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1 INTRODUCT ION

Lagtie Poid bacteria ferment the milk intn & veariety of
milk productt. for human conesumption with inersased shel f.
life vizg. Sour Milk, Dahi, Acidophilus Milk, Kumise and Kefir
ete. Yoghurt is one such product made from milk with high
level of splid content. The role of gterter culture is shared
by Lagtobagillug bulgaricus and Streptoceceus thermophilus in
variable proportions. Modification nf the conventirpal product

with the use nf Lactrhaeillus acidonhilus and Bifidobagterium

bifidum besides Yoghurt flora (Schieppa et 8l., 1984 and
Zoikoweki, 1981} is not uncommon Now-8-d2ys. The uyse of
Yoghurt is not restricted to Balkan states where it finds its
origin but heés proliferated round the globe. Advertisement

tr Kigsle, B8n uncultured dairy nroduct as & chellenger te
Yoghurt's supermacy in United Stateoe speake itsemlf for the high

eonsumrption of yoghurt in the Western market of dairy produets.

In India, Dahi is the comparsble frrmented produrt, being
ernsumed since 8neient timee. Yoghurt excels bettsr in certain
asnecte in comperison with Dahd i.e. shert durstion preduet,
firm body, charscteristic flavrur, high nutritive and
therapeutie values {Decth and Tamime, 1981}). The concumnrs
are fascinated by its suitability te lactose and milk protein
intolerant perenns and sadult women ete. Yoghurt therrfore is
a relatively new intreduction tr Indiap dietary system and

gaining wider ecreptance gréaduslly.



in Yoghurt, the milk protein exists as e#sein in the
form of micelles end poesesses the ability of inter2ction
among these micelles and whey protein. Subsequently, these
micelles undergo hydrnlysie and aggregstion under the individual
or combined effect of pH, high heat and the presence of
protenlytiec enzymes. Thus, interaction amohg cagein, fat
sdditives, whey and lactic acid hacterie resulte in the
development of typichl micregtructure of Yoghurt. VWith the
advancenent of knowledge, a significant eorrelation batwaeen
the physical, rhenlogical properties and the microstruecturs

of Yoghurt and nther dairy producte is being established.

The micreostructure of Yoghurt, infact, is influenced
by different manufacturing precesses and storage cnnditions.
Any alteration in the microstructure, is transglated inte
varietion in physical properties. Hence, 8 study of
microstructure and ultrastructure of yoghurt eragulum end
its components will help in recogritien rf ford resources
utilizetion, nptimization of manufacturing precesses and

svaluation of quality.

The microstructure of ynghurf can he studied hy elestron
microscopy envisaging the uese of hoth scanning electron
microscope {5FM} end trensmission electren microscope (TEM).
The transmissien electron microsenpy facilitates the
identification of multi-molecular structure of proteins and

protein complex, wheraas, scanning elrctron micrnscopy



tomparativaly with less resoclution but higher depth of
focus is shle to discern subemicrosecopic moieties
particularly the surface or 3.dimensionsl morphology.

This is indeed a vary fascinating area of medern research
whieh allows fine structurs) sralysis and molecular close
ups. However, only limitad infﬁrmatinn ie availahle mp
tﬁia sspect. Jn view of this, a Bsystematic study on
yoghurt milk gel hes been undertéken te investigate the
comparative microstructurs of ynghurt from fresh, unfortified
cow and buffaleo whole milks pre-heated at different time.
temperature comhinations employed by marufacturers and
subgequently stored for different period till about a week
at low temperatures The study is heing mainly confined

to structure and distribution of casein and lactic acid
baegteria. HMost of the struectural sturdiee are restrictsd
to SEM but tremsmission informatisns heve alse heen

incorperated wheraver ceonsidered necessary.
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2. REVIEW OF LITERATURE

Yoghurt is 8 typicel biologicel system comprising of
lagtic acid bacteris end protein, hence is lisble to be
influeneed by varicus environmentel and compositional factors.
These factors include composition of milk, heating of milk,
starter cultures, ineubation time-~temperature, stabilizers
and storage of the product stes The physical &nd textural
proparties are the product of all these variables. The
slectron microsecopy particulsrly scanning was not much
commercialised for the study of deiry products before the
year, 1965, This technique can be successfully used to
vigualige the relation between microstructure and properties

of the finished yoghurt.
2.1 YOGHURT MANUFACTURE

Yoghurt cen be prep8red from 8ll kinds of bovine milk
available now=a=days. There is common practice to heat the
milk prier to inoculation with culture for yoghurt manufacture.
The heating of milk results in reduction of weter crntent
accompsnied by increase in total solid content of milk and

improvement in the texturas of finished produet.

Storgards (1964) rated sterilization at 134C inferior

to pssteurization &t BOC for 30 minutes for yoghurt preparation.



Pasteurization of cow milk st 85C for 20=30 minutes was
observed to yield the bsst hydrophiliec properties of the
protein in Yoghurt while pasteurization at higher temperature
(30.95C) for the same period appeared to besr deteriorative
impact on this characteristie (Grigorov, 19661 Hrabova and
Hylmar, 19743 Hong end Goh, 1979). Hydrophiliec preperties
for which the yoghurt gel is best known are the ocutcome

of modificetion in protein strueture. This modification
comes inte existence owing teo interagtion among protein
components (Humphreys and Plunkett, 19693 Rassic and
Kurmann, 1978). Huhn gt al. (1981) opted heating the
buffale milk a¢ 90C for 30U minutes for Yoghurt manufacture.
A pre-~hsating temperaturas of 80-90C for {0 minutes was

recommended by Dolezalek and Vokacova {(1981).

Hesting of milk not only affects the pH of milk
initially but influences the pH of milk at{ galetion point
during Yoghurt manufecture too. Kalab st al. (1976) observed
that unheatad akim milk gelled significantly slower than
hasted milks Firet sign of gelsation appeared at pH 5.14
and gelation was in full swing at pH 4.92 in unheated milk.
For hasted skim milk, pH vslues corresponding to these

changes were 5,36 and 517 respectively.

Vigeosity and canaistency.nf the product are the
index of quality and have been found to he influeneed by
heating temperature-time combinatien of milk in case of

Yoghurts Stadhouders and Hassing (1973) found that



substitution of batch heat treatment of yoghurt milk with
HTST process randered the product of lower viscosity., The
apparsnt viseosity of milk and cultured yoghurt thermally
treated by UHT and Vat systems was measured by Labropoulos et al.
(1981a)s The values for Yoghurt prepsared from UHT milk,
milk heatad at 63C and 62C was 0.8, 1.8 and 3.9 ﬁ P. after
14 minutes of shearing respectively. A specifie cheange in
whay proteins brought by Vat process only and missing in UHT
milk has been poatuleted &8s the cause of formation of firm
structure (Labropoules gt 21, 1981b). The significant role
of SHegroup in disulphide bond formation and whasy protein
denaturation hes alreddy been deciphered end discussad

(Lyster, 1970; Parry et 21., 1974).

The use of Lactobaeillus bulgaricus and Streptococeus

thermmophilus strains as yoghurt starter culture has bsen

well documentads A symbiotiec relationship between thaes
lactic apid beeteria in milk snabled them to play their
significant role in Yrghurt production. Bautista et al. (1966)
attributed this biplogicel relationghip to the seccumulation
of growth faetors comprising glycine and histidine in

L. pulgsrigus culture. Streptococgcus thermophilus, in turn
was reported stimulating L. bylgericus by producing a factor
similar to formic acid (Galesloot et al., 1968). According
to 8 recent report, L. bulgericugs requires not less than

31 mg Co, per kg of milk for ite optimal growth (Driessen
ot ale, 1981). In milk, S. thermephilus furnishes Cos in

excess for the growth of its counterpart. Valerie st al. (1982}



succeeded in manufaecturing Yoghurt from single starter,

gither L. hulgericug or S thermophilus using milk to
which eassin hydrolysate had been added.

| Incub® tion temperature—time ecombination of the
eultured milk also plays no less importsnt role in Yoghurt
preparation. Hrahovs end Hylmar (1974) recommended the low
tamparaturé incubstion (30C fer 17 h) to 8vnid any damage
to yoghurt structure. Bottazzi (1977) in an atteept to
svaluate new microbislegieal and technelogical sapects of
yeghurt production, opted for 420 as tempersturs of
ineubation till the pH of milk reachsd 4.0. Meugdesi (1979)
preferred incubation temperature of 360 rather than
conventional temperature of 42C. Cut of three different
coagulatinn temperetures tried 30, 37 and 45C, Dolezaslek
and Vokacova (1981) feund 45C the most suitable incubdtion
temparaturse Hubn gt al. (198%) also favoured this
temperature of incubetion for Yoghurt from buffale milk.
Harris {1982) incubated the milk at 44L for 6.9 h and
30C for 18 h for Yoghurt preparation. He came to the
coneclusion that ssmples incubsted at 44C had a firmer
body with more free whay, whereas, those incubated at

30C had improved seid, flaveur and aromas.

Pegt~incubation sperations are the factors finally
respeneible for the quality of Yoghurt. Sterpbsrger (1973)

studied the structursl demages Yoghurt suffaered during



its passage through filling plent. He found that various
factors viz. stirring of the produet in the incubation
vaasel, passage through pipes and constrictions contributed
to the damAgs cumuletively. Lumps were observed in Yoghurt
by Galesloot and Hassing (1973,) and it was concluded that
viseosity of gel bafore and sfter atirring and bacteriasl
mucus played important rele in lumps formetion. These lumps
ara found to coneist of & protein matrix enly slightly denser
than the surrounding medium {(Kelab, {1Y79)}. Different
conpositional end manufacturing factore are found responsible
for shaping the problem of nodulation in stirred ynghurt
{Robinson, §961).

Yoghurt is well known at the same time for ite typieal
aroma and flavour. These characteristics bank upon the
production of carbonyl compounds during the farmentation
of milk by lasetic acid bacterie. In Yoghurt L{+) lactiec acid
ia the major isomer formad by these starters. Forty percent
of the total agid has been found of D(~)} econfiguration in
this produst {Alm, 1982). Other important eompound contributing
to the flavour of Yoghurt is acstaldehyds (Law, 1981},
Agataldehyde values between 23 and 41 ppm give the optimum
flavour and its rate of production depends on the level of
acidity (Green and Manning, 1982,). But Gyoshevas (1982 ) was
of the visw that aroma is determined by aroma complex formed

from velatile aromatic compounds and veolatile free fatty acids.



Towlsr gt 21. (1980) dehydrated the Yoghurt into
yaghurt powder and observed U.§{ percent and 0.001 parcent
survival of 3. thermophilus and L. bulgsricug respectively
in the powders The protective effect of cryoprotective
agents, toetsl solide 2nd stabilizers on sterter bacteria
during fresze-drying in Yoghurt has been visuslised by
Cabeini gt al. (1982). |

- Yoon (1984) analyeed the liquid yoghurt for
carbohydrats 2nd minsrals content. Suceroee and lactose, are
the main earbohydrates, wheress , ~Caleium, Sodium, Potassium

and Phesphorous axe ths chief minerals found in product.
2.2 USE OF ELECTRON MICAOSCOPY IN MILK PRODUCTS

The electron microscopy envisaging both transmission
and sesanning finds its wider application in the study of
strupture of milk and milk products at molecular snd threee
dimensionsl levels. The seiactian,nf e technique to be
enployed for 2 perticular product depends upon the compositinn

of product and type of informations required.

Kneop {1972) carried out €M studies to understeand *
the procees of crystallization of fat glebule and formation

ang modification of casein micellhs.f

Using Scanning slectron microscopy, @ varisty of
food gels has been studied by Kalsb and Herwalkar (1973).
Casein micelles linked by short thin fihres in heat induced
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Chabot (1979} summarised varinus metherds used for
the preparation aof food sample for both SEM and TEM and
the variocus problems encountered.s The SEM techniques used
for dried milk, dried whey protein, yoghurt, cottage cheese
were later reviewed by Kalab (1979). Kalab (1981) discussed
the different techniques emploved in both SEM and TEM

in milk products eummarisad as under:

L Lo

Teeshnique :Natura of specimen 'Example of milk product

'for whigh sujitableg
SCARNNING ELECTRON MICROSCOPY

Dry Powdered milk, whey,
buttermilk ete.

Conventionsl Dried Low=fet milk products {Yoghurt,

Cottaga cheese, some chesses)

Cheese (fat extractad)

. mp dy A Gk a WA 4 = =

Cheese {trypsin=etehed)

L

'freczewfractured Viscous &nd high=fat milk
‘and repliceted products (eream, butter,
'with gold cherse etc.)

+

Fraaza—frnctured Viscous, whipped, high—fat
Cold stage and coated with products (ice cream, whipped
carbon and/ocr gold cresm, butter ete.)

TRANSMISSINN ELECTRON MICROSCOPY

Nagative Suspension Fluid milk, cream
staining -
Mgtael shadow S ion Fluid milk, cream
uspension Liguid preducts {microcapsulation)
Thinesectioning Solid Products selid by naturs{chesse)

or solidified by mixing
with agar {(creem)

Freeze-fracturing All products All products

{fresze-etehing)
Replication of Solid Milk products hased on protein

dried specimen
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Aeplication of freeze~fractured surface with heayy
metals like platinum is another useful technique smploysed
recently (Katoh, 1979; Kalsh, 1980al. Freeze~frarturing
has been found equally suitable for structursl and

gcompositional analysis of dried milk products (Buchheim, 1981).

Double fixation of yoghurt gels in glutaraldehvde
and osmic acid ware found suitaeble for TEM study

{Kalab st #l., 1976; Davies et al., 1978).

2+3 CASEIN MICRPSTRUCTURE IN FRESH AAND STORED MILK PRONUCTS

2¢3¢ 1 Milk alss:

Eleetron microscopy has been widely used to study
the mierostructure of milk gele and effect of sinrage

en high heat treatad milk,

Under the influenece of hasting, the cesein
micelles swell and are linked togethrr by short bridges
into long chains. The spatiml arrangement of these long
chains finally result into & three-dimensirnal atructure
(Kalab gt als, 1973). The total solid content of milk
ineluding protein playe an important role in ekim milk
gel formstion. The skim milk with high total sclid content
(60 pereent) h&s beern found cemprising of fused micelles
znd yielded & gel of considerably high strength (Kalab
and Harwalkar, 1Y74),
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The pH of milk is annther important fectar which
influences the aggregation of milk protein in heated skim
milk. Creamer et al. (1978) observed &8 number of thread-like
structures in the milk heated at high pH (6.80). However,
there was chemically no difference in composition nf protein
aggregates of hedted milk from the unheseted milk. High pH
of milk is asenciated with high negative slectreostatic
charge on protein and high repulsive forces betwesn prrtein
aggregatas. Thus, high pH prevents the attachment of heat
induced complexes with micellas. Aeid gels prepared from
heated and unheated skim milk give the similar results.
Highar the temperature of geletion of milk adjusted to a
definite pH, firmer is the gel formed. Harwalkar and Kelab
(1964) elaberated that gels made st 90C were three times
more firmer than gel made at 70C at pH 4.6. At higher pH,
the glp hetwesn firmness of gels heeted at different

temperatures becomes wider.

