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INTROBUCTION
(Including literaturs_ravisw)

Ghea, tha clarifisd buttarfat is one of th: most
important sources of oils and fats in the Inagian dizt. Ffat
is gen:rally at a premium in the Indian diet and a high fat
product is alwyays considared basttsr than a low ful product.
Ghae also has an important placs in tha ayurvsdic and Unani
system of madicines, as it is usa2d as a bass material in the

praparation of sevaral medicines in thase systems. It is



uszd from timz immemorial in the resligious functions too,
Furthsr, a large population in India is vegetarian anu to
tham ghse is the only accasptabie fat from animai origin,

Tha currznt production of ghee is zstimated to b=z 5 lakh
tonnes a yaar (Anaja, 19682)e Th3 axtznt of the dev2l of
ghae production in India spsaks of thz diverszion of ths

ma jor guantity of the milk production towards this product.
Tha r=zason may bz the easy manufacturing mezthod with simpla
egquipments anc tschniques and alco the jood shelf 1ifs under
the tropical conditions of storags and ordinary packing.
Also milk beoing highly pesrishable item, its convsrsion into
ghze was considerzd to bs th: Best and safa2st approach to
consumz one of the most important and desirabls componaent of

milk, that is, milwfat,

Attzmpts have been mades through continuous
reszarch in thz precessing of milk to ghaz with spa2cisal
refzrence to tha devalopmaent of typical ghe2 flavours and
grainy tsxturs in ghae and also its presarwation, Ths3 aim
is to develop a suitable procass to maks good guality ghaz.
At present, three conventional methods are folloyesd for the

preparation of ghase, namely;

I, Direct cream method - centrifugal seperation of
high fat cream and its ddirsct boiling along with

the serum solids,



11. Lreamry buttar method - churning of rip=nad or
unripensd cream to white butt-r and its conversion

in gh=ze,

111, Veei method - preparation of dahi, churning it

into white butter and finally conversion in ghes,

The unorganisaed szctor in rural arsacs follows th2
desi method, whils the comm:ercial scale manufacturing
units have the choice for ths crzamry butter ma2thod, It
is truz that the ghse made by our modern dairiss is not as
jood as ths traditionally mads desi gh2e, Thz g2si 3jh3e
sells at highsr prices, It is considerad superior because
it has batter grains, it keeps longer and also it has
pleasent flavour, Thass are prohably the main aspacts
for its higher price. Probably the sescre=t lies in th=
liquid fraction of milkfat, 1In tha traditional procass
thare is natural sslzsction of fat and a large portion
of the liguid fat is left out in the butter milk. The
solid fraction, thus, recovered has longer lifs ana better
grains. In the traditional process, tha total reocovary of

ghse is only 804 of the fat,

The melting ano solidification charactsristics of

milk fat not only are of practical importance to the



Proceszing of dairy products but represent intriguing examplzs
of the physical equilibria that opzrats in the fat phasz2, Milk
fat is composed principally of mixed trijlyceridas diffzaring
widzly in physical charactzristics, Thase trijlycerid2s havaz
most different melting points, Milk fat, ther=fore, has no
sharply well definad melting point but malts ovzr 2z yide

range of temparaturz callad meltiny intzrval, Unless pras-
cautions are taken to assure that completely liguifisd fat is
cooled rapidly to low temperatures ( = -1QFL), variabla
melting charactsristics are notad, Similarly, variations

in the solidification temperaturs, i.=., first appearancs

of the solid phase, of milk fat reflect the cooling procadura,
Rahn and Sharp (1y28) reported solidification points of 1947
and 23.€°C for samples of the samz fat coolasd by immarsion

at 14 and 20°L, respactively. Muldaer (91453) cited one examplz
in which the soligificetion and melting points yerz ssparatad
by approximately 19°L. « number of other yorkars (lohr and
Baur, 193y; Richardson, 193€) also notsd ths similar variaole
malting and solidification charactaristics of milk fat,

Mulder (1953) concludsd that 'ths loyer tha tempsraturs at
which ths fat is causad to solidify (within the solid-liguid
region) thz lower is tha melting point', Tha rate of cooling

has, thus, an offact on thz melting and solidification points



of milk fat, It was also concluded that liguid fat should

bs cooled repidly to a temparaturs below the solid-1iguid
rsgion bafore carrying out measuremsnts of charactzristics
figures such as melting point, solidificstion point and
mzlting interval, A possibles method for calculating the
proportions of solid and lijuid fat yas also mentioned,

Muldar and klomp (995F ) reportzd thz proportion of solid and
liguid jlycerides at differsnt tempsratures in winter and

in summer cream after the fat had crystallised at tamperaturs
of melting ics. At a temp=sraturs of 1803, about 5p#% of th:
wintar fat was in thz so0lid stats while at the samaz t=mperatursa
about 35% of the summer fat yas in the solid stata. Hennauijk

(1¥55) raportsd 50 - 70% solio fat in butter fat at 5°C.

