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HvT RO UCT l 1\1 --
(lnclud.!£!3-!.!~erature ravie w) 

Ghe3 1 th cl rifiad butt rf t is ona of th 3 most 

import~nt sources of oils ond f t s in th e lnai n di3t. at 

is gen~ r lly at a premium in the lndi n di t nd a high fdt 

pro uct i~ alw y consid r~d be tt 3r th n a low f t pro~uct. 

has l o ha d n import nt place in the ~urv~dic dOO Unani 

s~st e m of madici e , as it i us ~d s a b se mat e ria l in the 

prep r · tion of veral medicines in th s e ~y t e rns. lt is 
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use d from ti~e immemori l in the r a ligious function & too. 

furthe r, a larga popul ~ion in lnaio i~ ve ge t a ri a na to 

the m ghae i~ the only a cc e ~tab~e f a t fr om a nima l ori~in . 

Tha curx 3nt pro duction of ghe e i s estim t e d t b ~ 5 l akh 

tonne s a ya dr l Ane j a , 1982)• lha e xt 3nt of th e ~e v 3 l of 

gha e production in India ~p ea ~s of th ~ diver 5 ion of tha 

ma jor qua ntity of th e milk production towar ds this product. 

Tha r eaaon may be th e eab y manuf a cturing me thod with s i mp l u 

e quipm ents an t e chnique a nd a l s o th e 9ood s h ~ lf lif a unde r 

th e tropica l condition ~ of s tor d ge a nd or d in a ry pa cking. 

~ lso milk b ~ ing hi~hly peri-habl it m, it · c onv a r 3 ion i nto 

ghae wa consider a d to b Q th - gest a n d s f a st approa ch to 

consum 8 one of th e most import a nt a nJ d . ~ ix able com pon an t of 

mil~, thot i s , mil~fat. 

ttempts ha ve bge n ma de throu gh continuous 

r e s: a rch in th ~ prgce s ~ in g of mil~ to ghe wi t h s pa cia l 

r e f e r e nce to the de ve lopm e nt of typica l ~he~ flavour s a nd 

gr a iny t e xtur e in gha e nd a l o its pr e s drWetion. Th3 a im 

i to de ve lop a uit ble proca s · to ma ke good quality ghee . 

~t pr e s e nt, three conv .ntion l methods a r e follow d for the 

pr par a tion of ghe 1 n mely; 

I. Dir e ct cr eam m thod - c entri f uga l s e pRr a tion of 

high f a t er am and its d~re ct boilin~ a lon g with 

th ~ s erum solids . 



11. Creamry butte r m9thod - churnin g of rip 9n3 d or 

unrip e ne d cr eam to whit e bu t t 2r and it conv er · io n 

in ghee . 

III. Dec i method - pr e p r tion of d hi, churning it 

into whit e butter a nd fin a lly conv er s ion in ghes . 

The unorga nise d s e ctor i rur a l ar~ a fol l o w~ th _ 

de si me thod, while th e comm_ rci l sca l e m nufa cturin ~ 

units have th e choice for th e cr eamry butt ~ r m 3 ~hod. It 

is trug tha t th e ghe e made by our mode rn dair i s i s not a 

~cod ~ the tr a ditio na lly ma ds das i gha e . lh 3 o a~ i ~h~2 

s e lls at highe r prices . It i s consid r a d s up rior b e e us e 

it ha b better gr a ins, it ke ps long .r a nd ~ ls o it ha 

ple as ent fl avour. The s e ar pro~~bly the m in a sp cts 

for its highe r price . Prob ~ bly th s e cr e t lie s in th 

liquid fr a ction of milkfa t. In tha tr ad itiona l pro cess 

th ~ r i s n tur l s e l ection of f t a nd a l arg portion 

of the liquid f a t i~ l e ft out in th e butter mil k . The 

s olid fraction, thus , r ecover e d has lon ~ r lifg d nd bett2r 

gr ins . In the tr ditiundl proce~s , th tota l r _ cov ~ ry of 

ghae is only so~ of the f a t. 

The me lting a no olidif ic tion ch r a cte ri~t i c of 

mil~ f at not only a r a of pr actica l i mporta nca to t hd 
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proce s s ing of d iry product~ but r e pr ese nt i ntriguin ~ a xa mp l _s 

of the physical e uilibria tha t opa r a t s in th 2 ft ph - • ~ il k 

f dt i composed principally of mixed triJlyca rid_ s diffa rin g 

wide l.Y in phy s ica l characterist ics. Thase tri ':;} l yc ri d:_::i hav_ 

most different me lting paint~ . ilk f a t, ther_fore , ha no 

sharply well de fin ed me lting poin t but me lts ov _r a wida 

range of t amp _ratur e callad m e ltin~ inte rv a l. Unle s s pra-

cautions are taken to ass ur e th a t comple t e ly li uif i 0 d f at i 

cooled rapidly to low t emper a tur es ( = -10°L) 1 vari abl 

me lting characteristics are note d. Similarly 1 v r i ations 

in the solidification t empe r tur e , i. ~ ., fir s t a ppe ranca 

of the s olid ph se , of mil~ f a t r e fl ~ ct th e coolin g proca dur 3 . 

R hn a nd Sharp {1~2~) r _port d ~ olidificd tion point ~ of 19•7 

a nd z3.f°C for samples of th e s ama f at cooled by imme r ion 

0 at 14 and 20 ~. r e pa ctive ly. ulder {1~53) cited one a xampla 

in which the olidific tion dnd me !ting point wer e ~ p_ r atad 

by approxim · t e ly 1s0 L. r4 numb e r of othe r workar 3 { l ohr a nd 

Baur 
1 

193 9; Richard on, t& 3f) !so note a the ~imilar vari ao l e 

malting a nd solidification ch aracta ri~~ics of milk f a • 

~ulda I lt953) conclu ded that •tha lower tha t~mp I otur a a t 

which th f at i s c auw ad to solidify (within the olid-liquid 

r eg ion) tha lowe r i thg me ltin g point•. Tha rate of cooling 

ha , thu 
1 

an a ff e ct on tha me lting nd solidification points 
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of milk f at . It wa also conclude d that li uid f a t hould 

be coole d rapidly to a t emp.r tur be low the s olid- li uid 

r ag i on be for e carrying out meas ure mont of charact _rist ic s 

figur es such as me lting point, solidifica tion point a nd 

m~ ltin ~ int rva l. pos ible m thod for ca lcula t i ng the 

proportions of s olid and li ~uid f ~ t wa als o mentione d. 

1ulde r a na ~lomp (195f) r e por ta d th _ proportion of s olid a nd 

li uid glycer id a t diffe r e nt t mpe r tur es in wintGr a nd 

in s umm e r cx eam a ft er th e f t ha d cry t a lli e d t t e mp er t u r e 

of me .lting iCtJ • t a t emper tur s of 
0 

18 (. , ab out so of th .:3 

wint 9r f c:1 t was in th '3 s oli d .:; tat e whil a t the sama t ::-m p ~ r t ur a 

about 35% of th e s umm e r f a t wa s in th e olid s t a t a . H _ nn ~ wij k 

\1~55) r a porte d So - 70~ s olid ft in butt- r f 3 t t s 0 c . 

tr o& •ko a no Raboty koya (1977) r porte d th at the 

pa rca nt of olid nd li quid ph sa in butts r was n i mporta nt 

f a ctor indicating the s tructural, me ch anica l a nd phy s ica l 

properties of bu t t r. The dilatomatric me thod wa s con s id: r a d 

the ccur at e ~ ethod for the d t e r minat i on of olid an d li4uid 

ph a s 3 in butte r f at. ~ anKar e a nd ntila (t974) obss rva d 

th a t the spr adibility of bu t t r c· n be signific ntly improva d 

by the use of liquid milkfat fractions. ur ing the in door 

f ee din g s eas on (l v lu e of milkf at 29 e0 - 30.9 a nd mp bout 

szoC), the fr ction c n be ddad in non-wmuls ifi _d form 



6 -
direct.l..Y to tha era m befo:r 9 churnin J ta r d te f u p to 3 3.' 

of th total cream fat cuntant. The t.amp r tura stability 

of the butte r lno oiling off at 20°L for 4 hr ) a s IJ.311 as its 

0 
kee ing 'iuali ty a t 5 L, wa s ~u od. 