Gel formation is a common defsct encountered during
storgge of conecentrated milk. Sehmidt (1968) compared
ultra=high temperature short time (UHTST) eterilized milk
with that of conventigrally sterilized concentrated milk.

In UHTST milk, cesein micelles confluenced into net which
remained indespendent in sterilized milk even after longer

etorage.
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It appears that coalescing of casein micelles marks
the begining of gel formation during storage of evaporated
milk. This fusion is eonfined to the outer layers of the
particles, at the nuclel of these particles later on and
thus & three~dimsnsipnal network comes intr existence

{ Sehmidt and Buchheim, 1968).

The gagein micelles increase in size during the
proeess of concentrétion. Fresh, untreated skim mi}k wag
found to compriss of casein micelloas of gize range of 500-25005,
while micelles doubled in size (1500-4000?) in concentrated
skim milk (Carrell st al., 1971). According to this group
of research workers, hsating of milk may influence the size
of casein micelles in the following wayse:-

a) intersction nf heat denatured whey proteins with casein
micelless

b) depoeition of inscluble serum prontein on casein micellesy

e) increase in Celecium content leading to caleium bridging;
emong micelles;

d) inecrease in the number of ceseln micellas due tn eplitting

of the micellar surface.

Davies gt al. (1978) aleo emphasised that heat treatment
of milk resulting in denaturation of whey protein and inter-
action of these with micelles surface determines the micelle

fusion and gel strength.
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Temparaturs of storsge plays a pivetal role in
gelation vf svaporated milk Auring storage. Storage of
evaporsated milk st elevated temperature hefore sterilization
for cénning improves the shalf=life of the canned product
( Heintzberger ot 8l., 1972). Andrews et 2l. (1977) studied
the propertiss of aseptically packed uvltra=hsat treated

milk during storage and chserved gel formation after
34 manths of storége. There is an increase in size of

casein migslles with ingrease in temperature of storage.

Miprastructure of spray-dried, roller~dried and
freezo~drind skim milk powders and gels prepared from these
powdezs were studied by Kaleb and Emmons (1974). Gel prepared
from spray dried powder showed individuslly distributed
casein micellss linked by bridging materiasls, while rolle r-
dried skim milk powder gel contained both fused es well as
sparsaly diatributed casein micelles. The freesze-dried
powder exhibited the firmest gels formed by 2 network of

casein micelles aggreg2ted together.

23,2 Ehgglg!z

A good number of chease varisty is manufactured
and consumed round the globs. €&leetron mieroscopy has
baen employed to study the davelopment and microstructure

of a few of thom.

Chesses consist of spongy microstructure, the proteins

attain the form of network of cesein micelles, cavities in
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between filled by fat and whey (Mudder et al., 1966). The
structure development is initiated by fusion of individual
micellss to feorm long chains. These chaine grow into

multiple strands sither by shrinkage of the chains or by

aggregation of adjacent chains (Kimber et al., t374).

Kneap and Peters (1971) studied eub-mieroscopic
strugtursl variations in Camembert cheese and rsported
four different kinds of casain breakdown in the structure
developmasnt. Rennet 2and bacteria were found playing about
insignificant role in the process of ripening. Smooth
curd formation probebly due to the deposition of

~lacteglebulin on the cassin particles was nhserved by
Prokopek gt 8l. (1976) in Camembert chease made from

variously trsated crsam—snriched skim milk.

The textura and microstructure of Chedder cheese
has besn studied by & nunber of workers. Hall and Creamer
{1972) placed Cheddar cheese in the intermsdiate positim
with respect to Gouda and Cheshire cheeses in terms of
size of globulsr units forming the protein matrix. Kalab
end Emmone (1975,) obmerved fibrillar structure in the
cheess giving chicken breast muscle texture to the product.
Aftar cheddsring is complete, this structure getes transformed
into marble~like strueture due to formstion of caeein mass
between the fat globules by fusion of casein fibres at
sub-microscopic level (Kalab and Emmons, 1378). Enmons

gt al. (1980) amserted that cheese with reduced fat
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containing more protein matrix is liable to be firmer

than full Yat cheease.

The considerable differsnce in the microstructure®
of Gruyere and Emmental cheeses was nhaserved by Ruegg and
Blame {(1972). Gruyere cheese meintains the regular fine
structure with no sub=—micrnscopical cavities (Rusgg 2t al.,

198G ).

Fresh cheese, Gouds chesse and Processed checss were
compared by Kimura end Taneya (1575). Csasin micelles
measured 200-500 nm in diemeter in curd end Gouds cheese,
whereas 20 mm in proceesed cheass. Heertage gt al. {1981)
elaberated ?urﬁher the structure of precessed cheese, They
rsporta& materis! of approximately 300 nm length with 10 nm
in diameter formad by dissociation and mssociatirn of cesein
micelles. These string=like structures are found missing in

soft type processed cheeee (Teneya et sl., 1980).

Comparing the structures of Harzer, Tilsit and
Camembert cheeses, Kroop #nd Buchheim (1980), emphasised
that there would bs hasic structural differences bstwsen
seid curd cheases (Harzer) and cennet cheessee {Tilsit and
Clmaﬁb-rt). The explanation for this phenomsnon lies in the
fact thet proteolysis is done by bacterial enzymes in acid

curd and rennin in rennst cheeses.

Glaser gt al. (1979) studied the skin formetion

around the curd in cottage cheese during curing procedure as
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reported earlier in the litersture. They ruled out this
phanemenon in cotiags chegse and ewen if existed at all was
due %o high heeting trestment and not due to conventional

euvring proemdure according to their view.

The ripening process in cheesss comprises two phases-
the dissociation of casein micelles and setting of whey inte
the disintegrated mase of protein. The rate of disintegretion
process inecreases with the decrease in caleium content. The
osmotic pressure produced by ce2sein micelles may he causing
the psnetration of whey into the casein matrix (Brooker,
1975}. In general, the structure contronls the behavinur
composition, body, texture and yield nf cheesses. PFProteolysis
brought out by eoagulent, bacterial snd milk enzymes hes
significant impset on microstructure during ripening (Green

and Manning, 1982).

Most of the hard cheesss were found to contain
microscopic erystalline inclusions. These inclusions are
normally confined aleong curd Jjunctions though distributed
througheut the body of the cheese. Ruegg and Blane (1972)
reported these crystallins ineclusion bodies in Emmental
chanse and aminp acide ware suggested the hasic building
units. It wep alse suggested that the deceyed lastic ucid
bacterie appaears to provide prystallizetion nuclei leading
to the formation of crystalline inglusions in cheese
(Kalab, 1980,). Bottazzi st sl. (1982) reported compact

and nesdle shaped structures in Grens cheese. Compact
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bodies measured 10-20 nm in diameter of calcium phosphate.
The needls like crystals were 20-25 nm in length and were

composed of ecslcium lactate a8 revesled by X-rsy micrpanalysis.

Brooker et al. (1975) reported curd granules cemposed
of ecalcium phosphate in cheese. Similer granules were also
observed in cheddarad curd, Mozzerella and Prnvolone cheeses
by Kalab (1977). SfM microgrephs revealed that the junctions
coneint of ecompacted protein zones less fat then the interior
of the curd granulea. Separation of thsse types of curd
granules at junctiens is rather fearible. Improper homogenisation
can be nne possible explanation for curd granules formation.
That is the reason why fét globules are lost at the granules

surfaces leaving junetions protein rich {Emmons et al., 1980).

2433 Yughurt:

Yoghurt is @ protein based product. The liquid phase
is immobilised to form coagulum. The coagulum corsists of
protein matrix which in turn is composed of rasein micel les.
These micselles are fused together and thus form chaing and

clusters.(Kalab & tmmons, 1975, and Kalab, 1979).

Kalab gt e2l. (1976} studied electron mieroscopieslly
tha relationship between microstructure of yoghurt and heating
of milk used for its preparation. Skim milk heated to S0C
produced Yoghurts much firmer than those of unheated skim milk.
Corresponding values of curd tension of yoghurt samples wers

64=68 g per probe and 26-=33 g per probe respactively. The size
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of casein micelles were bigger in the Yoghurt from unheated
skim milk (mean diemeter, 0.46 pm) than from skim milk heated
to 90C (meen diameter, 0.23 pm)s In heated skim milk, the
changes wera not 6 prominent but quite conspicuous in
untreated skim milk. About half an hour before the geletion
etarts, the migelles started expanding and enlarging in their
size. 5Short projections eppeared on the smooth surface of
casein micelles about 16 minutes pricr to gelatien. Non=
micellar protein from the solution ﬁrnbably got accumulater
on the outside of micelle, hence forming & temporary ragqged
surface. After 2-3 minutes, micelles started esggregating
inte larger unite. When a three-dimensional net work wes
interwoven &t the termination of this setage, projectiors were
lost. The putlines of cesein micelles forming gel reappeared
emanoth and diatinets Further sxaminations of yoghurts
prepared from skim milk heated to different temperatures
showsd that thers is @ critieel temperatures which affect
both c8eein and wheay proteing. With these findings, the
authors postulatad that fusion of caseins in bigger miecelles
would result in fewer chains 8nd points of junctioh. thus
offering @ much more open structure. The bigger micelle
formation obviously results in soft coagulum of Yeghurt

susceptible to synaresis.

Morr (1573) proposed the temperature-dependent
alterations in micellar and soluble casein resembling
Cam=dependent dissociation- assceiation nf soluble casein

with micelleg in milk. The 8gsocisted matsrials de not
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seem to indulge in complex formatione within the mieellar
interstices but remAins puteide the casein micelles.
Findings of various groups of workers support the view

that heasting of milk results inte denaturation of whey
proteing which associste subsequently with K-casein through
disulphide bonde (Parry, 1974; Morr, 1975 and Fox and
Morcrissey, 1977},

Ruegg and Blape (1578) studied the influence of
pasteurisation and UHT processing upon the size distribution
of casein migcelles in milk ant asserted that there is an
increase of number of free subemicelles upon heating.

The sevarity of the heeting methnds c&n be ranked in the
-order HTST > UHT direct > UMT indirect.

A heat induced change in the ul trastructure of
milk and ite effect on gel fermation in Yeghurt was
visualised by Davies st 21. (1978 ). They ohserved thst
micelles from raw milk possessed smooth contours while
micelles from heated milk bore aprendsges cemposed of
denatured [3-dactnglobulin. These appendages appear to
inhibit coelescence of micelles 8nd thus fecilitating
the farmation of 8 firmer curd with lewsr tendency to
eyneresis. Mehriz and Ganguli (198D) alen asserted that

forawsrming of buffelo milk improves heat stability.

Redema and Ven (1973) assessed the effsct of
differsnt thickening agents in yeghurt ménufecture. Grlatin,

eodium caseiniete and amylopectin ware found giving satisfactory
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resultes. Kaleh and Emmoans (19?5bl reparted that out of

the various thickening agents used, Carrageenzn and starch
eltered the Yoghurt mierostructure which cnuld essily hs
detected by TEM and StM. In the presenees of starch, flat
sheets and smaller cesein micelles were the typical structures

obsarved.

Kalab gt al. (1976) calculeted the gize of casein
micelles in Yoghurt of different origin efter the storage

at 6L for one wask 2nd results weres 88 follows:-

FPraeheoting tempersture
_ _EE_Q

44¢
A, One day Yeghurt:
Freah G.467 pm 0.23T7 pm
Spray-dried 0.566 pm 04270 pm
Rollar—dried 0,342 pm 0.319 pm
Freeze=dried 1,099 um 0.280 pm
B. One week Yoghurtt
Freeh 0.440 pm 0.226 pm
Spray-drisd U.476 pm D.285 um
Rellder=dried 0. 306 ym 0.258 pm
Freeze=dried 0.757 pm C0.258 pm

In general, the micelles shrank during storage to
some extent, the effmsct being more prominent in case of
freeze-dried skim milk.

2.4 FATE OF LACTIC ACID BACTERIA DURIMG MAMUFACTURE AND
STORAGE OF MILK PRODUCTS
Lapgtie @eid bacteria whan added to milk lower the

pit of milk to curdling peint through the production of

laptiec Bcids, After the process of curd formation is complete,
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the assogiation of these hacteris with ecoagulum is the
subjeet of great curicsity. These starter bacteris whether
simply form paert of the microstructure nf are actively
involved in the processing of dairy products is the another

point needs to be elucidated.

Dawsor and Feagon (1937) eobserved uniform distribution
of 5. lactis and & discetilectis, whereas 5. crempris were
found in the form of colonies ih eurd of Cheddar cheese.
Uneven distribution of starter bacteria in cheese has hesn
reported (Dean gt al., 1959 and Rammell, 1560). Lactobacilli
were found multiplying fast ’n the initisl stage of ecuring
{Johns and Colse, 1959). |

Cheease ssmuples preparsd using single and mixsd
startars showed a declines in total bacgterial count efter
thres months of ripsning {Ranganathan and Laxminarayena, 1572).
Kalab {1979) cheerved the formation of pockmstas by colonisstion
of becterinl cells in the protein matrix of Yeoghurt.
Dhingra (1981) &8lso supported the migroecoleny formation in

Yoghurt coagulum on the basis of light microscopic observation.

The electron microscopic studies have revealed the
mucus production by ropy streins of etarter bacterie in milk
products. A gorrelation has heen sstablished hetween
viscosity of Yoghurt &nd mucus production by bacteria
(Galeslent & Hassing, 1973a,b,s 8nd Krnger, 1976}. Kimber

et al. (1974) spotted the starter bacteria entrarped in
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cagein near the fat.cesgein interface in Chedder cheesgs.

TEM abgervatiense revealad tha tenuous filament eonnrections
betweesn hacteriae and cesein matrix. Brooker (1976) asserted
that an extracellular materisl secreted by bascterial cell
wall is extended into these long filamente connecting casein
micelles and milk fat globules. This extra-cellular
materiel was found to be 2¢idic c&rbohydrate in nature.
These filements are preposed to be cornected matrix in

the microstructure and prevente their remeval from the curd
with the whey during syneresis. Such filaments have been
reported in Gouda, tdam and Mozzarella cheeses (Kalab, 1577)
and in Yoghurt {Botterzi, 19773 Kalab, 1979). Ruegg et sl.
(1980) observed these filaments among bactari; covering

the rind of Gruyere ¢cheese. This group of workers alse
described the dimensions of lactie acid bacteria.
Streptococel measured to 0.94 um in diemeter, while
lagtobacilli measured C.TB and 2.6 pm in dismeter and
length respeetively. All these findings support the
observatien nf Kalab 2nd Emmone (1975b) that lactie acid
becterisa are not merely the incorporation in the micro-
structure but are alsge associated with milk gel structure

significantly.

Bottazzi (1980) sxmmined the microfloras of Kefir
granules. He obearved most richly colonized part near the

extericr of the greanules which contained mainly bacteria
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and a few yeasts. In the centre of the granule, the

ratio betwean yegestes and bacteria was found reversed.