Eres'ko ano Rabotyakoya (1977) reportsa that the
parcent of solid and liquid phasa in buttsr was an important
factor indicating tha structural, mechanical and physical
proparties of buttsr. Thas gilatomeiric method was considarzd
the accurats method for the datermination of solid and liguid
phas2 in butter fat. hanKare and dntila (1974) obsarvad
that the spreadibility of buttar can be significantly improvad
by the use of liguid milkfat fractions., Ouring the indoor
fseding season (I value of milkfat 29.0 = 30.9 and mp about

52°C), the fraction can be added in non-2mulsifi=d form



£

directiy tu tha craam bafors churningj at a rats of upto 333
of the total crsam fat contant. The temparature stability
of the butter (no ociling off at 20°L for 4 hrs ) as w2ll as its

keaping juality at SDL, was 3Juod,

Schultz and Timmen (98€Ff ) described ths experimznt
on milk fat fractions and its pussible applicaticn. It was
suggested that ths admixturs of corresponding amounts of
separatad herd or soft fat fractions to milkfat may sa2rvs
to standardise tha consistancy of tha buttar produced, Fractions
of soft milk fet (lijuid fractions) with a high content of
unsaturated fatty acids may be usad in the production of
diatic milk products. The uss of fractions of hard miik
fat yas suggested for manufacture of dried butter for tropics.
dackar (1Y70) carried tha study on the temperaturs crysta-
llisation and ssparatiun of butter fat into fractions ranjing
in mp from 13°L to above sooL. It was obsarvea that the
most liguid fraction is highly coloursd and flavoursd and

should find other use in addition to the improvament of the

spraadibility of buttar.

NOrris 3t al. (1973) determined ths liquid fat
content at diffesrent tamparatures from meltingj curves. 4lso
tha corralations batwezn percent of 1li,juid fat and weight »

of short chain fatty acids as wsll as with cis unsaturatad



acids waiez detarmined, WNorris st al. (1971) observad the
increasad concantration of unsaturatsd and short chain fatty
acids in liguid fraction and that of long chain saturatad

fatty acids in the solid fraction,

The rhzological proparties of products with a high
content of fat as for sxample buttar and maryrins arz to a
grzat sxtant dsterminsd by thes ratio batwssn solid and liguid
fat, This has bsz=n shown by using differeant msasuring m2thods
(IbF, q982). Tha ratio of solid to liguid fat in butter fat
can be used to charactariss its physical propertiass, Mort=nsen
and Vanmark (19874) showsd that the iodins valu=s of butter fat
gives a good measure of the level of solid and lijguid fat in

it and henc2 the consistency chracteristics,

Peuel gt al. (1943) hava shown that ths digestibility
of fats and their melting peints are closely relatad. It was
obsarved that the fats of low ma2lting point are better

digestad than those with higher melting points.

Thermal expansion, ona of tha indirect common mzthod
for ths detarmination of solid/liquid fraction in milk fat,
has also bsan studied by a few workers in casa of cream, owing
to its importance in dairy procsssing. Smith and Uoan (1931)

determinad expansion of thes crsam volume of pastesurizad fluid



milk by ths addition of reconstitutad suparhaatad skim milk,
@nd utilized tha same to detect adultration of pastsurized
milk with the latter. Ffernandsz-fMartin (1970) conductzd
dilatometric study of crsam and obssrved the thrze arsas of
marked crystallization., The most important of thosa yas
around 1§°C. Gulyaev=Zaitsev (19€7) determinad thermal
dilation coefficiesnt for soven samples of milk fat obtain=d
at different times of the year which rangsd from Q.8f7 to
0925 mmalg/°L. A comparable result on tharmal axpr2ssion of
liguid butter fat was also reported by Ue Man and Yood (185%),
i.Bey Bed m03/1o g 9% bstuwssn 40 - GQOC. The maximum thermal
expansion of cream observed by Vandam (1922) was betwsan

0
12 - 18 C.,

Mulder (1953) reported tha maximum increasa in the
Q "
volume of the cream bstween 90 and 20 L which mesans that much
fat probably changes from tha stags of 2ggresgation in this

tsmparature region,

It is ample clear from the preceding paragraphs that
the knowladge of the solid and liguid fraction of milk fat
is of utmost importance in dairy processing in many asp=2cts,
But from the perusal of the literature one could see that the
information on this aspect of milk fat is in scanty. Such

propartly of buffailo (Bubalus bubalis) milk fat has yat not baan




studied, The same is truz in casaz of milk fat from cow of

Indian origin (Bos indicus ). Th2 milkfat from joat which

My become a significant ingredieht of Indian dairy industry

in future also nesds attention for similar study, Such
information on this milkfet is also not availabla, Furth=r
thermal expansion of milkfat (ghee) plays a vary important

role in its packaginy and processiny too., But ths data on

this thermal property of ghee from milk of ali the three

species (buffalo, cow and Joat) are not available in the
litearatura., +lso in case of crzam, the base raw material for
manufacturing ghes, such study nseds attantion, as e fay w2stzrn

workars have attemptad tha sams,

It wgs, therafore, fzit that a comprezhensiva knowlz=dge
of solid ancd liyuid fractions in milkfat anda its thermal
@xpansion, a mattar baing of considsraniz tachnologjical
interest, is likaly to b2 of grs.t hsip to ths dairy industry.
The well establishea compositional differences of milkfat
from buffalo, couw and 3Joat neads ths work for comparative study
too, Consaguently,a research programms was undertakan to

investigate into these aspscts of milkfat and cream.
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PROGRAMIAE UF RESEARCH WJURK

The projact work was taken up in two phascs, as

outlined balows

EHASE 1

1. Fabrication and assembling of thz instrum-=nts, and
standardisation of the samz for the detezimination of
thermal e xpansion of milkfat and craam from cifferant

spaciss. -
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PHASE 11

1. Prsparation of craam and milk fat (ghez) samplss

from buffalo, cow andg goat milk,

2¢ Vatermination of fat in Cr=am samplas,
3. Estimation of moisturs in gh22 samplas,
4. Vetarmination of theormal axpansion of milkfat from

differant spscies (buffalo, cow and joat)