S.chultz and Timm n lteff) described the e~µ erim_nt 

on milk fat fracti ns and its possibl applic tio • It was 

sug~ested that the admixture of co rres ponding amounts of 

separ 9tad h rd or soft fat fractions to milkfa t ma~ s~rve 

to standardise tha consiste ncy of the buttar reduced. fracti ons 

of soft milk fat (li 4uid fractions) with a high cont9nt of 

unsatur tad f tty acid may be used in the production of 

diatic milk products. The use of fraction s of hard mi~k 

fat was sugga s tad for manuf~ ctur s of dried butter f o r tropics. 

dacker (1970) carried tha study on the tamper tu1a cry s ta­

llisation and sep aration of butte r f t into fractions r anJi n~ 

in mp from 1s
0

L to abova 30° • lt wa~ obsa rva o th t th_ 

most li uio fraction is hi ghly coloured and f l a vourea and 

should find other use in addition to tha im rovament of th~ 

spr~adibility of butte r. 

orxi -3t .. d .• l1.973) dete rmi ed the li quid fat --
content at oiffar ent t amp r tura from me lt.in~ curve s . · 1so 

th corre l ation s ba twe n percent of li uid fat an d w- i ght 

f short chain fatty a cids wsll as with cis unsatur dt e d 
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acids we e de t e r mine d. , orris~ ~· l1971) obse rvad th e 

increase d concantr tion of unsa tur a t ed a nd s hort ch in f tty 

a cids in li ~uid fr a ction a nd tha t of long cha in sa tur t d 

fatty cids in tha olid fr a ction. 

The rhaologica l prop9rtie of pro duct with a hi gh 

conte nt of f a t a for e ~amp le butt r a nd mar~rins ar a to a 

great exta nt de t e rmine d by tha r a tio ba twaa n s olid a nd li ui d 

f t. This has be3 n shown by us ing diffe r e nt mea~ urin g mat hods 

{l f, 1982). The ratio of s olid to liquid f a t in bu t t e r f a t 

can be us e d to cha racte rise its phy s ica l prop rtias . .~ ort 2 nse n 

and O nm~rk {1974) s howe d tha t the iodin e v lu g of butte r f dt 

giv es a good me as ure of the l e ve l of s olid nd li · uid f a t in 

it a nd he nca the con s iste ncy chr a cte ri s tics . 

Ua ue l !! !!..!• (t94~) ha va s hown th t the d i ge tibility 

of f a t s a nd the ir me lting points r clos ly r e l a t ed . lt wa~ 

obse rve d tha t the f a ta of low m lting point r e bdttdr 

digas t a d tha n those with higha x me lting points . 

Tha tmd l xp ans ion, ona of tha indire ct conmen ms ~ho d 

for ths da t 3rmin a tioo of s olid/li uid fr a ction i n milk f t, 

has l s o bea n tudied by a f e w work r in c s a of er e m, owin g 

to its import nee in d ir ~ proca a i ng . mi t h a nd Uoan ( t 9S1) 

de t e rmine d e xpans ion of the er g m volum of pas t e uriz ad flui d 
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milk by the addition of r e cons titute d sup rha 3t a d sk im mil k , 

and utilized the s ame to de t e ct adultr tion of pas t e urize d 

milk with the latter. f ~ rn nde z -Martin ( t 70) con ducte d 

dilatomatric s tudy of cream and ob s9rve d the thre e ar e s of 

marKad cr~ e tolliz ation. The most important of tho s was 
0 

around ~' C. Guly ae v- Zaitse v (19f7) d t e i mina d th e rm a l 

dilation coe fficient for s e ve n sample s of milk f a t obt ~ in d 

at differ ent times of th e ye r yhich r ange d from o.&F7 to 
3 Oe92$ mm /g/0 L . ~ compar abla r e sult on the rm a l e ~pr _ss ion of 

liquid butte r f a t was a l s o r e porte d by ' e Man nd Uood ( 1 9 5 ~ ), 

i.e., s.& mm 3/ 10 g 0 c be twe en 40 - ~o0c . The max imum the r mal 

expansion of cr eam observed by Va ndam (1 922) u s ba tws an 
0 

12 - 18 c. 

~ulder {1953) r e ported tha ma ximum incraa sa in the 

volume of the cream between 10 and 20°c which mean th t much 

f t proba bly ch ngas fro the s t a ge of g~r e gation in this 

t a mpe r ture r e gion. 

It i s ample clear from the pre ce din g par agr a phs th a t 

the knowle dge of the s olid and liquid fr a ction of milk f a t 

is of utmos t import nee in da iry proces sing in ma ny as p~ cts . 

But from th e peru sa l of the literature one could see tha t th e 

informa tion on this aspe ct of milk f t is in scdnty. £uch 

prope rtl~ of buff lo {2~.!~L ~B.}~~ ) milk ft h a~ ye t not ba3 n 



stu ied. The same is true in c. as a of milk f t fr m cow o f 

Indian ori~in (~E~ ~~E~~)· The milkf a t fro ~o a t which 

m~ y become a significant ingrediaht of Indian d ir y indu s try 

in future als o needs atte ntion for similar s tud y . £uch 

information on this milkfat is als o not av a ilable . furth:r 

thermal expansion of milkfat (ghee) plays a v ry important 

role in its pacKaginy and proces s in3 too. But the data on 

this thermal property of ghe e from mil~ of all th thre ?. 

species (buffalo, cow and ~o a t) are not available in the 

literature. lso in cas1:3 of cra am , the b se r a 1.1 ma t ri a l f or 

manufacturing ghea , such s tuuy needs attantion, as a f ~ w $ t a rn 

~orkars hava attemptad the same. 

It w4s, therefor , f lt th t a compra hcnsiva Knowle d3e 

of solid ano li ~uid fractions in mil~fat ano its th er mal 

expansion, a matt r b ing of considarab~a t.3chnolo~ical 

intare~t, is likely to ba of gra t halp to th~ d b iI.Y in u s try. 

The well established compositional differ nces of mil~fat 

from buffa lo, cow and ~o a t ne ds the work for compar a tive s tu dy 

too. Consa ~uently,a rese a rch programm~ wa undertaken to 

investigate into these aspects of milkfat and cre am. 
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P OGR ~1'1£ f R( !iE: RC H \JOR K 

The proj~ct wor~ was taken up in two phas e 1 as 

outline d baJ.owa 

PH ~£: I 
--~-----

1• fabrication and sse mblin~ of th~ instrum _nts , a nd 

standardisation of the same for the deta~ m ination of 

the rmal exp n~ion of milkf a t and er ~ m . ..f.r~ aiffe r r:J nt 
, . . 

.. 
spacias. 
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PH E: II 
~- - . -

Pr e par a tion of craam and m1·1 ~ f ~ t { h ) ,.. .... g ee s amp l s s 

from buffalo, cow and goat milk. 

2. Determination of f a t in cream s am ples. 

~. Estimation of moisture in gh9e s amplas. 

4. Detarmination of th~ rmal 9Xpansion of milkf t from 

different 3peciee (buffalo, cow nd goat) 

5. Determination of coe fficia nt of the rm a l expansion of 

milkfat and cr aom from thr e e sµ e ci3s. 

€. Uetarmination of olid/liquid fractions of buf fa lo, 

cow and JO t milkf a t. 

7. Statis~ical anal~sis of tha r as ults obtaina d. 

va ilabla inform tion~ on thdrmal dXP ns ion of milkf a t 

and cream a nd solid~liquid fr oction of milkf d t a r e r s via wa a 

in the pre ca ding chaptar. Mate rials usad and a xper im':l nta l 

methods followed to study the tharm 1 a xp a n ion a nd solid/ 

li ~uid fractions of milkf a t, r e ults obta ine d from such stu dias 

and critic l discuss ions on th_se r e s ult includin statistica l 

analysis of the data are described in cha pte r s 2 and 3. 

s umm ary of th e r esult nd r e l e vant conclu - ion obta in e d from 

th inves tig tion is presentad in ch pta r 4. biblio gr a phy 

contdining r efer Gnces to v rious a rli r works mentioned in 

thi~ tudy followed chapte r 4. 