Borragquio gt al. (1981) studied the keening quality
of Yoghurt and found yesst and mold &e contaminants during

storage.

A"
LL 3



3¢ MATER JALS AND METHODS

Jet YDGHUAT MANUFACTURE

31+t ELollection of milk ssmples

With the objective of controlling the history of
milk samples, fresh cow 2and huffele milk samples were
collected directly from Cattle Yard, N.D.R.I., Karnal in

clean and sterilized ssample bottles.

3¢1¢2 Pre-hseting of milk aamgles

Milk samplee were filtered and hester without any
fortifigation at TOL and 90C for 30 minutes in a water bath
equipped with thermostat.

3.1¢3 Inogulation and incubstion of milk samples
with starter gultures

Yoghurt cultures, Lectobacillus hulgaricus (W)

and Sireptocogcus thermophilus (H) were obtained from
National Collactien Centre of Dairy Organisms, N.DT.R.I.,

Karnals Cultures were maintained in sterilized litmus milk
tubes. Prior to inoculation, the cultures were propegated

in etevilized skim milk in lerger volume of 100 ml.
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The milk semples of cow &and buffale (4 samples
in duplieate) ware remeved from water bath after heating
and cooled to 42C. At thie temperature, these Bamples
wers inoculated with starter cultures in the ratio of t:1

a8t 3 percent level and mixed thoroughly with the help of
& clean slectrically operated glass stirrer. Subsequently,
the contents were subjected to incubation at 42C .+ 0.5C
for 4 he Ffor mlectron microscopy, the inoculataed milk
samples were distributed in emall dishes of 10 em depth
and 30 em diameter and microbeskers of 15 em depth end

20 cm diemetar. For pH and viscoeity messursments, the

yoghurts wers prspared in 100 ml beakers.

3.9.4 Storsge of Yoghurts

Aftsr incubation period, the set yoghurt samples
wire removed from the incubator &nd cooled to 8hout 7C
and transferred to refrigerator at 4-6C for further storage
till 120 he Verious steps involved in Yeghurt manufecture

are summarised in flow Diagram I.
3.2 MEASUREMERT OF PH OF MILK GELS DURING YOGHURTS PREPARATION

The pH of inoculated milk somples were measursd et
half an hour interval regularly till setting of cosgulum

using EL-Digitsl pH meter.
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3.3 MEASUREMENT OF VISCOSITY AND JUDGEMENT OF YDGHUART
COAGULUM QUALITY
To have an idea of consistency of fresh ynghurtse,
the viscosity of fresh samples was messured using constant
stress rotation viscomstery (Associated Instrument Manufacturers
( Ingim) Private Ltd.). In addition te {t, Yoghurts were
Sudged vieuslly in terms of body of coagulum and degree of

syneregie in each sample.
3.4 MEASUREMENT OF YDGRURTS ACINITY NURING STCRAGE

The titrable acidity of frash and stored Yoghuris
was determinad 8ececording to the procedure given in I.8.1.
{1960)s Ten g of the sempls mixed with =squal volume of
dietilled watsr was titrated sgainst N/9 NaOH using 1.0 m}
of phenolphthalein (0. %% ) 88 indicator. The secidity wes

expressed as % lactic seid (by wt.).
3.5 ELFCTADN MICRCSCOPY

3.5.1 Preparation of Yoghurt samples for electren mieroscopy

3+5+1+1 Preparation of rsagents:

Je5¢1eiet Preparation of pacodylate buffert- To prepare
Us{ M cecodyleate buffer, 1.6 g of sodium cacodyl#te (Fluka
Bateh Neet3%5301~-120) was dissolved in 100 ml glass distilled

watere The pH was adjusted to 7.2 using & £C=Digital pH

meter.
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35614142 Preparation of buffered Usmic acid solution:-
The osmium tetroxide (Sigma, Bateh No.127C=-0502) is commonly
available as 1 g sealed glass vial. The surface of vial
was thoroughly cleaped with soep and distilled water to
remova any organic metter present on glass surface. The
glass vial was cracked in the middle into two halves using
iron file under a hoode The content was transferved with
no loas of time to & clean amber coloured glass. stoppered
botfle containing 25 ml of deionised water. The stopper of
bottle was well tightened and stored at low temperature in
dark place. All the precautions were teken not to come in
direct eontact with solution or fumes. The final concentratien
of 2 percent osmium tetroxide was prepared by mixing equal
volumes of stock solution 2nd D.1 M cacodylate buffer adjusted
to pH T2«
3254143 Preparation of buffered glutaraldehyde solution:-
(Sabitini g% al., 1963)

Following composition was s3dopted to prepére 2.5 percent
buffered glutaraldehydsia

25% Gluytaraldehydse EM grade 2.5 ml

{Polysciences,

Batch Neo. 99C=5029)

Ust M Cacodylate buffer 12.5 ml

Metilled water 16.0 ml

Total volume ?25.0 ml
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3e5+41¢4:4 Preparstion of greded series of sthanolo.water
mixturest=
For the purpose af dehydration nf Ynghurt, samples like
any other bilelegical specimens, @ graded series of ethanol-
water mixture of 30, 50, 70, 90, 100 percent was prepz2red.
Absolute acetone and propylens oxide were used feor further

dehydrations
F3aBe1+s? Progcedure:

3e5+44¢2+%1 Sampling of Yoghurts:~ In addition te fresh
Yoghurts wera sampled at 24, 72 and 120 h intervels of
storage. For sampling, undisturbed cosgulum in small dishes
and microbeakers wasg cut into emsll ecubess The cubes weare

further trimmed inte 2mm x 2mm x 2 mm sizes.

3e5+1.2.2 Fixationi~ Fragmented curd cubes were transferred
to labelled microbeskers conteining 2.5 percent huffered
glutaraldehyrde fixative. The fixation continued in ecold

for 3 hs The cubes ware further trimmed to 1 x { x 1 mm size
to facilitate the diffueion of fixative into coagulum. The
fixed semples were buffered with 0.05 M cacodylate at 4-6 C
for 6 hes The buffasrad samples were doubly fixed in 2 percent
osmic asid At 4.6C for 2 hs f2eh solution wae replaced
gradually from one to another in the same cont&iner during

tha whole process.
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3¢5¢142+3 Dshydrationi— After fixeation nf Ypghurt specimens,
these ware subjected to dehydration as per the schedule

given belowie

Copcentration of mixture Durstion

30 percent ethanol 5«10 minutes ir cold

50 percent sthanol 5=10 minutes in eold

70 percent ethanol S=10 minutes in cold

90 percent ethanol 5=10 minutes in cold

1U0( Absolute)} ethanol 2045 minutes in colgd

100 (Absolute) ethanol 1 h at room tempersture
30¢5.2 Sgannping Electren Micrescopy

3.5.2+.1 WDrying of the Yoghurt semples:

3.5.2¢1¢t Alr dryingt = For air drying, the specimens were
further processed through #bsolute 2eetrnes for 20 minutes
twice and subsequsntly dehydréted in propylene oxide. The

dried samples wesre transferred t¢o desiccator for cvernight.

3.5:2:1.2 Fresze-drying{Kaelab,197BJ1-. For freseze-drying,
the samples were divaftad from the routine course 2fter
fixetion iri Osmic acid. Samples were lyophilised in
Toshniwal Lyophiliser. This process tonk about cne to one

and half an hour for completion.
3¢5.2.2 Coating of spacimens:

Froezemdried and air-dried semples were mounted on
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stubs with adhegive and sputter cndted with gold at amprox.
100200 ® thickness on Hitachi IB~3 ion-ecoater. The ion
current wag kept at 6mA a2t fine vacuum of 0.US-U.07 torr for

2=4 minutes.

To visualige the internal miccmetructure of eoagulum,
the airedriad specimens were fractured with the help of 2 sharp
blade and ecnated the fractured surface. The portion with hlade

mark was totally avoided during examination.
3.5.2.3 SEM Dbservetions:

The samples on sluminium stube were placed in specimen
holder and inserted into chambear under vacuum. Hitachi 5-405A
Seanning fleestron Microscope wds oporeted at t5 kv using

secondary slectron mode.

.53 Igsnsmission Electron Micrmseopy
325.3+.1 Embedding of Yoghurtst

3+5¢3¢1¢t Preparation of smheddinrg mixture
Maseorzre et al., 1976 ) 1=

Spurzr's low viscosity embedding medium was used frr the
purposes of embedding Yoghurt specimens in the present study.
The compoaition and preparetion of medium were 8s follows:
Vin%icyclahexanedioxida 5.0 g
{VCD=Epoxy reain)

heHexenyl suceinie anhydride 10.0 ¢
(HXSA, Herdner)

1.4—bu£anedioldigiycidyl ether 0.75g
(Apaldite RARD=2, Modifier)

Diethylaminnetharel Cs15g
{ DMAE, Catalyst)
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All the ebove components were poured inte a8 dry
beaker with the help of pipete, pipet filler attached at
other end as per the above menticned schedule. FProper
mixing of the embedding mixture was agcomplished by the
use of elesctrically operated glags stirrer., Air
incorporetion during sgitation was considered highly

undesirable.

345¢3.1:2 Proendurst= For smbedding, the dehydrated

spscimens were processed through the following schedule:.

111 ratio of ethanol- 5 minutes at
embedding mixture room temper2ture
Pure embedding mixture 10 minutes at

Toom temperature
Je543.2 Ultramicrotomy:?

LKB Ultramierntome~V was used and glass knives
were emploved for the purpose of ultrathin sectioning.
The ribbena conteining grey and silver sections were

stretehed with the help of toluens.

New copper grides (200 mesh) were cleaned in N Kel
for 3=4 minutes to ensure complete removal of greasy
material. Grids werz thoroughly weashed with distilled
weter to remove residuazl apid and subsedquently rinsed

in absolute alcohol several times @nd dried in desiccator.

Uletrathin sectiones were nicked up on clean

and dry copper gride,
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3454343 Staining of ultrathin sections:
345¢3.3.1 Preparation of stains:
34543630141 Preparation of lead citrate(Reyrolde, 1963):=

Leard nitrate 1.33 g
Sodium eitrats 1.76 g

The ingredients listed sbove were addad teo a
50 ml volumetrie flapk with 30 ml distilled water. The
suspension #so prepfred wes agitated vigorouely for one minute
and allowed to stand with intermittent shaking to ensure the
complete ennversinn of lead nitrate to lead citrate. After
an interval of 30 minutee, 8.0 ml of 1IN NallH was added to the
content of flask:e The suspension was diluted furthsr to S0 ml
with addition of diluted watear spd mixed by inversion., Final

pH of staining soclution wae found to be of pH 12.00 + D.4.
3453+ 3.1.2 Preparation of Uranyl acetates-

Ursnyl acetats U.5 g
Deaonized watar t0G.0 ml

The ingredisnts were put in 250 ml conical flask.
The mixture was subjected to vigerous shaking and was kept
overnight for complete dissolution. Subsequently, the
splution wes filtered and stored in 8 glass stoppered bottle

at low tempersture.



3,5.3.3.2 5teining preceduret- Hydrophabie plagstic sheet
was vsed for the purpose of staining the ultrathin seections.
A few drops of uranyl acetate were pnrured on the sheeat and
drops maintalined etheir ennvex meniscus. The copper gride
with rihbon were floated nver the dreeps for 10-15 minutes,
and switechad to lead citrate staining for 4 miputee in the
similar fashion. Gride after passing through the operation
of staining ware washed with distilled watrr while holding
these in fine tip twizzers eca#refully. The gride were made
free of exeses water and Arieds The grids were etored in =

grid box encd lesbelled.

1.5 3.4 TEM Ohservetions:

»*
Hiteaphi 5-408%A Elwetrrn microscope wasg operated at

25 kV trensmisaion mode for observing the yoghurt ultrathin
sections mounted on conper grids. Seme work was tekern up
at the Institute of Pathalogy, Delhi usirg Jeol -100CX

Transmisgsinn £leecteen microscope.

3.6 CELECTAON MICROGRAPHY

3ebe1 PFrogessing of photegraphic film

Tha obeervations were recorded an URWO 35 mm perforated
film (40 ASA) with the help of attachsd camers assembly.
The film was developed in film developer (Kedak Ne1%) for

8. 10 minutes at 200 and fixed in acid hardening fixer

* Speeifications and scale of Hitachi 5=40SA Elegtron
microscope ere given in Apnexure ! ard II,
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(Agfa=301} for 10-4S5 minutes. The film was thoroughly

washed in running water and dried in air.

3.6+2 Printing of Electron micrographs

The prints were made on Agfe~brevire normal/hard
photographic paper. Standard {Agfae=100) and high contrast
{Agfa~108) developers ware used for develeping the prints.
Developing was followed by fixation in acid fixing bath
(Agfa~300) and washing theroughly under running water.

The prints were finally dried on glazing machine.
3.6 ANALYSIS OF ELECTRON MICROGRAPHS

Electronmicregraphs were visually ebserved with all
precision and acecuraecy. The measurement of individual
somponent of mierostructure was mede from a large number
of miecrogrsph® using precision scale. Average values of

all such observetions were recorded and further interpreted.

A aummary of the methods used for electron microscopy

has been given in flow disgram-II.



1, FLOW DIAGRAM FOR_YDGHURT MANUFACTURE

Collection of.cnw or buffalo milk

Clarification

’
1

Heating of milk semples a3t TOC
or 9UC fer 30 minutes

Insculation of milk with
starter eulturs at 42C

Ineubatinn at 42 + 0.5C for 4 h

Looled to 7«10 C

Stored in refrigerator 2t 4-6C

37
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II. ~ SUMMARY OF THE METHODS USED FOR ELECTRCN MICRNSCOPY

Small ~ubes ?f Ynghurt epagulum

t
'

Fixatien in buffersd glutarel.
dehyde (2.0.2.F%) fer 3 h at 4.6C

]
L]
]

Washing in cacodylate buffer
(D.1M) for 4=6 h 2% room temperature

Neuble fixation in buffered osmie
eeid (2.0%) for 2 h 8t 4-6C.

- s A

! Dehydration {weter~ethanol mixture

) graded series)

¥ 1 § L] t
] 1 * t 1

¥hole fractured Alr=Nrying Plagtic emberdding
muu?t aa?plea

*
1
[ §
— g m——y \
1 ' 1
' Yhole Fractured *
' mount sanples '
1 L + i
[ ] | ] ] L ]

: ' . ' Ultramierotnmy
| 4 ] 1
L ] | ]
1 ]

Comting of apecgmana Staining of ultrathin

{gold, 1UU~?DUA :
1 [ ]
1 1

SEM Bb?Etvation TeM ?bseruation
]

+

T
]

ElectrnTicrogtaphv

Inthrpretation



CHAPTER 4

RESULTS




4, RESULTS

Yoghurts of acceptable quality were prepared from fresh,
unfortified cow and buffale milks pre=heatad at 70C and 90C
for the holding perind of 30 minutes and subsequently
subjected to storage till 120 h. Samples weare taksn fresh
and at 24 h, T2h and 120 h intervals of storage snd processed
further for seanning 2nd transmission mlectron microscopic
oheexrvations. Besides, pH, acidity #nd viscosity of yoghurt
samples were measured to havs an idea of development of
yoghurt coagulum under different menufecturing and sterage

sonditionsa.