S. Vetermination of cosfficiant of tharmal axpansion of
milkfat and creem from thr=s specias.

€. Ustarmination of solid/lijuid fractions of puffalo,
Cow and joat milkfat,

Te Statistical analysis of ths rzsults obtainad,

Availabla informations on thermal sxpansion of milkfat
and cresam and solidﬂliquid fractions of milkfat ars ravizsyza
in the pre=ceding chapter. Materials ussd and axperimantal
methods followsd to study tha tharmal 2xpansion and solid/
lijuid fractions of milkfat, results obtainad from such studi=s
and critical discussions on th2s2 rasults including statistical
analysis of ths data are described in chapters 2 and 3, A
summary of thes results and relavant conclusions obtainad from
tha investigation is presentad in chaptar 4. A bibliography

containing references to various sarlisr works mentioned in

this study followed chapter 4.

ANeiddgs
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MATCR1ALS <NV METHUUS

Milk samplss

Composite bulk milk samplass weie collectad from ths
animals (buffalo, cow and joat) of ths Institutz hard, Animals
wara under idsntical conditions of fesding and managament
throughout tha sampling pariod, All ths milk samples y=are
collascted with a short span of seven wesks to hgve th2 sams

composition of fat and avoid thas ssasonal affa2ct on it,



13

Preparation of milkfat

Lrzam:; - Ths yhole milk was warmed on watar bath
o
to about 45 C and skimmad at 1200 r'.p.m using a hand opzratad
Crzam separator, The crzam so obtainad was collactad for

further axperimantal purposes.

Ghee: - Ghee samples wera praparad from ths milk
collectad from all the thrss animals, =.3., buffalo, cow and

goat, Creamry butter method was followad for ths przpgration

of ghee.

Tha cream obtainad was pasteurizaa and coolzd to room
temperature, 1t was inoculatad with about 2% (by volumz)
starter culture (uRCl) obtainzd from thz vairy Bactariology
Vivision of ths Institute, Aftar mixing cream samplz thoroughly

: 0
it was ripened for overnight in B.Ow. at 3¢9 L, then th2 crzam

was churnad into butter under standard conditions, Thz buttoer
was washed with watar and the creamry buttsr so obtainad was
heated to 112°C in a stainless steel vessai for 3 - 4 minutss
until slight broun residue appacrs. Aftsr cooling ths ma2ltad
fat to room temperature, it was filtered through a muslin

cloth. Tha clear filtrate, i.s., ghecs was us2d for ths

investigation.
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Estimation of fat in cream

The fat in cream was sstinatad by Gerbar mzthod

(1 2 o 196‘).

10 m1 of sulphuric acid (dansity, 1.807 - 1.812 3/ml
at 27°L) was taksn in a calibrated butyromstar ang 50 g of
accurately wsighed ysll mixed cream sample was lay2rzd gzntly
on it followsd by 4 ml of amyl alcohol (density, Qe803 -
0«805 g/ml at 270(.). Butyromater rzading was taken at 65+ 20(_.

Avarage of duplicate analyses was racordsd in g/q00 ml.

Estimation of moistura_in_ghez

Tha moisturs in ghse samplss yas determined gravi-
metrically following the procadurs rscomma2nosd by ths Indian
$tandards Institution (I... 19fF). Thz results as avarage of

duplicate observations warz expressed in 3/100 4.

vetermination of thermal axpansion

Eguipmsnt: - Thermal e xpansion of thz samplas yas
determinad with a spacially fabricatad microdilatomater, It
was made of corning 3jlass of known cubical axpansion
(0e09€ x 10.‘/°£.) in the shaps of two long armed U, as

dascribed through the diagrem in fig. 9. Tha capillary tubs
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used for ths dilstomst:r yas tested for uniformity of its borz
by the stendard method of introducing a wnown yw2ight of mzrcury
thread in thz cazpillary and mzasuring it: length at diffarzent
placas with a cathatomztzr, The accurate radius of ths
Capillary (0e0518 cm) was calculatad from ths axparimzantally
determinad averagas langth of the marcury thrzad insidz thsz
Capillary and its yesight, Th2 volume of ths dilatom=tar upto
the tuwo marks AA' in Fig. 1 was detsiminad by complstasly
filling it yith mercury upto the marks and subse_juantly from
ths weight of mercury nza2dad to fill up ang its density at the
spacific tempsraturz, Ths volume of the dilatometzr at room

tamperature (2o°L) was, thus, calculatao to bs 1,94€8 mi,

A thermostatically controllsd watsr bath maintsinsd
with in :.o.osot of any desired temparaturz was used for
equilibtating the dilatomatzr with sampls at desirad temperaturs.
The dilatometer was placad vartically dipped insides ths watar
bath with suitable stand, clamp 2tc. allowing cnly the tips

of the two limbs to protude above ths water surfacz.,

The dilatomater was thuroughly cleanad using successivzly
teapols, tap wat2r, warm chromic acid, tap water and distillad
watar, and was dri=sd with ethanol followad by diethyl ether

and stream of dust free air,

The sampla was filled upto the marks A.' Oor n2ar aoout.