-
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Composite bulk milk sample wa r e collectad from the 

animal (buffalo, cow and JO t) of tha Instituta h_rd. nim a ls 

wa ra under identica l conditions of f eeding and managem e nt 

throu hout thg sampling period. ll th milk s ampl we r e 

collecte d with short s p n of s e v n wea ks to hqve tha s ame 

composition of f t a nd avoid th seasonal 3ff9 ct on it. 
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Preparation of milkf a t 
•www1 • --- -· .. & • I • a.-~ 

f!~~ - The whole milk wa s warm e d on water ba th 

to about 45°C and skimm3d t 1200 r.p.m u in g ha nd op· r t e d 

cre am s e p9r a tor. The cr aam so obt in a d wa ~ colla cta d f or 

furthe r e xper imantal purpos e.3. 

Ghee a -- Ghee samples we r e pre p r e d fr om the milk 

collected from all the thr9 e anim l s , e .~., buffa lo, cow a nd 

goat. Cr eamr~ butte r me thod wa followed for the pr e pqr a tion 

of ghae . 

Tha cream obtained wa pasta uriza o and coolad to room 

temperature . lt wa inoculata d t.1ith about 2 (by voluma) 

starte r culture (URC 1 ) obtain ed from tha Ua iry acteriology 

Uivi ion of the Institut • ~fta r mixing cr eam samp l e thorou ~ hly 

0 
it was ripened for ove rnight in B.O.~. a t 30 L , the n the cr _am 

wa s churne d into butte r unde r standard condition s . Thg butt_r 

wa s wa she d with wat9I and the creamry butter so obt ined was 

he t ad to 112°c in a s t inle s ste e ve s sa l for 3 - 4 minu t3 

until light brown r e~ idu e ppa r • Afte r cooling th : m3lt _d 

f d t to room t empe r ture, it tJa S filte r ed through a muslin 

cloth. Tha cla r filtr t e , i. s ., ghe s w s us d for the 

inves tig tion. 



t tim a tion of f a t in 
8 r I --- -· a 

cr e am ---.-.. . 

The f a t in cream was as tim a t a d qy Ge rbe r m thoo 

{I .s . t 9f;f ) • 

10 ml of s ulphuric cid (da n5ity, 1•807 - t•b12 ~/m l 

at 27°C) was take n in a calibr a t e d bu t yrome t a r an d s.o g of 

accur a t e ly waighe d we ll mixed cr eam samµ J.e was lay a r ed g_ ntly 

on it followed by t ml o f myl lcohol (dan~ ity, Oe6 0.3 -

Oe805 g/ml at 27°C.). Butyroma t~ r r eadin g \Jas t aK n a t 65+ 2°c . -
~va rage of duplica t e a na ly ses \Ja s r e corde d in g/100 ml. 

Tha mois ture in ghe e sampl es was de t e r mine d gr vi-

me trica lly followin g th e procedure r e c omm _n e d by the In di a n 

£tanda rds Institution (I. ~ . t9ff). Th res ult~ a$ a v r ge of 

duplic t e obse rv t ions we r a expr e s se d in g/100 ~ · 

The rma l e xpa nsion of tha ~amples w -

de t e r mine d with a s pa ci · lly f a bricd t ad microdila toma t e r. It 

was ma de of cornin g ~ l~ ~ of known cubic l a ~p an s ion 

(O.o9E x 1o·';0 .) in the s ha pe of two long arm e d u, a s 

de scribe d throu gh the diagr am in i g . t• The c pillary tuba 
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use d for the dil toms t wr wa~ t d& t e d for uniformity of it bora 

by the s t1:.1nd ar d me thod o f introducing a Known w3 i gh t of m~ rcury 

thread in the c pillary and maas urin9 it s l e ngth a t diff a r_nt 

placa ~ with a cathetome t s r. The accur a t e r ad ius of th3 

ca pill ry (0.0518 cm) was ca lcula t a d from the axparim ~ nt a lly 

de termined aver a ge l3ngth of the me rcury threa d insida th = 

cap illa ry and its we ight. The volume of th9 dilatom e t a r upto 

the two marks . lo\ ~ ' in fig. 1 was detsrmined by complete ly 

fillin g it with me rcury upto the mar~s a nd s ubs e~ u a ntl~ fr om 

the we i ght of mercury nae dad to fill up n it~ de ns ity t tha 

specific t e mp3ratura. Th e vulum e of the dila tom e t a r a t room 

Q 
tamperatura (20 L.) wa £i 1 thu s , c a lcula taa to be 1.94f8 mJ.. 

~ the rmos tatica lly controlle d wa t a r b th m inta insd 

with in + o.os0 c. of any da ir13d tempa r ture was usea for -
8 uilibr tiny th9 dilatomet~ r with s mpl e at da~ irdd te mpa r a tura . 

The dilatometer was pl cad v.a rticall y dipped insida the w t .; r 

ba th with uitab l e stand, clam p ate. llowing only the tip s 

of th~ two 11 bs to protude a bove thY wat I ~ urf c3. 

The ailatom:.3ter wa th rou ghly cle ned us in g succe ss iv :3 ly 

te apole , t p w· t e r, worm chromic dCid , t P wata r nd di tilled 

w t e r, and was dried with e th nol follow~d by die thyl 

a nd stre m of dust fr ee a ir. 

the r 

The sample wus filled upto the marks ·'' or na a r aoout. 



In the l a t e r case, th t i ~ , li '-l uid l a vg l st an din g abo v-3 , 

the we ight of the column in both the limb of the d il a to m_ t~ r 

a bove or be l ow ~~ · wa s me as ur9 d accur a t e ly with ca t he tome t e r 

a nd the correspondin g volume of li uid was cal cula t ad a n d adde d 

or s ubtr a cte d to th a t upto ' t o g t th~ a ctual initi l volum; 

of the sample . About 20 minutgs pe rio d was llowa f or 

e~uilibriation a t e a ch t em pe r tur e ~h ich r nge d fro m 10 to 

bo0 L a t inte rv l s of s0 c. . The a xpa ns ion of tha li-tui d be twae n 

two succe ss ive t em pe r a ture w~s ca lcula t ed from th~ rise th 3 

milkf t or cream me ni~ e i in the t wo va rticle limbs of th 

dilatome t e r a ccur a t e ly mea~ ur a d with a c the tome t :J r . The 

coe fficia nt of tha r mal e xp ans i on o f tha s amp l a was c a lcu l t~d 

from the obsa rva d e xp ans ion, the volume of t h9 samp l e a t th = 

initia l te ~pi:J r turs a nd the t am p . r a tur a ris~ . The corr 3ction 

fo:r the cubica l a xp ansian of the g l as of th dil a to m ... t e r wa 

not applie d in tha r es ults r Gport-ad . 

f o:r ma a s urem ants of th he i~ h ts of the me nis _i i n th 2 

limb~ of the dila tom a t 3r a cdtha toma t a r with a s hort fo cu s 

t a l e scope (Orientd l Sc i ent ific ppdr a tu s Uor ks hop, lnd i ) 

d The Cdthe toms t e r wa s f i tted wi t h was usa • d ire ct r e a d i n!) 

microme t e r c ontrolling move ment f the t a l e s co pe carr i a g 

ga ve dir 9 ct r ad in g upto 0.001 cm within wo r ~ in g la ngth of 

100 cm• 

no 

Tha ths l'mal a>'-iJ ns ion was c lcul .;i t ed i n t a r ms of volum; 

:s w~ ll as ths c od f f ici nt of the th rm a .l. a ~p n · ion i n th 
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ran ga of 1 o0 to fJo0 c. 

Ghee sample s, betor a tr nsf-3r to the dilate 1a tdr, IJ3I e 

dearadtad in a va cuum f..L s K undsr r e duced pr e s -·ure lS - 10 mm 

of Hg) for at least O minutes at ao0 L with occasion l viole nt 

shaking. ~imilar tr9 a tment was given to the cr~am Sdm pl9 s for 

5 minutes at 4o0 c. fter de are tin g th gh~ee nd cr e am, tha 

samples were brought to room tempe rature an d tr ansfarrad into 

the dilatorneter for further obssrv tion of the rmal exp nsio n . 