4.1 MEASUREMENT OF PH OF MILK GELS DURING YDOGHUAT PREPARATINN

Using EC digital pH meter, pH of different gels
from cow 8nd huffaleo milke pre~hesdted at differesnt temparastures
wag measured st every half an hour interval till setting of
coagulum. Initiation of curdling of milk was taken as
surdling point for that particular milk. The pH valusas
corresponding to the curdling points of buffale milk pre-
heatesd at 90C (Bgﬁ) buffale milk pre-heated st 70C (Byq),
cow milk pre~heatad at 90C (Cyp) &nd cow milk pre-hsated at
70C (Cyp) were 5.22, 5.28, 5.00 and 5.05 respectively

{Table 1), Ipn 811 the semples, curdling took place betwsen



Table 1. pH mescurement of milk gels during Yoghurts preparatim

- Sempls oampling intervels in h '
Type of Pre-hsating 0.0 0.3 0.10 01.5 2.0 2.5 3.0 3.5
milk temperature

({holding

period,

30 minutes)

760C 6.88 6.58 g.0U 5.76 5.58 5.30 5.05+ 4.BB#»
Cow milk

socC 6.88 g.50 Se%4 5.57 5.35 5.00% 4.73e» -

70C 6. 50 6-75 6+ 30 5.8%5 557 5.28% 5.08#% -
Butfale milk

50C 6+50 6+72 622 5.73 B.272% 5.08%# - -

* - Curdling point of milk
- Setting point of coagulum.

{@)sE
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2«3 h of incubation.

| Sstting of goagulum was ohserved in all the samples.
The term " setting of goagulum™ here implied the complaetion
of coagulation process. It completed first in sample
Bgg (2+5 h), followed by Byg (3.0 h), Cgg (3.0 h) and
€70 (3+5 h)e Corresponding pH values of satting points
for di fferent samples were 5.0%, S.08, 4.73 and 4.88,
respectively.

4.2 MEASUREMERT OF VISCOSITY AND JUDGEMENT CF YOGHURTS
COAGULUM QUALITY

In order to have an idea of quality and econsistency
of yoghurt ecagulum, fresh Yoeghurts were jurdged visuaslly.
In sddition ot it, ths viscesity of yoghurte was measured
by eongtent stress rotation viscometer and expressed in
terms of centipoise., On the bagis of body of coagulum
ae well as dagree of syneresie, yoghurts were graded es

followss Byg Byg Cgp Cyp+r Semple Cyp was found giving
typical off flavour.

The values of viscosity for diffarent ynghurt samplss
showsd that Bgg was firm s much 8s two times es comp®red
to B}U..' Similarly, eow milk yoghurt Cgp was four times
firmer than Cyp (Table 2).
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ament of
oghurts

T Samnle Viscosfty in Coagulum
ypes of Pra-heating centipoise Quality
milk temperature
{holding pariod,
30 minutes)
TDC 13 . 2-0 *
Cow milk
QBC 4y 5.0 +4
Toc 238 % 10.0 +++
Buffalo
milk g0c 550 + 15.0 4+




41

4.3 MEASUIEMENT OF YDGHURTS ACIDITY NURING STORAGE

The acidity of yoghurts was estimated at different
intervals of storage. Samples were titrated against N/9 Na"H
using phenolphthalein es indicator and scidity wae expressed
in terms of percent of lactic aeid (by wt.)s The results wam

preesented in Table 3.

The aeidity inoreasad to different levels in various
samples as storage period proceaded. There wes little variation
in apidity of yoaghurte prepsred from buffalp and cow milks
pre~heated at 90C, wheresas, the incresae in seidity was
subatantial in yoghurts from buffalo and cow milks pre-heated
2t T0C during siprags. The percent incrmese in scidity ef
differunt samples at 120 h intervel of storage over fresh
Bege Cyg» Bgp and Cgg semples was 33.3, 30.0, 9.4 and 6.0,
respectivaly.

4,4 STUDY DF MICROSTRUCTURE OF FRESH ANT STORED YDGHURTS
AS REVEALED BY ELECTRON MICROSCOPY

The migcrostructure of fresh and stored samples of
yoghurts prepared from cow and huffale milks subjected to
different heat treatments was studied by electron microscepy.
Three dimensional informations were obtained by S5fM whersas
ultrastructural deteails through TEM. The cosagulum of various
yoghurts was pbserved comprehensgively and only the representative

micrographs have been included in this chapter.
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Teble 3. A surement of voghurts during Storage
28 percent lactic acid

—- Sample Siors exiod .
Type of re=haat Fresh 24 h 72 h 120 h
milk temperature
ihelding period,
30 minuvtes)
70C 0.70 0. 75 0.80 0.91
Cow milk
s0C 0.83 0.84 0.87 0.88
oL 0.T5 0.%0 0.98 1.00
Buffalo
milk

goc 0.85% 0.50 0.92 0.93
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4.601 F;Eah YOth;ta

After completion of fermentaticn, different se&mples
of Yoghurt were removed from incubstor snd cooled to room
t;mparaturc. At this st2ge, these samplss were processed
fer sc®nning and transmission microscopy to study the

microstructure and ultrastructure of frash Yeghurts.
4.4,1.1 Yoghurt from cow milk praheated at 70C:

Yo study the thres-dimensicnal surface stryucturs
of cow milk yoghurt, specimen was scanned under Scenning
Electron Microscope. At lower magnification, the eoagulum
of Yoghurt was compact in siructure. Hewever, at higher
magnifigation the same microstructure 8ppedred 25 & thres-
dimensional network of casein migelles fusad teogether in
form of clusters end aggregates separated by interspaces
throughout the eos8gulum. The interspaces were invarishly
wide snd magBsured 3 u % 6 u in dimension. This typieel
organization of microstrurture is very well depicted in

figures 1 and 2.

Cagain micelles were observed in form of spherieal
and eylindrieal shapee measuring 360-500 nm in dismeter,
with sverage dimension of 400 nm. The surface of unfractured
coagulum seemed to bm covered by sggregetes of small

globuler structures presumably of coagulated whey protedin.



FIGURES 1-8, ELECTRON MICRDSCOPY OF FRESH YOGHURT FROM
COW MILK PRE.HEATED AT 70C FOR 30 MINUTES (Cyg)e

* Figse 1+ Scanning electron microgreph of fresh
yoghurt at low magnification.

Fige2. FPorous mierostructure of yoghurt
coagulum showing pockets Ywhite errow)
and interspaces (black arrow).

* Key to Microgreph Seualer -
15 K « 15 kV Opsrating voltage
30 * 4 NM o 30 x 104 nm corresponding
to the length of bar above it.
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However, these structurss were not ohserved in fracstured
coagulum (Figs. 3,4)c The lactic eacid bacteris - Streptopoccus
thermophilug end Lactobacillug bulgaricus were frequently

spotted on surface snd in pockets of enagulum without any
connection betwaen their surface and protein matrix. On
seanning ef different microfields, it was found that
strepiocececi outnumbered tha lectobacilli overall.
Sireptococcal chains of unusual length of 12-14 cells, not
common in in vitro conditions were seen colonised in the
form of micro-colonies at certain plages. On close
sxamin8tion, surfaces of these bhacteria were found covered
with struecture less deposits, whereas surface of lactobacillus
cells were observed comparatively cleaps Ffurther, the
sample was found free of contaminants 88 no microbes other
than yoghurt sterter wers ssen throughout the protein

matrix.

Ultrathin ssctions of fresh cow milk yoghurt
were studied under Tranemiseion Electron Microscope to
sbserve the ultrastructural deteils of the sample.
Transmisgion electron micrographs endorsed the presence
of casain agglomerations of various sizes and shapss as
shown in Figs. 5,6,7. Aggregates of micelles appesred
as discrets entitise intereconnected by long fibrils like
gtructure. DBesides casein clusters, large fat globules

made their appesrance with the ruptured electron dense



Fig.3. Micrograph showing both spherical
(black arrew) and cylindrieal
{white srrow) casein micelles.

Fig.4. Lsctic aecid bacteris enlenised on the
surface and in the ponckets (Streptococci~
black mrrow; Lactobacillus -« white arrowl.






Fig.&-

Figoso

Transmission electron micrograph
of cow milk ypghurt shewing
microstructure overall (X 1,000).

Mierogreph showing joining of
caésein agqgregates threugh fibrillar
structure (black arrow) present

‘on the surface (X 10,000).






Figt 70

Fig.ﬁ.

TEM microgreaph showing casein
aggregates (C)} milk fat globule (G);
mzlk fat globule membrane (M)
ruptured at different places =nd
Streptoecoceel cell (5) (X 7,200).

Ultrastructure of streptoecocecal
eell showing surface surrounded hy
minuts structures (X 25,000},
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milk fat globuls membramne in the yeghurt sample prepared
from whole milks The section through streptoecoeci revealed
diplococeal cell with the cell wall covered by minute casein

like structures (Fig. B).
4,4,1¢2 Yoghurt from cow milk praheated at 90C:

To visualise the impeaet of high heating of milk
on cow milk yoghurt, sample was obeerved stereoscopically
and uvltrastructurally. ﬂ porvus structure of cosgulum
marked by abundance of intarspaces wes visible at low
mlgﬁ%ficﬂtian {Fig.9)¢ The continuity of interspaces was
frequently interrupted by.casain imicelles anpd thus
resulting in formation of large and deep pockets 8a shown
at higher magnifications. Casein micelles of dimensions
of 300=-T700 nm with average dismeter, 350 nm, were observed
in the coagulum. Two tsndencies of ecasein orientation-
tendency of agqregation end chein formation were sren
prevalent among miceldes in tha sample. Desides, big lumps
and flat sheet like structures were also observed 8t some
places in the coagulum (Fig.10}. In respect of microflora,
streptococei with surface deposits {(diameter 1200 nm)
and slender clean surfaced lactobacilli (diameter SO0 nm)
were observed in interspaces and on the surface ag well,
Diploecocci ealls of lasrger dimensions of aprroximately {1500 nm
could be spotted in some microfields during the scanning

of sampla (Fig.11).



FIGURES 9=13 ELECTRON MICROSCOPY OF FRESH YOGHURT
FROM COW MILK PRE.HEATED AT 90C FOR 30 MINUTES (an).

Fige9« General view of microatrueture of
coagulum at low magnificetion.

Fige 10+ Mierogreph showing porosity and
3=dinmensional natwork of protein matri x.

Fige §1. Blg casein aggregatas (black arrow)
as seen at higher magnificationg
diplococei (whits errow) can also
be spotied.
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Compact clusters of coasein surrounded by fibrillar
matrrial were frequently obaerved in TEM pictures. Fibrils
are semn extendsd tc adjacent clsein aggregates in some fields.
Big casein wggregates of ebocut 1=2 p dimension with appendages
like strurtures attached on the surfece are well dreumented
in Figy 12, Ultrathin sectinne thrrugh lectrbeeillueg cells
ravealed the structures of different dimensions. At higher

magnification, outlines of these structures lorked fuszy in

appesrance (Fig. 13).
4.4.1.3 Ypghurt fram buffalo milk pre-heated at 70L:

The ecagulum of buffale milk yoghurt was found
moderstely porousy poekets being deep snd small, ranged
between 1=3 p in size. Casein micellee were nearly sphericel
in shape and found isnlated, interlinked and as larger

aggregates undrr high magnification (Fig.14). The messurement
of size nf micelles showed considerable varietion among frer
micelles ranging from 250-13%0 nm in term of dimension with
everage dismeter of about 300 nme Oercasicnally, big inelusien
bedies presumably of ~asein with needle like structures of
c8leium conplex or the surféce were obssrved in unfracture
coagulum (Figs15). A egeovering of enagulated globular
aggregates was noticed in unfractured snecimene, while
fractured specimens were found free of any such struct
S$imilar situsticon has been earlier reported in samnly
In varinug microfields, laetipe @eid hactaria macde ¢

appesrance invariably with surface covered.



Figo‘lzo

Fiq.13o

TEM mierograph showing compact
cagein aggregates surrounded b
fibrillar structures (X 10,000{.

A lengitudinel and oblique
section through lectobacilli

showing cells of variahle dimension






FIGURES 14=17. ELECTRON MICROSCOPY OF FRESH YDGHURT
PREPARED FROM BUFFALD MILK PRE-
HEATED AT 70C FOR 30 MINUTES (Byg).

Fig.14. S¢M micrograph showing miecrostrueture
of fractured coagulum (Casein
aggregates « black arrows and micelles
in che8in - white arrow). Shallew
pockets can also be ssen.

Fige1S. Mierpstructure of unfractursed
coagulum showing depositien of
small globular structures (bleck
arrow); sheet like structures and
needle shaped erystels. Lectobaeillus
car be obeerved protruding out of
the pockets (white arrow).






Fig¢ 16-

Fig- 1?;

TEM picture showing the section
through casein aggregates. Thread
like structure of denastured whay
protein (black arrow) betwesn
cagein a gragatsa sres frequently
vieihle 5,000},

In sddition to cesein aggragates
linewar chain of streptoecbeei
(white arrew) are shown in the
miczograph. (X 4,000).



Fig¢ 16-

Fig- 1?;

TEM picture showing the section
through casein aggregates. Thread
like structure of denastured whay
protein (black arrow) betwesn
cagein a gragatsa sres frequently
vieihle 5,000},

In sddition to cesein aggragates
linewar chain of streptoecbeei
(white arrew) are shown in the
miczograph. (X 4,000).
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Lactic 8cid bacteria with hoth clesan and
unclean surfaces wera found in the coagulum as documented
by different SEM micrographe (Figs. 18,1%). ODecasionally,
lactobdeillus cells with typical club=shaped terminal ane
were also pbeerrved. The ecell diameter messured 700 nm in
the middle regien and increassd to 900 nm towards the end
of the cell. The size of streptococei was found as high
ag 1400 nm in some fields. Resides casein and yoghurt
micronflera, smooth, solid structure and cotton=like
aggreqgated masses were saen sca8ttered r&ndomly in the

microstrunture (2Fig.20).

Small complct casein micelles with well defined
putlines, sparsely distributed all over were observed under
TEM (Fige 21}« Short hairy nrejections were present on
the cuter periphery 25 seen 28t higher magnification.
Interconneecting fibrile or appendages on casein micelles
were nnt so prominent ir this sample. PRaan shaped casein
aggregates or migelles of 3000 x 2000 nm were spotted in

dif ferent fislde (Fig. 22).

4,4.2 JYpghurt afisr 24 h of storage

Eleetron microscopic observatiorns of cow and
buffale milk yoghurts stored for 24 h at 4-60 were cacried
out tn study the effeect of storage on the microstructure

of nasein and yoghurt flora in yoghurt coggulum.