1€

In the later case, thut is, lijuid lavel standing abova Al',
the w2ight of the column in both tha limbs of the dilatometar
above or besloy AA' yas measurad accurataly with cathatomater
and ths corresponding volume of lijuid yas calculatzd and addad
Or subtracted to that upto As' to gst tha actual initial volumz
of ths sample, About 20 minutaes period was allowsd for
syuilibriation at each tempsrature which ranged from qp to

60°L at intervals of s°C. The axpansion of ths lijuid batween
two successivz2 temperaturs wgs calculatad from th2 riss of thz
milkfat or cream meniszi in the tyo varticlis limbs of the
dilatomaetser accurataly mecasurad with a cathstomztor. Ths
coefficiant of thermali a3 xpansion of tha samplz was calculatzd
from the obsarved expansion, the volums of ths sampls at th2
initial tempsratura and th2 tamparaturz rissz, The corraction
for the cubical axpansion of the glass of the dilatom=iar uwas

not applied in tha results reportzd.

For measurements of the hzijhts of the menis=i in th2
limbs of the dilatomatar a cathatometar with a short focus
talsscope (Oriental Scientific Apparatus Jorkshop, India)
yas used. The cathetometar was fitted with a direct rsading

micrometer controlling movament of tha talescops carriage ana

gave diract reading upto Q.001 cm within working langth of

100 cm.

Tha thaermal 2xpansion was calculatad in ta2rms of volume

as w2ll as the coafficiant of the tharmal 2xpansion in the
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rangs of 1¢° to go°C.

Ghese samples, bsiore transfar to the dilatomstzr, wale
dearz2atad in a vacuum flask undsr reduced pressure (5 - 10 mm
of Hg) for at least 30 minutas at 9o°L with occasional violant
shaking, Similar trsatmsnt was given to the cream samplss for
5 minutes at 40°C. After dearezting the ghZee and crsam, th=
samplas wyerz brought to room tamperaturs and transfarrad into

tha dilatometer for furthar obsarvation of thermal = xpansion,

Jatarmination of ratio of solig to liguid
Tat_in _ghse.

The determination of the ratio of solid to lijuid fat
in ghae by dilatomstry is based on ths change in ths volums
which occurs whan fat goes from a solid to liguid stata, The
changs in the spscific volume can be m3asured accurataly in th-
dilatomater at different tamperaturss as described in ths
precading paragraephs undasr the hsading "vatermination of thzraal
expansion®, The specific volums is recordsd as a function of
temparature on & graph to getarminz th: solid/liguid fat
content in ghse at various tempsraturzs as par thz standard
At low temperature whars tha fet is

procadures (lur, 1962).

almost solidifisd, a straight line with a small inclinz is

obtained as the result of ths axpansion of tha solid fat, and

at high temperaturs a corresponding straight line with an
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incline dus to ths expansion of maltad fat appears, with
inbetwsen a raising curva. Ths estimation of solid and liguid

fractions of fat is made from ths extrapolatad straight linas,

In the present investigution the curves havz bean
plottad between tha volumz and temparatur=, as the mass of tha
contents in the dilatomater was kept same during th= compl=te
observation of thz2rmal sxpansion of milkfat sample over 10-boov.

and hance amounting to the same results of solid/lijuid fructions .

gtatistical analysis

All the results were statistically analyssd on a
programmable #icro-computer (HLL-2200) and standard eIror(a.z)

in all the cases was astimatad according to 3nsdzcor and Cochran

(19€8)e
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RESQULTS ANu LIZUa31UN

The dilatometric study WaS carried out on tha tharmal
sxpansion of milkfat, its 401id/lijuid fraction, and thermal
e xpansion of cream from#ilk of bufralo, cow ano joat at
vurious temperaturss ‘5iN3 the ejuipmants and m2thodology
described in chap;‘ II. Rasults from such study, statistical

analyses and dis¥Ssion thereon ars presentad hsre undasr

diffarent heo*n35e
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Thermal expansion of milnfat (Ghae).

Tharmal expansion of milkfat made from milk of all tha>
thraa spacies, buffalo, cou and joat was meusurad betws=n 10 and
boot at an intsrval of 5°L. In case of milkfat from buffalo
milk ths avsragz volume in (mms) with standard error for g
samples increased from 2.0338 ¢+ 0.00549 at 10°L to 2.1360¢
0«00437 at eooL with intermediate valuas at temperaturss ovar
this rangs (Table 1). The respactive valuss for cow and
goat milkfat were observad to change from 2.0325 % 0«00FL7 to
21494 ¢ 0.00€17 and from 2.(0242 * Ce00442 t0 2.1502 * 0.00283
(averagzs for eight samplas in each cas2 ), respasctivaly
(Table q) with intermediate valuzs at tempuratures batwszn
10 vand aoot. The avarage values for moisturz in milkfat fraom
buffalo, coy and goat milk w2Ie Q3792 0.0354, 0318+ 0.0233
and 0.270% 0.0950, F3spactively. Th= respsctive raungss for all

these average moisturas valuas were 0250 to 0.425, 0.200 tO

0400 and Qe1€0 to 0e370e¢

Factors influsncing thermal expansion

of milkfat_(ghse).

