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CHAPT ER 1 

INTRODUCTION 



1. INTR ODUCT ION 

-,------

Lactic eeld bacteria f8~.ent the milk int" e variety of 

milk pr~duett. for hUJIe" coneu.otion with incree.ad sh~lf_ 

life Vile Sour Milk, Dehl, AcidoDhilulI Milk, KlmIisll and Kpffr 

etc_ Yoghurt is onp. such product made from milk with hi'lh 

level of .,lid ct'lntent. The role ~f atert""r eulture .i 8 sherp.rf 

by Leetob_eillu. bulg.ric~ and ~rept2eoecu! thermDphilu8 in 

variable proportions. MDrtification nf the ennve"tirnal 1't'C"I,.Iuet 

with the USB nf laetnbacillu! '!,ei(!o"hi1.l!! end Bifidob!'=.t"'rium 

l;LifidulI! beairfBB Yoghurt flora (Schieppa .ll 81 •• 1981 ant'! 

lolkowski, 1981) ia not uncommon now-a_dp.ya. 11'1 .. uee r:lf 

Yoghurt ia nnt re6trieted t~ Balka" states where it finris its 

origin but hae proliff'reted rounli the globe. AMvl!!!rti.em~nt 

t~ Kia.l., en uneulture~ deiry orerluet .s • ehall~nq~r to 

Yoghurt'll aupertneey in United States IIpeaka itef!lf fr-r thl'! high 

ennsulllptiC':lf'l of yoghurt in the Wester" market of M8; rv pr('l~uet8. 

In {ncHa, Dehi ie the eemparable ft''t'menterl prorlur.t, bpi"g 

consumed sinee ancient timee. Yt'lghut't excels better in certain 

•• pects in enmparisnn with Dahl i. It. short duration pl'nrluI"'t, 

firm bol:'fy, characteristic flav,..,ur, high nutritive 8r'1d 

th~rapeutie values (De..-th 8f'1n Tamima, 1981). Thfl! eonsuml'lrS 

are fascinated by ita suitability tn lactnse 8"" milk crate!n 

intolerant pf'!rsnns anti 8rfult women etc_ Yoghurt thprrff"lr~ ie 

a ralat1vely new intrrdu~tion tn I"rlian dip.tary system anrl 

gaining wider eer::eptanee gradually_ 



In Y~ghurt, the milk prntpin exists as cssein in t~A 

form of micellE's end possP8se8 t~e ability Df interl!cticn 

among thp68 micell!?!!! anr' whey protein. Subsequently, thrse 

micelles undergo hydr~lyeis 8~" agqreqatiDn Uhnl!r thp. individual 

or cDmbined effect 01 pH, high heat anrt th~ pre8~nCI! ,,1 

proteolytic enlymes. Thus, interaetion among easein, fat 

arlditives, whey anrl lactic acid bact~rie results in the 

develDpment of typical mie'rostrur-tul'e "f Yoghurt. "lith the 

arlvancement of knDwledge, a eignificant correlation b~twp.pn 

the phYSical, rheologieal properties end thR mier~.tructurA 

of Yoghurt and nth@l' dairy prnduet. is being estahlishpd. 

The Rlic:rClstructura of 'Yoghurt, infact, is influl!n~er1 

by different manufraetur-i-ng proeesses ant'! storage c"n~itionB. 

Any eltpration in the mierostructuro, is translated into 

variation in phyaical properties. Hence, a 8tu~V of 

mi~ro&tructure and ultraatructura of yoghurt er.egulum enrl 

its components will help in recoqrdtinn ,.,f fo"rl resources 

utilizet,';on, optimization of ",anufaeturing processes arid 

evaluation of quality. 

The micrnstrueture of ynghurt can be 8tll~ie~ by I!'l""etrnn 

microscopy envi8aging the use of both scanning el~r.tron 

microscope (SfM) and transmission electron mieroscopp lTEM}. 

The transmission electron mierosonpy faeilitates t~e 

irlentificetion of multi_molecular strueture of Dr~tein8 anti 

protein complex, wh .. reas. scanning 1!1rctrDn mierneeopy 
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comparatively with 1.s8 resolution but higher depth of 

focus is able to rtiecern suh-microecnpie moieties 

particularly the aur1ac!! Dr 3-ri1"'8"810"8} morphology. 

This is indeed .8 very fascinating 8r",8 of modprn rf'!l!"f!Areh 

which allows fine structurel analysis an~ molecular elose 

Howevar, only limited infr'l1:matjon is availehle rn 

this aspect. In view ("If this, " systematic eturly on 

yoghurt milk gel hss be"n un~ert.ke" ttl investigate the 

co~perative mieroetruetura of ynghurt from fresh. unff'lrt!fied 

COW and buffalo whole milks prft-heatert at rHffel'ent time-

temperature eombinations employed by manufacturers en" 

subsequently stored for different period till about 8 WI!f!k 

at low temperature. The study is heing mainly confined 

to structure an~ distribution nf casein and lactic acid 

bacteria. l/jost of the structural etul1iee are rp.striet8" 

to !:i[jl1 but transmission inform8tinna heve "leo h'!en 

incorporated wherever crn8!dered necessarV" 

....... 
• •• 
• 
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CHAPTfR 2 

REVIEW Of LITERATURE 



2. REVIEW Of LITERATURE 

Yoghurt i •• typical biologiesl system comprising of 

lactic aeid bacteria and protein, hence is liable to b. 

influenced by various environllental and compositiclnBl factors. 

Tha.e factor. include cOllpaaition of milk. hest.ing of Milk, 

starter cultu~ ••• ineubetion time-temperature. atabiliaera 

and atorsge of the produet etCt The phyaieal and textural 

properties ere the product of all theee variables. The 

electron microscopy particularly .canning was not much 

cOlAmsl'cialie.d for the etudy of dairy product. before the 

year. 1965. Thi. technique can be successfully used to 

visualise the relation between microetructure and ~rooertie. 

of the finished yo ghurt. 

2.1 YOGHURT HANUfACTURE 

Yoghurt can be prepared from ell kinde of bov1ne milk 

available now-a-days. There i8 eommon practice t~ heat the 

milk prior to inoculation with culture for yoghurt ma"ufactur~. 

The heating of milk resulte in reduetion of water enntent 

aceallplBnied by inerease in total solid content Clf milk and 

improvement in the textura of finished product. 

Storgarde (1964) rated sterilization at 134C inferior 

to peeteurization at aoc for 30 minutes for yoghurt preparation. 
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Pa.teurization of cow milk at esc for 20-30 Minutes we. 

observed to yield the beet hydrophilic properties nf the 

pratein in Yoghurt while pasteurization at higher tsaperature 

(9Q..PSC) for the .ame ",Poriod appeared to besr detpriorative 

impact on thi8 characteriatic (GrigoroY, 1966, Hraboya and 

Hyl •• r. 19741 Hong and Goh. 1919). Hydrophilic proDerti •• 

fo~ which the yoghurt gel is beat known are the outCDma 

of modificetien in protein structure. Thi. modification 

co_.a into •• i.tenclil owing to interaction among pro teln 

co,"p"nBntl (H ..... hrey. and Plunkett. 1969, R .. ic 8nd 

Kuraann. \978). Huhn JU!!.. (\98\) optad heating the 

buffalo .ilk at 90C for 30 minut •• for Yoghurt manufa~ture. 

A p._h •• ting ta.perature of 80-90C for 10 minl'tee was 

recommended by Oolezalek and Vokacova (1981). 

He.Ung 0' Milk not Dnly afhcta tha pH of milk 

initially but influenc •• tho pH .. f .ilk at galation point 

during Yoghurt manufacture too. Kalab ~!!_ (1976) observed 

that unheated ski. milk gellad .ivnificantly .lower than 

h •• tad milk. Firat .1gn of gelaticn appeaTed _t pH 5.14 

and gelation w .. in 1,,11 ewing at pH 4.~2 in unh •• terl milk. 

Far h._tad ski .. _ilk. pH valu •• corresponding to theae 

cheng •• were 5.36 -nd 5.17 respectively. 

Vi.co.ity and eoneiatency of the product are tl1e 

indeM of quality and heve been found to be influeneed by 

heating temperatura-time combination of milk in c •• e of 

Yoghurt. Stadhoudero and H •• sing (\973) found that 
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8ubst!tu'tion of batch heat treatment of ynghurt milk with 

HT ~T process rendered thp. "reduct of lower visClDaity. Tha 

apparant viscosity af _ilk enrl cultured yoghurt thermally 

treated. by UHT and Vat systems wa. measured by Labropouloa II ti-

(198,.). The valua. for Yoghurt prep_ret! frnm UHT milk, 

milk heeted .t 63C and &2C was 0.8, ,.8 and 3.9 C. P •• fter 

14 minut •• of ehearing re8j:)ectively. A specific change in 

whey protein8 brought by Vat process only and missing in UHT 

milk ha. baen postulated a. the cau •• of formation of fir. 

structure (Labropoulaa n!!. 1981 b). ThE' 8!q"! ficant 1'01 Ie 

of SH_grcup in diaulphlde bend formation end whey protein 

denaturation ha. already been deciphered and discussed 

(Lyotel', 1970, Parry !.i al., 1974). 

The u'. of Lactobacillu. 1lili!l:is.Y.!. and Strep~eoeeu!. 

thexmo~hilva .trains aa yoghurt .tarter culture has been 

well documented. A symbiotic relationahip between these 

lactic acid bacteria in milk enabled them to play their 

significant role in Yrghurt production. Bautista £1!l. (1966) 

attributed this biological relationship to the 8ceumuleti~n 

of growth factors comprising glycine and histidine in 

!:.. bulq'rj~ culture. Streptococcus thermophi!..!:t!.. in turn 

we. reported .timulating ~. bulg.ricue by pronueing a factor 

aimiler to formic acid (Galealont .!.1!l-, 1968). Acct'lrrling 

to ,. recent report, b. bulgari£H£ requires not less than 

31 mg CO2 per kg of milk for ita optimal growth (Drlo ... n 

.n !1.. t 1981). In milk, .2.. thermophi!.!a. furnishes C02 in 

exceSE for the growth of its counterpart. Valerie ~~. (1982) 



7 

succeeded in Dsnufaeturing Yoghurt from Bingle start~r, 

either.b. bulgericu! or .§.. thermophil!::!.!,. usinq milk to 

which casein hydrolysate had been acided .. 

Ineub.tian temperature-time combination flf the 

cultured milk a180 playa no les8 important rele in Yoghurt 

preparation, HrabDva ann Hylmar (1974) r8eomm.n~.ri the low 

temperature incubation (30e for 11 h) to Bv"irl any d ••• ge 

to yoghurt otructure. Bottazzi (1977) in an att ... pt to 

evaluate new microbiologieal end taehneloglcal aspects of 

yoghurt production, opted for A2C -a. temperatura of 

incubation till the pH of milk ra.cheri 4.0. M.gdaai (1979) 

preferred incubation temperature of 36C rather than 

conventional temperature of 42C. Out of three rlifferent 

coagulation temperatures tried 30, 37 and 45C, Dolezelek 

end Vakacava (1981) found 45C tho moat suitable incub8ti~ 

tamp8I'8tur.. Huh" n!!. (1981) al ... fa""ured this 

tem~erature of incubation fer Yoghurt from buffalo milk. 

Harri. (1982) incubated the milk at 44C for 6.5 h end 

30e fer 16 h for Yoghurt preparation. He cerns tn the 

conclusion that .emples incubated at 44C hed a firmer 

body with mere free whey, where.e, these ineubated at 

JOe had imr.\t'aved acid, flavour and aroma. 

Pest-incubation operation. are the factor. finally 

responsible for tho quality ef ~o9hurt. Ste.~berg.r (1973) 

sturtied the structural damages Yoghurt Buffarerl' rluring 
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it. pass8ge through filling plel"t. He found that various 

factors viz. stirring Df the prorluet in the incubation 

veaBal. p.asage thraugh pips. and e~n.triction. contributed 

to the da"ge cumulatively. Lumps were observed in Yoghurt 

by 'lIlellloot and H •• ling (1973b) and it w •• c'oncludad that 

vi.ccsity 01 gel before and after stirring and bacterial 

_ueu. played important role in lumps formation. These lumps 

ars found to consiat of 8 protein matrix only slightly denser 

than the surrounding medium (kalab, 19151 J. Different 

canlpe.ition.l and manufacturing factora are found responsible 

fo~ shaping the problem of nodulation in stirred y"ghurt 

(Robinaon, 1981). 

Yoghurt i. well known at the .ame time f'CH' its typical 

aroma and flavour. Thea. characteriatic. bank upon the 

preduction of cerbonyl compounda during the fermentation 

of .. ilk by lactic .eid b .. ct~ri.. In Yoghurt L(+) lactic aci~ 

i. the major laom81:' formed by thefle .tartftlra. forty percent 

0' the total acid h88 been found of 0(-) configuration in 

this product (AIm, 1982). Other illportant cOIliPound contributinq 

to the flavour of Yoghurt 10 eceteldehy~e (Law. 1981). 

Acetaldehyde v.luefl between 23 and 41 ppm give the optimum 

flavour and ita rate of production depende on the level of 

acidity (Grea" and Manning, 198:7..), But £iyoshev. (191P.) was 

of the view that aro •• i. determined by aroma complex formed 

from vol.til. aJ:'em8tie eompound •• n~ volatile free fatty acina. 
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Towler .l!.1 a!. (1980) dehyrlraterl the Yoghurt into 

yoghurt powder and observed 0.1 percent end 0.001 percent 

survival of ~. tne;mppnilu8 and h- bulqaricuB respectively 

in the powder. The pratective effect rtf cryoprotective 

agent •• total aclid. and atebilizers on atarter bacteria 

during freeze-drying in Yoghurt hes baen viauelieed by 

Cab2ini L1 01. (198~). 

Toon (1981) enely •• d tho liquid yoghurt fnr 

carbohydra'te end lJIiine;rale content_ Suero 88 IlInd IReta se. sr e 

the .. ain carbohydrates, where •• , ,'CalciUM, Sod:ium, Potassium 

and Pho.pharaue are the chief .ineral. foun~ in prorluet. 

2.2 USE OF ELECTRON MIC~OSCOPY IN MILK PRODUCTS 

The electron _icroscopy envisaging both transMissitn 

and acan"in, find. its wider applicati~n in the study of 

structure of milk and milk prcriuct8 at molecular and three­

d1Jnenaional levels. The seleetion. of a technique to be 

employed for. particular product depends upon the composition 

of produc' and type of information a required. 

KnDop (1972) carried out EM studi •• tD unrlerstsnd 

the ponc ••• of cry.tellizetinn of fat glObule and formation 

end modification of ca.ein micellee. 

Using Scanning electron .icroscopy, a variety of 

fODd gels h.s b •• n studied by Kalab enn Harw.lkar (1973). 

C •• ein micelles linked by short thin fibres in heat induced 
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Chabot (1919) summarised various methrde use'" fot' 

the preparation of food sample fOJ: both SEM 8nrt TEM and 

the varioua problema encountered. The 5EH techniques used 

for dried milk, dried whey protein, yoghurt. cottage cheese 

were later reviewed by Kalab (1979), Kalab (1981) discussed 

the different techniques employed in both SEM end TEM 

in milk product_ aUMmarised as under: 

T echniquo 
• 
'Nature of specimen , 

Dry 

, 
'Example of milk prt'tduct 
'for Which suitable 

Powdered milk, whey, 
, __________________ b~u~t~t~.r~m~i~l~k~.~t~c~, __________ _ 

Conventional • , , , , , 

Dried low-fet milk prortucts (Yoghurt. 
Cottage cheeae, enme cheesee) 

Cheese (fat extractnrt) 

Cheese (trypsin-Atched) 

:-----------------------------------------------

Cold stage 

·rreeza-f~.ctured 
tand replicated 
'with gold , 
freeze-fractured 
and caated with 
carbon and/or gold 

VisCDu8 and high-fat milk 
prorlueta (cream, butter, 
che,...e etc.) 

Viscoua, whipped, high-fat 
pro~uct. (iee cream, whipped 
cream, butter ate.) 

T.lAN5MISSInN ELECTRON MICROSCOPY 

-----------------------------------------
Negative Suspension 
§.tainiog 
Motel shadowing SUIQ.n.iQ" 

T hin-secticning Salid 

freeze-fracturing All products 
iFraeze-~tching) 
Heplication of Solid 
dried specimen 

Fluid milk. cream 

Fluid milk', crear -
Liguid ern duete mict'ocepsulet ion) 

Prnrlucts snlid by nature(cheese) 
or solidified by mixing 
with agar (cream) 

All products 

Milk products based 00 protein 

------------------
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;~epl!caticn of freeze-fractured ~urface with heavy 

metals like platinum is another useful ter.hnique 8mpl~yad 

reesnt1y (Ketoh, 1979, Kalab, 1960a). fref.'ze-frBr:turinq 

he. been found equally 8uitable for structural and 

compositional analyais of dried milk pro~uets (Buchhpim, 1981). 

Double fixation Clf yoghurt gel. in glutaralrlehvcht 

and c •• ie acid were found 8uitable for rEM study 

(Kalab.!! !!., 1976, nevise .!.1 !!., 1918). 