FIGURES 18.22, ELECTRON MICROSCOPY OF FRESH YOGHURT

Figa 13-

Figo ‘970

Fig- 20-

FROM BUFFALDO MILK PREHEATED AT
90C FOR 30 MINUTES (BSD"

SEM micrograph showing highl{ porous
network of microstructuras. actic
seid hacteris in chains cé&n be spotted
in the centre.

Microstructure of &8 fractured
coagulum showing details of general
matrix. Club shaped lacinbaecillus
(black arrow) in association of
Stroptocoeci is seen.

Lactose crystal (whits arrow) end
cotton like free agqgregates

presumebly of denatured whey protein
are szon entrapped in the 3~dimensional
highly erees.linked network of protein
mateix.






Fige 21« TEM migrograph showing smell compact
and smooth cesein micelles (X S,000).

Fig. 22. Section through coagulum shbwing
highly sleectron dense big micelles

aggragatee sxranged in a linear
tashion (X 5.0003.
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4.4.2.1 Yoghurt from cow milk preheated et T0C:

At lower magnifiration, the microstructure locked
compé@et similay tn fresh cow milk yoghurt. The interspages
were found widar in the cosgulum. The casein mipelles were
seen comparatively more fused giving rise te the formation
of inersased number of big clusters thap fresh ssmple as
obgerved as higher magnificetion (Fig. 23). Free micelles
which were not frequent, me2sured 440-770 nm in diameter.
In sddition, globular clusters were algo ohserved on the
surface of unfractured coagulume There was no visual
difference in the morphnlogy of lactic acid bacteria.
Surface of yoghurt microflora ahowed depoeits 8s reported

Qarliﬁr ‘Figo 24)1

TEM study showed the presence of fusion of micelles
as observed in SEM. Big micellss of irreqular shapes covered
with appendages were observed. Typicel heart shaped casain
aggregates were spontted 8t few places (Fig. 25). free
aggregates of less electron dense protein like material also

appsared frequently in the background nf cesein structures.

4,442.2 VYaghurt frem cow milk preheated at S0C:

The yoghurt prepared from cow milk pre~heated
comparatively at high temperatures nffered porous structure
et low magnifircation SEM micvogrephs (Fig. 26). At higher
magnifieation, the microstructure anpeared comelex in

its orgenization. Mieslles were found to be involved in



FIGURES 23.25. ELECTRON MICANDSCOPY OF COW MILK

rig. 23-

Fi Qe 24.

Fig- 250

YOGHURT (070) STORED FOR 24 H AT 4-6C.

Gegnerel view of frectured coagulum

of sample.

S5EM mierograph showing Streptococesl
chain with covered surface (black arrow).
Wide interspace resulting from cesain
micelles aggragstion can be seen the
back ground.

TEM micrograph showing casein
aggregaiea as Separate entities
surrounded by fihrillar structures.
Typical heart shaped (white arrow)
and free floegules (black errow) of

danatura? whey protein are spotted
{X 4,000).






FIGURES 2627, ELECTAON MICROSCOPY OF COW MILK

Figo 26-

Figs 210

YOGHURT (Cgp) STORED FOR 24 H
AT 4-6C.

Microstructurs of fractured coagulum.

SEM mierogreph showing complex
micrastructure comprising beth
chains (white arrow} and aggregates
(black srrow) of casein micellee;
Bacterial surface shows high
deposition of protein liks meterial
on it.
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aggregation and chain formation 8s demonstrated in Fig. 27.
The micelles are interlinked through surface to surface
contacgt. Thread or tubular protein struptures weres not
chserved in the sample. Fipe micelles of varied dimensions
were also noted. Comparatively heavier deposition was seen
on the surfece of lactie streptoencei in chain., Ffree and
aggregated micellea with fuzzy boundaries were commonly

obhserved in ultrathin sections under TEM study.
4.4+.2+3 Yeoghurt from buffalo milk preheated at 70C:

Moderately porous micrestructure with irregularly
distributed, deep pockete on the surface of ecnagulum wesg
noticed (Fig. 28). Ocrasionally, pockrts were seesn opceupied
by smonth compRect structures. Mierohial surfaee aprearasd
clean and mierrbes were of reqular dimensionsy Lactnbacilli
720 nm and Streptococci 1000 nm in diemeter (Figs 29,30).
Casein micelles were mostly aggregated and free micelles
measured 500.800 nm in dizmeter. The surface pf unfractured

coagulum was seen covered by globular aggregates.

TEM micrographs revealed the aggregated casein
micelles placed diseretsaly in the matrix. Free floccules
of eoagulated protein like struetures were seen fregquently

apart from the c8sein micelles (Fig. 31},
4.4.2.4 Yoghurt from buffalo milk heated at 90C:

Seample presented a highly porous mirrostructure

equipped with uniformly distributed deep and big pockets.



FIGURES 28.34. ELECTARON MICROSCOPY OF BUFFALD
MILK YOGHURT (570) STORED FOR
24 H AT 4-8C.

Fig. 28. Microstructure of coagulum
showing aggregation of casein
micelles.

Fige 29.  SEM micrograph shnwing inelusion
bodies occupying the interspace.






Fiq. 300

Fiq- 310

Smooth suxface streptococcsl cells

in chain (black arrow) and covered

surfece lectobacillus (white arrow)
are ppotted in the microfiaeld.

TEM picture showing the aggregstion
of migelles at low magnificatieon
{x 2,000).
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Micelles arrenged in chains contributed to the network of
casein matrix. Ag compared to fresh buffale milk yeghurt,

a tendency of aggregation 2mong cosein micelles in addition
to ehain formation weés noticeds The sample was found gquite
rich in lactic acid becteria. The bhacteria with clean
surfaces were localisad mostly in pocket (Figs. 37,33,34).
Streptococel and lactoberilli measured 1,000 nm and 720 nm
in diemeter respectively. Smooth sphericel ineclusion bodies

were found settlad in pockets as shown in fig. 33.

The ultrathin sections through coagulum revealed
and highly dense compesct micelles arrenged in linear fashion
(Fige 35). Casein micelles showed short hair like projestions
on tha surface st higher magnification and interlinking
among these micellas through thase structures was clearly
vigsible in Figs. 36,37. Long thread like protesin structures

were missing in this sample.

4.4.3 Yoghurts after 72 h of storege

£lagtron microscopie studies nf Yoghurts prepaced
from cow and buffale milkes stored for 72 h were conduectsd
te observe the changes in microstructure corresponding to

this period of storage.



FIGURES

rigo 32¢

Fig. 33-

Figo 3‘1

32.37. ELECTRON MICROSCOPY OF BUFFALD
MILK YOGHURT (ng) STCRED FOR
24 H AT 4-6C.

Migrostzructure of evagulum showing
deap pockets and clean surfaced
lactie aeid bagteria in thess pockets.
{atreptocoeci- white arrow
lactebacillus- black arrow).

Desides yoghurt microflora, lumps
{black arrow) ars ssen sntrepped in
the matrix. Typieal chain of
cesein micallas {(whits arrow) is
vismible.

Crosslinking of micelles chains
resul ting in typicsl pockats
formatien is documented in this
microegraphe.






Fig. 35.

Figo 36'

Fig.

37.

TEM microgreph showing compact casaein
migelles and aggregates &rranged in a
linear fashion ?X 2,000),.

Magnifisd view of caeein micelles
in chein (X 5,000).

Interlinking of casein micelles and
sggregates through short heir like
etructures of hest induced complex
presant on the surface of the
micelles as regealad hy TEM (X 4,000).
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4,4.3.1 Yoghurt from cow milk preheatrd a2t J0C:

Irregular microstructure eould be visualiged
even at low megnifiration (Fig. 38). Large inclusion
bodies and flakes like structurss made theirp appsarance in
the coigulum and globular agqgregates were seen sandwitehed
between these structures (Fig. 39). Casein micelles

measurad hetween 400=600 mm in diameter.

Cagein micelles were seen clustered in large sggregstes
as shown in transmission microgréphs. Migelles are seen
distinctly joined by loosely arranged fibrillar structures

-~ (Fige. 40,44). Streptococeal cells cculd be spotted with
the dimension of {200 nm. fFfigure 42 shows how the casein
micelles are fused to form a continuwoue chain leaving

cavities in betwaesn the matrix.
4.4,3.2 Yoghurt from cow milk preheated at 90C:

SfM studies revealed & compact and irreqular
mierostructurs of the sample. Pockets were not that
frequent in this semple. Flocculzted ca@sein micelles and
smooth lumpe dominated the metrix (Fig. 43). Heevy uneven
deposition on bacterial surfa2ces was seen and streptocogel
and lactohagilli measured 1200 nm and BOO nm in diameter

respectively (Fige. 44, 45).

Cagein micelles of comparstively very smsall size
in clustars ®nd in lins2r chains were shown in TEM

micrographs (Figs. 46,47). Unfused micelles shnwed shnrt



FIGURES 3842, ELECTRON MICROSCOPY OF COW MILK

Figo 38-

Figa 390

YOGHURT (C7pn) STORED FDR 72 H
AT 4.6C.

Microetructure of coagulum showing
high eggreagation of césein micellea*
Numerous big lumps are visible sven
at this low magnification.

SEM micrograph showing sheste of
compact caeein and long flakes.
leosely aggregated globular
elusters 8nd sendwitched in
betwaen (blaek arrow).






FIGURES 43-47. ELECTRCN MICROSCOPY OF COW MILK

Fig. 43!

Figo 44-

Fig. 45.

YOGHURT (Cgp) STORED FOR 72 H
AT 4.-4C.

Mierostructure of coagulum showin
extensive fusion and casein micelles
and lunps formation (bleck arrow).

SEM mizrograph showing lactobaecillus
cell with hesdvy deposition on the
surfecs.

Streptococeal ehain with heavy
deposition on the surfaca of cells;
lumps #re smen in the backgreund.






FIGURES 43..47. ELECTRCN MICROSCOPY OF COW MILK

Figl 43-

Figl 44-

Figl 45.

YOGHURT (Cgg) STORED FOR 72 H
AT 4.6C.

Migreatructure of coggulum showin
axtensive fusion and casein micellss
and lumpa formation (bleck arrow).

SEM mierograph showing lactobarillus
cell with hesavy deposition on the
surfacea.

S5treptococeal chain with heavy
deposition on the surfece of cells;
lumpe are ssen in the beckground.






Figc 460

Figo 470

Small sphearieal casein micsllee free
and in chains &8 shown in TEM
micrograph (X 2,000),

Compact micellss of high density
showing linearity. OShort projections
{blagk arrow) ers seen on the surface
joinin% to adjacent micelle surface
(X 4,000},

i/
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projections or fibrillar atructuré on the surface as
revealad by TéM micrographs 2t higher megnification.
Joining betwsen two micelles through these fibres could
be easily sesn while aggresgates of protein material was

not prevalent.
4.4.,3+.3 Yoghurt from buffale milk prehested at T70C:

Ap i1l defined microstrueture characterised
the sample. Flakeelike structurses were seen concentrated
mastly\in pockets. Cesein micelles failed to maintain
regular structures and rendered the florculated apnearance
along with loose globular elusters. Coral shaped structure
made the appearance in the miecrostructure of this semple
(Figs. 48,49), Streptococci wers unusuelly large in size

messuring {1800 nm in diemeter.

TEM micrographs presented the clsein micelles
highly aggregated into lorse clustere. Less electron dense
protein structures in form of long strands appeared in the
mierographs (Fig. 50). Ffrer aggregates of these structures

were a8lsp seen prevalent in the miercstructues.
4. 4,.3.4 Yeghurt from buffalo milk prehested at 90C:

As rompared %o nther sampler stored fer similar
pericd, this seemed to preserve the organrised mirrestructure
somewhat hetter (Fig. S1). Beth shallow and deep pockets

were seen uniformly distributed. Similer to previous



FIGURES 48.50.

ELECTRON MICROSCOPY OF BUFFALD MILK

YOGKURTY (BTU) STNRED FOR 72 H AT 4..6C.

Fig. 48. Microstructure of cosgulum at low
magnification.

Fig. 49. Mierograph showing coagulated
lobular structures agqregstes
?whita arrow) and large flakes
oecupying the interspace.

Fig. 50 Ultrastructure of looses sggregatss
of cassin micellss and flocculatad
whey protein structure prevailing
the wmatrix (X 4,000).






FIGURES 51=54, ELECTAON MICROSCOPY OF BUFFALD

MILK YDGHURT (BQG) STORED FOR
72 H AT 4.gC.

Fige 51 SEM micrograph depicting mierostructure
of coagulum et low magnification.

Fige 52, Casein micelles in chains forming
the netwonrk of microstrueture.
A short chain of Streptococci can
alsen he sean.
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buffalo milk yoghurt samples, casein micelles were seen
arranged in chains and thus forming & linear structure.
The surface of yonghurt miprsflora continued to show structure

less deposition (Fig.52).

TEM micrograph showed that micelles were of very
smaller aize @rranged in & linear fashion (Figs. 53,54). On
close examination, cutline of miecslles wers found distinet
bearing hairy projsctions. Howsver, aggregation of micellws

wets not rare in this sample.

4.4.4 Yoghurts after storage of 120 h

Yoghurts stored for 120 h at low tempsrature were
studied under SEM and TEM to vigualise the effect of prolonged

storage on misrostructure.
4.4.4.1 Yoghurt from cow milk preheated at 7O[:

Llustere of eacein micelles 2nd could be observed
as uysual with flat shast like structures of compacted cesein
daminating the micrestrusture of unfractured ecoagulum
{Figas. 55,56). Beth clean cells (diameter 730 nm) and
unelsan ecells (diametexr 730-B60 nm) of lactrbacillus were
obsarved in fraectured specimens, Strentococeci with diamster

1500 nm showed considersble deposition on the surface (fig.S57).

In TEM micragraphe, micelles were sern rather

separate antities of {rreqular shapes. Fres floecrules of less



Figo 53.

Figo 541

Small cesein migelles wiih
ecomparstively smooth cutline are
ssen moetly forming the chains
a8 revealed by TEM at leow
magnification (X 2,000).

Ultrastructure of cesein micelles
(X 5,000). No floccules of
denntured whey protein are asen
araund the migcellas.






FIGURES 55-59. ELECTADN MICROSCOPY OF COW MILK
YOGUURT {a:-m) STORED FOR 120 H AT
4-&:-

Fig. 55. Compact mierostructure of cozgulum.

Fig. S6. Large compact sheet like structures
presumably of pretein domineting
the miprostructure of unfractured
ecoagulum. Aggregates of globular
structures 3re sasn around these
sheests.

Fig. §7. Mierostructure of frapiured
specimen showing lactiec acid bacteria.