The dat&rmination of the ratio of s olid to li ~uid f t 

in ghae by dilatomatry is bas e d on th ch nge in the volum 

which occurs when f a t goe from a solid to liquid stata . The 

change in the specific volume can be mga ur e d accurataly in th ~ 

dilatomate r at diffe rent ta mp~r a turas as d9 cribed in th 

preceding paragrophs und~r the h:3 · ing n.; a t a rmin ion of tha r• a l 

sxp anl::>ion•. Tha spe cific volume i s r e cor ad as a function of 

t e rn rature on 

content in ghee at v ri u te pe r..itur s a P r th : standa r d 

procedures \li.H 
1 

t982)• -At low t mpe r a ture whara the f t i 

almost solidified, a strai ht line with a mall inclin ~ is 

obtain d as the r s ult of the expansion of th solid fat, n 

t hi h t e mp r 4 turs a corre sponding stra ight line with an 
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incline due to the expan s ion of ma lted f at appe ar , with 

inbe twae n a r a i s in g curve . The est i mat ion of s olid n l i ui d 

fr a ctions of f t i s ffi dde from ths extr a polated wtr a i ght lines . 

In the pr e se nt i nves tig tion tha curves h a v ~ bea n 

plotted be tween tha volume and tempe r a t ur e , as the mas of t ha 

contents in the dilatome t e r was kep t same durin g th com pl g t a 
0 

ob se rv tion of thgrm l a ~pan s ion of mil kf a t so.mp l e ov r 1 o- t:s o L. , 

a nd hence amounting to the s me r es ults of olid/li ~ ui d fr dct i ns • 

All the r es ults we r e s t a tis tica l l y an ly sed on a 

pro~r mma bla 1icro-compute r (HCL-2200 ) and t and a r d e rr or { . ~ ) 

in a ll the c ase w s as tim a t ad a c cor din g t o £nede cor and C. o chr an 

--
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The dilat.cmetl'ic study was c rried out on tha th!:Hm l 

3 xpan ion of milif t, i t .:i .solid/ li'luid frac ion, and the rmal 

expaneion of ere m from~ilk of buff lo, cow dn ~oat at 

v J I iou temper ture · .sing th e'iui m nt dnd ITT'3 thodology 

de s er ibe d in ch apt,.· I I • 5 u l t s from such s tu d y 1 s ta tis tic a l 

analyses and di ~ "'ss ion thereon a r e pr ese ntsd her unde r 

diff rent he e ~ng • 



20 

Tharmal e xp a n s ion of milkf · t m de from milk of - 11 tha 

thr ee pa cia s , buft ~ lo, cow anu ~o t w 3 s~s ured be twe~n 10 a n 

eo°C at a n inte rv a l of s0 c. In ca se o f milkfa t fro m buff lo 

milk tha avsraga volum e in (mm 3 ) with s tandard e rror for a 
0 

samples increase d from 2.033 9,! 0•00549 at 10 C. to 2.13bO.! 
0 . 

0·004~7 at 80 l with int r med i a t e v luas t t empera tur 5 o v ~r 

this range lf a ble 1)• Th e r sspa ctive va lua fr c ow and 

goat milkfa t wer e ob e rvad to ch ange from 2.0325+ o.oof 97 to -
2et494.! O•Oof17 and from 2·0242.! Oe004 42 to 2.1502.! 0·002 8 3 

( a verage for e iJht samplas in ea ch cass) , r e pe ctiva ly 

lTable 1) with inte rma diate va lu;,s t t amp r a ture;:) batw n 

tO vend eo0 c.. The a ve r age v· lue s for moisture in milkfa t fr m 

buffa lo, cow a n d go a t milk we re o.379.! 0• 03 54, 0•~18.! 0•023 5 

a nd 0.270+ o.osso, r e.:> ? e ctive ly. Th .... r ef;pe ctiva r ngas f or al l -
these average moistur va lues wer e o.2so to o.425, 0.20 0 to 

Oe400 a nd Oe1fO to Oe370• 

factor s inf lua ncin51 therm_l ~ xe a!1. !E.n 
E!:~Il k[ ~: (~h~~ .l · 

To study th effa ct of t emp r a tur e un d iffar:3nt sp cias 

d ,0 a t) on th rmal e~p n ion of mil kf t the (buff ale, cow an ~ 

d t prese nted in precadin p r a r a ph (also in Tab l a 1) we r : 

st ti tic lly an~ ly ad nd the r e ul th re from a r a pr es .... nta 



T ~uu:: 1 

Volume of milkfa t a t v a riou s t am pe r a tur e s 

1 0 2.03 3 9 .. 0.00549 - 2 • 0 3 2 5 ..!: 0 • 0 Of 97 2 • 02 4 2 ..!: 0 • 0 04 4 2 

tS 2 • 0340 .. O• 0054 9 - 2 • 0 3 2 7 ! 0. 0 oF 92 2 • 0245 .! O• 00450 

20 2. 034 3 .! o. oosso 2 • 0351.! O· OQF 9f 2 • 02 50.,! o. 00444 

25 2.0348.! 0 .00549 2. 035f ..!: o. 0~1'1 2. 0430.! 0. 0037 8 

30 2 • o3 97 + o. oosF o - 2. os1 e .! o. oosa2 2eof02.,! 0•003€4 

35 2. OSSO.! O• 0057 3 2.of-7f.! o.oQfos 2. 0710.t o. 00354 

40 2.Qfso+ o.oosso - 2 • 07 7 9 .! 0. 0 Of 4 2 2 • O? 98 + 0 • 0 03 2 3 -
45 2·0743 + 0.00518 - 2 •0870.! 0·0~43 2.oe8~!. o.oo3oe 

so 2.08fo+ o.oo49S - 2.0BfO.! 0•0~39 2. 0977 .! 0.002 9€ 

55 2. 0948 + o. 0048f - 2e1o82.! 0•0~81 2 • 1 of 9 .! 0. 0 0?. 9 0 

f o 2•10~ .! o. 00474 2 .11 46 .! o. oo8f 2 2•1157 .! 0.00281 

f 5 2.1129.! o.oo4fo 2.1230.! o.ooese 2 •1244.,t o.002f'S 

70 2•1207 .! o. 00447 ?•1327 .! o.ooF11 2 •1329 + o.002f 9 -
75 2 • 12 91 + 0. 004 41 2•1409.! o. 0~16 2e14t6.! Oe00276 -
80 2•1 380.! O• 004 37 2 •1494.! 0.0~17 2 •t 502.! 0•00281 

Results are ave rage of 8 samples in each category (Buff J lo, coy and goat ) with 
ave rage moisture of o.379.! 0·0354, 0·318.! 0.0233 and 0•27 .! o.oaso, r es pectively. 



in Table~ 2 an d 3. The r as ults ~e r als o gr aphica lly p lo tt 3d 

(figs . 11 to IV) to eff act vis ua l a v l ua tion of the influ3nca 

of t em p ratura on the rm a l expd n ion of mil kf a t fro m buff a l , 

cow an d ~oa t milk . 

T ha experime nta l da ta of th r ma "' t3 xpa n5 ion o f mil Kf t 

from a ll t he threa s pe cies coul d be bes t fitte d t u tha t~m -

poratura b~ r s gr a s ion a~uation f thir d ord r. f h -> r egr e _, ion 

coe fficie nt f or s uch e~uation ~ . th_ir v ~ ria~ion s in r a ~r e ss ion 

lR 2 ) and corr e l a tion co3frici !:] nts ~r) ar8 g iv a n in T ab l ~ 2 . 

Th; r e gr gssion s corr e l a tin g the r ma l 3 ~pan ion of il~f a t 

r e pa ctive ly from buffd lo, cow n u goat milk to the t 3m pa r tur ~ 

r e giv e n by th following e~u a tions i 

y • 2e04fS - 2 . 0F?1 )l 
- 3 

(t) + 8 . 3532 x 1 0-5 ( t 2) 10 

- 7 3 
- 5.4731 "10 lt ) I 

-4 x 10- s 
2 

y • 2. osoa - 1 . 9492 x 10 (t) + f . 44f'f ( t ) 

-4.5598 x 10 
- 1 (t3) 11 

-5 -s 2 
y • 2•0033 + 1. e2fOt x 10 (t) + 2•2070 x 10 (t j 

X 1 0- 7 (t3) -1.0181 111 
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Tha value & fer v~ri tion in 
2 

r a gr as i n \ ) f o r tha 

(qu a tion~ l, 11 a nd 111 ar e r9 6pe ctiv ly &~e5&, &&.22 d nd 

ae.11 percent ' which indica t e th a t a very high ~roportion 

of the v ri nee of ths rm l axpan s ion c n ba attribut.g t it 

third order regres ion on tha t e mp.,r tur of milkfat in a ch 

category. Tha corral tion coa ffici~nts ·r) d rived from th~si3 

tR 2 ) values, between tharmal expan s ion and t e mp e r tur a for 

milkfat from buffalo, CO\,J an d go t mi~k we r e Q.9979 1 Q.99f1 

and o.995~, respactive ly, (Tabla 2 ). Thesa v lu9s confir. a d 

that the influanca of t ampa rdture on the rm ~ l a xp d ns ion of 

milKf t wa ~ signific nt \at P m 0•01) for ll th three 

spa cies. 