2.3 CASEIN MICRPSTRUCTURE IN fRESH A~n STD~ED MILK PROnUCTS 

Eleetrnn microscopy hes been Widely user! to sturiV 

the microstructure of' milk gele 8nd effect (If stnrage 

on high heat treated milk. 

Under the influenee Df heating, the c •• ain 

micellee aW811 and era linked togethFr by short bridges 

into long chains. The spatiel arrangement of these long 

chaine finally reeult into a three-dimensi"nel atruetcre 

(Kalab .!1 !l. f 1973). The tntal solid cnntent of milk 

including protein plays an im~ort8nt rClle in ekim milk 

gel formation. The skim milk with high total BCllid content 

(60 percent) ha. been found camp rising of fused micelle. 

end yielded a gel of considerably high strength (Kal.b 

and HBrwalkBr, 1~74). 



13 

The pH of milk i. an~ther important factor which 

influences the aggregatibn of milk protein in heater! skim 

milk. Creamer.!1 a1. (1978) observed e number of threert-like 

structures in the Milk heated at high pH (6.80). However, 

there was chemically no difference in composition of protein 

aggregates of heated milk from the unheated milk. High pH 

of milk i. Bssociated with high negative electrostatic 

charge on protein and high repulsive force8 between prrtein 

aggregates. Thus. high pH prevents the attachment of heat 

induced COMplex •• with micellas. Acid gela prepared from 

heated and unhe_ted skim milk give the similar results. 

Higher the t9l'llperature of gelation of milk adjusted to 8 

definite pH, firmer i. the gel formed. H!lrwalkar and Kelab 

(1961) elaborated th.t gels mede at 90r: Were three times 

lIore firl'ler than gel made at TOe at pH 4.6. At higher pH. 

the gap between firmness of gelm heated at different 

temperatures becomes wider. 

G.l for.ation is a common defect encountered ~uring 

ett:lrege of concentrated milk. Sehmitit (1968) compared 

ultr_high temperature short tim. (UHTST) sterilized milk 

with that of conventionally sterilized concentrated milk. 

In UHTST milk, C88el.FI lIicellee confluenced into net which 

remained independent in sterilized milk even after It:lnger 

storage. 
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It appears that coalescing of cBsein micelles marks 

the begining of gel formation during storage of evaporated 

milk. This fusion is confined to the outer layers of the 

partieles. at the nuclei of theee particles later on anrt 

thus • three-dimensional network comee intr existence 

(5chmidt and Huchheim, 1968). 

The c.sein micelle. increa.e in size ~urin9 the 

prOce8S of concentration. fresh, untreetert skim milk we. 
o 

found to comprise of caeein micellee of size rmnge of 500_2500A, 

while micelles doubled in Bize (1500-4000~) in cnncentrated 

skim milk (Carrall .!! !!! .• 1971). According to this group 

(') f research workers, haating- of milk may influence the size 

of ca8.in micellee in tt1e following waYBI_ 

.) int~rllction of heat denatured whey pt'tltelne with casein 

micelles, 

b) depoei ticn 0 f in.olubl e serum pm tein Dr"! cesein mic ell eel 

cj inoreas. in Calcium content learling to calcium bridging. 

among micelle., 

d) increa.e in the number of ca.ein micellas due ttl splitting 

of the micellar surface_ 

Davi •• .!1.!l.. (1916) also emphasised that heat treatment 

of milk resulting in denaturati.on of whey I'rC'ltein and inter_ 

action of the •• with micelle Burfece determines the micelle 

fU8ion and gel .trength. 
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Temperature of ."orage pley. II pivotal role 1n 

galation of Byaporated milk rlurinq storage. Storage cf 

evaporat.ed milk at .levated temperature befnre ster:U ization 

for canning iMproves the shalf-life of the eennerl prnrluct 

\Hein1>zbergern!!l..,191?). A"dr ..... et!!.. (1977) .turlied 

the properties of •• eptically paeked ultra-heat treated 

mille during storage and observed gel formation after 

34 months of storage. There is 8n increase in Bize of 

casein micelles with incr ••• e in temperature of storage. 

Miaraat%:'ucture of spray-ririe-d, roller-dried ann 

freeze-dried .kim Milk powners end gels ~repere~ from these 

pow~.r8 were atudied by Kalab and £m~cn. (1974). Gel prep8re~ 

frolt apray dried powder .hr.twed indivi dually rl ietributed 

c ••• in Micellee linked by bridginq material., while rDI~r­

dried skim .ilk powder gel contained bath fused as well aa 

sparsely distributed caaein micelles. The freeze-dried 

powder exhibited the firmest ge18 formed by e network of 

ca.ein micelles aggregated together. 

A good number of eh ••• a variety is manufactured 

and consumed round the globe. ElectrCln microscopy h". 

been employed to study the developme"t and microstructure 

af a few of the",. 

Ch ••••• consiat of .pongy microstructure, tht! proteins 

attain the form of network of c ••• in micelle., caviti.s in 
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be,waan filled by fat end whay (Mudd .. llll" 1966). The 

.t~uctu~. develop •• nt ia initiated by fU8ion of individual 

micelles to form long cheins_ Theae eheins grow into 

multiple strends .ither by Shrinkage of the chains or by 

aggregaticn of adjacent chaina (Kimber tl !!. •• 1914). 

Knoop and Petera (1971) atudiad eub-.ieroBeopie 

.'ructural variations in Camembert cheese and reported 

four different kinds of c ••• in breakdown in the structure 

development. Rennet and bacteria wera found playing about 

ineignificant rola in the proo ••• of riDening. Smooth 

curd formation probably due to the deposition of 

-lactoglabulin on the c ••• in partiele. wes "bserved by 

Prokopek Ai !i. (1976) in C •• embert ehe ••• made from 

variously treated cr ... -enriched .kim milk. 

The texture and M!craatructura of Cheddar cheese 

h •• ba.n .'udied by • numbe~ of workers. Hell and Creamer 

(1972) placed Cheddar chee •• in the intermediate poaitim 

with re.pect to Gouda end Che.hire che.e •• in terms of 

.ize of globular unite forming the protein Matrix. Kalab 

end Emmons (1975.) oboerved fibrillar atrueture in tho 

chee •• giving chicken breaat muscla teKture to the product. 

After chadd.ring i. complete, this atrueture g~t. transformed 

into marble-llke atrueture due to form.ticm of ea.ein maslS 

between the fat globules by fueion of c.sein fibres at 

aub-micro.copic leval (Kalab and Emmone, 1978). €mmone 

~!i- (19BO) a.serted that cheea. with reduced fat 
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containing lIare protein m.trix ie liable to be firmer 

than full fat cheeee. 

The considerable difference in the microstructureS 

of Gruyere end Emmental ehe~8el!l wae observed by Ruegg end 

Blanc (1972). Gruyere cheeee maintains the regular fine 

•• rueture with no Bub-microscopical cavities (Ruegg ~ a1., 

1980 ). 

Fresh cheeae, Gouda che.ee end Proces.ed ehe~ •• were 

compared by Kimura end Taneya (1975). Cssein micelles 

measured 200-600 nm in diameter in curd end Goude cheese. 

where •• 20 Mm in processed cheeee. Heertege!1!!_ (1981) 

elaberated further the atructure of processed eheese. They 

reported materiel of approximately 300 nm length with 10 nm 

in diameter formad by die.ociation and eseoeiati,," of cas~in 

n:deellea. Thea. string-like structures are found missing in 

80ft type p:raceaa.d cheeae (Taneya rl!.!.-, 1980). 

Comparing the structure. of Herzer, Tilait and 

C •• tmbert cheeaea. Knoop end Buchheim (1980), entph •• i.ed 

that there would be baaia .~ructur.l differencee between 

.cid curd eh ••••• (Harzer) and rennet ch ••••• (Til.it end 

Camembert). The explanatiDn for this phenomenon liea in the 

fact that proteolySiS i. done by bacterial anlymea in acid 

curd and rennin in rennet chees.s. 

Glaur 1I1!!l. (1979) studied the akin formation 

.rou~d the curd in cottage cheeae during curing procedure a. 
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reported .arlier in the literature. They ruled out this 

ph.nD •• non in cottage cheeae and • ..,en if existed at .11 was 

due to high h.eting treatment and not due to conventional 

curing procedure according to tt'lldr view. 

The ripening process in ens •• es comprise. two phs.e8-

tha di •• ociation of c •• ein micellee and setting of whey into 

the disintegrated mas. of protein. The rate of disintegretkln 

proce •• incre •• es with the decreaae in calcium content. The 

oRotic pressure pro duced by caeein micelles may be causing 

the penetration of whey into the e98ein matrix (Brooker, 

1979). In general, the structure contr{'lls tn8 behevinur 

cOMposition, body. texture and yield "f cheesea_ Proteolysis 

braught out by coagulant. becterial and milk enzymes hes 

significant impact on microstructura during rioening (Green 

and Manning. 1982). 

Moat of the herd chees.a Were found to contain 

micrDscDpic crystalline inclusions. Theae inclusion. are 

normally confined elong curd junctions though distribyted 

throughout the body of the ch..... ~u.gg and Blanc (1972) 

reported theBe crystalline inclusion bCldiee in Erllmental 

eha.le and amino acida Wera Buggested the basic building 

uniU. It ... 8. also Buggested that the decayed laetic acid 

bacteria appears to provide crystallization nuclei leading 

to the formation of crystalline inclusions in cheese 

(Kalab, 19BOb ). Bothzzi!!l!!' (1982) r.port.~ comp.ct 

and needle shaped structures in Grane cheese. ComD8ct 
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bodies measured 10-20 nm in diameter of calcium ph08trhat". 

The needle like crystal. were 20-25 nm in length end were 

compa.ad of calcium lSctate 8. revealed by X-ray mieroanelysie. 

Brooker £! al. (1975) reported curd granules composed 

of calcium phosphate in cheese. Similar granules were alBO 

observed in cheddered curd, Mozzarella and Provolone che~.e. 

by Kalab (1977). 5EM micrographs revealed that the junctions 

consist of compacted protein zones le88 fat then the interior 

of the curd granules. ~ep8ration of these typE'S of curd 

granules st junctions ia rather feaaible. Improper homogeniastion 

can be one possible e>cplanation for curd granules formation. 

That i& the reilson why fet globules are lost at the granules 

surfaces leaving junctions protein rich (Emmons tl al., 1980). 

Yoghurt is a protei.n based product .. Th~ liquirl phase 

is immobilised to form coagulum. 

protein matrix which in turn is composed of ~esein micellee. 

These micelles ere fused togethp.r anrl thus form chejns and 

clusters. (Kelab &. Emmons, 1975b snd Kalab, 1979). 

Kalab a!!!. (1976) studied electron microscopically 

the relationsh!" between mierostructure of yoqhurt snrt heating 

of milk ueed for its preparation. Skim milk t18ated to 90C 

produced Yoghurts mueh firmer than those of unheated skim milk. 

Corresponding values of curd tension of yoghurt samples were 

64-66 9 per probe and 26-33 9 per prtlbe respectively_ Tt'l1'? 8iz8 
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of caa.in micelles were bigger in the Yoghurt from unheated 

skim milk (me8n diametf'r, 0.46 JJm) then from skim milk heated 

to 90C (mBen diameter. 0.2:3 J.m), In heated skim milk, the 

changes were not 80 prominent but quits conspicuou8 in 

untreated skim ",11k. About helf an hour before thF? gelation 

starts,. the micelles started expanding and enlarging in their 

size. Short projections appeared on the emo~th surface of 

cBsein micelles about 16 minutes prior to gelation. Non-

micellar prntein from the solution probably got ecculnulatert 

on the outside of mieelle, hence forming a temporary ragged 

Burface. After 2-3 minutes, micelles started aggregating 

in to Ie rg ar un! ta. When II three-dimensional net work wes 

interwoven at the tf'rmination of this stage, "rCljeetior"s were 

lost. The outlines of essein micelles forming gel reappeereod 

emmoth and diatinct. Further examinationa of ,Yoghurt. 

prepared from skim milk haated to different temperatures 

showed that there i. a critical temperatures Which effect 

both casllin and whey proteins. With these findings, the 

authors postulated that fusion of caseins in bigger micellae 

would reault in fawer chains and points of junction. thu8 

offering a much more open structure. The bigger micelle 

formation Obviously results in soft coagulum of Yoghurt 

susceptible to 8ynere.ie. 

Marl' (1973) proposed the temperature-dBl'endent 

alterations in micellar and soluble casein resembling 

ea_dependent di •• ocietion- association nf soluble easein 

with micelles in milk. The assoeiatsd materials do not 
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8esm to indulge in eelRlplex ftlrmetiona within the mi,eellar 

interstices but remainll outaide the c.sein micRlles. 

findings of various group. of worker. Bu"port the view 

that heeting of milk results into denaturation of whey 

preteins which associate subsequently with l<-c88ein through 

dieulphide bDnrlB (Parry, 1974, Marr, 1975 end fax and 

Marri ••• y, 1977). 

~uegg and Blanc (1978) stlldiecf the influence of 

pasteurisetion and UHT proee.sing upon the size ~istributinn 

of c •• ein micelles in milk ann eseerte~ that there is en 

increase of number of frl!H! aub-micells8 uno" he.tiner_ 

The lIeverity of the heating methnns can be rankerl in the 

order HTST > UHT direct > lIHT indirect. 

A h.at induced ehange in the ultraetrueture of 

milk end ita effect on gel formation in Y~ghurt was 

visualised by Davie. at a1. (1978,· J. They observed that 

micalle. f~o. r.w milk possessed smooth eOr:'tours While 

micelles from heated milk bore apri!Odage. eomposerl of 

denatured 13-1aetoglobulin. nH!Se appendagee SpneBr tn 

inhibit coalescence of micelle. and thus facilitating 

the formation of • firmer curd with lower tf!nril'tnev to 

Bynereeis. Mehriz and Genguli (1980) also aBserte~ thet 

forewerming of buffalo milk improves heat stability. 

Redellls and Van (1!:'73) •• aesBed the effect of 

different thickeninv agents in yoghurt manufacture. GI"'latin, 

sodium CB.einate and amylopectin were found giving satisfactory 



results.. Kalab and Emmons (191~b) retlt'lrted that out of 

the various thickening agents used. Carraveensn and starch 

altered the Yoghurt microstrueture which enuld p •• ily be 

detected by TEM and 5EM. In the presence of starch, flat 

sheets and smaller cSBein micellee were the tyoical structures 

obslJrved .. 

Kalab ~ al. (1976) calculete~ the size nf cssein 

micella. in Yoghurt of different origin after the etorage 

at 6C for onll week end results were ae fol10""8'_ 

A.. One day Yoghurt, 

freeh 
Spray-dried 
Rollar-dri ed 
fre.ze-dried 

B. One week Ynghu'rtl 

fresh 
Spuy-drhd 
Rollner-dried 
F"reeze-dried 

Fre-heating temperature 
ill 90C 

0.467 IJOI 
0.566 IJOI 
0.342 IJOI 
1.099 "m 

0.440 "m 
0.476 IJOI 
O. 306 IJOI 
0.757 "'" 

o.? 31 IJm 
0.270 I'm 
0.319 I'm 
0.280 I'm 

0.226 pm 
0.289 I'm 
0.298 "m 
0.258 I'm 

In general, the micelles shrank dUTing storage to 

80me extent, the effect being more prominent in case 01 

freeze-dried skim milk .. 

2.4 fATE Of LACTIC ACID BACTERIA nURING MA~'~fACTU~f ANn 
5TO~AGE Of MILK PRODUCTS 

Lactic acid bl!!lctl!ria when ad~ed to milk lower the 

pH of milk to curdling point through the production f.'lf 

lactic acid.. After the process of curt.' formation is complete, 



the as.ociation of thee. bacteria with eoagulum ie the 

eubj ect of gl'eat curioeity. Theee starter bacteria whether 

sinlply form part of the microstructure nf are actively 

involved in the proceesing of dairy produets ia the another 

point needa to be elueide'\ed. 

Oewaen and reagan (1957) ob.erved uniform distribution 

of 3. Iaetis end ~. diecetilectie, whereee !. ££!morie were 

found in the ~orm of colonia. in curd of Ch~drler cheeee. 

Uneven distribution of .tarter becteria in cheese hes been 

reported (Deen .!! a1., 1959 and Remmell, 1960). Lactobacilli 

were found multiplying fast ';_n the initial stege of curing 

(J~hn. and Cole, 1959). 

Ch ••••••• ples prepared using single and MiMed 

_tartar. shawed 8 decline in total bacterial count after 

three MOnths of ripening (Ranganathan and Le>CMinarayane, 1972). 

K.lab (1979) observed the formation of packet. by colonis8ticm 

of b.cte~i.l cella in the protein matrix of Yoghurt. 

Dhingra (1981) el., aupported the miC1'Ocolony f'nrmation in 

Yoghurt co.gulu. on the ba.is of liqht microscopic observation. 

The electron microscopic aturlie. have revealed the 

mucus production by ropy strain. of starter b8et@rie in milk 

products. A correlation he. be@n •• tabl ished between 

viscosity of Yoghurt end MUCUS prnduetion by bactl!l'ria 

(Gal •• loat,. Hueing, 1973a,b,e and Krngor. 1976). Kimber 

~!l. (1974) spotted the starter beeteri8 entrapDerl in 
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casein near the fat-casoin interface in Ched~Br cheeae. 