Figs. 58, 59,

TEM micrographs showing casein
micelles sgqreqatee of irregular
8izese Threade of denstured
whey protein atteched to theee
eggregates (white arreow) and in
farm of free flocculee (blaeck

arrpw) ars frequently seen
(x 2,000]).
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electron density were found distributed throughout the

matrix (Figs. 58,59).
4.4.4.2 Yoghurt from cow milk preheated at 90C:

This sample centinued te present the gcomplex
micrrstructure at this interval of storagm. Smeonth sphericsl
inclusion bodies appeared localised on the surface of coagulum
(Fig.60)e The lactiec acid bacteria with clean and unclean
surfeces were generally spotted in ipterspaces (Figs. 61,62).
Pockets were not so well demsrcated &nd smsmad to fused into
big intsrepaces in the coagulum: Micelles were seen both in
free and aggregeted form as revealed by TEM. Micsllas managed
to maintaln their integrity in clusters and free micelles
meesured 600-.1700 nm in diamater. Ffibriles joining the casein
eggregates were commonly observed in different microfialds

(Figes 683,64,65).
4,4.4.3 Yoghurt from buffale milk prehsated at 70C:

Fractured coagulum offered a porous microstructure
with large interspaces resulting presumably by distortion of
poekets distributed in the coagulum. Lactic acid bacteria
can he spotted in coagulum even at low magnification in Fig.66.
Small globular struectures enuld he seen in unfractured
specimen. Clean surfaced streptocoeci and lactobaeilli
measuring 1,000 nm and 720 nm in diemeter respectively were
observed in pocket {Fig.67). DNipleoeocei with covered surfaces

measured 1200 mm in diameter. Lumps &nd sheet like structures



FIRURES A0wHS. ELECTRON MICROSCOPY OF £DW MILK
' ' YOGHUAT (cgu) STORED FDR 120 H
AT 4-6C. ,

Fig. 60. 5tM micregraph showing lumps alongwith
casain aggregates in unfractursd
coagulum.

fige 61+ Streptococei (black arrow) and
laetic seid bacteria (white arrow)
spotted on the peckets of coagulum.

Fig. 62. Beside casein aggragation, chain
- formation of micelles ig also
evident (white arrow). Lactic acid
becteria showing both clean and
deppsited surface at higher
magnification.






rig- 63. A seetion through yoghurt coagulum

showing ultrastructure of casein
micelles (X 1,5001.

Figs 64. Micelles are sesn surrounded by
comparatively more slectron dense
thread like structures in this
sample (X 4,000).

Fig. 65« Migelles joined through afors.said
fibriller strurtures as seen at
high magnification (X 10,000),






FIGURES 6670, ELECTRON MICROSCOPY NF BUFFALD

Figo 660

Fig‘ 671;

Figo 68.

MILK YOGHURTS (B_m) STORED FOR
120 H AT 4-§C.

Large interepaces in the mierostructure
as shown under SEM. Yoghurt micreoflora
¢8n be Bpotted even at low magnification
(black arrow).

Micregraph showing lactic acid bacteria
with glean (black &rrow) and covered
gurface {(white arrow).

Shest like protein structures
sarroundsd by tiny glebulsr
structures observed in unfractured
epegulum.
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were found in the poeckets frequently (Fig.668). Presernce of
big @#gqreqates of small micelles #nd pockets in the cosqulum
was svideneed in TEM mierpgrsphs. The protein like matariel
intarecnracting these agnregates and in the form of free

agyregates dominsted the microstructure (Fig.§9,70).
4s4.4.4 Yoghurt from buffale milk heated at 90C:

Thig sample effsred highly porous structure, numersus
pockets were digtributed uniformly. The lang chains of micelles,
interwoven eénd intercomnected presented an orgeanised network
(Fig. 71). Sample even at this stegs of storage, erntinued
to suprort the growth of lactic scid bacteris to a great oxtent.
Streptocnecei with elean surfaces measured 1000 nm, while
streptocoeel with eovered surfaces measursd 1200-1400 nm in
diameter (Figs.7?,73). Short lactohacillus cell of 6.4 p
in length was spotied at this stege of storsge. The compact
mircalles arranged in linmar fashion were observed 8t lower
magnification in TEM miprogranhs {(Fig., 74). Micelles joined
through short fibriller structures ecould be seen in Fig.75.

In addition to thig, 8 cluster of smpooih surfaced sphericgal
bodies with dimension of 1200 nm indicated the presence of

streptoeoeni {(Fig.76).
4.5 APPLICATION OF SfM TECHNIQUES IN YOGHURTS

4.5.% Dpuble fixation yersus single fixatien of Yoghurts
coaAgulym

To see the suitability of singla fixation in

-~

gluteraldehyde for yeoghurte, yoghurts 2t 24 h interval of

starage were preserved in glutaraldehyde and switched nver



Fiq. 69.

Fig. 70-

Biscreta antities of caeein micelles

interlinksd by denatured whey protein
structures as ravealed by TEM
{X 4,000).

Loosely aggregated casein clusters
surrounded by denatured whey protein
floeeules (X 2,000).






FIGURES T1=T6. ELECTRON MICADSCOPY NF BUFFALD MILK
YOGHURT (Bgg) STORED FOR 120 H
AT 4-6C.

Fig. 71+ Highly porous aicrostructure of coagulum.

Fig. 72. Microeslony of streptocoeci localised
in the poeckats of three dimensional
network of casein.

Fig. 73« A long streptococcal chain showing
daposgtinn on the surface at
higher magnification.






Figo 74.

Figo TS.

Fig. Tﬁc

TEM micrograph showing small casein
micelles in chaine distributed in the
metrix (X 2,000),

Hairy pronjertions stretching betwesn
two casein micelles as shown at

higher wmagnification (X 2,000).

A section threugh typigal
microenleny of streptocoeed
observed under TEM (X 4D,000).
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directly to conventiconal sir-drying. The reason fer chomsing
Yoghurts at this particular interval of storage was thet
it was presumed that microstructure of coagulum is stahilizad

by this tims.

All the samples = cow and buffalo milk yoghurts
prepared from milk heated at T7OC and Y0C presumed the
migrastructure coamparable te doubly fixsd samples. The micro-
structure of buffalp milk yoghurtes was found more porous as
compared to that of cow milk yeghurts (Figs 77)e The
distributiorn and gize of tpouekets and interspeces wried
aecnrdingly. Casein micellee of veriocus shapes like typical
heart, spherigal, #lliptical were observed in cow milk yoghurts.
The tendency of uniformly well preserved lactic acid bacteria

particularly straptecoesci to get enlonised in pockets and
interspaces in the coagulum was frequently seen in various
mierographs {(Fig. 78,75). Besides long ecells, small lactobacillus
cells could also be spotieds Neot only casein and microflora,

single fixation was found esqually efficient in preserving tie

inclusion bodies in the goaqulum (Fig.80).

4452 Air=dzying vereus freeze-drying of Yoghurts

Fer S&M, fresze~drying wes employed a@s an alternetive
tn airerdrying, for the purpose of drying the veghurt specimens
after fixation. Yeghurt samples were doubly fixed in
gluteraldebyde followed by osmin acid snd subsequently

subhjected to freeze~drying im & lyophilizer.



FIGURES T7=-BD. SCANNING ELECTAON MICROSCOPY COF
SINGLY FIXED AIR.DRIED SAMPLES
OF £OW AND BUFFALD MILK YOGHURTS
STORED FOR 24 H AT 4-§CL.

Fig., 77. VWgll preserved Microstructure of B
sample oheerved at low magnificaticn.

Fige 78. Clean surfeced strepteccocci in chains
{black errow) and small rod of
lactobacillus (white arrow); casein
network ie seen in the background.






Fige 9. Three dimensional natwork of
casein mieellns entrapping lactie

acid bacteris.

fige 80, Smooth surfaeed big inclusion
bodies domineting the mierostrueturs.

Numerous pocksets are seen in the
back ground.
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Freeze-drying resulted in a flecculated microstructure
in case of yoghurt coagulum as visible at low magnificetion
(Fig.81). Casein micelles were seen either aggregated or
stretched inte sheet like structures beth in fresh and stored
samples. In this type of arrgngament. regular pocket formation

was not observed (Fig. 82).

Frepse=drying wes found gquite efficient in preserving
the miernfleora of yoghurtse- fresh and stored ssmples.
Streptococenal chains with beth eleen &nd covered surface werse
frequently seen in fresh and stored yoghurts (Fig. 83). At
higher magnifiesation, diplococci cells were seen unitsd to
form the chain and the terminal pell of the chain was found
comparatively bigger in size. No connecting materisl betwesn
hagterial cell and cagein matrix was sewen {fig.B84). Mipro-
colonies of lactic acid bepcteria were well preserved in stored
sample for 120 h (Fig. 85). Streptococei of higher dimension
measuring 1300 nm in diameter was obhserved apart from leng
rhaing of lactobeeilli, individusl laciobacillus eell with
diametar and langth of 960 and 6400 nm respectively could alse
he spotted (Fig. 86}). Connescting material hetwesn c21l and
cagein matrix arouﬁd wag found missing in freeze~dried samples

too.

The holes formation, & phenomenon 2lien te Birndried
samples, was frequently observed in SEM micrographs obtained

from samples dried through this teehnique.

LEZ T X SN
* % *
-



FIGURES B1.86. SEM OF FREEZE_DRIED COW AND

Figo 81.

Figo 82-

Figo 830

BUFFALO MILK YOGHURTS.

Flocculated microstructure of

fresh buffalo milk yoghurt (890}.

Closed microstructurs resulting
from the stretching of casein
into eantinuwus sheet like
structures in cow milk Yoghurt
(Cgp) stored for 24 h.

Floeculated microstructure
showing & chain of lactobacilli
with deposition on the surfacse.






Fig. Bdl

Figo 850

Fig. 36.

Smopth surfeced streptococci

in fresh buffale milk yoghurt

(BTDJ shown at higher magnification.
Terminel cell is bigger in eize.

Lactobacill! and streptocoeci
seen ecolonised in pockats and

on the surface of coagulum, as
shown in cow milk yoghurt ztgg)
stored for 120 h at refrigeration
temperatura.

SEM microsgraph showirng no
connection betwsen small,
individuel rod of lactobacilluse
and suyrrounding floceulated
casein matrix 2n buffalo milk
yoghurt (Bgﬂ) storad for 120 h
at 4=6C.
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5. DISCUSSION

Scanty informatisns ere availahle in literature on the
microstructure of Yaghurt prepared from fresh whole milk
especially huffslo milk. Heance, Yoghurts were prepared from
bath cow end buffals milks pre-hestad at twe diffarent ranges
of temparature , 70 and 90T for 30 minytes se holding time.
These twe temperatures are widely opted for trestment of milk
in dairy industry befors goning for actual manufacture eof the
product. An sttsmpt was mede to determine the pH of gslation,
acid content and viscosity ef the finished preduct and te
correlats these properties with miecrostrusture of coagulum
revesled by electren mieroscopy. The study wes further

extended to Ymghurts stored upto 120 h at low tempmsrature.
5.1 pH MEASUREMENT OF MILK GELS DURING YOGHKURT PREPARATION

The pH of milk gela from cow and buffale whole milke
pre=hsatad at 70C and 90C for the holding peried ef 30 miputes

wapg measured till the completion of setting of coagulum.

It was apparent frem the rasulte that initiation as
wall as completion of gelation was sarlier in eow and buffale
milks pre~heated at 90C than milks pre-heated at 70C. It was
further observed that the pH values corresponding to curdling

point end setting point of coagulume were lower in gels
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from milk hasted at 90C as compared to milk heated at 70C.
Fram thess results, it can be concluded that scid development

wag more in milke heated at 90C than those hsated at 70C,

This differenge in pH end acidity development inm milk
gels sssocisted with different pre-heat treatments can be
attributed to thsrmal decompsotinn of lactose, dephosphorylation
of cassin &nd digplacement of celcium-phosphate equilibrium
among other fectors. The involvement of 28ll these factors in
lowering of pH and more eegid production in hested milk has
been recognised earlisr by Parry et 8l. (1974). The magnitude
of impact of theae factors may vary with the degree of severity.
Undar the light of these observations, variatisons in pH of

gels from milks heated at 70 and 90C can be clearly understood.

Kelab st al. (1976) observed that skim milk heated st
higher temperature (J0C) without sny hoelding time, gelled at
higher pHe This variation c#n bs explained on the besis of
obssrvation made by Fox snd Morriseey (1977) that scidity
davelopment from lactose decomposition and dephosphorylation
is signifieant only after prolonged hesting of milk. Moreover,
the role of fat present in whole milk usged in the study can

rnot be altogethar ignored.
5.2 MEASUREMENT OF VISCOSITY AND JUDGEMENT OF YOGHURTS QUALITY

The viscosity of Yeghurt gives the fair idea of

consistency and firmness of finished product and thue cérries
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significant impsct on consumer value of it. The results
obtained through viscosity messuremsnt and judoemant of
quality showed that high heating of milk resulted in firm
gurds, free of synerasis from hoth cow and buffslc milks.
Sample Bgp was found two-times firmer than sample By and
about 40-timas than Cype The off-flavour observed in cow
milk yoghurt (Cyg) een be associated with high whey crntent
of the sample as has heen reported in Yoghurt frem milk
fortified with whey protein by Modler st al. (1983). It is
svident that buffalo milk yaghurt excels over cow milk yoghurt
in terms of consistency and quality of gragulum (Table 2}
end ohservationa are sbviously in favour of Yoghurt production
from buffale milk particularly in Asian countries. The
superiority ef heating of milk &t 80.90C for the holding
period of 30 minutes over pasteurizetion and UHT treatment
was sndorsed by Stadhouders and Hassing (1973) . Labropoulos
2% al. (1981a) also ohserved thet Yoghurt prepared from
milk hestad at 820 for 30 minutes weas firmer than Yoghurt
prapared from milk heated at §3C for 30 minutes and UHT
treated milk, It has been esstablished that whey protein
densturatinn end disulphide bonds formation between thrae
protein and Kegssein results in firm curd formation on
heating of milk {Lyster, 1970; Parry et al., 1974 and
Creemer gt 8l., 1978}, Labropoulos gt al. {(1981b) propesed
thet a speeific change manifested in whay protein during
hesting of milk above B80C for 30 minutes contributes towserds

formation of firm structurs.
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This esontention gete tha support from the recommendations
of differsnt groupe of workerrs for heeting of eow 8nd buffalo
milks 2¢ B0=90C for 30 minutes to prepare Yoghurt { Storgards,

196434 Humphreys Plunkett, 1969; Rasic #nd Kurmann, 1978;
Nayies g4 al., 19783 Huhn gt 2l., 19813 Dolezalk and
Vokagova, 19813 Mogler st al., 1983 and Modler and Kalsb, 1583).

5.3 ACIDITY MEASUREMENT DF FRESH AND STDREN YOGHURTS

The gseidity of fresh and stored yoghurts wBsg taken as
an index of activity of starter culture and coagulum-stability
at fresh stage and during storage. The aeidity of vearious

sanples thus wag estimated in terms of pDercent of lactie
acid. The results suggested that during storage, acidity
davelopmant in yoghurts from cow and buffalo milk pre-heated
et 90C was negligible, whereas there waa.s subetant ial
inecresss in spid content of samples from milks heatsard at 70C.

After 120 h of storage, cow and buffale milk yoghurts

(C7g and Byp) showed an increase of 30.C and 33.3 percent

respectively in agid content over corresponding fresh samples.