The aver ge r ults for ch unJ in volume at v rious 

ta pe r a tura and th~ r egr a s s ion linas ba~ad on ax~ecteu v lues 

according to the ab ova 3 -tuations a r d e line ata o in f i ;;, • I 1, 

Ill and lV for buff d lo, cow and \ia& t. mill'.f.lt, r e~;>ec tiva l~. 

lt i obs a rved from thd ~ fi-JUI ~ ~ tha t insµit .3 of an ove r a ll 

incr as in volume of m il~f t with ris .... in t amp3 r tur3 b.:? twa n 

10 to 6QoC.., the ma>--imum i11Cra SS W 
observad within a 

specific r nge of t mp@ratura . 

aj or in ere ase in th volume w 

in c sa of cow aPd go t milkfdt w 

hil- in buff lo milkf - t, the 

b t\J9 en 2 5 to so0 c, tha s ams 

obsarved b t1..1e en 22.s to 

45
oc a nd 

20 
tc> 35° , r e pectival • Tow rd tha lower sid of 

the qbova t-'mpar ;; tur a r nga s , th e r e w · lmo;.t n e liJibla 



5i r. £ample 
No. 

1 • Buff a lo 
milkf at 

2· Cow 
milkf at 

3. Goat v 
milkfat 

T "B Lc;: 2 

Coefficie nts for polynomial ra gra s ~ ion of th e rmal exp ansion of 
vurious mil~fa ts on t ampe r a ture1 

( Regr ess ion e 'iu a tion Y a b
0 

2 3 
+ b,t + b2t + b3t ) 

bo 

2. 04t' 3 

2e0308 

2·0033 

Value of b• s 

b1 

-2.()f71 x10-S 

-4 
-7.9492 x10 

-s 
1.2fo1 x10 

b2 b 
3 

-s -7 
Be35~2 XtO -5.4731 X10 

-5 -7 
f.44~~ x10 -4.5598 x10 

-s -7 
2•2070 Xt0 -1.9181 XtO 

Vari a ti on cor r e l a ti_olR 
in coe f f icie nt 
r egres s ion 

(R2 ) (r), 

o.9959 o. 997 9 -· 

o. 9922 o .99ft• 

O• 9911 o. 995f •• 

t Results are for 8 sets of samples of milkfa t in each category incorpor a t e d in T ab la 1• 

•• £ignificant at P = 0•01 



FIG. II THERMAL EXPANSION OF SOLID ANO LIQUID 
MILK FAT {BUFFALO). 
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FIG. III THERMAL EXPAN SION OF SOLID ANO LIQUID 

MILK FAT (COW)· 
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FIG.IV THERMAL EXPANSION OF SOLID ANO LIQUID 
MILK FAT(GOAT). 
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Chang~ in v lume of milkf t from d ll th J thres sp _ci es , whilg 

on the upper s ide of the s e te mp i:? r ture r ng~s an l mo s t unifor m 

and regular change was ob sa rve d. da t 3 iled discussion on 

these ra s ults would be pr ese nte a in th~ followin~ pa r ad r phs . 

However, it wa s concluoad from these r e~ ult~ th 3 t the m il~f a ts 

from buffalo, cow an got ha d uiffa r e n t m_l tiny i n t =rv d l s , i . ~ ., 

2s.3°L, 2f.0°L i:10d 20.0°L , r a.5pactive ly. 

The 3ffe ct of both1 t_ mp .. H tur3 ana sp3 cia s on th_r mal 

axp ... n ~ ion of milkf ut i furth_r illustr dt ao by the da t r a c o r =d 

in Tab.la 3 through an l~ s i -. of variance . It i s ae n fro m th ..... sa 

r e.s uJ.ts th '1 t tha th3r ma l a >. pans ion wa s iJni f ic ontly P :a 0. 01 ) · 

inf lu need by both
1 

t am pe r a ture no sµ:i cias . Tha inta r a ction 

b 9 twe en th~ influe nce o f t e mper tur _ n spa cie s on th r ma l 

~xp ansion was not s igni f icant. Howa ve r, tha va riat ion in 

thsrma l exp ans ion due to in d ivi d u ~ l s amp l a wa s i ~ ni f ic nt 

which could be a ttribut d to tha e xperime nt l f a ct th t the 

origina l volum- of milKf t ta ~~ n in th 2 dil t oma t a r c ou ld not 

bs ka pt s m for a ll th sam p la s due t o t a c hnic l pr obl~m • 

olid nd lig!Jid fr a f!~on s of m i!~~- (3haa ) 
~!· VJrlou & ta~E=.!.~~~~~ 

lhd v ~ lues for solid a nd li qui fr a ct ion ~ of milkf · t 

from 11 th thra 3 sp ci r c: l c:ul t ad u in , tha curv3s w~ e ~ 

plot d in i g ::i . ll, I l l n ~ lV ~ c c r i nJ to th9 r c_ ura 



T Atl LE 5 

·~nalysis of v c.iri ance for the in flu en c e of t e mpe r a ture an 
species on the therm a l expansion of milkf a t~ 

Sir. £ource of Va ri a tion df S£ M~S 
No . 

-, . Be Swe e n samples 7 0·0114 1 .e 37f. x10- 3 

2 . Be twe e n species 2 O· 0074 3.f779 x10- 3 

3 . Be twee n tamps rature 14 o.5527 3.9477 x10-2 

4 . Interaction between 28 o.oQE;4 2 •2 977 
-4 

x10 
temperature a nd 
s p e cies 

s . .E:r r or 508 0 . 0553 1•7956 
-4 

x10 

1 Res ults pertain to the data recorded in fab~e 1· 

df De grees of freedom 
~£ £um of squares 
M ££ Pl e an sum of sq u ares 
•• £ i gn if ic an t at P = O. 01 
N~ Not-significant 
f Variance ratio 

f 

-
9•1 2 01.~.JJ 

20.4823 .. 

219.8502*~ 

1•279f N~ 



dascribe d in l .iJ .t. lt9t:l2). Tha fr ction of s oli d f a t a t a ny 

t a mper a tur9 i ;i giv an by ab / c and the li ~uid fr a ction by b e/ - c 

{a , b, c points a r e mci r.,.,e d in fig • ). The r es ult; so obta i na d 

in Co se of a ll three s µa cie s dr a r a cor da d in Ta b13 4, 5 a n d F . 

Buffa lo milkf a t --- ~~ 

The fr a ction of s olid and li quio f t in tha m il ~f a t fro m 

buff a lo we re data1mined a t uiffa r - nt t e mp3 r a tura s b - tw9e n 

0 22.s to so.a c. The r es ults ar a r e corde d in Ta ble 4. f r om the 

ra s ults , it was obse rve d th ~ t th t 22.s0 c tha r a was no li ui d 

fraction prasa nt in buffa lo milkfat. , s the te mp e r a ture increasa d 

the liquid fr a ction l s o incre ased a n d t so.s0 c (point of 

inflexion for the curve r e pre se nte d by Eqn. l a n a f i ~ . I I) t he 

f a t wa s a lma t cent pe rce nt li 4ui d . The incr ec;lsa in th 

magnitude of li ~uid fr ction of f a t with increase in t ~ m pa r t ur a 

wa s obse rve d irr e gul ur as de picta d throu gh the da t a r e cor de d in 

T ble 4 a t a tamp er e ture inte rv l of 1°L. The inta ras ti n ~ 

ab ss rv a tion in buffa lo mil kf t w s th a t t 35°~ tha li ~uid 

a nd s olid fr actions a~is ted a lmo s t in 6qua l m Jn i tu da . Th 
0 

ms ltin g inta rvd l f or thi s mil~fa t was c a lcul t a d 2 be 6 L . 