TEM observations revealed the tenuous filament connections 

between bacteria and casein matrix. Bro~ker (1976) aeeerterl 

that an extracellular material secreterl by b8ct~riBl cell 

wall is extended into theae long filaments connecting c •• ein 

mieellee and milk fat globules. This extra-cellular 

materiel was fDund to be acidic carbohydrate in nature. 

Thess filaments Bre propoaed to be connected matrix in 

the microstructure Bnd prevents their removal from the curd 

wi th the whey during ey"ere8ie. Such filaments have been 

report"d in Gouda, Edam and Mozzarella cheeses (ltslab, 1977) 

and in Yoghurt (Botta .. i, 1917, Kalab, 1979). q uogg II !!!. 

'1~80) observerl thes. filaments among bacteria covering 

the rind of Gruyere cheea.. This group of workers also 

described the dimensions of lactic acid bacteria. 

Streptococci measured to 0.94 ~m i~ diameter, while 

lactobacilli messured 0.18 anrl ~.6 ~m in diameter a~d 

length respectively. All these findings 6UPOOT't the 

observation of Kalab and Emmans (1915b) that lactic acid 

bactE!ria ere not mf'!rely the incorporation il"l the micrn­

structure but are alsa aasociated with milk gel etructure 

signi ficently. 

Bottazzi (19BO) examined the microflora of Kefir 

granule._ He observed most richly colonized pert near the 

exterior of the granules Which c~nt8ined mail"lly baet~ri8 
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end a faw yea.tee In the centre of the granule. the 

ratio between yeasts and bacteria was founrt reversed. 

Barr.quia .11!!. (1961) studierl the keeoing qUBlity 

of Yoghurt and f~und yeast end mold 8e contaminant. duri~ 

.. torage_ 

_ .. -.. ... 
• 



3. MATER IALS AND MHHODS 

3.1 YOGHURT MANUFACTURE 

3.'.1 Collest!on of milk .emples 

With the objective of co"trolling the history of 

.ilk eample., 1re8h cow and buffalo milk semple, were 

collected directly fro. Cattle Y'r~, N.n.R.I_, K.~n.l in 

cl.en and aterilized .ample bottlea. 

Milk eemplea were fIltered and heete" wit,",out any 

fortification at TOe and 90e for 30 minut •• in a water beth 

equipp ad with thermo.to t. 

3.1.3 Inoculation and inpubation of milk samples 
with .tarter cultura. 

Yoghurt culturea, Lactobacillua bulg.ricu! (W) 

and .§trBPtocpceus thermophilu8 (H) were obtained. f~om 

National Collection Centre of neiry Organisms, N.n.q.I., 

Karnsl. Cultures were maintained in sterilized litmus milk 

tubes. Prior to inoculation, the culture. were propagated 

in sterilized skim milk in lerger volume of 100 mI. 
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The milk samples of cow lind buffalo (4 samples 

in duplieate) ware remflved from water bath after heating 

and cooled ta 42C. At this temp'!rature, theee samples 

were inoculated with sterter culture. in the ratio of 1~1 

at 3 percent level and mixed thoroughly with the help of 

• clean electrically operated glass stirrer. Subsequently, 

the contents WeJ:e subjected to incubeti~n at 42C'i, O.5C 

for 4 h. for electron mieroscopy, the inoculated milk 

aamples were distributed in amall diehes of 10 em depth 

and 50 em diameter and microbe.kera of 15 em depth and 

20 em dia •• tar. for pH and viaeoBity measurements, the 

yoghurt. were prepared in 100 ml beakerl. 

3.,.4 ~r8g, of Yoghurt. 

Aftar incubation period, the set yoghurt samples 

~a~. removed f~om the incubator end cn~led to abnut 7C 

and transferred to refrigerator at 4-6C for further storage 

till 120 h. Various steps involved in Yoghurt manufacture 

a~8 au •• art •• d in flo~ Di8Vram I. 

3.2 MEASUREMENT or pH or MILK GELS DURING YOGHURTS PREPARATION 

Tho pH Df inDeula~.d milk .ampl •• wore me.sured at 

half 8n hour interval regularly till aetting of coagulum 

uoing Ee-Digital pH motor. 
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3.3 MEASUREMENT Of VISCOSITY ANn JUnG£MENT OF YOGHURT 
COAGULUM I./UALITY 

TD have 8n idea 0' consistency of fresh yoghurt., 

the viseoel ty of 1rlleh .... 01 •• wae me.sur@d us Ing constant 

strees rotation vi.eo~.ter (Associated Instrument Manu1.etur~rs 

,Jndia) Priveta Ltd,), In .~dition to it, Yoqhurta were 

judged visually in terms of body ttl eoagulull !!In~ "'''gree of 

synere.ie in each sample, 

3.4 MEASUREMENT OF YOGHU~TS AClnITY nU~ING STP~AG£ 

The titrable acidity of fra.h anrt stored ~oqhurt8 

wa. detprMinad according to the proe8~ure qivRn in 1.5.1. 

~1960). Tan 9 nf the sample Mlxerl with equal v~lume of 

di.tilled water wa. titrated against N/9 NanH using ,.0 _1 

of phenolphthalein' O.!J'~) Se inrHca'tor. The Beirlity wee 

expre.o.d.a % lactic ocid (by wt.). 

3.5 £LFCTHON MIC;iOSCOPY 

l.S.' Prep.raticn of Yoghurt samples for electron mieroscppv 

3.5.'.1 Preparati.,n of reagent •• 

3.5.1.1.1 Prep8-r8tiGn of 1t8eodylate buffer 1_ To prepare 

0., M eeeodylate buff.!'. 1.6 g of sodium cacodylate (Fluke 

Batch Nn.135301-120) was disoolved in 100 ml 91 ... ~i.tillo~ 

water_ The pH was adjusted to 7.2 using B fe-Digital pH 

meter. 
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3.5.1.1.2 P~.peratiDn of buffered Oamie acid solutionl_ 

The osmium tetroxide (Sigma, Batch No.127C-0502) is commonly 

available as 1 9 aealed gla&s vial. The surface of vial 

was thoroughly cleaned with soap and distill ed water to 

remove any organic metter present on g18e8 .urI8e~. The 

g1888 vial W8& cracked in the midt11e into two helves using 

iron file under a hood. The content was transferred with 

no 1085 of time to a clean amber coloured gless. stoppered 

bottle containing 25 ml of deionieed water. The stopper of 

bottle was well tightened and stored et low temperature in 

dark place_ All the precautions were taken not tn come in 

direct contact with solution or fumea. The final ct'lncentration 

of 2 percent osmium tetroxide was pre"ared by mixing equal 

volumes of stock solution end 0., M cacodylate buffer adjuatl!'d 

to pH 7.2. 

3.5.'.'.3 Preparation of buffered glutaraldehytle snlutiont­
(Sabitini .u. !!. •• 1963) 

following composition was adapted to prapare 2.5 percent 

buffered glut.a:reldehyd.,-

2~ Glutareldohyde EM grade 
( Polyaeienees, 

Botch N ... 99C-5029) 

0.1 M Cacodylato buffer 

Distilled water 

Totel volume 

2.5 ml 

12.5 ml 

1.!! .. JL1!!i 

?5.0 ml 
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3.5.1.1.4 Preparation of g~admd aeries of ethanol_water 
rnixturesl-

for the purpose of dehydration of .Yoghurt, samolE's like 

Bny other biological specimens, a grB~~d sp-ries of ethanol_ 

water mixture of 3D, 50, 70, 90, 100 percent was rreo!!lred. 

Ab801ute acetone and propylene oxide were used for further 

~"'hyrlration. 

3.5.1.2.1 Sampling of Yoghurts:- In ar1r4ition tC' fresh 

Yoghurts were .ampled at 24, 72 anrl 1~O h intprvals of 

storage. for sampling. unrlisturbed coagulum in small rlishes 

and microbe.kerB WBe cut into emaIl cubee. The cubes were 

further trimmed intI:! 2mm x 2mm )( 2 rom sizes. 

3.5.1.2.2 fixations_ fragmented curd cubes Were transferred 

to labelled microheakere containing 2.5 percent buffered 

glutareldehyrle fixative. The fixation continued in cold 

for 3 h. The cubes were further trimmed to 1 x 1 x 1 mm size 

to faeili tate the diffusion of fixative into eoequlum. The 

fixed .amples were buffered with 0.05 M cacortylate at 4-6 C 

for 6 h. The buffered eamples were doubly fixed in 2 percent 

osmic acid lit 4-6C for 2 h. Eech solution wes replaced 

gradually from one to enother in the same eontainer during 

thl!l whD!e orocess. 
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3.5.1.2.3 Dehyd1'8tianl- After flxation nf Yoghurt specimens, 

these were Bubj ectF.'d to dehydrstion •• per the schedule 

given belowt-

Co ncentrat ; on of mixture 1!!:!I. El t it!,:._ 

30 percent ethanol 5-10 minutes ir: cold 

50 percent .thanol 5-10 minutes in cold 

70 percent ethanol S-10 minutes in cold 

90 percent ethanol 5-10 minutes in cold 

100\ Abscluto) ethanol 30-45 minutes in cold 

100 (Absolute) ethanol 1 h at room temp eratu; e 

3.5.2 Swan ping Eles;tron MicrDBcopy 

3.5.2.1 nrying of the Yoghurt 8amplesl 

3.5.2.1.1 Air dryingl - for air drying, the specimens were 

fUrther proce8sI!Jd through Sbsclute eeet,.,ne for ""0 minutes 

twice and subsequently dehydra"ted in propylene ox1rfe. The 

dried semples were transferred to desiccator fer f'1v~rnight. 

3.5.2.1.2 frseze-drying(Kelab,197B)I- for freeze-drying, 

the sampleI' were diverted from the rDutine eDurse after 

fixation in Osmic ac!~. Samples were lyophilised in 

Toshniwel Lyophiliser. This prDeess tonk about one to one 

and half an hour for completion. 

freeze-dried enN air-dried s.mpleB ,-<,ere mou"t~d on 
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stubs with adhesive e"rt eputt"T' coated with gnlrl at 8T"prnX. 

100-200 l thickness on Hitachi IR-3 inn-coRter_ Ttl"': ion 

cur.rent wa. kept at 6mA at f ina vacuum of O.U~U.D7 torr fot' 

2'-4 minutes. 

Ta vIsualise the internal mict'ftstrur.ture of eoagulum. 

the eir-dried specimens wt!re frecturerl with thtl! h"l" of a sharf! 

blade anrl enated th~ fracture" aurface. Thp. ~orti~n with blarl~ 

.ark was totally avoided rlurinq examination. 

ThE' 8am"lea an aluminiUM stubs were placed in specimen 

holder anr! :in.~rt .. d into chamber unrfFlr vacuum. Hitaeh! 5-40C;A 

Scanning fleetrn" Miern.eop. was oP"'reted at 15 kv using 

secondary aler.tr-nn made. 

3.5.3 Transmission Ell!"ctro" Microscopy 

3.5.3.1 Eeberlding of Yoghurt •• 

3.5.3.1.1 Pref'at'atian of emberlding mi xture 
'M".carro !!.!!_, 1976)z-

Spurr'. low viseo.ity embedrlinq medium wes us~rl fnr the 

purpDses of emberlrling Yoghurt specimens in the present study. 

The composition 8n~ pr.~ar8tinn of medium were ae follows: 

Vinyleyclohexenedioxide 
IVCD-£pDMY reain) 

h-HeMenyl suceinie anhyrlride 
(HXSA, Ilerdnor) 

1. 4-butanediol digl.veidyl ether 
(Araldite ~D-2, Modifier) 

Oi ethylaminoetha"f't 1 
I DMA£, Catalyst) 

5.0 9 

10.0 9 

0. 759 

Oo1Sg 
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All the above componente were poured into B dry 

beaker with the help Df pipete, pipet filler attached at 

other end as per the above mentioned schedule. Proper 

mixing of the embedding mixture waB accomplishen by the 

use of electrically operated glees stirrer. Air 

incorporation during agitation was enn8i~ererl highly 

undesirable. 

3.5.3.1.2 Procedur81- For embedrling. the dehynrated 

specimens were proe ••• ed through the follOWing 8chedule:-

111 ratio of .thanal­
embedding mixture 

Pure emberirling mixture 

3.5.3.2 Ultremicrctomy. 

5 minutes at 
room temp erature 

1.0 minutes at 
~oom temperature 

LKB Ultramierotome-V was used and gla88 kniv·eB 

were employed for the purpose of ultrathin sectioning. 

The ribbon. containing grey enn silver sectinns werr 

stretehed with the help af toluene. 

New copper grid. (200 mesh) were cleaned in tN Hel 

for 3-4 minutes to ensure complete removal of greasy 

material. Grids w,re thoroughly w.shed with ~i.tilled 

water to remove residual acid 8nrt subsequently rinser! 

in absolute alcohol aevpral times and dried 1" desiccator. 

Ultrathin sections were rdeked up on clean 

and dry copper grids, 



3.5.3.3 Staining of ultrathin sections: 

3.5.3.3.' Preparation of staina; 

Lean ni trate 

Sodium citrate 

1.33 9 

1.76 9 
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The ingredientB lietart above were elided to a 

50 ml volumetric flask with 30 ml distilled water_ The 

Bu.pension eo prepared wee agitated vigorouBly for onB minute 

and allowed to stand with intermittent shaking tl'l ensure the 

complete conversion of lel!l~ nitrate to leed citrate. After 

lin interval of 30 minutee, a .. o ml of 1N ~a(!H W88 arlrlerl t('l the 

content of flask. The Buapenaion wae diluted furth~r to 50 ml 

with addition of diluted water and mixed by inversion. final 

pH of stainino Bolutio" wae faul'\d to be of pH 12.00 .t D.'. 

3.5.3.3.1.2 Preparation of Uranyl acetat.t_ 

Uranyl acetate 

Deonized watar 

0.5 9 

100.0 .. 1 

The ingredient. wor.e put in 250 .1 eanies1 f1 •• k. 

Th8 mixture wa. subjected to vigorous Bhaking end wee kept 

overnight for complete di.solution. Subsequently, the 

solution was filtered and stored in a glees stoppered bottle 

at low temperature, 
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3.5.j.3.2 Staining prf"cedure'- Hyrlrophnbie plastie sne~t 

wes used for th" purpofl!e of ateinirtg the ultratl"lin sl!!etinns. 

A few drops of uranyl .eetate were pourBC"t on the shpt!'!t enrl 

drops maintained etheir convex meniscus. 

with rihoon were floated over thl"l rlrt'lpfIJ for 10-15 mif'lutes, 

and switched t . .., lead eitratlt stairdnq fnr 4 minute£: in the 

similar fashion_ Grids after passing thr~ugh thp o~er8tio" 

of staining 'Wet'A weshed wit" rfisttlled wat"'r whilfl! hol"(1"9 

these in fine tip twizz8ra earefully. Thr gri~~ were me~e 

free of elCe98S water fine:'! "'rip-d. The qri~s Wer~ eterert in II 

grld bOM and hbelled • 

• 
H.f.teehi ~40~A Ehtctr,," miero8eo~e wall operate" at 

25 kV transmission morta for observing th~ yoghurt ultrathin 

sections mounterl on eopp~r gri~8. Some work was t.k~~ up 

at the Institute of PBt~logy. Dftlhi usirq Jeol _10DCX 

Trans.issinn Ell"<etrf"'ln miernscope. 

3.6 €L£CT10N MICROGRAPHY 

3.6.1 t"roee8l1inq tlf ghotDaraphie fil!!!. 

The observations weI'*' recorded on ('IqwO 3'i mJtl perfnratp.('i 

film (40 ASA) with the help of attached eamera assembly. 

The film wee devel(')~erl in fi1. devl!ln,,'?r (Kof"lak D-19) f~r 

6-10 minutes at 20C anti fi~ed in Bei~ harrl~ning fixer 

• Speeifi-:atinns an~ 5ca1!"! nf Hitachi 5-401)A fll"'ctron 
mi~roscone ere given in Annexure ! er~ II. 
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(Agfa-301) for 10-15 minute.. The film was thoroughly 

weehed in running water and rlried in air. 

3.6.2 P;inting of Electron micrographs 

The prints were made on Agfe-hrcovire normal/herd 

photcgrephie paper. Standard (Agfe-100) and high eontr •• t 

(Agfe-l0ti) developers ware uBad for developing the prints. 

Developing wa. followed by fixation in acid fixing bath 

(Agfa_300) and weahing theroughly under running water. 

The prints were finally dried on glazing maehine_ 

3.6 ANALYSIS Of ELECTRON MICROGRAPHS 

fleetrenmieregraphe were viBually r:ob8erve~ with all 

preel.ion and accuracy_ The measurement of indivirlual 

component Df microstructure was made from 8 large number 

of mierograph. uaing precision scele. Averaq e values of 

.11 such observations were recorded end further interpreted. 

A summary of the methods used for electron microscopy 

has been given in flow diagram-II. 