It can be explained from the results obtained thet
yaoghurts prepared from milk given high heat treatment
eapecisily Bgg sample were found more stable in bhehavipur
during tha atorags than yoghurts from milks pre<hested st
70C.

Ag far ss the ascceptability of the product is

concerned, buffslo milk yoghurts comperatively have attaiped
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the seidity more in the rénge 8cceptable commercially than
gcow milk yoghurts after storage of 120 h. Nevertheless,
cow milk yoghurts had not become unpalstable ocutrightly after
the same perind of storage. Borraquio et al. (1981) apgd
Modler gt al. (19B3) hsve considered the Yoghurt samples of
good quality stored fer one to twe weeks at low temperature.
Howevar, in & tropipsl environment like Indie, it is hardly
sdvissble to store the Yoghurt for longer period in view of
severity of tsmparatufa fluctuation and ecoromies involved
with etorage at low temperaturs.

5.4 STUDY OF MICROSTRUCTURE OF FRESH AND STNRAEN YDRRUITS

AS REVEALED BY ELECTRON MICAOSCOPY
The sgsacistive action of yoghurt stertrr culture

resulte into scidifiestion of skim or whole milk &and thus
forming the typicel yoghurt gel. In contrast to fluid milk,
the migrostrueture of Yoghurt eppears as & three-dimensional
structure formed by fusion 8nd a2gqregation of casein micelles
into multiple ehains. The similar microstructure of milk
gels has been r:-ported sarlier by various workers (Kalab et al.,
19733 Kalab end Emmonse, 1975 and Kalab gt 8l., 1976}, The
lactic acid bacterie and whey is found entrapped in the
protein networke There are sevoral facters influencing and
further contributing to the microstructure of finished product.
The feetors taken into censideratior in the present study
ineludes type of milk, pre=heat treatment of milk, pH of

coagulation and finelly storage a8t refrigeratinn temrerature.
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Te underetand the modus operandi of 211 theae variebles
during development of microstrueture, the slectron microscopy
hae bheen employed te study the micrestructure of yoghurts

from ecow 8nd buffale milks.

Sedet fresh uris
S+44141 Caseln microstructure in cow and buffsleo wmilk yoghurts:

The microstructure of cow milk yoghurts was
cbsarved 8s & three-dimensicnal spongy network of clustered
and aggregated cesein micelles. The bhig interspeces ware of
common ogcurcsnce in ssmple CTD' while these were restricted
in dimension by pockets formation in Cgp. Kalab (1979)
axtensivuly studied the yoghurt microstructure and the pocket
formation. The contention forwarded by him that pockets are
formed as 3 result of bacterial action is untensble. Rather
it sppears more convineing on the hasis of oheervations that
fusion of micellas gives rise to pocket formatien when
bacteria erm entrapped during wheying. In Crps micellss were
seen either free ar in clusters, whereas a tendency of
interlinking emong micelles in addition was found existing
in Cgg» In comparison, the fras micelles in Cyg were bigger
in size (average diemeter 400 nm) than those of Cgg

(aversge dismeter 350 nml.

It c2n be concluded from the results that

aggregation of micelles wae higher in cow milk yoghurt (Cyp)
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than Cgpe Carroll et sl. {1971) postuleted that size of

cesein micelles is influenced by seversl facters. This
Included the intrraction of heat dendtured whey proteine with
.micelles, depuaitipn of intvluble gerum protein on micelles

and increéaelih caleium content leading to calcium bridging
among migelles on heating of milk. Hence, it is logical to
comprehand that big micelles formatiop ;n yoghurt gel is a
tamparéturﬁ dependant phenomanon closely assoclated with whay
protein denaturation. Whey protein is likely tr be deratureted
at both the pre-heat temprréatures usoed in the present study,
the difference anticipatéd only in the degree of denaturation.
Furtherx, denaturxaticn of whey protasin is expected to bes scmewhat
low 2t TOC. Moreover, denaturatien to extent of 99 percent

at 80C for 30 minutes has been experimentslly proved

(Humphreys and Plunkatt, 1969). Crsemer gt al. (1978} and
Labropoulos gt al. (1981a,b) @eserted that formation of & heet
indueced complex between micellsr and non-micellar protein
accounts for the presence of small micelles a2t higher temperature
trestment. The wider interspaces observed in the Cyq may be
due to tha cesein sggregation leading to fewsr chains and thus
forming 8 more open structure (Kealab et 2l., 1978). The
resultant soft coagulum from this type of microstructure is
expected to be virtually vulnarahle towards syneresis. The

comparable situation is feund to exist in sampls CTD‘

The unfractured ccagulum of Cyp wes frequently

seen covered with loose sggregates of tiny globular structures.
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These structurss were not found in fractured eragulum of the
same sample and were altogether missing in both fracturad

and unfractured coagulum of Cgp sample. More experimental
evidesnces are there-fore needed before any conclusion is drewn

about the nature ®&nd origin of thess globular aggregatss.

The informatione ocbiainsd from ulirathin sections
revealad that casein micellss ware laoosaly arranged inte big
dggregates af irregular ghapes surrounded by fine thread like
structures. OSimilar structures were nhsaerved in hmated skim
milk by Creamer gt al. (1978), and Kslab gt al. (1976)-

Davies ot 8l. (1978) visualised thrse structures es prominent
appendages prasent. on the surface of casein micelless in
yoghurt gel prepared from milk heated at 90C. All thess
workers ware of the view that thess thread like structures

are in feect, the heat induced complem formed by the interaction

of Pelactoglobulin and K-casein.

These whey protein strustures appsared es floceulated
protain in the form of long strénds betwean casein micelles
and thue separating the micellar aggregates ag individusl
entities in sample C7p. Much cemparable micrestrusture has
been observed by Modler and Kalab (1983) in ynghurt from skim
milk fortifisd with whesy pratein. It will hes relsvant to point
out that yoghurt sample CTU has been found to bes the weakest
enggulum having maximum whay eontent en the basis of viscosity

valyes and vigusl ohservation.
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In cage nf semple Cgn, rathér compact, small and
spherical micelles were seen surrounded by short hair like
projections. Thare sppeared a distinet linearity among these
micalles but connacting streénds were found miising hetwaen
some micelles at certain points. Various medsls sugqested
by different workers depieting the sectioning through three-
dimensionsl netwnrk of milk qgels can pagily explain this
diseontinuity among micellss in 8 chain (Kalab énd Harwalkar,
19743 Kalsb gt el., 1976). The lnﬁg strands of flocculatad
protein were less prevalent in the sampln.bﬁt, free aggregates
of these structures wers fregqusntly ebserved. The micrestructure
is similar to that pf yoghurt prepered from skim milk pre—hsated
at 868C for 30 minutes and fortified with cassin in form of
caseinate by Modler and Kalab (1981},

Studies on microstructure of Yﬁghurt using buffale
milk has been taken for the first”tima.- Microstructure aof
buffale milk yoghurts wag f&&nd modersataly porous in semple Byg
highly porous in sample Bgp. Fockets were shallow in fnrmer
ssmple whersss deep and regulzr porcket formstion was pbserved
in latter sample. Cesein micelles wore &lse forund free, inter-
linked and aggregated inte clusters ip ﬁample Beo snd measured
sbout 300 nm in dismeter. The micellsg were observed sxtended
inte tubular structufsﬁ and chaina formed by joining of these
structures into a highly organised network of protein matrix

in Bg O
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A close ohservation of SfM micrographs of Byp
and BQD asmples revealed that miernstructure of these samples
varied considerably. In buffale milk yoghurt (Byg), lonree
Sggregates of globular structures of very small dimensions
as compared to casein micelles in term of size, were ssen
sandowitched hetween casein micelles and aggregates (Fig.15).
1t may be notewnrthy te mention that similar structures has
alpp been noted in cow milk ynghurt {Cyp0)¢ ©On the other hand,
in Bgp sample, there existad no such aggiegatas and casain
micelles were seen linked together through tubular strurtures.
In addition, flocculated free entton like structures eould

bs spotted on the surfece of coagulum in Bgp (Figs. 18,20).

On the bagis of these observetions, it ecan be
proposed that lpose aggregates &nd tubular structures
reperted in B;p &nd Bgp respsctively are truly the structural
modifications of specific milk constituent manifested by
pre~heat temperaturs varisatien. Modler and Kalabh (1983)
raported the floecculated whey protein material connecting
the cesein micalles in ynghurt prapardd from skim milk
fortified with whey protein and pre-hsated at 88C for 30
minutes. It is very liksly that denatured whey nrotein
may attain the form of minutes glebulsr structure in beth
cow and buffale milks pre-hsated at 70C, whereag at 50C,
ths denatured whey protein probebly ie flocculated into
bridging materisl betwsen cé@sein micelles and remeins as
free floccules at some places. The gotton like aggregates

obheerved in the Bgﬂ appmar to be thesea free floccules.
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Modler and Kalab {1583) elsp entigipated the precence of
thegm free floceules in microstrueture and sxpre=saerd the
passibility of being washed ocut during preparetion nf sasmples
for SEM,

At yltrastructural level, irrsgular micelles
appeared as mors aleciron dense seplérate entitiess interspaced
by less electron denss thread like structures nf whey protein
in sample B?D {Figs 16} Floceulsted protein material was
seen mostly free in the matrix. In sample Bgg, micelles
appearad compéct, slmsctron dense and sphericel in shape
and were arranged in linser cheins. The micelles wers found
to join in to chaing through short hair like projections
88 obserxvaed by Kaleb ot sl. (1976) in Yoghurt frem milk
hesated at higher temperature. It ca&n, therefore, be assumed
that whey protein bshaves diffarantly in terms of its
aespciation with casein micelles depending on the distributien
of whey protein in the microstructure and pre—~heat tempersture.
fFlocculated protein material in the clese proximity of
micelles may be involved in thes formation of hair like
projeections thus extended tn other micelles. In eontrast,
whey pratein placed far aspart from micelles exists as free
long strends coniled into eggregetes. |

Seds1.2 DNistribution pattern and strueture of lactic acid
bacteria in Yoghurt coagulum:

Farmentation of milk into Yoghurt is esrried out

hy mixed culture of S. thermophilus &nd L. bulgsricus.
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As Buch, presance of any micrecorganisms cther than yoghurt
culture in cnagulum will be eonsidered sz contaminant.,
Distribution pattern and structure of these lactie acid
bacteria in ecoegulum sre likely to exert their influencs on
the quality of product. Generally, yesst 2nd mold have baesn
found a8 contaminants during storage of Yaghurt (Burragulo

st al., 1981}

Ilactie 8cid becteria in tha preeent study wers seen
distributed throughout the coagulum either on the surface or
in pockets ss ienlated long chains. However, pockets in
protein matrix gesmad tc provide more suitehle envirenment for
their multiplication. Streptococri wers spotted sither in
smell cheins, sometimes diplococci or in long chains estahlishsd
into microecolonies but laetohapilli in ghains were not prevalent
in the fresh stags. The presence of b&gterial chaing of
unusuel length indicates that milk sﬁpporta the growth of
lapgtiec aecid becteria tp s greater sxtent as a natural medium
comparable to other nutiritional media. Numerically, streptococedi

seemsd to outnumber the laectobacilli in distribution at this

Btagu.

Regarding morphology of leetic ecid bacteris in
coagulum, these bacteria were interestingly found in tweo
differert situations. Seme cells ware found smooth, while
other existed with ccoversd surfece in the coagulum. The
smooth cells of streptocoeci measured 1.0 p in diameter,

whereseg ecull with covered surface were found 1.240in diameter.
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For empoth and covered lactobagillus cell, the diameter
recorded were 0.72 u and 0.8 p respectively. Ruegqg gt al.
(1984} reported ths dimensions of streptocoecei and

lactobacilli vs U.94 and O.78lrespectively in Gruyere cheesse.

The observatinn of lactic acid bacteria with
cavered surféace wss the unusual feature of presenrnt study.
The bacterial surface wag ssen covered with fine desposition
of protein like structures. The extent of deposition on
the surface seemed to bhe higher in streptococci &nd amounted
to shbout 20 percent increess in diameter of cell. In case
of lactobacilli, the deposition was obsasrved comperativaly
of lower magnitude to the axtent of 2bout 10 percent. From
theee obssrvations, it may be possible to cenclude thaf
surface of streptoceccal cells ie more susceptible to the
typiesl deppsition as compared to lactobacillus cells.

These may be explainad on the basis of having sither specific
affinity batween bacterisl surface and protein like material
or invelvement of surface structure favourshle to such
depositions Experimental svidences ehow that smecth surface
of lactic streptococel when grewn in nutritional breth

App 8IS uﬁdulatad when observed at high magnification.

Bladen 8nd Stephan {1964) also observed similar convoluted
and uneven surface structure in case Velionells spp.

Hence, thers is a possibhility that surfasece structure of

streptococeil is agsociatsd with phenomenon of deposition.
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fibres in yoghurt microstrugturse only when certein stabilizer
and 'ropy' stérter culturss wers vasd. In the present study
this possibility ie totally ruled out, bec@use neither any

stabilizer nor any repy culture has been incoerporsted.
54,143 Inclusion bhodies:

Inclusion bodiss refers to the structure of unusual
shepes nhserved in the microstructure of coagulume These
atructures rasults from modification of milk constitusnts
accompanied by any change in the snvironment of microstructure
during gel developmernt. The domposition of wmilk, menufacturing
proecess and post-manufacturing operstions pley important role

in the formaiion of irnclusion bndies.

In addition to regular structural componenis of
miercetrugturs, smooth grystals and shest like structures were
observed in tha goagulum of yoghurts from cow and buffale .
wilks (Figs. 14,20). The smooth crystallin structures probably
are lactoss pressnt in cosgulum. Kalab (197%) hes reported
similar structures of lactoss in hsat ceagulated whey curd.
it is well known that the growth of crystal descide the gize
and shape of lactose, depend upon the humidity environment
and thus is the index of water content of miernstructure.

Sheet like structures observed only in the unfractured cosgulum.
were not of reguler structures &nd rasulted perhaps due to
compaction of easein into sheets. The role played by drying

methods employed for the sample presparation for SEM in the

formation of these protein structures can ba considered.
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Howevar, the pressnce snd structure of these typical hodies

cnuld naot be aRcertninos o3 y)b—”fwﬁ’ﬂf’ ey 4

S.442 §Igg!d !ﬁn!!ﬂ!s.

£.4.2+1 Yoghurts stored for 24 h at 4.6C,

Exeopt for few e8lterations, thes microstructure of
Yoghurte stored faxr 24 h 8t refrigeration tempersture was observed
similay t» that of fresh samples. It wes comparatively more
cpan in terms of gpatial configurstion. Micelles wers seen
highly sggregated and thus leaving interspacs wider than bhefors
2g shown in Figure 24. Free micelles prevalent in freesh samples,
became rare structures at this stegs. However, voghurt ssmple
ng wag found to preserve the structure to the best poesible
sxtent (Flge.32«34). The sggyregation of micelles may he
asspeiatad with lowering of pH dus to inereage in ascidity.
There was no conspicuous change in the miernstrueture 8¢ ultrae
structural level t~o. Domination of whey nrotein floeccules was
obeerved in low hested milk yrghurte {(Figs.25, 31) while linssrity
and interlinking emaong compact casein micelles through ahort hair
like struetures ware clearly vigihle in high hested milk
yoghurte {Fig. 35.37).