Cow milkfa t - -· 
The I a ults r e c r ded in Ta b113 5 de pict tha pa tt rn of 

solid a nd li · ui d fr a ctions of cow mil k f t pr e sa nt a t v rious 



T AB ll: 4 

£olid/li quid fraction s of Milkfa t l6uff a lo) at va riou s tempe r a ture s 

Sr. Te m pa r a tu ra 5olid li quid T am pa r a tu r e Solid li quid 
r~ o. {De.) (l) (") {oc) (j ) l .1 ) 

-
1 22.s 100 0 l 36 3Se3 f;4 .7 

2 24 99.0 1•0 \ 37 31.? f8e3 

3 2s as.s 11.s 38 2s.1 74.3 

4 2~ 87.o 13·0 39 21.f 78.4 

5 27 85.7 14e5 40 1a.3 81 .7 

f 28 84.4 1s.f 41. 1s.2 84.8 

7 29 82•1 17.9 42 13•1 Sf e9 

8 so 10.f 2 9.4 

I 
43 10.7 69.3 

9 St 64e2 35.8 44 9.o 91•0 

to 32 57 •1 42.9 45 s.4 94.~ 

I 11 35 so,~ 49.7 4S 4.5 95.S 

t2 34 45.3 54.7 47 2.7 97 .~ 

13 35 4t•2 se.e I so.a 0 100 

Results pertain to the data plotted in fig. II and recorded in 
Table t• 



T Aa LE: 5 

£olid/liquid fractions of Milkfat (co~) at various temperatures 

---r 
1 21 100 0 33 30·1 f9.8 

2 24 e1.a a.2 34 2f .7 73.3 
' s 2s 88.9 11•1 35 22 .7 77.3 

' 2f5 82·0 1a.o 3E 1a.e 81.2 

6 27 74.8 2s.2 37 t4•S 8&.6 

f 26 ~f ., 253.f 38 11•4 88.6 

7 29 s1.2 42.e 39 , 9·0 9t•O 

6 so 49.8 so.2 40 f .~ 93.4 

9 51 42.9 57 ·1 
I 

41 3.9 9f .1 

10 52 ss.1 64.1 I 47 0 .100 

Results pertain to the data plotted i~ fig. Ill. and recorded in Table t• 



TAB L.E.: f; 

Solid/liquid fractions of MilKfat lQOat) at various temperatures 

Sr . Temp. ~olid L.i 'iuid Temp £olid Liquid 
No. (oc.) ( ") ( :g) {oc) (.£) (') . . . . I I 

I 
. • 1 I . . b a h a I l • . 

1 1a.s too 0 27 2e.2 10.e 

2 t9 9f •1 s.9 28 22 .a 77 ·2 

! 20 92.s 1.1 29 17 .9 82.1 

4 2t es.e 14•1 so 12•0 aa.o 
s 22 7E.s 23e5 I 31 9.7 90·3 

f. 23 f.7 . 7 52e5 32 1.0 93.o 

7 24 56.7 44.s 33 4.7 1s.s 

I • 25 44.~ ss., 34 2.2 97.8 

9 2~ 35.7 e•.a I 38.5 0 100 I 

Results pertain to the data plotted in fig. IV and recorded in Table t• 
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tampe ratura s . It w s ob se rved in case of cow m il~ f a t that 

at 21°C the mil~f at w s a lmo s t in solid phas e an d no li quid 

fraction w s prasent. s the tampe ratur incre a ad above 

21°c tha li uid fraction als o i ncre sed in non-uniform fa s hion . 

0 
· t 47 (., which wa s tha point of in f lexion for the curve r e -

presente d b~ £.:qn. 11 and fiJ. III, th :? whole ft was pr e sent 

in liquid pha sa. imila r to the Cose of buffa lo milkf t a 

0 tampardture of 30 L was notice d d t which tha milk fat axistad 

in s olid and li~uid fr ctions approxim ata l y in equ l r ~ tio. 

The melting intarv l for s uch mil~fa t w ~ r e cordea to ba 

Goa t milkfat 

The experime ntal data obtaine d for olid a nd li quid 

fraction s of ~o a t milkf t t va r ious t ampa r dturas iJaie 

tabul a ted in Table f. In thi case the liqui d fraction of 

f a t w s ob ~e rvad negli ible at 1s.s0c an d tha olid fr ction 
0 

t t mnar tura Qqual to 38.5 , which ca as as to a xis t a a e ... -

i the point of infla xion of the curvs in fi-J. IV nd expr 3ss_d 

The maltin1 int9rv l fr this mil kf dt ~a · through ~qn. Ill. ~ 

0 
found 2 O C • The ~ olid and li uid fr ction of this milk.f t 

0 
was almost present in e qua l r a tio clt ab out 24 .5 c... 



CompaFi&pr of.~plid/li g uid. f! acti uns in threa milkf a t s . 
---------~-

from the abov~ r esults it wa c l e a r that all tha three 

milKfats differed signific ntly in the ir m_ltin ~ be haviour. 

The buffalo mi l kf t conta ine d a lmos t 100% li qui d fr action at 

so.e0 c which i s the highest in all three milkf a t s . This was 

observe d lowest in ca se of goat milkf a t (58.S°C) with inte r­

mediate value of 47°C for cow milkf a t. Such diffe r e nce in 

melting behaviour of the s e thre e mil kf a t s could be expl a ined 

on the basis of tha fact that tha buff a lo milkfa t diffe r in 

its f dtty acid compos ition from th a t of cow milk ( mamurthy 

and Narayanan, t 97t)• The s ame may be trua in C9se of the 

goat milkfa t. Howa vs r, ~ u l d a t \ 1 953) a l ~ o r portad ~h a t 

butte rf a t in mo s t case s me lts com pl e t ely a t t amµe r a tures b~ low 

4o0 c althou 9h compounds r a ~ r s s ent i n it~ which oo not ma lt 

upto so°C in the pure sta t a . 

0 
The goat mil kf a t starts me ltin g a bove 1be5 1 the 

lowest in all the three mil kf a t s unde r investig tion. The 

same is observe d above 22.s0c ano 21°c in c se of buf fa lo and 

~o~ milkfa t, re s pective l y . Such diffa r a nces can be a ttribu tad 

to the poss ib le domin ant role of low ma lting a cid s in goa t 

milkfat and tho s a of hi gh ma ltin g a cids in buf fa lo milkfa t. 

~uch study of s oli d/li ~ui d fr a c t i ons in mil kf a ts has 
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not been r a orte c s o f ~ r a n th - a r a s ult b~ othe r wor k2 r ~ a r a 

not a v il ble in thd lite r a tur f r compa.rLs ion. Howe ve r, a 

few worke r s ha ve r a por tad the lt · ma in g point of mi!kf a t r a n ~ ing 

· be twa an 30- 4t°C {Janna s n o Pa tton, 1 ~ 59), which is mo s t 

probab Y for cow milKf a t, da t e r mine d by capill ar~ me thod. Th i s 

me thod m ~ not ba a ~ accurdta the one u ad in th9 r a se nt 

inva stig C:l tion. 

Coefficient of tha rm a l exp a ns ion of milKfa t from 

buffalo, cow a n d goa t (8 s a mples in a ch Cd te ~o ry ) wa s da t 3 r mi ned 

be tween 10 to eo0 c with unifor m inte rv - l of s0
L I us in g t ha d t a 

r e c.orded in Ta ble 1• Tha .:1 Ve r ge coa f f icia nt of the r m l 

axpa nsion (heraafta r t o be ca lled as the rma l e xp a ns ion ) fo r 

buffa lo milkf t t 10 - 1s0 c w s 2 .0 ( x 1 0-
5

/
0

L ) wh i c h 

incre a sed to 72•0 ( )'. 10- 5/ 0 C. ) at 10-so0 c. . Tha rA V r ag3 va lue s 

with r a nga s for th9rm a l e xp ns ion a t the int r me d i a t e t a pa r t ur .:t 

inte rv a ls be tween 10 and eo°C r e :ra or dad in Te ble 7. The 

respective v lua s for cow an d goa t mi lKfat wa r 2 . 0 { x 1 0-
5

/
0
L) 

a nd 3 • o ( x 1 o-S / 0c ) a t 1 O - t 5 ° , a n 8 2 • O { )l 1 O -
5 

/ 
0 

) a nd 
0 

ee.o( x 
10

-5/oC) be twaa n 10 nd 80 c. The va lua s t t he 

inte rmedi a t e t emp r tura intarv a l s f o:r th se mil f a t s a r .l s o 

r e corded in Ta bla 7 • 
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7 

8 

9 

10 

11 

12 

15 

14 

Tf4BLE 7 

Coefficient of thermal. expan s ion of milkf t l ghee) 
from different species at different ta mp er a tu res 

Tamp • Thermal a )(pan ion coefficient x1 o-s; ac 
(ec) -· I 

eu'ff'alo •• t; ow . - i'aoat 
Range ·~verage - Range ve rage Range va r age 

10-1s 1- a 2 
,_ _ 

4 2 1 - 5 3 

10-20 1- f 3 1- 7 5 2- s 4 

10-25 2- 4 3 4-~ 10 49-72 €2 

10-ao 1-s2 14 so-es 48 81-97 89 

10-a& 57•5S 41 59-86 f 9 ef-100 9S 

10-40 48-€1 51 f7-87 75 ss-101 

10-45 5S•f5 57 f S-88 77 84-101. 