I. FLOW nIAGRAr~ fO, YOGHUH MANUFACTU~E 

Colleetion of cow or buffalo milk , 

Clar i fiea ticn 

Heating ot milk .ample. at TOe 
or POC for 30 minut,... 

Inoculation of milk with 
starter eulture at 42C 

Incub.ti~n at 42 ~ O.SC for 4 h 

Coole" to 7-10 C 

• 
• 

Stared in refrigerator at 4-6C 

37 
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II •. SUMMAllY Of THt MI:.TH005 USED fPol ELfCTRrN MIc·,nscopy 

small cubes of Ynghurt ~egolum 
o 

fi, x.tio" in buffered glutaral_ 
dehyde (2.0_2."") f~r 3 h 8t 4-6C 

Washing in cacodylate buffer 
(0.1M) for 4-6 h at room temp~rature 

Double fixatjcn in buffered osmic 
Betd (~. D'~) for 2 h at 4-6C. 

f re.,ze-Dryi n9 ------­
o 

Whol" 
mount 

o 

fractured 
sam~les 

o 

Dehyr1retion lwater-ethanol mi.xture 
, graded .eries) 

Air-Drying 

,---r , 

Plastic embe~~inq 
o 

Whole fr8etu~ed 
mo unt .ampl es 

o 0 

Ul tram! ototomy 

Coating of BpecJmeno 
(gold, 100_200A ) 

o 

Staining of ultrathin 
o 

St:M Observation , T t:.H Ob6ervatien 
o 

o -------r ----
Sleet romicrr.ograp hV 

o 

I ntltrpreta ti"n 



CHAPTER 4 

RESULTS 



-.----
4. RESULTS 

Yoghurt. of acceptabl" quality ware prepared from freah, 

unfortified cow end buffalo milk. pro-heotod at 70e and 90e 

far the holding period af 30 Minutes and subsequently 

subjected to storage till 120 h. Samples we-ee taken fresh 

and at 24 h, 72h end 120 h intervale of storage and prace.earl 

further far scanning and tran.mission eleetron mieroscopic 

observations. B.sides, pH, acidity end viscosity of yoghurt 

.ample. were Me.sured to have an ide. of development of 

yoghurt coagulum under different manufacturing and storage 

condition •• 

4.1 MEASUREMENT Of pH Of MILK GELS DUR ING YOGHU~T 'REPARATlrN 

Using EC digital pH metor, pH of different ge18 

frOM cow end buffalo milks p~e-he.t.d at different temperatures 

was ma.surad at every half an hour interval till setting 01 

coagulum. Initiat!nn of curdling of milk was taken 8. 
Qurdling point for that particular milk. Tho pH veluee 

oorr •• ponding to the curdl!n; point. of buffalo milk pre­

h.ated at 90C (B9 0) buffalo .. ilk pro-heated at 70C (870), 

COW .. ilk pre-heated ot 90C (C90) and cow .. ilk pre-heated at 

7DC (C70) ware 5.22, 5.28, 5.00 and 5.05 respectively 

(Table 1). In all the samples, currlling took pIece between 



Table 1. pH measyremp.nt gf milk gels dUIin~ YQQhyx~~reDarBti~ 

-- ------------
r;P;-;r 
milk 

Cow milk 

5.mp~e __ 
Pre-haating 
temoerature 
(holding 
per1r,,~. 
30 JA inutee) 

70C 

SOC 

70C 

Buffalo milk 

SOC 

rr:o----o. 5 

6.16 6.58 

6.88 6.50 

6.90 6.75 

6·90 6.12 

Slimp 1 ing inter~alUn.....!L ____ -=-", 
0.10 0'.5 2.0 ?5 3.0 3.5 

6.00 5.76 5.58 5.3D 5.05- 4.88*'* 

5.~4 5.57 5.35 5.00* 4.73* .. 

6.3D 5.85 5.51 5.~8" 5.08* .. -
6·:>2 5.13 5.n" S.DS·· - -

-------
• - Currlling point of milk 

•• - !letting point of coagulum_ "' '" -• -
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2-3 h of incubation. 

Setting of coagulum was Dbserved in all the .amples. 

The term" setting of coagulum" here implied the co.pletion 

of coagulation process. It ca..,letad first in ••• pI. 

a90 (2.5 h). followed by BTO (3.0 h), C90 (3.0 h) end 

C7D (3.5 h). Co~~ •• pDnding pH values af satting pointe 

for differant sempl •• wer. 5.05, 5.08, 4.73 and 4,88, 

resp actively. 

4.2 MEASUREMENT OF VISCOSITY AND JUDGEMENT OF Y~GHUqTS 
COAGULUM QUALITY 

In order to have en irlea of quality and eonsistency 

of yoghurt eoagulum. fresh Yoghurt. were judged visually. 

In ar.lrtition ot it, the ViBcosity of y"ghurts was measured 

by eonstent strel. rotation viscometer and expressed in 

terms of centipoise. On the b.ais of body of coagulUM 

ae well .e degree of .ynereBie. yoghurt. were graded •• 

follow •• B90 BTO C90 CTO' Semple CTO w .. foun~ givinq 

typical off flavour. 

The values of visco8ity for different yoghurt samples 

Showed that ~O was 'fim •• much .8 two time. 88 compared 

Similarly. COW milk yoghurt C90 we. four time. 

f irmer th~n eTO (Table 2). 
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Tabl. 2. Hea.urerlent 91 viscosity end iudg!rtlent of 
c~.gulum quality of Ireeh yoghurts 

Type 
milk 

Sempl. 
of Pre-heating 

Cow milk 

BuffalD 
.. ilk 

'tempe,rature 
(holding period, 
30 minute.) 

70C 

90C 

70C 

90C 

ViscosIty in 
cent!paia. 

1 3 to 2.0 

49 + 5.0 

238 t. 10.0 

550 t. 15.0 

Co e9u1um 
quelity 

+ 

++ 

+++ 

++++ 
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4. 3 MEA5U~EMENT CF YOGHURTS ACIDITY DUUNG STO'lAGE 

The acidity Of YDghurts was estimated at different 

intervals of storage. Samples were titrated egll inet N/9 N.nH 

using phenolphthalein a. indicater and acidity we. exore8sed 

in terms 01 percent of lactic aeld (by wt.). The results wall!! 

presented in Tabl. 3. 

The acidity incre •• ed to different levels in varioue 

samples •• storage period proeeeded. There wes little variation 

in acidity of yoghurt. prepared from buffalo and cow milks 

pre-heated at 90C, whereas, the increase in acidity wal 

subatantial in yaghurts from buffalo and COW milks pre-hested 

at 70e during storage. The percent increase in aeirlity of 

differant samples at 120 h interval of storage over fresh 

B70' C70' lIgo and C90 umplee "'am 33.3, 30 .0, 9.4 and 6.0, 

respectively_ 

4.4 STUDY OF MICROSTRUCTU~E OF fRESH ANn STORED YOGHURTS 
AS REVEALED BY ELECTRON MICROSCOPY 

The microstructure of freeh end stored eamplee of 

yoghurt. prepared fram COW and buffalo milks subjected t~ 

diff8~.nt heat treatments weB studied by eleetron microscopy_ 

Three dimensional informationa were obtainerl by 5fH whereas 

ultS'a.truetural details through TEM. Th'! coagulum of various 

yoghurt. we. observed comprehensively and anly th~ r8~rea8ntative 

aicrographa have been included in this chapter. 



Table 3. ACi~iiY 'e!'urement of yoghurts during .toI.!!Ut 
8S percent lactic acid) 

S.pplll­TT~y-p-e~o~f~' re-heer----
milk temperaturl 

I holding period, 
30 lIinut •• 1 

70C 
CDW milk 

90C 

70C 

BUffdo 
.. Uk 

90C 

-c~~ ___ ?tor.g. p.ripA---~~~ __ 
f rash 24 h 72 h 120 h 

0.70 0.7S 0.80 0.91 

0.83 0.84 0.87 0.88 

0.75 0.90 0.98 1.00 

0.85 0.90 0.92 0.93 
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4.4.1 fresh Yoghurts 

After completion of fermentatien, different samplAs 

of Yoghurt w~re removed from incubator ann eDDIed to room 

tllllperature.. At this stege, these samples were processed 

fer Bcanning end transmission microscopy to study tne 

microstructure and ultrastructure of fresh Yoghurt ... 

4.4.'.1 Yoghurt from COW milk preheated at 70C: 

To study the three-dimensional surfaee structure 

of cow .ilk yoghurt. speeiman wa. Icanner! unrier Scanning 

Electron Microscope. At In wer magn if iea tinn. the coagulum 

of Yoghurt wa. compact in structure. H~wever, at higher 

magnification the same microstructure .ppeared as • three­

dil1ensional network of casein micelles fused tcgeth~r in 

form of clusters and eggrf!gates seperaterl by interspace. 

thrDughout the coaguluM. The inter8pecma were invariably 

wide and ma88u!:'ed 3 u ttt 6 u in dimension. This typicel 

o:tqani.ation of micrDlltruetlJre i8 very well de~icted in 

figure. 1 and 2. 

Casein micelles were observed in fnrm of spherical 

and cylindrical shapes maa.uring, 360-900 nm in diameter. 

with average d{mension of 400 nm. The surface of unfrsctureri 

coagulum seemed to be CDvered by 8ggrpgatee of smell 

globular structures presumably of coagulated whey protein. 



fIGUIlES l_S. ELECTRON MICROSCOPY Of fRESH YOGHURT fROM 

.. fig_1. 

COW MILK PRE-HEAHD AT 70C fOR 30 MINUTiS (C70)' 

Scanning electron llAierDg:rep h of fresf, 
yoghur~ at low magnificatiDn. 

Parous microstructure of yoghurt 
coagulum show ing pockets (whi te arrow) 
end intBrsp8ces (black arrow). 

------------------------ --.----
.. key to Mic~graph Scaler 

15 K - 15 kV Op.roting voltage 
30 • 4 NM _ 30 x '04 nm corresponding 
to the length of bar above it. 
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However, these structures were not observed i.n fractured 

coaguluM (figs. 3,4). The lactic acid bacteria - Streptococcus 

thermDphilua and Leetob.cillu. bulg.ricu. ware frequently 

spotted on surface end in pockets of coagulum without any 

connection between their aurface and protein matrix_ On 

scanning of different mierofi.lds. it wa. found that 

streptococci outnumbered the lectobacilli overall. 

Streptococcal chains of unusual length of 12-14 cells, not 

common in !n vitro conditions were seen colonised in the 

form of micro-coloniss at certain pIsces. On cloae 

examination, surfaces Df theee beeteril!l were founn covered 

with structure les8 deposits, where •• aurfaee of lactobacillus 

celIe were observed comparatively clean. further, the 

sample was found free of contaminants es no microbe. other 

than yoghurt starter were aeen throughout the prntein 

matrix. 

Ultrathin aaetione of fre8h COW milk yoghurt 

were studied under Tr8nani8810" Electron Microscops to 

observe the ultra8tructural details of the samole. 

Transmission electron micrographs endorsen the presence 

of cBsein agglomerations of various sizes and shapes as 

shown in f ig9. 5,6,1. Aggregates of micelles appeered 

8. discrete entities interconnected by long fibrils like 

structure. Besides cesein clusters, large fat globules 

made their appearance with the ruptured electran dense 



Micrograph showing bath .phorical 
'black arrow) and cylindrical' 
(white arrow) casein micellea_ 

Lactic acid bacteria coloniserl an the 
S\lrfBce and in the pockets (Streptococci­
black arrow; lactobacillus - white arrow). 





fig.5. T~en8lJl18sion electran micrograph 
of cow .. ilk yoghurt .hewing 
~1cro.tructur. overall (X 1,000). 

fig.6. ~icrogreph .hawing joining of 
ea •• in aggregates through fibrillar 
structure (black arrow) pre •• nt 
on the eurfaco (X 10,000). 



5 

6 



r i9' B. 

TEM micrograph showing casein 
aggregates (e), milk fat globule (G), 
milk fat globule membrane (M) 
ruptured at different places and 
Streptococcal call (S) (X 7,200). 

Ultr!lstrueture of streptococcal 
cell Showing surface surrounded by 
minute structures (X 25,000). 
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milk fat globule membrane in the yoghurt .ample prepared 

from whole milk. The section tht"ough streptocoeci revealed 

diplococcal cell with the cell wall eovered by minute easein 

like structures (fig_ 8). 

4.4.1.2 Yoghurt from cow milk preheated at 90Cl 

to visualise the im~.ct of high heating of milk 

on cow milk ynghurt, sample was observed stereoscopically 

and ultrastructurally. A parous Btrueture of coagulum 

marked by abUndance of interspaces we. visible at low 

m.gnifieation (fig_9l. The continuity of inter.paces was 

frequently interrupted by casein i.ieel! •• end thus 

resulting in formation of large and de.p pockets 8. sh~wn 
at higher magnification.. C ••• ln micelles of dimenehme 

of 300-700 nm with average diameter, 350 nm, were observed 

in the eoegulufth Two te"dencies nf eaeein orientation­

tendency of aggregation and chain tormeticn were s"'!'n 

prevalent among micelJ.ee in the sample. Besides, big lump. 

and flat sheet like structures were also observed at some 

place. in the coagulum (fig.10). I" respect 13f miertlflora, 

streptococci with surface deptlsi ts (diamp.tQr 1280 nm) 

and .lender claan surfaced lactobeeill i (diemQter 500 nm) 

were observed in interspsces a"rt on the aurfac., BE well. 

Diplococci cells of lsrgf.!r dimensions of apnroximetely 1500 nm 

could be spotted in lIome mierofielde duri.nq the scanning 

of .ample (fig." l. 



f1GURfS 9-13 ELt:CTRON MIc.10SCOPY Of fRESH YOGHURT 
fROM COW MILK fRe:..HEATED AT 90C fOR 30 MINUHS (C90 1. 

fig. 10. 

General view of mieroetructure 01 
coagulum at low magnification_ 

Microgreph showing porosity and 
~dilllen. ional network 0 l' pro tel" matri)h 

Bi9 casein aggregates (black arrow) 
•• a.en at higher magnification, 
diplococci (white arrow) can also 
be .petted. 
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Compact elusters of casein eurrounrlerf by fibrillar 

metF'rial were frequently observed in TfM Dietures. fibrils 

are Been extended t~ arfjftcent cesein aggregates in 80m!'! fJ.el~ ... 

Big c.sein aggregates of ebrut 1-2 ~ dimension with an~endages 

like structures attached on th~ surface are well dreumenten 

in fig, 12. Ultrathin aeeti"'I"'IB thrnugh leetf"obBeillus eellf; 

revealed the structures of rHffE!rent rlimensif"'ns. At hiqh~r 

magnifieation, olltlinPIi af these structures If"ol"'ked fUlzy in 

.ppearanee l f i9. 13) .. 

4.4.1.3 Yoghurt frnm buffalo milk pre-hpatp~ at 70C: 

The ccagulum cf buffalo milk yaghurt W88 (cuntl 

moderately parcubl pockets being rl~~p end amell, ran qed 

between 1-3 IJ in size. Caspin micellpl! were nparly spherical 

in shaDe end fDU"~ i~~leted, intprlinkurl and as l.rg~r 

aggrp.gat~s unrlrr high mAgnifi~Bti('ln (fiqo14). Th~ me"sur~mpnt 

of size of ndeelles shf'wed ennsirlerabl. varietitm ltmnng freF­

micell ~s ranginq f-rNr, ?50_1350 nm in term (:If tUmensjnn with 

.verage diemt"tpr cf ab('!ut 300 Mm. Ot:'I";Rsironally, big inclusion 

bnrlies presummbly of ~eaein l-dth neerlll! l1k'e Btruetut'~S of 

eeleiun complex Of' the surface werE": C"hserve-d in uflfraetur, 

coegulum (lig.15). A c('!v~ring of c~8gu18te~ globular 

aggregates was notfcRrl in unfreeturerl soeeimene, while 

fractured specimens weTP." found free "f Any such struet 

Siniler sl tu~tiC!n has be-en earl i~t' reported in slim,,!, 

In v8rir,us microfields, ]aet' e eeir4 hecteri.8 "'lIIfte' 

appearance invariably with surface covBrerl. 



fig.12. 

f 19.13. 

TEM mic~ogrBph shewing compact 
casein aggregates surrounded by 
fibrillar structures (X 10,000). 

A longitudinal and oblique 
section through lectobacill i 
showing cells of veriable di •• ns!on 
IX 10,DUO). 
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f IGUR€5 14-17. ELECTRON MICROSCOPY Of fRESH YOGHUn 

figo14. 

fig.1S. 

P,U:PARiD f~DM BUFFALO MILK PRi_ 
HEA TED AT 70C fOR 30 M INUT is (B70 I. 

~iM micrograph showing microstructure 
of fractured coagulum (Cesein 
aggregates _ black arrowJ and micelles 
in chein _ whi t~ arrow). Shallow 
pockets can elsa be seen. 

Microstructure of unfrsctured 
coagulum showing deposition of 
amall globular structures (bleck 
arxow). sheet like structures and 
needle shaped crystals. Lactobacillus 
cBn be observed protruding out of 
the pockets (white arrow). 





fig. 16. TEM picture showing the aeetion 
through casein a9gregatea. Thread 
like structure of denatured whey 
protein (black arrow) betwean 
cBsein B9greqat •• ere frequently 
visible IX 5,000). 

