum was obtained when grown

in association with conventional yogurt culture



The viable starter bacterial count was dJdecreased by
about one loyarithmic unit durang the process of freering and
hardening of yogurt at 20°C Additional reduction by cne to
two logarithmic units was also recorded duraing the frozen
storage for 90 days At the end of 90 days of storage the
population of viable starter bacteria however were higher

7

than the minimum recommended range of 106—10 so as to

provade the nutritional and therapeutic benefats after

consumption

Coliform count in the set yogurt was in the range of
166 500 cfu per ml Yeast and mould count were 3 33 11 66

cfu per ml

Optimum acidity was produced in yogurt fortified with
different forms of whey solids and also 1n presence of
B bafidum The titratable acidity was in the range of 0 93
1 02 i1n set yogurt at pH 4 6 No appreciable change in
titratable acidaity and pH was observed during the §@orage of

frocen yogurt

The content of NPN i1n set yogurt under different
treatments were 46 69 63 03 mg per 100 g The tyrosine values
were in the rangye of 0 17 0 24 mg per g There was a gradual

increase an tyrosine value during the storage of frozen yogurt

for 90 days at 20°cC



The content of the diacetyl and acetaldehyde 2in the
set yoourt were 7 83 19 00 ppm and 31 50-43 04 ppm
respectively The yogurt fortified with whey protein
dispersion contained haghest concentration of dracetyl The
concentration acetaldehyde in yogurt fortified with condensed
whey as a substitute for complete NDM was significantly higher

in comparison to products under other treatments

Incorporation of B bifidum as a supplementary culture
red i1ced the levels of both diacetyl and acetaldehyde ain set

yoyurt

The contents of acetic acid in set yogurt under the
treatments of part B were 0 08~0 21 per cent and no acetic

acid were detected in treatments under part B

Organoleptic evaluation indxcated that the
fortification of whey solids did not <ffected the flavour and
textiral characteristics in set and frozen yogurt On the

contrary the flavour body and texture scores of set yogurt

were improved by incorporation of whey protexn dispersion
After 90 days of storcge the organoleptic

characterastics of the frozen vyocurt has not changed

apprecilably



It can be concluded that a good quality set and frozen
yogurt can be prepared with substitution of NDM by different
forms whey of solids Amongst the different forms of whey
solids tie whey protein dispersion was found to be best
From the present study it 1s also proved that the vacuum
condensation can be one of the viable method for recovering

whey solids from the byproducts of cotliage cheese

Yogurt can be a best vehicle for aincorporation of
bifidobacteria i1in a dietary adjunct Long time storage of
froven sogurt has not affected the microblological in textural
quality of frozen yogqurt After the 90 days of storage of
frozen yogurt at =-20°C sufficient starter bacteria are

present to have their beneficial therapeutic effect after

consumption

Further studies on wutilization of whey solids in
indigenous dairy products may help in improving the nutritive

value and reducing the whey disposal problems

Studies on amino acids profile of yogurt fortified
with whey solids and supplemented with bifidobacteria may also

prove beneficial in better understanding the growth

reguiremunts and symbiotic relaticnship between starter

bacteria