10-so 58~9 61 11-es 78 85-101 

10-ss f 1-72 f 4 7 3-91 81 85-99 

10-fo f4-72 f € 1s-eo 81 85-98 

10-65 6f-76 €8 74-86 81 84-99 

10-10 f ?-78 €9 75-95 82 84-97 

1o-75 ~8-79 70 75-9' 82 85-Sf 

10-so f. 9-80 72 7f-95 82 85-95 

Results pertain to the ave r ge for 8 sets of sam las 
in each category of buf lo, cow and goat mil f t with 
respective moisture content of o.579! o.oss,, 0•518! 
0.02ss and 0•270! 0•0950 respectively. 

92 

91 

91. 

91 

91 

90 

89 

89 

89 
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To study tho effs ct of te mp3r turg on coa ffici e nt of 

th9rmal expansion of thraa milkf a t s tha da t a pr _ se nted in 

Table 7 ware sta tis tica lly an lyse d an d r 9s ults the r a from are 

described here and als o through Table 8 and f igs . v, VI an d 

VII. 

The axperim~ nta l re~ ult5 cou~d be bas t fitt9 d in third 

orde r regre s s ions for all tha thre 3 mil~f t s . Tha r agr 9s - i on 

coafficia nts for such e~u ation s , th9ir v aria ti o n ~ in r agres~ ion 

{R2) and corre l a tion coa f f ici a nt~ lr) a r r a corded in Taola b. 

The rsgressions for buffa lo, cow an go a t milkf t, respe ctivs l~ 

a r e giva n b~ the following e~u ati a n s 1 

v 

10
4 .v • s.3fo& • 1. 0411 (t) 

-2 2 •4 3 I -2.sosf x to (t ) + 1.ss1e x to (t ) v 

l of variations in r e gr e s s ion Tha re s pe~tive l e ve s 
and e1. f oi in d ica tin~ a clo~a cubi c 

a qua tions wo r e 94.~f, 9Se30 



--:r • 
... a • 

1 • 

2 . 

3 . 

£ a mp l e s 

u uff a l o 
milkf a t 

C. ow 
mil kf a t 

Goat 
milkfa t 

T~B L ~ b 

C.oe f fici a nts f ur polynomi d l r s gre s s i c n of c oe ffici e nt of the r ma l 
xp ~ n ~ ion of M il~fj t o n t o mpe r J tura 1 

- -
bo 

- 1 . 5141 

- 3 . f470 

- s. 3f o& 

l k 13 g r e~:;:; i o n . 4 bb 2 b 5 u a ti o n 1 0 . Y~ ~ 1 t + b
2

t + 
3

t 

~-.--...-........... ------- -

Va lue of b' s -- -
b b 

1 2 

o . 1ef3 1 . 7703 x1 O 
-3 

o . sFo7 - a . 2eaf 
- 3 

x10 

- 2 
-1. 0411 - 2 . 303f x1 0 

b 
3 

- 3 . 075,f> 
- 5 

X'\O 

- s 
3 . 780 3 x10 

-4 
t . 5919 x10 

s s ion 
(R2 ) 

tiun 
g r a ­

O• 94 9E 

o . 9330 

Oe 91fO 

1 Re sults pe rta in to the data r a corda d in Tab l e 7 

•• iignificant at P • 0 • 01 

c 

(r 

.974 5 

o. 9f's9• 

o . 9s7 1 -• 



FIG. V VARIATION IN COEFFICIENT OF HIERMA EXPANSI ON 
OF MILK FAT {BUFFALO) DUE TO TEMPE RATURE . 
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FIG. VI VARIATION IN COEFFICIENT OF THERMA L EXPANS ION 
OF MILK FAT (COW) DUE TO TEMPERATU RE. 
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FIG. vn VARIATION IN COEFFICIENT OF THERMAL 

EXPANSION OF MILK FAT (GOAT) DUE TO 

TEMPERATURE . 

-u 0.90 0 0 • 
' M 
•o 
x 

z 
0 
(/) Q.70 
z 
A 
' 0..... 

x 
w 
....J 

<! 
~ a.so 0:: 
w 
:r 
t-

~ 
t-
z 
w 0·30 u 

~ 
w 
0 
u 

0·10 

0 

oL-~s~~,Ls~~2~s~-:13s=--~~~s~--;s~s~~s~s~-,7cs;-· 
I NC R EASE IN T EM p ER AT URE ( o C ) 



29 

relation betwee n thermal axpansion an ta mpe r a tur e in al l the 

three milk f ts. Tha corre l at ion coe ffici s nts {r ), deduced 

from these v riations in r egression ara o.9745, 0.aesa and 

o.9,71 for buffalo, cow and goat mil~fat, ra s pecti~l~. from 

sta ~is tical significance of these •r• values it could be 

concluded that the influence of tempa r ~ turs on coe ff iciclnt of 

thermal expan ion was s iJnificant lP • o. 01 ) for all the 

three milkfats. Baside!:i th~ gradual incr aa s e in the rmal 

exponsion of all the threa milkfats with risa in temp e r tur3 

\figs. v, VI a nd VII), it i s se n from the plots of r agr:ssian 

line and observed va lues tha t thar9 i s a t ende ncy for steap 

risa in thermal expansion within a sp e cific temperatur_ range 

in case of all the three milkfats . This r egio n in case of 

buffalo mil~f a t falls for a tem pa r ~ture increase betw9a n 15 

to 30°c a bove 10°C. which is the initi l te mp::. r a ture of the 

samples. Tha sam e r a nga of incre se in temperature f or cow 

and go t milk fats wara to-2s0 c and 10-20°C, re !:)pe ctiv.:ily 

\ ig • \II nd Vll). f rom these fig ure lV, VI and Vll), it 

is concluded th4 t bove the se r a nges of incre se in temparature, 

the coefficie nt of tha rm a .L expansion in mil f t~ doas not 

· b 5 ;gn i·fi cant amount and rem ins lmost s t bl9 1 incre ase i ~ 

excaptin~ in buffalo mi lkf t wharein it keeps rising for same 

mere rise in tempar ture. ~uch beha viour could be e~plained 

on the b sis of the f ct th t these three mi!kfats diffa r 

. i th compos ition of triglycerides with diffa r ~ nt 
significantly n e 
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me lting point r ange. The goat milkfa t 3a m to have mor e low 

ma ltin g fatty a cids a comp ar t buff lo a n d cow milKf t • 

Buffalo milk f a t must ba h vin~ Jraa t r proportion of hi ~h 

malting acid givin~ rise to a hi3h malting inta rv l, with 

inta rmedi a t a value in c se f cow milK f a t. ~uch study on 

coefficie nt of the rmal axpansion of milkfa t fro m buff a lo, cow 

and goat milk have not baen r a porta d s o far and as such no 

comp4rtsion can ba d9scribed with the present data. lso it 

was r e ported that diffa r dnt cooling tre a tm nts give n to the 

milkfat ~ave rise to the diffe r e nt melting points as W9ll as 

to the different solid f t content (U e ~a n dnd Uood, 1 959). 

However, soma worke rs have r e portad ths therm a l dilqtion co­

efficient for li~uid and solid bu t r f t with ut me n t ionin g 

the tampara tura (Hanna1a1ijk ano rlai~hton 1957; t.aulyasv-iaits e v 

1sf7), excepting ua f'ian ana 111ood (1.959) who r e parte e the th r ma l 

dilation ove r 40 - fo°C tamper a tura . ut th se r e s ults can not 

ba compared with tho se obtained froua ths pr sent inv ti g tion. 