To study the effact of temperatura and aiffarant spaciss

(buffalo, cow and joat) on tharmal expansion of milkfat the

data prasented ir pracading paragraph (also in Tabla 1) wer2

statistically analysed and the results thera from arz prasentaa



TASLE 14

Volume of miikfat at various temperaturas

Tamparature

voluma (mm%}

(°C ) Buffalo milk fat Loy milkfat Goat milk fat
10 2.0339% 0.00549 240325+ 0.00F 97 2.0242 ¢ 0.00442
15 2.0340% 0.00549 240327 * C.00F 92 240245+ 0.00450
20 2.0343+ 0.00550 200331+ 0.00F 9F 20250+ 0.00444
25 2.0348 * 0.00549 2+035€ + 0. 00617 2.0430* 0.00378
30 2.03987 + 0.005€0 20518 * 000582 2.0€02% 0.003F4
35 2.05502 0.00573 240€7€ + 0.00F 05 2.0710% 0400354
40 206502 0.00550 207792 0.00€42 200798 ¢+ 0.00323
45 2.0743+ 0.00518 2408702 0.00€643 2.088% + 0,0030€
50 2.08€60* 0.00493 2.0 0+ 0.00€39 2.0977 2 0.QQ2 %€
55 2.0948 * 0.0048€ 241062+ 0.00F81 210 9% 0400290
Fo 2¢103€ * 0.00474 2¢114€ * 0.00€€2 201157 & 0.00281
€5 21129+ 0.004€0 2¢1230% 0.00€59 2¢1244 2+ 0.002€5
70 21207 * 0.00447 21327+ 0.00€11 2.13292 0.002F 9
75 201291 % 0.00441 2.1409* 0.00€16 2+1416 * 0.0027€
80 21380% 000437 21494 + 0.00€617 241502 % 000283

Results are average of 8 samples

in each catagory (Buff.lo, cow and goat) with
average moisture of 0¢379* 0.0354, 0+318 ¢+ 0.0233 and 027 * 0«0950, respectivaly.
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in Tables 2 and 3. The rasults yers also graphically plottsd
(Figs. 1I to IV) to =ffact visual avaluation of ths influznca
of tempseraturs on thermal expansion of milkfat from buffalo,

Cow and goat milk,

Tha experimental data of thermali 2xpansion of milkfat
from all tha thraz spscies could be best fittzd tu thz tem-
paraturs by regraession 2, uations of third order, Th2 ragrsscion
cozfficiants for such eyuations, thzir variacions in rzjression
(Rz) and corrzlation co2fricients (r) ar= givan in Tabl: 2.
Thz regressions corrzlating tharmal 2xpansion of wilwfat
respactively from buffalo, cow anu goat milk to the tamparature

are given by tha following =2 uations:

2

2.04€3 = 2.0F71 X 10'3 (t) + Be3532 x 10'5(t )

<
n

-7 .3
-5.,4731 x 10 (t) I

2.0508 = Te8482 X 10 (t) + F.44€€ x 10 ° (Tt )

<
[]

-7
-4.5588 x 10 (ts) I1

-s -5 2
Y = 200035 * 1e2€01 x 10  (t) + 2.2070 x 10 (t<)

-7 .3
-1¢9181 x 10 (%) 111
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Thz values for varigqtion in ragrasssiun gﬁz) for thz
Equations 1, 11 and 111 ars respectivaly &Ye59, Yye22 and
99+11 pa2rcants, which indicate that a very high proportion
of the variance of tharmal sxpansion can b2 attributzd to ito
third order ragression on thz temparatura of milkfat in asach
category, Tha corralation coz=fficiznts (r) derivad from thzs=z
(Rz) valuas, batwsan tharmal expansion and tempsraturz for
milkfat from buffalo, cow and goat milk weI2 Qe8879, Qe.99€1
and Q.995€, raspactively, (Tablz 2). Thess valuss confirmad
that the influsnca of tamparature on thaermal sxpansion of
milkfat was significant (at P = pe01) for all tha thrae

species,

The avarage results for chanjs in volume at various
tampaeratura and the regrassion linzs baszd on sxpact2u values
according to thz above 2juations are delinsatzd in Figs, I1,
111 and 1V for buffulo, cow and yjoat milwfut, respsctivaly.
it is obsazrved from thasz figurss that inspits of an cvarall
jncrsase in voluma of milkfat with ris2 in tamparaturs batw:zaen
10 to 80°L' the maximum incrzase was observad wyithin a
specific range of tampsratura, Whilz in buffalo mil«fat, the

(=]
najor incresase in ths volume was bztw3en 25 to 50°C, tha sam=

in casa of cou ard goat milkfat was obsarved batwe=sn 22,5 to

45%C and 20 te 35°C, raspectively. Towards ths lowsr sida of

tha gbove gsmparatura ranges, thars was almost negjlijibls



TABLE 2

Coefficiants for polynomial regraession of thermal expansion of
vorious milkfats on tamperaturel

" 2 3 " 2 3
(Regrsssion syuation Y = b, + b_t « byt + bst )

1
sr. Sample Value of b's Variation corrslatiom
No. in coefficient
" I2gression
b, By 2 B (R%) (r)
-3 3532 x10 ° -5 T 9959 9979 **
1. Buffalo 2.04€3 -2.0€71 x10 B«3532 %10 «4731 X10 0. 0.99
milkfat
-4 -5 -7 e
2. Couw 2.0308 -79492 X10 € «44€€ x10 -4,5598 x10 0.9922 De99€F1
milkfat
3. Goat. 2.0033 1.2€01 %10 22070 x10 =1.9181 %10 009911  0+995€
milkfat
1 Results are for 8 sets of samples of milkfat in each category incorporated in Table 1.

e Significant at P = Q.01



FIG.II THERMAL EXPANSION
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FIG.III THERMAL EXPANSION OF SOLID AND LIQUID
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Changz in volums of milkfut from all tho thres spscies, uwhilsz

on ths uppersids of these temperature rangzs an slmost uniform
and ragular change was obsarved., A datailaa discussion on

these rasults would ba pressnteda in tha followinj paragragphs,
Howsver, it was concluced from these results that the milwnfats
from buffalo, cow ana goat had ciffarent m2iting intsrvais, i.84,