In edrlit-:'on to cssein aggrggetee 
1 inear cf1eL{ n of streptococci 
(white arrow) Bre shC'lwn ;_n the 
micrograph. (X 4,000). 



fig. 16. TEM picture showing the aeetion 
through casein a9gregatea. Thread 
like structure of denatured whey 
protein (black arrow) betwean 
cBsein B9greqat •• ere frequently 
visible IX 5,000). 

In edrlit-:'on to cssein aggrggetee 
1 inear cf1eL{ n of streptococci 
(white arrow) Bre shC'lwn ;_n the 
micrograph. (X 4,000). 
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Lactic acid bacteria wi th ~t"tn clean and 

unclean sut'faces were fDunn in the coagulum 8a documenterl 

by different SEM micrographs (figs_ 18,19). Oecasionally, 

laetCtb8eillu8 cells with typical club-ehaperl termir"el an~ 

were also obe~rved. The cell diameter measured 700 nm in 

the middle region and increased to 900 nm towards the end 

of the. cell. The size of streptococci was founr! 8S l1iqh 

as 1400 nm in som~ fielda. Besides eBasin ann yoghurt 

micrnflora, smooth, 501ir! structure ann cotton-like 

aggregated masses were seen scattered randomly in the 

microstructure (2Fig.20). 

Small compact ellseln micelles with well defined 

outlines. sparsely distributerl allover were observer! un~er 

TEM (Fig_ ?1). Short hairy projections We're presel"lt on 

the ~uter periphery as se~1"I at higher magnification. 

Interconnecting fibrils or 8prendaqes on casein micelles 

were nnt so prominent in this sample. Resn sha1='ed el!lsein 

aggregates or micelles of 3000 x 2000 nm were spotted in 

different fields (fig. 22). 

4.4.2 l£Ahurt after ?4 h of storage 

Electron microscopic ob6ervati~ns of cow end 

buffalo milk yoghurts 8tore~ fer ?4 h at 4_6C were carri@d 

out tn study the effeet of storage on th,. mier('lstrueture 

of casein and yoghurt flora in yoghurt eo~gulum. 



fiGURES 16-22. ELECTRON MICROSCOPY Of fRtSH YOGHU~T 

fig. 18. 

fig. 19. 

fig. 20. 

fROM BUfFALO MILK PRE-HEATED AT 
90C fOR 30 MINUTES (B

90
). 

SEM micrograph showing highly porous 
n.two~k of microatruetu't's. l.ctic 
acid bacteria in chains can be spotted 
in the centre. 

MicrnEtruetura of e fractured 
cOl!Igulum showing details: ,,1 generel 
matrix. Club .h8p~ lactobacillus 
(black arrow) in 8ssoeistion of 
Streptococci is 8een. 

Lactose crystel {whit. arrow) end 
cotton like free aggregates 
presumably of denatured whey protein 
are Been entrepped in the 3-dimensional 
highly crasa-link.d netwark ,,1 pmtein 
mB'trix. 





fig. 21. TEM micrograph shawing 8mall compact 
~nd .. Doth c .. ein lIiconee (X 5,000). 

Section through co_gull ... showing 
highly electron deneB big micell •• 
aggregates arranged in a linear 
fe.hien (X 5,000 I. 
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4.4.2.1 Yoghurt from cow milk prehe&terl et 70C: 

At lower magnifie8tion, the micr~6trueture looke~ 

compact similar t" fresh cow milk yt':'ghurt. The interap8ces 

were found wider in the coagulum. The easein micelles were 

88en comparatively more fUBed giving rise tc the formation 

of increB.ed number of big clusters then fresh semple 8. 

obeerved aa higher magnification (Fig_ ~3). Free micelles 

which were not frequent, measured 440-770 nm in diameter. 

In edrl!tion, globular clusters were .l~o observed on the 

surface af unfracturBd coagulum. There we. no visual 

difference in the morphology of lactic acid bacteria. 

Surfaee of yoghurt mieroflora ahowerl deposits 8S reported 

•• rlier (fig. 24). 

TEM atu~y ehewed the presenee Df fusion of micelles 

118 obel!rved in SfM. Big micelles of irreguler she~es covered 

with appendages were obmerven. Ty~!e81 h~art shaped casein 

aggregates were spotted at few pIeces (f'!q. ~5). free 

-aggregates of IF!sS electrt'ln dense !,rotein like materiel also 

appeared frequently in the background nf casein structures. 

4.4.2.2 Yoghurt from cow milk prehe8t~d at 90C: 

The yoghurt p-rep&reri fr~m cow milk pre-heated 

eomperati.vely at high temneratures offered porous structure 

at low magnifit::stinn SEM mierngrephs (Fig. 26). At higher 

magnification. the microstructure 8n~eBre~ enm~le~ in 

its organization. Micelles Were founn to be invC!!ven in 



fIGURES 23-25. ELECTRON MICROSCOPY OF COW MILK 
YOGHURT (C701 STORED FOR 24 HAT 4-6C. 

Ganeral view of fractured coagulum 
of .s.pIe. 

SEM miCEOgraph showing Streptococcal 
chain with covered aurfeee (black arrow). 
Wide interspace rsaultjng from ca •• in 
micellal aggregation can be •• en the 
background. 

TEM micrograph ahowing c •• ein 
aggregate ••• aeparate entit! •• 
8urrounded by fibrillar structure •• 
Typical heart shaped (white arrow) 
end free flocculea (black arrow) of 
denatured whey protein are spotted 
(X 4,000). 
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fIG URfS 26-27. ELECTRON III~OSCOPY Of COW MILK 
YOGHUilT (C90) STORED fOR 24 H 
AT 4-6C. 

fig. 26. 

fig. 27. 

Microstructure of fractured coagulum_ 

SfH micrograph shawing complex 
.ic~ostructur. compriaing both 
chains (white arrow) and aggregates 
(black arrow) of ca •• in micalleel 
Bacteriel 8urface show. high 
depoeition 01 pratein like met.rial 
on i-t. 
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aggregation and chain formation 88 demonstrated in fig. 27. 

The micelles are interlinked through surfaee to surface 

con tact. Threari Dr tubular protein atructurt!!B were not 

observed in the sample. fine micellas of v8t'ieci dimensiona 

were also noted.. Comparatively heavier daoosit5.on was seen 

Cln the surface of lactic str9J')tnt:ncei in chain. free and 

aggregated micellee with fuzzy bounrtaries were commonly 

observed in ultrathin sections under TEM stUdy. 

4.4.2.3 Yoghurt from buffalo milk praheat~d at 70CI 

MOderately porous microstructure with irregularly 

distributed. deep pockets on the surface of c~agulum wee 

noticed (fig. 28). Oeesaionally, poekl'1'ts were 88en occupied 

by 8mc~th compact struetures. Microbial Burface eore.red 

cleen and micrnbes were of regular rlim~n6ionsl lactnhacilli 

120 nm and Streptococci 1000 nm in diameter {Figs ?9, 30). 

Cesein micelles were mostly aggregated lind free micellee 

measured 500-800 nm in diameter. The surface "f unfr8cturerl 

coagulum was seen covered by globular aggregates. 

TEM mierographs revealed the IIggregated casein 

micelles placed discretely in the matrix. Free floeculee 

of cOl!Igulated protein like stru~tures were Been freQuently 

epert from the easein micelles (fig. 3-1). 

4.4.2.4 Yoghurt from buffalo milk heated at 90C: 

Semple presented a highly porous microstructure 

equipped with uniformly distributerl deep and big pockets. 



floUR ES 28-31. ELECTAO~ MICROSCOPY Of BUffALO 
MILK YOGHURT (B70 ) STORED fOR 
24 H AT 4-6C. 

fig. 28. Microstructure of coagulum 
showing aggregation of ce.ein 
micell ••• 

5£H micrograph showing incluaion 
bodi •• occupying the inter.pace. 





fig. 30. Smooth 8urfaca etreptococcel calle 
in chain (black arrow) and covered 
aurface lactobBcillua (white arrow) 
are spotted in the miomfield. 

TEM picture shewing the aggragation 
of micall ••• t law magnification 
IX 2,0001. 
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Micelles arranged in ehaina contributed to the network of 

casein matrix. As comparerl to fresh buffalo milk ,Yr.oghurt. 

a tendency of aggregation among easein lIIice11f16 in Eldrlition 

to chain formation was noticed. The sample was found quite 

rich in lactic acid bacteria. The bactprie with clean 

Burfaees were localised moetly in pocket (figs. 3'.33.34). 

Streptococci end lactobacilli measured 1,000 nm anrl 7~O nm 

in diemeter respectively_ Smooth sphericsl inclusion bodies 

ware found settled in paeketa 8S shown in Fig. 33. 

The ultrathin .ections t'-'rough cC8gulum revealed 

and highly dense campllct micelles arranged in linear fashion 

(fig_ 35). Casein micelles showed short hair like projections 

on the surface at higher mag"ifieation ann interlinking 

among these micelles through th!ls8 structures was clearly 

visible in figs. 36.37. Lonq threart like p-rotein structures 

were missing in this sample. 

4.4.3 Xgghurts after 12 h of storage 

£lectrcn micrClscopic etudiea of ..Yoghurts fJrefJared 

from CDW and buffalo milks stored for 72 h were cnnrtuetl9d 

to observe the changes in microstructure correapondinq to 

this period of storage. 



fIGURES 32-37. ELECTRON MICROSCOPY Of BUffALO 
MILK YO~HURT (Bye) STORED fOR 
24 H AT 4-6C. 

fig. 33. 

f 19. 34. 

Microstructure of coagulUM show in, 
d •• p pockets end claan Burfaced 
lactic aoid bacteria in the •• pocket •. 
'atreptococci- white arrowl 
lactobacillu.. black arrow • 

Besides yoghurt microflDra. lump. 
(black arrow) are •• en entrapped in 
the •• tdx. Typical chain at 
c.aein .1call .. (white arrow) ia 
viaibla. 

Czo •• linkinQ of Micell •• chain. 
reBulting in typical pocket. 
formation ia documented in this 
aticrcgraph. 





fig. 35. 

f 19. 36. 

fig. 37. 

TEM micrograph showing compact ca •• in 
micelles end aggregates arranged in a 
linear feahian lX 2,OOO}. 

Magnified view of caeein micella. 
in chain IX 5,000). 

Interlinking of casein micellee and 
aggregat •• through short hair like 
etructures of heat induced complex 
pre.e"t on the Burface of the 
micell.s aa r •• ealed by TEM (X 4,000). 
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4.4.3.1 Yoghurt fr~m COW milk preheatFn at 70C: 

Irregular microstructure cculd be visuAlised 

even at low megnffie&tion (Fig. 38). Large inclusion 

bodies and flakes like structures mede their appearance in 

the cCl.gulum and glObular agqreg8tes ware seen eendwitched 

between 'these structures (fig. 39). Casein micelles 

me.sured between 400-600 nm in diameter. 

Caeein micelles were seen clustered in large aggregates 

8S shown in transmission micrographs. Micellee a!'e seen 

distinctly joined by loosely arranged fibrillar structures 

{figs. 40,411. StreptDcoccal calls cC"uld be 8pottf!d with 

the dimension of 1200 nm. Figure 42 shows "01/11 the casein 

micelles are fused to form a continuous chain leBving 

cavities in between the matrix. 

4.4.3.2 Yoghurt from cow milk preheated at 90C: 

SEM studies revealed. compact and irregular 

microstructure of the sample. Pockets we're not that 

frequent in this sample. flocculate" casein micelles end 

smooth lumps dominated the matrix (fig. 43). Heavy uneven 

deposition on bacterial aurfeces wes seen ann streptocoSci 

end lactobacilli measured 1200 nm lind 800 nm in diameter 

respectively {figs. 44, 4S}. 

Casein micelles of comparatively very small size 

in clusters end in linear chaine we"!:'e shown in TEM 

micrographs (figs. 46,47). UnfuBed micelles Bhnwed smrt 



f IGURE5 38-42. ELfCTllON MICROSCOPY OF COW MILK 

fig. 36. 

fig. 39. 

YOGHUn (C70) STORED FDR 72 H 
AT 4..6C. 

Mic:mstructurll of coagulum showing 
high aggregation of casein micelle.­
Numerous big lumps lire visible even 
at this low magnification. 

SEM micrograph showing ehaeta of 
compact casein and long flakes, 
Lco.ely aggregated globular 
clusters and aandwitched in 
between (black arrow). 





fIGUR£S 43-47. £L£CTRCN MICROSCOPY OF CO. MILK 
YOGHUR r (C90) STOR En FOR 72 H 
AT 4-6C. 

fig. 43. 

fig. 44. 

fig. 45. 

Microatructure of coagulum showing 
extensive fU8ion end cBse;,n lIicel18. 
IlInd luI1p8 formation (black arrow). 

5tM miero graph show ing lsetob aeillus 
cell with heavy deposition on the 
aurfae',. 

Streptococcal chain with heavy 
deposition on the surface of calla, 
lumps Bre 8een in the background_ 
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flGUR £5 43-47. tLfCTRCN MICROSCOPY OF CO. MILK 
YOGHUR T· (C90) STOR £n FOR 72 H 
AT 4-6C. 

fig. 43. 

fig. 44. 

fig. 45. 

Microstructure of coagulum showing 
extensive fusion and c8se;,n micel188 
and lump. formation (black arrow). 

5tM micrograph showing leetcbaeillus 
aell with hB8VY deposition en the 
surface. 

Streptococcal chain with heavy 
deposition on the surfece 01 call •• 
lUllps are seen in the background-





fig. 46. 

Fig. 47. 

Small spherieal casein micellee free 
and in chains as shown in TEM 
micrograph (X 2,ODO), 

Compact micelles of high density 
ahowing linearity_ Short projections 
(black arrow) ere seen on the surface 
joining to adjacent micella surface 
(X 4,000). 
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projections or fibrillar stru--tura on the surface 8S 

reve.led by TEM mieroqraphs at higher magnification. 

joining between two micelles through these fibres eouln 

be eBsily lIeen while aggre;atea of I'rDtein meteorial wes 

not prevalent_ 

4.4.3.3 Yoghurt from buffalo milk preheated at 70C: 

An ill definerl microetrueture eharacteriaed 

the semple. flake-like structures were eeen concentrated 
, 

mestly in pockets. Casein micelles f.ile~ to maintain 

regular structures 8nrl rendered the flo~eulated aopearancp 

along w:i:.th loose glObular clusters. Coral shape" structure 

made the appearance in the microstructure of this 8ample 

(Figs. 46,49). Streptococci were unusuelly lerqe in size 

measuring 1600 nm in diemeter. 

TEM micrographs presented the easpin m i.eellft8 

highly aggr~gaterl into lO~8e clusters. Less el~ctron liensp 

pr:-ctein structures in ft'lrm of long strands appeared in the 

micrographs (fig. ~O). Frpp aqqrpgat~e of these struetures 

were aleo seen prevalent in the mic:r~6truetu't'e. 

4.4.3.4 Ycghurt from buffalo milk preheete~ at 90C: 

As r.omrarerl to t'lth~r sample~ stored f~r similar 

period, this seemed to preserve the organise" mierostructure 

scmewhat better (Fig .. 51). Bt:'th shallow an" deep pockets 

were seen uniformly distributel"l. Similar tt'l orevi~us 



fIGURES 411-50. ELECTRON MICRO~COPY OF BUfFALO MILK 
YOGHURT (E

70
) STrR En FOR 72 H AT 4-6C. 

fig. 50. 

Microstructure of coequlum at low 
mag"i ficetian. 

MicrCl91l'aph showing caegulated 
globular structures aggregates 
lwhite Srrow) and lerqa flakes 
occupying the interspsl:l!t. 

Ultra.tructure of leose aggregate. 
of eaaain micelles end flocculated 
whey protein structure prevailing 
the matrix (l( 4,000). 
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fIGURES 51-54. [LECTRON MIC,OSCOpy OF BUFFALO 
mLK YO.Hun (B90) STOReD faR 
72 H AT 4-6C. 

fig. 52. 

SEM mie~ogrsph depicting microstructure 
of coagulum Itt low magnification. 

Casein mieelles in chaine forming 
the net~Drk of microstructure. 
A short chai n of Streptococci can 
also be sesn. 
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buffalo milk yoghurt samples, easein micelles were sspn 

arranged in, chains and thus ftlrming • linear etrueture. 

The surface of yDghurt microflora continued to sh"w atrueture 

less deposition (fig.52). 

TEM micrograph shr.'lwed thellt micelle!! .,ere I:If vt!'ry 

smaller si;ze arranged in a linear fashion (Fig •• 53,54). t:'" 

close examination, "utline of mie"llea wers found distinct 

bearing hairy projections_ However, agc:rregation nf micelLes 

was not rare in this .ample_ 

4.4.4 Xoghurts after storage 1:11 120 h 

Ynghurts etCl'ed f("lt' 1:'?O h at low temllsratut'e were 

studied un~er 5EM and TEM to visualise the effect ~f prolonged 

storage on microstructure. 