Clean surfaced lagtic acid bacteria were observed in
addition to bagteris with covered surface. It showe that lactic
scid bagteria are still actively growing at this stege of
storage and clesn surfaced haecteria represent the nawly divided

cellas. The deposition of protein like meteriel it seems, is
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restricted to old cells wherever present in the coagulum.
Occasionally, an increase in deposition was observed on the

surface a8 supported by higher dimension of theees bhecteria

(1500=1800 rm in diameter).
5.4.2+2 Yoghurts storsd for 72 h at 4~6C3

Thers was no unusual chshge observed in the micro-
strupture of yaghurts stored for 3 days 8t low temperature.
A progressive Iincrease in micellar aggregation accompanied
by enllapsing of pockets inte wide interspaces was the common
feature of all the samples except Bgpe Streptococesl cells
showed heavy deposition of proteinous material even upto 80
pereent at some places. Inclusion bedise as 7lakee and/or
sherts were obhasrved #s resguler structures of the matrix

(Fige 39, 43,39).
5¢4+42+43 Yoghurts stored for 120 h at 4-6C:

The microstrueture of yoghurts after etorage of
120 h at refrigeration temperature continued to exhibit similar
gtructures mas phserved earlier. Cut of 8ll the samples studied
agpregation among ecdsein micelles was maximum 8t this stagae,
virtually resulted in wide interspaces forming & more open
structure. Under these circumstanceas, the eoagulum of
yoghurts is vulnerable towards syneresis. Contrery to these
observetions, yoghurt from buffelo milk pre=heated at S0C
seemad to beshave stable during the storsge. A highly porous
microgtructure characterized by numerous pockets, the chains
of miemlles and lactic 8cid bacteria eould be observed at thie

stage in various S5EM micreqrmphs (Fig.71=-73)¢ The stability
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in structure of Bg,e could be attributed te the stability in
seidity of samples during storaga. On the basis of gqualitative
obasrvations, it was possible to deduce that cssein micelles
had undergone reduction in s8ize slightly et this stage of
etorags. Kalab gt al. (1976) observed the similar shrinkage
effact among casein micelles in yoghurt prepared from fresh

snd dried milks after the storage of one wask.

Soe far as the microbisl distributian is concerned,
both elean and covered surfaced lactic sgid bacteris coexisted
in the ecoegulums The presence of small reod with clean surfacs
affirmed the notion of growth of starter bacteria even at the
iats stage of storage. Streptococel snd lasctobacilli appeared
to be distributed in the ratio of nesrly 111 throughout the
cosgulum. Both TEM and SEM obssrvationa confirmed the
microcolony formation by these bacteriz particulerly in B90
semple. The microcelony formetion by smooth strepliococcal cells

can be easily evidenced in TEM micregreph (Fig.75).

5.5 APPLICATION OF SEM TECHNIQUFS IN YOGHURTS

In moet of the electron microscopic studies of Yeghurt,
coagulum fragmented intc small piseces has been fixed deubly
in glutsrslidehyde end osmic scid for SEM {Kalab, 1975; Kslab
8t 8l., 19763 Kalah, 19783 Davies gt al., 1978; Modler and
Kslab, 1383). Following the same techniqus, the coagulum
was fixed doubly in the prement study too. However, sn attempt

was mede to svaluate the single fixstion of the product in
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buffered glutaraldehyde for its s@itability towards SEM study
of Yoghurts VYeghurts stored for 24 h &t 4~6C were used frr

this purpose.

Surprisingly, the single fixatiern in glutaraldshyde
wag frund very effieient in pressrving the microstructure of
yoghurte from cow and buffale milks. Figures 71-80 show the
mierostructure of yoghurt ms revealed by single fixatinn of
samples followed by air dryings The resulte obtained are
gconparable to those of doubly fixed samplee. At some placas,
single fixation wes found to excel over double fixation. Ffor
instance, surface of casein micelles end distribution of pockets
were more clearly visible in this cése. In the light of these
findings, single fixation in 2.5 percent buffered glutaraldehyde
far 3 h at low temperature can be considered as a8 less axpensive,
quieck and equally sfficient method for fixation of Yoghurt for
SEM studys

5.5+2 Afr=drying VERSUS Fresze~drving of Yoghurt

Freparation of Yoghurt for SEM like any nther hioclegicel
specimen consists of fixetion, dehydration and costing with
conductive materials like gold, palledium, platinum, and their
alloys: The process of dehydration is considered an importsnt
step as it contrihutes to the final results in an effective way.
Besides, sir-drying, frerze-drying and critical peint drying
are the methods emploayed for the dehydretion of dairy prrducts
(Kalab, 1979, 1581).
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fremze-drying was employed as en 2additionsl method
for drying yoghurt sample in the present study. Ffreeh and
stored yoghurte fixad doubly in glutaraldehyde and osmic acid
prior ¢o fresze-drying, presenterd in genersl, s flocculsted
miernstructure. Casein micelles weras found highly aggregeted
or etratched intc shest like continuous structures in frash
and storad samples. FPockets were sesn masked or deformed in
this type of miecrostructure. In certain cases, hole formation
was ocbserved, the resgon is not claarly understood from the
availaple evidence. However, thase may be artifacts formed during

freezo~drying.

Mierofloxrs of Yoghurt on the other hand could be
seen officiently preserved in froeze dried ssmples. Microcolonies
of lactic agid bacteris were dapicted very well in the SEM
micrographs of these semples (Fig.85). The surfece of these
baetsria both covered and clean could be visualiwed as shown

in figures B4 and B6.

From theses obeervations, it could be visualised thet
freeze-drying is not & suitable method of dehydration for SEM
study particularly for yoghurt prepered from whole milk. In
this study, the details are oheerved ao far as, protein micro-
structure is considereds It is quite probable that fat presant
in the whole milk‘intarfares during drying thereby masking the
casein structure. Similar pbservation was also made by Kalsb
(1978) in case of Cheddar chsege whare fet wag reteined in the
curde Lactic scid hacteria, it ssems remein unaffected in the

presenca of fat. Hence, thar=s sre reesons to believe thet
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freeze-drying is not fully sguiteable for whole milk yoghurte,
while air~-drying has been proved an economic, less time
conesuming and highly afficient dshydration msthod for SEM,
Kalab (1977 & 1378) has also found air-drying a raliable
technique of dehydration for S5EM studies of Chasse end
Yoghuzot,

The present investigetion wes confined ¢t~ Yoghurts
from fresh whole milks of cow 3and buffele origins for observation
of fnternal structure. Most of the findings were restricted
to SEM study. Attamnt wae mede to corrpborate the SEM
cbservations by TEM study but poor accessibility to sophisticated
Transmiesion Eleetron Microscope proved 2 limitation. Howsyer,
it is encouraging to admit that thie is the first ever
systemetic electron migcroscopiec study of a dairy product
carvied out in India. A relationship betwesen microstructure
and manufapturing eonditions of Yoghurt including type of
milk has guccessfully been worked ocut. The inforrations
are comparativaly nf more significence in context of buffalo
milk yoghurts The investiget'on can be extended to yoghurt
prepared from different formulations using stabilizers of
indigensue origin for quslity improvement. In addition,
various probleme asscciated with the bedy of coagulum encountered
in dairy industry can be asvercome. Ffrom technique point of
view, slectron microscopy can also be smployed to visualiss
the micrnstructure of other fermented and non-fermsnted
products being meénufactured in our ceuntry.
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CHAPTER 6

SUMMARY




6. SUMMARY

The main fesatures nf the investigation comprised the
preparation of Yoghurts from fresh cow &and buffalo whole
milks pre~heated at different temparatures for 30 minutes
and subsequently astudy of migrostructure of fresh and stored
yoghurts. Attempts were made to see the relationship betwesn
microstrueture and quality of yoghurt coagulum. Salient

findings are highlightad ss follaowss

9 | Yoghurts prepared from fresh, unfortified cew and
buffalo whole milke pre=heated 8t 70C snd 90C for

30 minutes were of acceptable quality.

6.2 pH measuremsnt during yoghurt preparation showed
that initiation as well as completion of galstion
w8 parlier in cow and buffalo milks pre-heated at
S0L than milks pre~heated at 7T0C. The pH values
correspending to curdling point and setting points
of codgulums were lower in gels from milk hested

at 90C than those haated at TOL.

6.3 On the basis of judgement of yoghurt quality and
vigeosity meesgurement, yoghurts were graded in
desgending order &s follows:s Yoghurt from buffale
milk pre-heated at 96C{Bgg), yoghurt from buffalo
milk pre-heated at T0C {BTU)' yoghurt from eow milk
pre-heated at 50C (Cgp) and yoghurt from cow milk
pra=heated at T0C (Cypl.
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During storage 8t refrigeration temperaturs, the
pereent increass in ascidity eontent of different
semples after 5 days of sterage over fresh Byy, Cyp,
Bygp and Cggp was 33.3, 30.0, 9.4 and 6.0 respectively.
Yoghurts from high heated milk were found coneistent

in behaviocur during storage.

In general, the migrestructure of yoghurt as reveeled
by SEM appaered as a typical 3-dimenmional natwork

of protein matrix. Casein micelles were seen fused
to form chains and subsequently, the interconnectien
and c¢ross linking of these micelle chains were found
te result in spongy network of pretein matrix.

Lactie @cid bagteria and Inclusion bodies were

obheerved entrapped in thias sBystem.

In Yoghurt semple Cqg, casein micelles were obeerved
in form of spherical and cylindrical shapes measuring
360-900 rm in dismeter {sverege diameter, 400 nm).
Miesllgas wesre seen mostly fusad in to loose
sggragates as illustrated by TEM studies. Thesge
aggregatess were interlinked by less slectren dense
thread like structures of denstured whey protein.
Free flococules of cpaguloted whey protein wers also

spotted fregquently in this sampls.

The microstructure of cgo sample appeered porous,

charagtarized by large and dasp pockets. Lasein
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micelles were hoth aggregated end interlinked as
well inte chains end were of pomperatively smaller

in aize with average diasmeter, 350 nm. At ultre-
structural levsl, unmpiet cluesters of uaaQin miculles
intexrlinkgd and surroundad hj short heaix like
gtruntures Qara phesrved but fl#cculas of densturatad

whey protein were not prevalent in this sample of

gow milk yoghurte.

The coagulum of Bpn was presentsd moderately porous
and migelles ware found, isolatad, interlinked and
aggregatad. Size of migelles showed considerabls
veristion (250-1350 rm)g the average size micells
measured 300 nm in diameter. Looss sggregatea of
migelles ware sern surrounded and interlinked by
long fibrils of denatursted whey protein as shown
in TEM microq:aphu.. Besides, fres aggregates of
denatured whey protein were algo presant in the

basgkgreund.

Buffalo milk yoghurt ‘Hgp' wes characterized by the
highly porous mircreetructure. The desp poekets ware
found distributed througheut the ceagulum. The
micelles were seen regulerly interconnested through
tubular structur~e inte long cheins. These cheins
formed the lattice for further erose linking and thus
resulted into & well organised network of protein
matrix as reveasled by S5EM. TEM analysis showed that

the micelles werze rather compact snd highly electiron
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6.12
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6. 14
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dense. .Shart hair like projections nf haet induced
somplex were pressnt on the surfecs of micelles.
Micelles werse found iniarlinde through these
structuree. Frgﬁ floscules of denatured whey protein

ware :afa in this case.

In sddition to thess regular structures, lactoss
crystele and inclusion bedies resulting from the
modification of casein were obsexved in different
yoghurt gals. .Hnugvar,-thai: prasenge could not be

ascerteined at ultrestructursl levsl.

Lagtic mgid bacteria were ssen distributed throughout
the coagulums of different ynghurts both in micro-
golonies and ieplated. Morphelogicelly cleen surface
hagtarie and gells with covered surface wers spotted

in the microstructure.

Clsan surface strepiococei &nd lactobaeilli measured

1.0 p and 0;7 M in diamestor.

Highez dimensions were rscorded for bacteria with
coversd surface. Streptoepcei showed 20-80 percent
and lactonbecilli {0 percent increese in size in tarms

of diamefer.

The covered surface bhacteria wercs prasumsd to be pld
pells with axternsl deposition nf denaturad whey

protein like matsrial.
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6.18

6.17

6.18
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Exgept minor alteratione, theare was no fundamantal
differenes observad in the micra-tructu:a'nf yeghurts

during stsrege upto 120 h.

Aggragation of casein micelles found to incresse with
progress of storage period,. 0On the pontrary, buffalo
milk yoghurt Byg was able to maintain the microstrueture

aven after stormge of 5§ days.

Single fixation nf'ynghurt coagulum in 2.5 prrcent
buffersd glutaraldehyda for 7=3 h reproduced the
results comparable to those of double fixation in

glutaraldehyds (2.5 perecent) and o¥mic acid (2.0 percent).

For whole milk yoghurts, air drying w3s found mere
suitable than freizn ~dyring for the purposs of
dahydration during semple preparaticn for scanning

electron miecruscopy.
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SPECIFICATICNS DF HITACHI $-485 A _SCALNING ELECTION MICROSCOPE

Resolution 70 R
Magnificaetion range 30 150,000
tleetron opticsl Filement 3
System
Reeelarating
veltages

Lens system:

Mjective lene:

Prewsegantarsd hairpin
type filament

s 154 25 KV

3wleng system

Moveble sperture

apsrture (Cet, Bu2 mm dia.
opaningy)
Speeimen stage XetrBveree sesssll 20 mm {continunus)

YatPRyer8s <ave

0 10 ma (econtinuous)

°
Tilt'ng sngle .. =20 +70 (eontinuous)

Retation angle ..

ZutTBVOTrSe csene

Spacimeﬁ Biza "

360° (continuous)

5, 15 mp (pemi-fixed);
working distance (W.D.)

60 mm dim. x 1 mm H{max.)
15 mm diac. x10 mm H{max.)

Display unit CRT «es laftorglow type 150 x 135 mm} x 1

Seanning speed (Raster sean):

for viewing »ee 0,08 see {(ravid scen)

For photow e
graphing:

0.5 pae
10 (3C) mec

50 (150) mee
Paranthasized figures
indicate the scan spesd
with SIGNAL SELECTOR
(X~RAY) depressed.
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eveslinntdeee

Sesnning mode slow scan
Photo scen

Reduced aree rapid scan

Inaga mods Foeus monitor
Stigmator monitor

Dynamic focus

tvacusting system TYP® ces.ess0e Autemstic valve control
Vaguum gauge «. Pirani gauge
Ultimate vacuum . § x 1079 Torr
Vacuum pump +«ee«DP 400 1/8ec x 1,
RP 160 1/ min x }

tvacuating time + Ahout 2 min




ANBEXURE~1]

NANOMETER/MICANN MARKER SCALE FCR HITACHI S»405 A%, SEM

Magnificatiaon
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