28.3°L, 26.0°L and 2o.o°L, Taspactively,

Thz 2ffect of both, temperaturz ana spsciss on tharmal
axpunsion of milkfut is furthar illustrataa by ths data rzcordad
in Tabla 3 through analysis of variance, It is ssen from thzsa
results that the tharmal sxpansion yas sijnificantly (P = Qe01) °
influenced by both temperaturs and spzciss. Tha intsraction
batuzen the influence of tamparatur2 and spaciss on thecrmal
expansion yas not significant, However, tha variation in
tharmal expansion du2 to individual sampls was significant
which could be attributed to tha experimsntal fact that ths
original volums of milkfat takan in the dilatomatar could not

b2 kapt samz for all tha samplas duz to tachnical problzms,

50lid and ligquid fractions of milsfat_ (gh23)
at various tempeIdiulas,

| ha vaiues for solid and liquic fractions of milkfat

from all the thraa spacies ware calculat29 usinj tha curvas

plotted in Figs. 11, 111 and 1V according to ths procsaurs



TASLE 3
Analysis of variance for the influence of tamperature anu
species on the thermal expansion of milkfat!
ST . source of wvariation df 93 EXS F T
NO.
1. Be $wean samples 7 0.0114 1.F37€ x10°3 9.1201 "
2. Between species 2 0.0074 3.€779 x1o'5 20.4823"
3. Between tamperature 14 05527 369477 x1o°2 219.8502"*
4. Interaction between 28 0.00€4 242977 x10 ° 1.279¢ V9
temperature and
species
-4
Se Error 308 0«0553 1795€¢ x10
1 Results pertain to the data rascorded in Tabie 1.
df Uegrees of fresdom
% $um of sguares
Mmss Mean sum of squares
“n Significant at P = Q.01
NS Not-significant
F Variance ratio
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dascribed in I .., (1962). Tha fraction of solia fat at any
tamperaturs is givan by ab/ac and ths liguid fraction by bc/ac

(a, b, c points ars marwked in figs.). The results so obtainzd

in casa of alil threes spacies arz recordsd in Tablias 4, 5 and F,

Buffalo milkfat

Ths fraction of solid and liguid fat in tha milkfat from
buffalo ware detarminad at diffsrant temparaturas bsztws2n
22.5 to so.aoc. Tha rasults arz rescorded in Tabls 4., From the
rasults, it was observad thut th at 22.59C therz yas no lijuid
fraction praessnt in buffalo milkfat, 4s the tempsraturz incrsaszd
the liquid fraction also increasad and at 5008°C (point of
inflexion for the curve rapreszntad by Egn. 1 ano tig, I1) ths
fat was almost cent percent liguid. Tha increase in ths
magnitude of 1lijuid fraction of fat yith incrzase in tamparatur:z
was observed irregular as depictad through the data racordsd in
Table ¢ at a tempercture interval of 94°C. Ths intarasting
obsarvation in buffalo milkfat was that at 55°L tha liguid

and solid fractions existad almost in esgual mejnituda. The

0
malting intarvel for this milkfat was calcul.tad 28e3 L.

Cow milkfat

The results racorded in Table § dapict thz pattern of

saitd and Ligusd Teapsions uf Euv ALk Tat prasent st verious
) &



TABLE 4

Solid/liquid fractions of Milkfat (Juffalo) at various tempsratures

sr. Temperature o0lid Liguid Temperature s0lid Liquid
NO, (¢ ) (%) (%) (oc) (%) (%)
1 2245 100 o | 36 3543 €447
2 24 9940 1.0 ‘ 37 317 €843
3 25 865 1145 | 38 2547 T443
4 26 87«0 13.0 39 21 € 7844
5 27 85.7 143 40 1843 817
€ 28 84 .4 15.€ 41 152 B4.8
7 29 B82.1 179 42 1301 8€ 49
8 30 70.€ 28.4 43 107 8943
9 31 €442 35.8 44 90 910
10 32 57 e1 42.9 45 5¢4 94 o€
11 33 50,3 49.7 46 445 9545
12 34 4543 S54.7 47 267 97 3
13 35 41.2 58.8 508 0 100

Results pertain to the data plotted in rig. II and rzcorded in
Table 1.



TABLE §

$0lid/liquid fractions of Milkfat (cow) at various tamperatures

$r. Temp, solid Liquid Temp. solid Lijuid
No. (o ) (%) (%) ) (%) ()
1 21 100 0 33 30e1 €9.9
2 24 91.8 8e2 34 2€ .7 733
5 25 8849 111 35 22 .7 773
4 2€ 82.0 18.0 36 1848 81.2
5 27 74.8 2542 37 1445 85.5
€ 28 €€ o4 33.€ 38 11 ¢4 88 .6
7 29 572 42 .8 39 9.0 910
8 30 49.8 5062 40 € o€ 93.4
e 31 42.9 57 .1 41 309 oF o1
10 52 353 €4.7 47 0 100

Results pertain to the data plotted in Fig. I11I, and rzcorded in Table 4.