4.4.4.1 Yoghurt frcm cow milk preh~ated at 70C: 

Clusters elf casein micelles anti cculd be observed 

as usuel with flat sheet like structures of compacted eesein 

dominating the mierostrueture of unfreeturerl eoagulum 

(figs. 55.56). Both elsan cells (diameter 730 nm) and 

unclean cells (diameter 730_860 nm) of laet~baeillus w~r~ 

observed in fractured soecimens. Streotct'!ocei with diameter 

1500 nm showed considerable depcsition on the surface (fig~57). 

In TEM micrograph., micelles were se~n rather 

separate entities of irre1ular sha~es. fre~ floeeules of les8 



fig. 53. 

fig. 54. 

Smell casei" micelleE with 
co.paretivaly amaoth autline are 
88en mDstly f~rm!ng the chaine 
•• revealed by TEM at low 
... gnific8ticn (X 2.000). 

Ultr •• tructura Df C8.8'" micell •• 
(X 5,000). No floccule. of 
denatured whey protein are ••• " 
a~aund the micell.e. 
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FIGURES 55-59. iL£emn~ tHC{OSeCpy OF ee\, t1lLK 
YOGilU,1T (e70 ) ST{\,R,n Fn~ 120 H AT 
4-6C. 

Fig. 56. 

Fig. 57. 

Compact microstructure ~f coegulum. 

Large compact sheet like structures 
presumably of protein dominating 
the microstructure ~f unfractured 
coagulum. Aggregates of glObular 
struetures are Been around these 
sheets. 

Microstructure of fractured 
specimen showing lactic lIcid becterilh 





rigs. se, 59. TEM micrographs ehowi~g caeein 
micelles aggregates of irregular 
sizes. Thre.de of denatured 
whey pretein attached to theae 
eggregatea (white arrow) and in 
farm of free floccule. (black 
arrow) are frequently Seen 
(X 2,000). 





electron density were f(':lund distributed throughout the 

matrix (figs. 58,59). 

4.4.4.2 Yoghurt from cow milk preheated at 90(, 

This 88mple ct"'lntinued te present the complex 
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micrt"lstrueture et thIs interval of etC'lragl!. Smflr"th ."hericel 

inclusion badil!!! IIpoe.red IDealised on the surface tlf c"agulum 

lfig.60). The lactic acid bacteria with elean anti unel!'!on 

surfaces were generally spotted in interspBc8s (riqs. 61,6'), 

Pockets were not so well demarcated end sasmeri tel fused into 

big interspaces in the coagulum. Micelles Were seen both in 

free and aggregated fOrm es reveal~d by TEM. Micelles man8qed 

to maintain their integrity in clusters and free micpllea 

measured 600-1700 nm in diameter. fibrilee joining the cBsein 

eggregates were commonly observed in different microfielde 

(figs. 63,64,65). 

4.4.4.3 Yoghurt from buffalo milk preheat~d at 70~: 

Fractured coagulum offered a porous microstructure 

with large interspace. re6ultinq pr~sumably by rliBtorti~n of 

pockets distributed in the coagulum. lactic eci~ bacteria 

can be spottfH:i in coagulum ev~n at low magnifir:<'Ition in Fig.66_ 

5mall globular structures enulrl be ee~n in unfraetured 

specimen. Cl'!en surfacert streptococci and l,aetobeeilli 

measurin9 1,000 nm and 720 nm in diameter resppctively were 

observed in pocket (Fig. 67). fHplococci with covered surfaces 

measured 1200 nm in diametp.re lumps end sheet like structu~es 



F IGUR £S 60-65. ELECTRON MICROSCOPY OF COW MILK 
YOGHUn (C90 ) STORED FOR 120 H 
,n 4-6C. 

fig. 60. 

fig. 61. 

fig. 62. 

SEM micrograph showing lumps alangwith 
casein agqregat98 in un1ractured 
coagulun. 

Streptc cocci (black arraw) and 
lactic acid bacteria (white arrow) 
spotted on the pockets of coaguluM. 

Beaide ca.ein aggregation, chain 
formation of micelles i. alea 
evident (white arrow). Lactic acid 
bacteria showing both clean end 
deposited surface at h.igher 
magnification. 





fig. 64. 

fig. 65. 

A aeeticn thrnugh yoghurt coagulum 
showing ultrastructure of c ••• in 
micelles (X 1,5001. 

MicelI •• are aeen surrounded by 
comparatively mare el.~tron dena. 
thread like structures in thia 
semple (X 4,000). 

Micelles joined through afore-•• id 
fibrillar structures .s seen at 
high magnification (X 10,000). 
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f IGURiS 66-70. ELECTRON MICROSCOPY Of BUffALO 
M1LK YOliHURTS (B

70
l STORED fOR 

120 H AT 4-6C. 

fig. 66. 

fig. 67. 

fig. 68. 

large inter.paees in the mie~.tructurB 
liS ahown under SEM.. Yoghurt micraflara 
clln be spotted evan at low magnification 
(black arrDw). 

Micrograph showing lactic acid beeteri. 
with claan (black arrow) and covered 
Burface {white arrow). 

Sheet like protein structures 
8.rroundad by tiny glDbular 
atructur .. ob •• rved in unfractured 
c08gulun .. 
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were found ira the pockets frequently (Fig. 68). Presence !'If 

big aggregates of amall micellee end pockets in thpo coagulum 

was evidenced in TEM micrographs. Th!t prt'ltein like meteriel 

intercon~eetinq these ag,regatee enri in the form of free 

aggregates dClminaterl the microstructure (Fiqo69,70). 

4.4.4.4 Yngh~"t from b~ffalD milk heat." at 90C: 

Th55 ~ample offered highly porous structure, num .. rous 

poekets were' di8tri.butE~ uniformly. The long chains of micellE!s, 

interwoven end intereonnecterl prp.spnt~d an organissrl network 

(fig. 71). Sample even at this stage of storage, e~ntinued 

to gup~crt the growth of lactic Acirl bact~r18 to a great p.xtent. 

Strepto1"'1':lcei with clean surfaee~ me03eurerl 1000 nm, whHe 

streptococci with covered surfaces measured 1~O0-1400 nm in 

Short laetnbacillus cell of 6.4 ~ 

in length was opotter:! at this stege of storage. The compact 

m: celles arranger.! in linear fse;hion were obeer-veri at lower 

mag"! fioat ',on in TE:t-1 micrngranhs (fig. 74). Micellee jclint!d 

through short fibrillar structures couln be seen in fig.7S. 

In arlciit~on to this, B cluster of smooth surfaced spherical 

bodies with dimension of 1200 nm indicaterl the oresence of 

streptoeoc~i {fig.76). 

4.5 APPLICATION Of 5fM TECHNIQUES IN YOGHU<TS 

4.5.1 Double fixation versus single fixation of Yoghurts 
eaAg ulum 

To BAe the suitability of single fixltticm in 

glutaraldehyde for y~ghurtet yoqhurte at ~4 h interval of 

storage were p~eserverl in glutaraldehyde and switched nver 



Fig. 70. 

Oise~ete entities of caaei~ ~icelle. 
interlinked by denatured whey protein 
structures 118 revealed by T EM 
IX 4,000). 

Leosely aggregated cBsein clusters 
aurrounded by denatured whey protein 
floccules IX 2,000). 
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F IGUR tS 71-76. ELECTRON MICROSCOPY Of BUFFALO MILK 
YOGHURT (B90) STORED fOR 120 H 
AT 4-6C. 

fig. 11. Highly porous microstructure of coagulum.-

fig. 12. 

Fig. 73. 

Microcolony of streptococci localised 
in the pockets of three dimensional 
network of c.s.in. 

A 10n9 .tr~ptocacc.l chain showing 
deposition on the surface at 
higher magnification. 





fig. 74. 

fig. 15. 

fig. 76. 

TEM micrograph showing small cBsein 
micellee in chaine distributed in the 
matrix IX 2,000). 

Hairy projections stretching b.twean 
two casein micellee 88 ahown at 
higher magnification IX 2,000). 

A •• etion threugh typical 
mierocolony of streptococci 
observod under HM I X 10,000). 
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directly to convention!!l air_drying. The reS90n fcol:' choosing 

Yoghurts at this particular interval of storage was that 

it wss presumed that microstructure of coagulum is stabilizsd 

by this time. 

All the samples _ cow end buffalo milk yC!qhurts 

prepared from milk hBate~ at 70C and 90C presumed the 

micrl")structure comparable to doubly fixed samples. The micro­

struc:ture of buffalo milk yoghurtEl Wile found more porous as 

compared to that of COW milk yoghurts tfig. 77). The 

distribution and size of tpockete end inter.paces ~rie~ 

accnrdingly. Casein mieelles of various shapes like typical 

heart, spherical, elliptical were observed in coW milk .voghurts. 

The tenrlency of unifDrmly well pre8erv8d lactic 8cid bacteria 

pa~ticularly str~rtoeoeci to get colonised in pockets enrl 

inte~sp8ces in the coagulum was frequently Been in various 

micrographs (fig. 78,79) .. Besirles long cells, smell lactobacillus 

call. could alsC! be spotted. N"t only casein and microflora, 

Single fixation was found equally efficient in pr~eerving t~ 

inclusion borlies in the cClsqulum (fig. 80). 

4.5.2 A ir-drying versus freeze-dry ing oLY,oghurts 

For 5t:t1, freeze-drying wes emplcyed as an alternativE' 

tn air-rlrying, for the purpose of dryinq th" yoghurt specimens 

after fixation. Yoghurt sampl~5 were doubly fixed in 

glutareldehy~e followed by oarnie meid Ann subsequently 

subjected to freeze-drying in a lyophilizer. 



FIGURES 77-60. SCANNING ELECHerl MICROSCOPY Of" 
Srr<GLY fIXED AIR-DRIED SAMPLES 
Of" COW AND BUFFALO MILK YOGHURTS 
STORED FOR 24 H AT 4-6C. 

Fig. 77. 

Fig. 1B. 

Well preserved Microstructure of B70 
semple observed at low magnificatiOn. 

Clean surfaced streptococci in cheins 
(black arrow) and small rod of 
lactobacillus (white arrow) I cllsein 
network ie '.en in the background_ 





fig. 79. 

fig. ao. 

Three dimensional network of 
cassin mieel1es entrapping lactic 
acid bacteria. 

Smooth surfaced big inclusion 
bodies dominating the microstructure. 
NumerOU8 packets are eeen in the 
background. 
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Freeze-drying resulted in a flDcculete~ microstrueture 

in case of yoghurt coagulum a8 visible at low magnification 

Casein micelles were seen either aggregated or 

stretched into sheet like structures both in fresh and stored 

slImples .. In this type of arr~ngement, regular pocket formation 

wae not observed (Fig. 82). 

freeze-drying wes found quite efficient :in preserving 

the miernflora of yoghurts- fresh and 8tore~ BBmplee. 

Streptococcal chains with both clean end c~vered surface were 

frequently seen in fresh and stored yoghurts lFig. 83). At 

higher magnification, diplococci cells were seen united to 

form the chain end the terminal cell of the chain wes f~und 

comparatively bigger in size. No connecting material between 

bacterial cell and easein matrix wee seen (fig.B4). MicrCl­

colonies of lactic acid bacteria were well l'reserved in stored 

sample for 120 h (fig. 851. Streptococci Df higher rHmension 

measuring 1300 nm in diameter wes observed apart from long 

chains of lactobacilli, individual lactobacillus cell with 

diameter end length of 960 and 6400 nm respectively eoulrl also 

be .rotte~ (fig. 86). Connecting material between c""ll and 

easein matrix around was found missing in freeze-rlried samples 

The holes formation. is phenomenon alien tr- sir_drier4 

samples, 1,o18S frequently observed in SEM micrographs obte ;,ned 

from samples dried through this technique_ 

* •••• 
'" • 



fIGuqES 81_86. 5EM Of fREEZE_DRIED COli AND 
BUffALO MILK YOGHUUS. 

flocculated microstructure of 
fr •• h buffalo milk yoghurt (8

90
), 

fig. 82. Closed microstructure re.ulting 
from the stretching of easein 
into continuou8 sheet like 
structures in cow milk Yoghurt 
(C901 .tared fDr 24 h. 

fig. 83. flocculated lIIicrostructure 
showing II chain of lactobacilli 
with deposition on the Burface. 





Smooth Burfaced streptococci 
in fresh buffalo milk yoghurt 
(570 ) shown at higher magnification. 
Terminel cell ie bigger in eize. 

Lactobacilli snd streptococci 
eeen colonised in pockets and 
on the surface of coaguluml •• 
shown in cow milk yoghurt C90 ) 
stored for 120 h at refr igar etion 
temperatura. 

SEM micrograph showing no 
connection between small, 
individual rod of lactobacillus 
and surrounding flocculated 
casein matrix in buffalo milk 
yoghurt (B

90
) stored for 120 h 

at 4-6C. 
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5. DISCUSSION 

Scanty information. 8re available in literature on the 

.icrc.tructu~. of Y~ghurt prepared fro. fr •• h whale .ilk 

esplcially buffalo .ilk. Hence, YDghurte were prep. ran froM 

both caw end buffalo _ilk. pre-h.ated at two different ranges 

Df ternpu.~ur. , 70 and 90C fDr 30 "in",to ••• halding t1 .... 

Th .... twe te.pe~tuZ' •• are widely opted fDr treatment of .. ilk 

in dai~y industry before going for actual •• nufacture of the 

product. An attempt w ••• ade to det8l'f1ina tt-l. pH of galation, 

acid content and vi.co.tty of the 11"i.hed preduet and to 

correlate ~h ••• pvoplrtiea with microltrueture of cOloulu. 

revealed by electrCln microscopy_ The study wa. further 

extended to Y~ghurts stored up to 120 h at low temperature. 

5.1 pH M£ASU~<MtNT Of MILK G£LS DURING YOGHU~T PRfPARATION 

The pH of milk ge18 from COW and buffalo whole milks 

pre-heated at 70e and 90C for the heIding J:leriod of 30 minutes 

was measured till the completion of setting of coagulum. 

It wa. apperent fram the results thet initiation 88 

well a8 completion D1 gelation weB earlier in cow and buffalo 

milks pre-heated at gOe than milk. pre-heated at 70C. I twas 

further observed that the pH values correspondi"9 to curdling 

point and setting point of coagulum. ware lower in gele 
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frail .Uk heated at 90C •• cOMpared to Itilk heated at 70C. 

From the •• results, it can be concluded that acid development 

we. more in .ilk. h •• ted at 90C then th ••• he. ted at 70C. 

This difference in pH and ecirlity development in milk 

gels associated with different pre-heat treatments can be 

attributed to thermal deeompsotion of lactoee, dephosphorylation 

of cBsein .nd diaplac •• ent of calcium-phosphate equilibrium 

among other .,eeters. The involvement of all these factors in 

lowering of pH and more acid Droduetion in heated milk h8& 

been recogni.ed earlier by Perry at a1. (1974). The magnitude 

ef impact of these factars may vary with the degrp-p. of severity. 

Unrlttr the light of these observations, variations in pH of 

ge18 froM milk. heated at 70 and 90C can be clearly under8to~d. 

K.lab ti!!.. (1976) ob •• rved that ski •• ilk h •• ted .t 

higher t.mperature (90C) without ."Y holding time, gelled at 

highel" pH. Thie variat!"", ean be explained on the beei. of 

ob.ervatio" .. ad_ by fox ."d Morri ... y (1917) that aeirlity 

develop.ent from lactc •• decomposition and dephoephorylation 

i. aignific8nt only after prolonged heating of .ilk. Moreover. 

the role ef fat present in whole milk used in the study can 

no~ be altogether ignored_ 

5.2 MEASUREMENT Of VISCOSITY AND JUDGEMENT Of YVGHURTS QUALITY 

The viscosity of Y~ghurt gives the fair idea of 

consistency and firmness of finiehed p~o~uet and thu. carries 
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Significant impact on consumer value of it. The remults 

obtained through viscosity measurement anti jud!"Jeme"t of 

quality shawed thot high heating Df milk resulted in fir. 

curds, free of syner •• ie from both cow and buffalo milks. 

Sam~l. ~D w •• found two-tim •• firmer than 8.m~le B70 and 

about 40-tim •• than e70. The o1f-fl.vou~ ob.ery.~ in eow 

milk yoghurt (eTO> csn be assoeiated with high whey e~ntent 

of the sample aa ha. been reported in Yoghurt from milk 

fortifi.d with whey protein by ""'dlu !.1!!.!. (1983). It 10 

evident that buffeLD ~ilk yoghurt excel. over cow milk yoghurt 

in terms of consistency end quality of ~".gulum (Table 2) 

end observations ara Obviously in faVOUr of Yoqhurt production 

from buffalo Milk particularly in A.ian countries_ The 

aup.riority ef heating of milk at 80_90C far the holding 

pltriod of 30 minutes aver p •• teurization and UHT treatment 

wa. andar.ed by Sted~Dud.r. and H •• sing (1913). Labropoulos 

.till' (1981.) .1000 observed that Yoghurt propa .. d from 

milk heated at 82C for 30 minutes w •• firmer then Yoghurt 

prepared f~m milk heaterl at 63C for 30 minutes and UHT 

treated milk. It has been established that whey "retein 

denaturation and diaulphide bonds formation between th~Be 

protein and K-caaein reFulte in firm curd formation on 

heating of milk (Lyster, 1970, Parry at .!l.-, 1974 and 

Creamer A1 ~ •• 1918). Labropouloo Li al. (19Blb) proposed 

that a specific change manifested in whev prn'tlti" during 

heating of milk above 80C for 30 minut •• cDntributes towerds 

formation of fir. structure. 
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This contention qete the eUPDort from the r~eomme"deti~"8 

of different groups r.'/f workpra for heating flf COW lind buff.lo 

milks at 80-90C for 30 minutes to ~re~are Yoqhurt (Storgarda, 

1964, HUliphrey. Plunkett. 1969, Rasie and Kurlta"n, 1976; 

Davies J.t...al., 1978, Huhn II al., 19811 Dole,alk and 

Vokaaova, 19811 Madler ll!d., 1983 and Merllar enrl Kalab, 1963). 