Coafficient of thermal a~p nsion of crJ m from buffalo, 

ml'lk u ms datermined ova r t ha r nge of 10 t o ao0c . cow and goat ..,w 

Tha ave r ga values ( 8 s mplas in e ch c .'.l t a ory) a lon g with 

f . t of t herm l a~p ns ion r ngas of coe f icie n 
r s r a corded in 

0 

T bla 9• The expansion in er m b tws n 1 o - 1 5 (. was ob se r va d 



Sr . 
No . 

1 

2 

s 

4 

5 

f 

7 

8 

9 

10 

11 

12 

1a 

14 

T '48L E 9 

C~efficient of.thermal expansion of cream from 
different species at different t.amperatures 

Temp. The rm al a xpansion coef icient 'X'1 o- 5 / o(. 
(Ge_) • I I au ff a 1

lo 
• I I 

Cow 
. • Goat 

Range Av. Ran~a !4v • Range Av . 

10- 15 11s- 1fs 1&1 ~f -12f 91 54- f 1 57 

10-20 90-126 112 Sf- 88 69 51- 57 55 

10- 2& 90-118 10s 62- 87 73 Sf - 58 57 

10- so Bf-121 114 72• 95 81 f2-ff' f\4 

1. o- ss 100- 124 116 77 - SE 8f f\4 - E 9 f.7 

10-•o 99- 121 11.2 77 - 9S 85 65- 70 f,7 

10- 45 &s-11e 10& 1 e - e1 83 65•'10 f.'1 

10- so &1 - 111 105 75- 90 81 ff • E8 f 7 

10- ss so- 108 102 75- 88 80 ff- f9 f.8 

10-fo es- 1os 100 74• 8E 80 ff.-'10 f'8 

10-e& 87-104 98 74- 85 79 f8•71 f 9 

10-70 87-102 97 75-84 79 f38- 71 70 

10-75 86-100 95 75- 84 79 68- 71 70 

10-eo as- &i 95 7f•84 79 E 9-72 71 

Results are ave rage of 8 samples in e ach cate gory i.e. 
buffalo cow and goat cream with ave ra ge va lues of fat 
percent 1f5.f9,! o.12s, Fo.50! o.1t2 and 54.'61.! 0.2&0, 

respectively. 



3t 

buf lo uhi le tha em '3 in 

goat cream (17 x 10-5/0 ) 

of 91 ( x 10-5/°C ) in es 

wa re lo we t w th int r , ~ di t e v a 1 u e 

f cow ere am . th , t9mp 3 r tur 

further incra sad from 10 - 2s0 c thara 14 o v - r l l d a er a ..:>a 

in thermal expansion of buffalo a n co~ er m but a n incra a 

in case of :ioat cr.::a m. ln tho l t r • t t :J g - a • c &e , l ke p on r iw in 

upto 3SaC after which it be e rR'3 ol. o ... t s t b la n d wh a t ~ o 

aver th.a change in th~ rmal e xpansion wa thare, it wa n a ~li,:Ji l • 

Howe var, in case of buff lo dn cow ere am , it in ere d from 

25 to 3S0 C. after which the ra wa~ f a ll in the co3ff ici nt 

of tha rm l expansion ano than it be c~m stdOl • uch non-

uniform expansion of tha era am i s th_ I' d ultant f th3 

thermal expansion of th3 era am plasma, th f t ana the 

expansion produced by the me lting f f a t. lt could ba 

c.oncluded from the above r~sults th t the voluma of the cre am 

increased mo s t be twe e n 10 - , soc. in casa of buff a lo an cow 

which maans th~t much fat probab ly ch ng s from th3 et ~3 of 

ag regation in this tempa rature range. u l de I l t 9 5 3 ) r po r te d 

such obs rv tion in er am ba tween 10 - 20°L. 1Jhil3 , a N n 
0 

and uood (195S) obsarv d tha sam f ct batwa an 12 - 18 c. 

~uch obsarv tion in tha present study i& s hown elos ly in 

fig. VIII whe re tha aver ge u lua~ for th co~ ff ici nt of 

therm l expansion (Tab J.11 9) h v~ b en r phic lly plotte d. 

Howev r, in C S'3 of '::JO t ere m th · s m ph nomanon \J & net 

observ d b~twa n to - soc.. 



FIG. VIlI VARIATION IN COEFFICIENT OF THERMAL EXPAN SION OF 
CREAM DUE TO TEMPERATURE 
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Tha da t a in t a ble 9 w- r ; s t a ti s ticd lly an o l ~ sed to 

illucid t 3 furth e r the a ff ct of temµe r 3 ture ~ n d ~pe cies on th 

the rma l e xpans ion of cream . The r es ult fro m s uch a n a l~ s e s 

a r e pr ese nte d in Tab le 10• It i ~ see n tha t coa f icia nt of 

the rmal e xpan s ion of craam was s i gnific ntly (P • 0 •01) 

influe nce d by t s mper a tur a and sps cias . Tha i nk r a ction 

be twee n tha influd nCt:l o f tam pe r a ture a n s pd cies on th1:3 r ma l 

e xpan s ion wa& a l s o ~ i gnificant (P a 0 • 01 )• Ho we v er, the 

vari a tion in the rm a l e xpan &ion due ta i nd ividuo l s am pls& wa s 

non-s i gnificant. 

-



£r. 
No. -
1 • 

2. 

3. 

4. 

s. 

T ~Bu:: 10 

Analysis of v a ri a nce for the influe nce of t e mp e rature and 
s pecies on the th e rmal expansion of cream1 

Source of v a riation 

Be tween s amples 

Be tween species 

Be tween temperature 

Inter action between 
temperature and 
species 

E:r ror 

df 

7 

2 

14 

28 

306 

£Si 

O• 001e 

0•007€ 

0·4238 

0•0092 

Oe0412 

M~~ 

2 .27 3F Xt 0 
-2 

3.7811 x10- 3 

3 • 02 7 5 x 1 0 - 2 

3.2982 x10-4 

-4 
1•3382 x10 

1• Results pert~in to the data recordad in Table 9. 

df Degre9s of freedom 
~S £um of squares 
M~S Mean sum of squares 
NS Not-significant 
•• ~ignificant at P = 0·01 
f Variance ratio. 

f 

1.f"990 N-i 

28 .254 9•• 

22f e230S~• 

2.4F~•• 
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~UM~ RY 

The results obtained from th2 present inv stig tion are 

summarised hereundera 

1 • Tha liquid fraction in buffalo, cow and goat milkfats 
Q 

(ghaa) was almost nagligible at 22.s, 21•0 and 1s.s c, 

respectively. 
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2· The entire milkfat a>dsted in li uid phase at so.a, 47.o 
0 

and 38.S c, ra~pective ly in buff a lo, cow and goat milkfa t. 

a. The milkfa t was prasant in almost same ratio in two 

fractions (solid and li quid) in buffalo, cow and goat milkfat 

at 33.o, 3t•O and 24.s0 c, ra s pectivaly. 

6. The melting intervals far buff alo, cow and goat milkfa t 

ware 2e.s, 2f:.o and 20°c, r espectively. 

s. The rmal expan s ion of all the three milkfa ts was positiv3ly 

and ~ignificantly (P • 0.01) influenced by the t em peratura of 

measurements, followin:1 a cubical rela tion of the gener a l 

form, 

e. The thermal expansion of milkfa t was also si~nificantly 

(P • 0•01) influe nced by tha species. 

1. Thermal expdnsion of crsam from buffalo, cow and 

goat milk containing fat fS.€8! 0•125 (£.(), fo.SO! 0.1•2, 

s 4 .4t! 0• 2 so~, r es pectively was significantly influe nced by 

tempera ture and species. 

e. In ca se of buffa lo and cow craam, the maximum e~pansion 

0 
was obsarvad batwaen 1.0 - t5 c, but simil<lr phanomanon was 



35 

not obsarvad in c sa of goat craam. 

The •bove abserv ~ tions made during the present 

investigation have baen discussed in Chaptar Ill and also 

the explanation where ever could be poa ibla, has bean 

described on these observ tions. 
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