TABLE €
$olid/liquid fractions of Milkfat (goat) at various temperatures

or. Temp. %0lid Ligjuid Temp %0lid Liguid
No. (o, ) (%) (%) (og ) (%) (%)
1 18.5 100 0 27 292 708
2 19 o€ .1 3.9 28 22 .8 77 .2
3 20 9265 77 29 17«9 82.1
4 21 85.9 14.1 50 120 8840
5 22 7€.5 2365 31 De7 9003
€ 23 €767 323 32 7.0 93.0
7 24 5567 44.3 33 4.7 9543
) 28 44,.€ 554 34 242 97 8
9 2€ 35.7 €64.3 385 0 100

Results pertain to the data plotted in Fig. IV and recorded in Table 1.
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temperatures. It was obsarved in cass of cocw milk fat that

at 219C tha milkfat was almost in solid phass and no liguid
fraction was prazsent, As the temparaturs increaszd abovs

21°C ths 1liguid fraction also increasad in non-uniform fashion.
At 47°L, which was thz point of inflexion for the curvs ra-
pressntad by Egn. 1I and rij, I11, thz yhole fat was prasent

in liguid phasa. Similar to thz cess of buffalo milkfat a
tamparature of 50°L was noticad at which tha milk fat @xistzad
in solid and lijuid fractions approximatzsly in sgual ratio.

Thz melting intarval for such milsfat was rscordsa to bs

2€°C.

Goat milkfat

The experimental data obtained for solid and liguid
fractions of goat milkfat at various temperaturss ware

tabulatad in Table €. In this case the liguid fraction of

fat yas observad negligibls at 15.5°C and tha solid fraction

o "
caasas to exist at a temperature equal to 38.5 L, which

is the point of inflaxion of tha curve in Fij. IV and exprass2d

through E£qn. I1l. The malting intsrval for this milkfat was

found 2o°L The solid and liguid fractions of this milkfat

0
yas almost present in squal ratio at about 24.5°C.
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tomparison of $0lid/liguid fractiuns in thres milkfats.

From the above results it was ciear that all thaz thrse
milkfats diffsred significently in their mzlting bahaviour.
The buffalo miikfat contained almost 1004 liquid fraction at
5048°C which is tha highest in all thres milkfats. This was
Observed lowest in case of goat milkfat (38.5°C) with intar-
mediate valua of 47°L for cou milkfat, Such diffarence in
melting behaviour of thess thrse milkfats could be explained
on the basis of tha fact that tha buffalo milkfat diffar in
its fatty acid composition from that of cow milk (Ramamurthy
and Narayanan, 1971). Ths same may be trus in case of tha
goat milkfat, Howavesr, flulder (18563) also rsportad that
butterfat in most cases melts completely at tamperatures balou

40°L although compounds are prasent in itg which do not melt

upto 50°C in the purs state.

)
The goat milkfat starts meiting abovs 8.5 C, ths
lowest in all ths thrae milkfats under investigation. The

same is observed above 22.$°C and 21°C in case of buffalo and

cow milkfat, respectivaly. Such diffsrsnces can bs attributed

to the possible dominant role of low malting acids in goat

milkfat and thoss of high melting acids in buffalo milkfat.

$uch stuady of solid/ligquid fractions in milkfats has
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not been reported so fur anu tha rasults by othar work:rs arez
Not available in ths literaturs for comparision, Howsver, a
few workars have rzported ths melting point of miikfat rangjing
batwaen 3g- 41°E (J2nness ana Patton, 91y5%), which is most
Probably for cow milkfat, datermined by capillary method. This
mathod may not be as accurata as the one usad in ths przsant

invastigation,

Cosfficient of tharmal expansion of milkfat
(ghsz) from buffalo, cow and goats.

Coefficient of tharmal expansion of milkfat from
buffalo, cow and goat (8 samplas in @ach category) was datarmined
betwzen q0 to 60°C with uniform interval of 5°L, using tha data
racorded in Tabls 1. Th2 average coafficisnt of thermal
axpansion (hersaftar to bs called as tharmal expansion ) for
buffalo milkfat at 90 - 15°C Wwas 2.0 ( % 10-5/°L) which
increasad to 72.0 ( x 10-5/°L) at 10-80°L. The avaraga valuss
with rangas for tharmal axpansion at thz intsarmadiats tamparaturs
OC are racordaed in Teble 7. The

intsrvals batusen 10 and 80

-5,0
respective valuses for couw and goat milkfats wsre 2.0 ( x 10 s

o -5,0
and 3.0 ( x 1075/°C) et 10 = 18°C, and 82.0 ( x 107°/7C) end

88.0( X 10-5/°C) be tyasn 10 and 80°C. The vealuss at the

intermediate temparaturs intarvals for these milkfats ars also

recorded in Tables 7.



TABLE 7

Coefficient of thermali expansion of milkfat (ghee )
from diffarsnt species at different tamperatures

$r. Temp, Thermal expansion coefficient x1o'5/oc
No. (o) Buffalo AT oy
Range  Average HRange TAverage HRange AVar age

1 10=15 1~ § 2 =~ 4 2 il 3
2 10-20 1~ € 3 =3 3 2= § 4
3 10-25 2- 4 3 4-3€ 10 4572 €2
4 10-30 7=32 14 30-65 48 81-97 89
5 10-35 37-5€ 41 59-86 €9 8€=100 93
€ 10-40 48-€% 51 €7-87 75 85-101 92
7 10-45 ©53=€5 57 €9-88 77 84-101 91
8 10-50 58=€9 €1 71-86 78 85-101 91
9 10-55 €1=72 €4 75-91 81 85-99 91
10 10-€0 €4=72 €€ 75=90 D 85-98 91
11 10-65 6€=7€ €8 74-88 81 84=99 90
12 10-70 €7-78 €9 75=95 82 84-97 89
13 10-75 €8-=79 70 75-94 82 85-9€ 89
14 10-80 €9-80 T2 7€=93 82 85-95 89