5.3 ACIDITY MfA5UofMfNT OF FRESH Aren STnRfn YnGHURTS 

The eciclity of fresh and stored YOCJhurtli WS! taken aa 

an index of activity of starter culture end coagulum_stability 

at fresh stage and during storage. The aeidity of various 

.amples thu. was estimated in tl!lJrma of ".rcent of lactic 

acid. The results Bugqested that during storage, acidity 

development in yoghurts from cow and buffalo milk pre-heated 

8t 90C we. negligible, whereas thpre was. 8ub6tantial 

incrsa •• in acid content of semple!; from milks heaten at 70C. 

After 120 h of storage, eow and buffalo milk yoghurts 

(e70 and B70) showed an increa8e "1 30.0 and 33.3 I'ercent 

respectively in acid content over corresponding fresh samples. 

It can be e)(plainad from the result. obtained that 

yoghurts prepared fro. milk given high heat treatment 

eapec ially 890 .ample were found more stable in behaviour 

during the etorag8 than yoghurt. from milks pre-heeted at 

70C. 

Aa far 8S the acoeptability of the product is 

concerned, buffalo milk yoghurt. comparatively have attained 
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the acidity more in the range acceptable ccn:ttnerci&11y than 

cow milk yoghurtti after storage of 120 h. Nevertheles8, 

COW milk yoghurts had not become unpalatable outrightly after 

the same period of storage. Barr.quia.!.l. 191. (1981) and 

~odler Ai!l. (1963) have eonsidered thp Ynghurt samples of 

good quality stored for one to two weeks at low temperature. 

However. in • tropical environment like India, it is harrlly 

advi.able to store the Yoghurt for longer period in view of 

severity of temperature fluctuation and eco~omie. involved 

with £torage at low temperature_ 

5.4 STUDY Of MICRCSnUCTURE Of fRf~H A~n SrnRfTl ynGHUHS 
AS REVEALED BY ELECTRnN MICROSCOPY 

The a •• ociative action of yoghurt etert".r culture 

results into acidification of skim or Whole milk and thue 

farming the typicel yoghurt gol. In eontraot to fluirl milk. 

the Microstructure of Yoghurt appears .s It three-dimeneif.'lnal 

structure formed by fusion and agqregatioft of c.sein micelles 

into mUltiple chai"s. The similar microstructure of "'ilk 

gel. h •• b •• " r'ported .arlier by various workers (Kalab ll!!. t 

1973, Kalab end Emmane, 1975 and Kalab UBI., 1976). Tho 

lactic acid bacteria and whey ia found entrapped in the 

prtltein network. There lire aevera1 factors influencing snrl 

fUrther contributing to the mierostruetur e of' finisher! pro rfuet. 

The factors taken into Cf"nsideratitlr in the ~resent study 

include type of milk, pre-heat treatment of milk, pH of 

coagulatiDn mnd finally storage at refrigeration temoerature. 
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To understand the mody. pperandi of all these variables 

during development of Micr~.trueture, the eleetron microscopy 

ha. been employed t~ study tne microetructure of y~ghurt9 

frem CDW end buffale milke. 

5.4.1 Frelh Y9ghurt, 

5.4.'.1 Ca •• ln microstructure in cow and buffale Milk yoghurtsl 

The microstructure of COW milk yoghurts W8e 

observed es a thr.e-dim.n.i~n.l spongy network of clustered 

and aggregated casein micelles. The big interepeees were of 

common occurrence in .ample C70, while these were restricted 

in dimension by packets formation in C90. Kalab (1979) 

extensively studied the yoghurt microstructure and the pocket 

formation. The contention forwarded by him that pockets ere 

formed 8e a result of bacterial action is untenabll!J. ~!tther 

it appears mora convincing Dn the basis of observations that 

fusion of micellas gives ria. to pocket formation when 

baeteria arl!! entrapped rluring whey!ng. In ero, micellee were 

Been either free or in clusters, where81S a tendency of 

interlinking among micelles in Bd~ition was found existing 

in C90" In comparison, the free micelles in e70 were bigger 

in size (average diameter 400 nm) than those of C90 

(average diameter 350 nm). 

It csn be cnnclurled from the results that 

aggregation of micelles was higher in cow milk yoghurt (erC) 
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than ~O. Carroll ~i!!- (1971) poe.tulateci that size of 

ceeein micelles is influenced by severel fectors_ This 

included the int~ractien of heat denatured whey pr~teinE with 

m~celles, deposition of insoluble serum protein on micelles 

and increase in calcium content leading to calcium brirlgJng 

among micelles on heating of mUk. Hence, it is logical tel 

comprehend that big micelles formati.on i" yClghut't gel is I!!I 

tSJ,lperature d.pendsnt phenomenon closely associated with whl!y 

protein der.aturation. Whey protein is likely t('l be denaturated 

at both the pre-heat temp.f·ratures used in the present study, . 

the difference anticipated c.nly in the degree of denaturatior'h 

further, denaturation of whey protein is expected to be somewhat 

low at 70C. Moreover, denaturation to e~tent of 99 percent 

at aoc for 30 minut •• has been experimentally proved 

(Humphrey. and Plunkett, 1969). Creamer U ll' (1978) and 

Labropouloa n!.!.- (1981 atb) .esert~n that formation ('If a heat 

induced eomplex between micellar an~ non-micpller protein 

accounts for the presence of smell micelles at t-ligt-ler hlmoerature 

treatment. The wider inter splices observed in the C70 may be 

due to the cellein aggregation l~arling to fewer chains an,", thus 

forming 8 more open atrueture (Kalab ~ !!_, 1976). The 

resultent soft coagulum from this type of microstructure is 

expected to be virtually vulnerable towards syneresis. The 

comparable lituation is found to exist in 8amrle e70• 

The unfr8ctured c~egulum of e70 wee frequently 

seen covered with loose aggregates of tiny globular structures_ 
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These structurBs were not found in frecturerl c~.gulum of the 

lSame sample and were altogether missing in both fractured 

and unfractured coaguluM of C90 .ample_ More eXDerimental 

evidences are there-forB needed before any conclusion is dreWn 

abDut the nature end origin of theee globular aggregates. 

The informations obtained from ultrathin sections 

revealed that casein mioellas were laosely arrang.~ into big 

aggregates of irregular shepee aurrouflde('f by fine thrlil!!lr1 likfl! 

structures. Similar structures were nbserved in hMted skim 

milk by Creamar £! 01. (1976), 8nd Kalab Ai 81. (1976). 

Davis. ~!!. (1Y78) visualised thp8e mtructures ea pr~minent 

appendages present· on the surface of caeein micellae in 

yoghurt gel prepared from milk haated .t 90e. 1\1 t thee. 

workers ware of the view that th •• e thread like structures 

are in fact. the heat induced comple. formed by the interaction 

of ~-l.ctoglobulin and K_caeein. 

T heae whit\! protein st.ruetut'es a~" •• r.rt 8S flocculated 

protein in the form ef long strands b!!"tween essein micell •• 

SInd thus aeparating the micellar aggregates .s inrlividual 

entities in .ample eTO. Much eernperable mier"stru~ture h •• 

been observed by ~dler .n~ Kalab (1983) in ynghurt Iram skim 

milk fortified wf.th whey protein. It will be relevent to point 

out that yoghurt ••• ple e70 he. been found to be the weak •• t 

enaguI"", having meudmull whay content .," the basis nf viscosity 

value. and visual observation. 
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In case ~f sample C90, rAther com~a~t, small and 

spherical micelles were sean surrounded by short hair like 

projection •• There appeared 8 distinet linearity amonq theee 

micellee but connecting .trends WeT. found ~i.Bin9 between 

80me micelles at certain points. Verirtus mOdele Bugqasted 

by different workers depict-ing the aeetioni"g thrClug" three­

dimensional network of .ilk gel. can •• sily explain this 

dieeantinuity among micell8. in a chain (Kalab and Herwalkar, 

19741 Kalab JI1 !!l .• 1976). Tho long .trend. of flocculated 

protein were le68 prevalent in the &lmple but, free aggregate. 

of th ••• structure. were frequently obeerved. The microstrueture 

ia similar to that Df yoghurt prapared 1rflfll .kim mil~ pre-he.ted 

at SBC for 30 lIin".8 and f"rti1'iad with e .... in in form ,,1 

c •• ol.na\e by Modl.r end Kalab (1983). 

Studies on microstructure of Y~ghurt using buffalo 

milk ha. been taken for the first time. "icr~8truetur. of 

buf'sl" .ilk yoghurts we. found moderately poroue i~ semple 870 

highly porous in sample 890 • Pockets were shallow in former 

aapl. where •• deep end regular pocket formation was observed 

in latter .. mple. Ca.ein micelles Were also f~unrl free, inter­

linked and aggregaterl int .... clusters in Simple B10 and measured 

about 300 nM in diameter. The micellee were observed extenrled 

into tubular structure8 and cha.f.ne formed by joining of these 

structures into a highly organised network of nrotein matrix 
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A close oheerveti on of SfM micrographs of B70 

end B90 aamples revealed that microstructure of th ••• eamoles 

varied considerably_ In buffelo llilk yoghurt (B10) f lonee 

aggregates of globular structures of very small dimeneion • 

•• compared to easei" micellee in term of size, were seen 

a.ndawitched between csaein micelles end aggregates (fig.1S). 

It may be notewDrthy to mention that similar Btructures he. 

also been natarl in cow milk yoghurt (e70 l. On the other hand, 

in 990 sampl •• there exi.ted no such aggregates ann e •• ein 

mieell •• weTe eeen linked together through tubular 8tru~tu~es. 

In addition, flocculated free cotton like structures could 

b 8 apo tted on the aurface of coaCJulum in B90 (figa. 1 B, 20). 

On the ba.is of th ••• observetiona, it can be 

proposed that 100 •• aggregate. and tubular atrueture. 

reperted in B70 and B90 respectively .re truly the structural 

.odifieetiona ef speeific ~ilk canatitwent manifested by 

pre-heat temperatura vari.ti~n. Madl •• 8"d Kalab (1983) 

reported the flDcculated whey p~t.in ~.teri.l c~nnecti~g 

the c •• ein lIie81lee in yoghurt prepared front akim milk 

fDrtified with whey protein end pro-hseted at BBC far 30 

minutes.. It h: very likely that denatured whey protein 

may attain the form of minutes glcbular structure in bath 

COW and buffalo Wlilks pre_heated at 70C, where.s at 90C, 

the denatured whey protein probably i~ flocculated into 

bridging meterial between ca.ein micelles ann remains 8a 

free flocculeB at some places. The cottan like aggregates 

observed in the 890 aopear to be these free floccule •• 
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Modler end Kalab (1983) alaD anticipaterl the ~resene~ of 

these free floccule. in microstructure en'" e)(pr ••• l!'ri the 

po •• ibility Df being washed out during preparetion of aample! 

far SEM. 

At ultrastructural level, irregular micellee 

appeared .a more elactrnn den.e .eparate entities inter.paced 

by 18s8 elactrnn denae thread like IItruetures 01 whey prt'tein 

in •• ~pl. 9
70 

(fiO. 16). Flocculated protein material was 

•• en moetly free in the matrix. In .ampl. 890' micelles 

appear ad compact. electron danse and spherical in snape 

and were arranged in linear chaine. The micelles were found 

to join in to chains through short hair like projection. 

a. observed by Kaleb A1 d. (1976) in Yoghurt fr~m milk 

h.atad at higher temperature. It elln, therefore, be 8eSUIR8d 

that whey protein behave. differently in terms Df its 

association with casein micelles rlepending on the rlistr!butif'n 

of whey protein in the microstructure and pre-heat temf'erature. 

flocculated protein material in the claae proXiMity Df 

micell •• "'.Y be illvolved in the formation of heir like 

projections thus extended tr'l other micelles. In eontr8st, 

whey protein placed far apart from micelles exists as free 

long strande coiled intt'! aggregates. 

5.4.1.2 Di.tributinn pattern en~ structure of lectie acid 
bacteria in Yoghurt coagulumt 

fsrmantation of milk into Yog~urt is carried out 

by mixed culture of ~. thprmophilus and L. bulgericus. 
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As Buch, presence nf any microorganisms Ct't.her than YO~hurt 

culture in ctlsgulum lIIi11 be considered as ct"ntaminant. 

Distribution pettern ann structure ~f theFt! lactic acid 

bacteria in coagulum Sre likely to axart their influence on 

the Qu"l1ty Df prDduct. Gwnuelly, ylIllBt lind mold hBVP 0""" 

found BS contaminants during storaqa of Y"ghurt (BurrequIa 

n!!l.., 1981). 

lactic acid becterie in the present study Were •• en 

distributetf throughout the coagulum efthl'r f"n the surf.c. rtr 

in pockets •• i.,lated Ionq chaina. Howaver, pDcket. in 

pretein matrix seamed tc prnvide more 6uitable envir~nment for 

their multiplieation. Strerttococci were spotted either in 

8mell cheine, BOm.times diplococci or in long chaine establiehed 

into microll::aloni •• but laetobacilli in chafne were not prevelent 

in the fresh stege. T,",. presence of bacterial ch8ins of 

unusual length indicates that milk supports the growth of 

lactic acid becteria to II greeter extant as B natural rnerUulII 

comparable to other nutritional media. Numerically, streptococci 

aeelled to outnumber the lactobacilli in distribution at this 

stege. 

Regarding morphology of lectie acid becteria in 

enegulum, thelia bactel'itll were '.ntareetingly found in two 

di fferant .i tuations. Some cella Wftre found smooth, w,",il e 

other existed with oeovered Burface i" the eoegulufth The 

smooth cell. of etrpptoeocci measured 1.0 ,.. in diameter, 

where •• csll with covered surface were founr! 1.2Ui" dillmeter. 
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for smooth and covered lactobacillus cell, the diameter 

recorded were 0.72 fJ lind 0.8 ~ respeetively. Ruegg JU. a1. 

(1981) reported the iimeneion. Df streptococci and 

lactobacilli e. 0.94 and O.7B~espectively in G~uyere cheea •• 

The observation of lactic acid becteria with 

covered aurface was the unusual feature nf prese"t study. 

The b8cterial surface ...,as aeen cC'vered with fine deposition 

of protein like .tructures_ The extent 0" deposition on 

the aurfece Beamed to be higher in streptococci and amounted 

to about 20 I'ercent increese in diamat!'_r of cell. I" Cille 

of lactobacilli, the depDsition was ob.erved comparatively 

of lDwer magnitude to the extent of about 10 percent. F'rnm 

these observationa, it may be possible to conclude that 

8~rface of streptococcal cells ia more susceptible to the 

typical dttprtsition •• compared to leetabeeillu. cell •• 

Theae may be explained an the basis of having eithr:.r specific 

affinity between bacterial aurface a"d protp.in like materiel 

or invalvement of surface structure favourable to Buch 

depo8ition. EXperimentel evidences show thst smocth surface 

of lactic streptococci when grown in nutri tional broth 

appears undulated when observed at hi.gh ",agnification. 

Bladen end Stepha" (1964) also observed aimilar c~nvolut.d 

and uneven surface structure in ca •• Velion.IIa app. 

Hence, ther9 ia !II possibility that surface structure of 

streptococci i. associated with phenom."on of rtepositiol'l. 
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fibre. in yoghu:z:t microstruaturs only when certain stabilizer 

and' ropy' .tarter cultures were uaed. In the present study 

this possibility ie totally ruled out. becaus. neither any 

stabilizer nor any ropy culture has been incorpDrated. 

5.4.'.3 Inclusion bedi •• : 

Ineluainn bodias refers to the structure 01 unueual 

ehepee observed in the microstructure of coesgulum. Th ••• 

structures results "rom modification of milk cCI"stituenta 

accompanied by any change in the environmsnt of microstructure 

during gel development. The dompoeition of milk, manufacturing 

process and post-manufacturing oPAre_tions play importartt role 

in tha formation t:lf inclusion bndiee. 

In addition to 1'80u181' etructural component. of 

mic~oetructur •• smooth crystals and shaet like structur&B were 

ebaervad in the coagulum of yoghurt. from cow and buffalo 
• 

milks (figs. 14.20). The smooth crystellin structures probably 

are lactose pra •• nt in coagulum. Kalab (1979) has reported 

similar .tructu~.s of lactos. in h.at coagulated whey curd. 

It is well known that the growth of crystal dscida the eiz. 

and shapa of lectos •• depend upon the humidity environment 

and thu8 is the index of water content of micrDstructure. 

Sheet like structures observed only in the unfrectured coagulum. 

Were nat of regular structures and resulted perhaps due t~ 

compaction of ca.ein into 8he~tB. The role played by drying 

methads employed for the sample preparation for 5EM in the 

formation of the •• protein structures elln ba considered. 
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However, the presenclI end structure of the •• typical bodi •• 

5.4.2 Stered yoghurt. 

5.4.2.1 Yoghurt. stored for 24 h at 4-6C. 

£xeept for few alteration a, the microstructure of 

Yoghurte .tarad for 24 h at refrigeration te.~er.tur. wa. observed 

alail.l' to that of f:l:'a.h ... ples. It w •• comparatively more 

open i" tarM. of .patiel configuration_ Micelle. were aean 

highly .g~rag.~.d and thue leaving inter.paes wider then before 

e. shown in figure 24. rree micell •• prevalent in fr.~h samplea, 

390 we. found to pre •• rve 

extent (fig •• 32-34). The 

the structure ~o the beet poasibla 
• 

agryrev8tion of micelle. may he 

a.sociated with lowering of pH due to {ncrease i~ 8ei~tty. 

There ""8S no conspicuou8 chenge in the micl'tlstrueture at ultr ... 

structurel level t~o. Domination of whey oratein flocculee was 

obl.rver! in low h •• ted milk yrghurts (Fig •• 2S, 31) whUe linearity 

and interlinking among cc~p.et c •• e!n micellee thrrugh short hair 

1 ike .tructur88 ..... re clearly vieibla in h1.gh heated milk 

yoghurt. (Fig_ 35-37). 

Clean .ur~ac.d laetic acid bacteria Were observed in 

addition to bacteria with covered surface. It e"~w8 that lactic 

acid bacteria .'fet! still actively grDwing at this stage af 

stDraqe and clean Bur'acad beeter!. repr3sent the.newly dividad 

cella. The dep.,.ition of prete!n like .aterial it aeema. ia 
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reatricted to old cella wherever pre.ent in the coagulum. 

Oce •• ionally, an increase in depoeition wa. observed on the 

surface a8 supported by higher dimension of theee becteria 

(1500-1800 nm in diameter). 

5.4.2.2 Yoghu~t. _tared for 7~ h at 4-6C. 

There wae no unusual change observed in the micro­

structure of yoghu!'tl!!l stored fnr 3 days at low temperature. 

It progressive inereae. in micellar aggregation accompanied 

by collapsir'lg of pockets into wide interapeces wes the ct'lmmon 

fel'ttu::e of all the samples except B90. Streptococr:el cells 

showed ha8vy deposition of proteinaU8 materi81 even u~to 80 

percent at BenQr. pleces. Inclusion bodise aB 1'lak ee end/or 

sherts were observed es regular structures of the matrix 

(fig. 39, 43,39). 

5.4.2.3 Yoghurts stored for 120 h at 4-6C: 

The microstructure nf yoqhul"ts after Ftoragp of 

120 h at refrigeration temperature continued tD exhibit 81milar 

strueture~ •• observed earlier. Cut of ell the samples studlerl 

aggregation allOng easein micelles was maximum at this stege, 

virtually resulted in wide interspace. forming II mare open 

structure. Under these circumstance., the coagUlum of 

yoghurts i. vulnerab18 towards eynl!reais. Contrary to th ••• 

observations, yoghurt from buffalo milk pre-he. ted at 90C 

seamed to behave .table during the storage. A highly paroue 

microstructure characterized by numerous pockets, the chaine 

of micelle. and lactic aeid bacteria eould b. obsarverl at this 

stege in vadouB SfM microgrllPhe (fig. 71-73). The stability 
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in atructure Df B~D' cauld b. attributed t~ tho stability in 

acidity of sample. during storage_ On the beai. af qualitative 

observations, it we. poasibl. to deduce that c •• ein micelles 

had undergone reduction in 8128 Blightly at this stege 01 

etarage. Kalab ~!l. (1976) ob.erved the si.iler 8hrinkage 

.ffect aMong caBein micelle. in yoghurt ~repl!lred from frash 

and dried milks after the storage of one week. 

Sa fa:t •• the ",ferobiel diatributio" i. concerned, 

both cl •• n and covered Burfaced lactic aoid bacteria cD.~.t.d 

1n the coagulum. The presence of amall red with clean 8urfece 

affir.ed the nDticn of growth of 8t.rt~r becteria even at the 

late atage of storage. Streptococci and lactobacilli appeared 

to be distributed in the retio of ne.rly 111 throughout the 

cD.gul~. Beth TEM end 5fH obs.rvations confirm.d the 

Microcolany formation by these bacteria particularly in Bgo 

•• mpl.. Tha micracolony formation by amooth at1:e"tocaccal cella 

can be eosily evidenced in TEM mieregreph (Fig.76). 

5.S APPLICATION Of SEM TECHNI~UfS IN YOGHU~TS 

5.5.1 Dpubl. 1i!.tign VEfiSUS singl. fixation pf Yoghurt 

In most of the electron ",{era.copie studies of Yoghurt, 

coagulum fragmented into smell pieces ha. been fi)Ced dr'ubly 

in glutaraldehyde and oamic acid for SEM (Kalab, 1975, Kalab 

!.1 !l., 1916, Kalab, 1978 , Davies ll!l., 1971, Hadlor and 

Kalab, 1983). Following the aame technique, the coagulUM 

w •• fixed doubly in the preaent study toa. Howevert en .ttellpt 

wa. ",ade to evaluate the 8::ng1e fi)(atian of the product in 
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buffered glutaraldehyde for its 6i11itability towards SfM 8tudy 

of Yoghurt. Y~ghurts stared for 24 h at 4-6C were uBed f~r 

this purpos •• 

Surnriaingly. the single fix.ti~n in glutereldehyde 

w •• f~und very effieient in preserving the mier~structure of 

yoghurt. fro. COW anrl buffalo .ilks. Figures 71_80 show the 

.ieroetructure of ynghurt .s revealed by 8ingle fiJ<8tit'ln of 

•• lIIplea followed by air drying. The results obt.ine~ are 

aOlllparable to those 01 doubly fixed 8ampl.s. At some places, 

.ingle fi)(ation we. found to excel Dvllr daubl. fixation. fnr 

inatance. aurfae. of casein micelles and distribution Clt pockets 

wer.s: RlOre clearly viaible in this cBse. 11'1 the light of these 

findings, 8ingle fixation in 2.5 percent buffered gluteraldehyde 

for 3 h at low temperature cBn be considered as 8 leB8 expensive, 

quick and equally .fficient method for fixation nf Yoghurt for 

SfM study. 

5. s. 2 Air-drying VER SUS fre.;e:.£tE,ying Df Yoghurt 

Preparat!an of Yoghurt 'or SfH like any nther biological 

specimen ean.lste of fix.tion, dehydration and cost!ng with 

conductive ",ateriels like gold. palladium, platinum, snd their 

elloy.. The proc ••• of dehydration is considered en importent 

.t.p e. it eantributee to the finel results in 8n effective way. 

Besid.s. air-drying. freFz_drying end critical pcint dryin" 

ere the lI.thode employed for the dehyrlretion of deiry prt:"duc:ta 

(Kalab, 1979, 19811. 
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freeze-dry.ing we. employert .8 an ."'dItional method 

for cfryinq yoghurt sample .in the present study. freah and 

stored yoghurte fixed doubly in glutaraldehyde and o •• Ie acid 

prior 1:0 free ze-drylng .. presented in general, 8 flocculated 

micr~8tructure. C •• eln micellee were feun" highly aggregated 

or stretched into eheet like continuous strueturas in fraeh 

end .tored •• mples. Poek.tll were eaen masked or deformed in 

this type of microstructure. 11'1 certain c8.es, hole formation 

Was observed. the 1:'''"_.''" is not clearly understood from the 

eveilable evidenee. However, these may be artifacts formed during 

freeze-drying_ 

Mierotlora of Ynghurt on the other hend could be 

aeen efficiently "reserved in freeze dried semples. Mierocolcnil!ls 

of lactic acid bacteria were depieted very well in the 5£M 

micrographs of theee samples (fig.aS). The Burf.ce of theae 

bacteria both covered end clean ctluld be visuali •• d ••• hown 

in figures 84 and 86. 

from these obeervaticne. it could be viaualiaed that 

freeze-drying ia not 8 suitable ~ethod of dehydration for SEM 

study particularly for yoghurt prepared from Whole milk.. In 

this study, the datails ere nbaerved &0 far ea, oretein micro­

structure is considered. It i. quite probable that fat present 

in the Whole milk interferes during dryi n9 thereby maek ing the 

c.sein structure. Similer observation was also made by Kalab 

(1978) in ease of Cheddar cheese where fet we. retained in the 

curd. lactic acid bacteria, it seems remain unaffeete~ in the 

presence of fat. Henee, ther"! e-re reS8tlns to believe that 
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freeze-drying is not fully 8uitable far whole milk yoghurta, 

while air-drying has been proved an economic, lese time 

consuming and tlighly efficient dehydration mathoei for 5tH. 

Kalab (1977 &. 1975) has also fnund air-dryi.ng a reliable 

technique of dehydration for S£M studies of Chea •• end 

Yoghurt. 

The preeent investigatian W8S cc.mfinerl t .... Yf.'Iqhurt. 

from freeh whole milks of eow and buffalo origins for obeerv.ticn 

of internal structure_ Most of the findings were restricted 

to SEM study' Attempt wee made to corroborete the SfM 

observations by rEM study but poor acces8ibility to eophiaticated 

Transmission Electron Microscope proved e limitation. However. 

it is eneouraging to admit that this ia the first aver 

systematic electron mierascopic study ~f II dairy product 

carried out .:in India. A relationship betwII"n microstructure 

and manufacturing conditions 01 Yoghurt including t.vpe of 

mil k ha. successfully been worked out. Thf! infor'l1ations 

are comparatively Df more significence in cDntext of buff.lo 

milk yoghurt. The investiqet··on can be extended to yoghurt 

prepared from different formulation. ul!Iing stabilizers of 

indigenous origin for quality i"provement. In addition, 

various problema aesociated with the body of coagulum encountered 

in dairy industry can be overcome. from technique point of 

view, electron microBcoPY cen also ba employed to visualise 

the microstructure of other fermented ann non-fermented 

product. being manufactured in our ceuntry • 

• *.* • 
••• 
• 
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6. SU~jMAR Y 

The main features nf the investigation comprised the 

preparation Df YClghurts from fresh COW end buffalo Whole 

milks pre-heated at different temperatures ftlr 30 minutes 

and subsequently study of microstructure of fresh and stored 

yoghurts_ Attempts were made to see the relationship between 

microstructure and quality of yoghurt coagulum. Salient 

findings ore highlighted •• follow •• 

6.1 Yoghurt. prepared from freeh, unfortified e~w end 

buffalo Whole milkB "re-heeted at 70C Bnd 901: for 

30 minutes were of acceptable quality_ 

6.2 pH measurement during yoghurt preparation showed 

that initiation aa well as completion of gelation 

was earlier in cow and buffalo milks pre-h~ated at 

90C than milks pre-hsated at 70C. The pH value. 

corresponding to curdlinq point and setting points 

of coegulums were lower in gels from milk heated 

at 90C than those heated at 70C. 

6.3 On the basis of jurlgement of yoghurt qUl!Ility and 

viscosity meeeurement, yoghurts were grade~ in 

descending order 88 follows, Yoghurt from buffalo 

milk pre-heated at 90C(B90), yoghurt from buffalo 

milk pre-heated at 70C (B70 ), yoghurt from COW milk 

pre-heated at 90C (C90) and yoghurt from COW milk 

pre-he.ted .t 70C I CTO)' 
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6.~ During storage at refrigeration temperature, the 

percent increa •• in acidIty content of different 

.ampl.5 • .,ter 5 days of storaVe oyar fresh Bm. eTC'_ 

BgO and CSIO W •• 33,- 3. 30.0, ,.4 and 6 .. 0 respectively. 

Yoghurts from high heated .11k were found conaiatent 

in behaviour during storage. 

6.5 In general, the microstructure of yoghurt .8 revealad 

by 5EM appaarod •• a typical 3-dim "naiono! network 

of protein .atrix. Casein micellea were seen fused 

to form chain. end sub.equently. the interconneetion 

and ercae linking of these micella chain_ "'ere found 

to result in spongy network of Qrotein matrix. 

Laetic acid bacteria and inclusion bodies were 

'Observed entrapped in thia 8yatem. 

6.6 In Yoghurt semple C70 ' eaeein micelle. were abeerved 

in form of .pherical and cylindrical shapes me •• uring 

36(]..900 m in diameter lavorago diallOt81'. 400 nil). 

Mie_ll'1t8 ware 8.en mostly fused in to 100._ 

aggl'agate •• 8 illustrated by TEM etudh.. The .. 

aggregate. were interlinked by les8 electron dene. 

thread like atrl.1cturea of denatured whey protein. 

free flaecules of coagulated whey pretein were a180 

spotted frequently in thi ••• Mpl •• 

6.7 The micraat't'uctura of '10 sampl e appeerert paraue, 

characterized by large and deep packets.. Casein 



aicell.a were both agqravatad .nd inte~link.d •• 

well into chain_ and were af cttlltp.rat!vely •• alle~ 

in aha "Hh av .... ;e dia •• ter. 350 n_. At ul be­

a"'tUc'tural level, aa"'paci. clu8te~. at .,a.ain .teall •• 

intulink ad and aurro""ded by shert heir 11k. 

etruetur •• ware ob •• rvad but floccule. of dan_tur.tad 

whey prDtein ware not prevalent in this sampl!! of 

eaw m11k yoghurt. 

6.8 The coagulum of B70 we. pre •• nted moderately perau. 

and lRi •• lle. ~ar. found, ieolatad, interlinked and 

aggregated, Size of lfIicelles 8howed cDn.i~.r8ble 

veriaticn (250_1350 ... ) I the average siz. lIicell. 

maasured 300 nm in diameter. lDoe. aggregate. of 

.icellee ware aarn 8urreunded and interlink ad by 

long fibril. of denaturated whey protain •• ahown 

in rEM mierogrephe. B.sides, frea aggregate. af 

denatured whey protein were alao pr ••• nt in the 

backgt-Gund. 

6.9 Buffalo milk yoqhurt '990' W •• eheractmrized by the 

highly poroua mic~o.tructure. The deep pocket. we~. 

found distributed throughout the coaguluo. The 

micell.e were seen regularly interconnected through 

tubular atru('!tur':!E: intn long eheil'ls. Thesfl' ehe tn. 

farmed the lattice fer further erOBE linking and thus 

resulted into a well organised network of protein 

matrix •• revealed by SEM.. TfM analysis Shewed that 

the micelle8 wel'!! rather compact end highly electron 



82 

d""... Shut heir Uk. "raj ecUon. ", ".at induced 

OClIPlex woe p.r •• ant on the surf.ce 01 lItie.lle •• 

Mi •• ll •• were found in·tttt'linked through the •• 

at:ructuree. free floceul •• of' denatured whey pzota1.n 

were rare in this c.se. 

In edditian to the •• ~e;ular structures, lacto •• 

cry.tale and i"clue!an badie8 resulting fram the 

.adifie.ti~n Df c •• ein were ob.erved in different 

yoghurt gala. H(')wever, t-heir pre •• ncP. could not b. 

ascertained at ultrastrueturel level. 

6.11 Lactic acid bacte:ie were ••• n distributed throughout 

the coagulum. of different yoghurt. both in .icro­

caloniee and iaolaterl. Morphologically el.sn surface 

beoteria and eells with coyered surf.cs ware spotted 

in the l'tiCro8tructul'e. 

CI.en surface streptococci enn lsetob.ellli measured 

1.0 ,. and o. 7 ~ in diameter. 

HigheZ' dimsna.:i.an8 were recorded far bacteria w l.th 

covered euzfeca. Streptoeoeei ahowed 20-80 p8reent 

end lactobacilli 10 percent incr •••• in .izft in te~ •• 

of di •• etel'. 

The covered surface bacteria were praau •• d to b. old 

cells with external depoaitiet," of denatured whey 

protein like material._ 
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Except minor alterations, there wa. no fundament.l 

dif'er,enc., observed in th. Micre.tructure nf YDghurt. 

during .tor8g" ""tD 120 h. 

AggregGtion of c.Bein micelles feun~ to incr ••• e with 

progress of storage period. On the contrary. buffale 

milk yoghurt ~D waR able to. maintain the Micro.tructure 

evan after atoregft of 5 deys_ 

Single fi:ICsti,on ef yoghurt cDagulum in 2. S percent 

buffered glutaraldehyde for ?-3 h rel'!'nl'1uced the 

results comparable to those of double fixation in 

glutaraldehyde (~.5 percent) and ~""'ie acid (?.O pecent). 

for whole milk yoghurt!, air dr.ying wal f"un~ more 

suitable than freeze -dyring for the pUl1)cae of 

dehydration during .ample preparatiC"n for scanning 

electran microscopy_ 

...... 
••• 
• 
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