Rasults pertain to
in each catagory O
respective moisturs

0.0283 and 02702 O°

the av
f buffalo, CoO

arage for 8 sets of samples

w and goat milkfat with
contant of 00579_" 00055‘. 00518:
0950 reaspectively.
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Lffect of temperature

To study thas effact of temparaturs on coafficient of
thermal axpansion of thraz milkfats th= dats przsentad in
Table 7 were statistically anelysed and rasults therzfrom ars
described here and also through Table & and Figs. V, VI and
ViI,

The experimzntal rzcults couid be bast fittad in third
ordar regressions for all thz threz milkfats, Thz ragression
coafficients for such = juations, thsir variaticns in ragression
(k®) and correlation cosfficisnts (r) ars racorded in Tanls b,
The ragressions for buffalo, couy and goat milkfat, respectivsliy
are givan by the follouing eguations:

104.Y = =1.5141 + 0.18€3 (%)

017705 x 10°3(t2) =3.075€ x 10 (t°) 1v

1o%.Y = ®3.€470 + C.5€07 (%)
-5.2886 x 10 > (t?) + 3.7805 x 10 = (t°) V

10%.Y = 543605 + 1.0411 (%)

-2+303€ x 10 2(tz) + 15918 x 10 (t

) VI

Tha respective isvsls of variations in regression

suuations wore 94.9€, 93630 and 91.€0% indicating a closz cubic
4



TABLL &

Loefficiants fur polynomial regressicn of coefriciant of tharmal
g xpension of Milkfat on temperoture)

4 2
(kagrescsion @yuation 10 .Yzb;b|t + b2t2 + b5t5)

—— Y 1
Tr. Samples Valueg of b's e Variation Lorrelation]|
NOo in regre- coaffici:nt(
" ssion ‘
b b b
o 1 2 3 \ﬁz) (r) i
a3
1e guffalo =1.5141 Oe1B€3 17703 x10 =3e0756 *x10 0«94 9€ Ce9745""®
milkfat
. Cow -34€470 0e5€07 =Be28B8E x10 3.7603 X10 0« 9330 De9F50" "
milkfat
-2 -4 -
3e Goat =54 3€ 05 ~1¢0411 «2303€ x10 1¢5919 %10 0e¢91€ 0D 09571
milkfat

-

1 Rasults partain to the data racordad in Table

#s Significant at P = p.01



FIG. V. VARIATION
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FIG. VI
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FIG. VI VARIATION IN COEFFICIENT OF THERMAL

COEFFICIENT OF THERMAL EXPANSION ( X10°27°C )
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Talation betwsen tharmal zxpansion and temperature in all ths
three milk fats, The corrslation coefficiants (r), daducad
from thess variations in regression ars 09745, 0.9€59 and
0.9571 for buffalo, cou and joat milkfat, respectiwely. From
statistical significance of thase 'r' values it could bs .
concluded that the influance of temparaturs on coesfficiznt of
thermal expansion yas sijnificant (P = gep1 ) for all ths
three milkfats, Besides ths gradual incrzase in tharmal
2xpansion of all the thrzz milkfats with risaz in tempesraturs
(Figs. V, VI and VII), it is sean from ths plots of ragression
lina and observed values that thzras is a tendancy for stazp
risa in thermal expansion within a spescific temperaturs rangs
in case of all the thres milkfats, This region in case of
buffalo milkfat falls for a tempsrature increass b=2tw22n 45

to 5o°E abova 1o°L which is the initial tempzraturs of th=2
samplas. Tha sams rangs2 of incraase in temperature for couw
and goat milk fats ware 10'25°L and 10-20°C, respactivaly
(Figs. VI ana VIl). from these figures (V, VI and VII), it

is concluded that above thase rangss of incrsase in temparature,

the coafficiant of tharmal gxpansion in milkfats does not

increase by significent amount and remains almost stabls,

excapting in buffalo milkfat wharein it ke2ps rising for some

more riss in tamparaturs. such bshaviour could be explained

on the basis of ths fact that thasse threz milkfats diffar

significantly in the composition of triglycerides with diffarznt
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melting point range, The goat milkfat ssems to have more loy
malting fatty acids es comperzd tc buffulo and coy milkfats,
Buffalo milk fat must bz having Jrzater proportion of hijh
malting acids giving riss to a hijzh malting intarval, with
intsrmediate values in case of coy milk fat, Such study on
coafficient of tharmal axpansion of milkfat from buffalo, cou
and goat milk hava not bzen rzportad so far and as such no
comparision can bes dascribed with th=z prassent data. Also it

was reported that diffarant cooling trzatmants given to the
milkfat Jave risz to the diffzerent m2liting points as wall as

to the differant solid fat content (Us Man and Wood, 1959).
Howsver, soma workars have reportad ths thermal dilgqtion co-
afficiant for liguid and solid butter fat without mentioning
the temparatura (Hannswijk and daighton 1937; Gulyasv-caitssv
19€7), axcapting va Man anu Wood (1959) who rsportza th2 tharmal
dilation over 40 - €o°£ tamperatura, But thess rssults can not

be compared with those obtained from ths prasent invaestigation,

Thermal expansion of crsam

Coafficient of thermal axpansion of cream from buffalo,

0
cow and goat milk was datermined over ths range of 90 to 80 C.

Tha averaga values ( 8 samples in each catagory) along with

rangas of coafficient of tharmal expansion ars rascordsd in

)
Table 9« The expansion in crzam betwsen 10 = 15 (L was obssrvad
é



TABLZ 9

Coefficient of thermal expansion of cream from
different species at different tamparatures

gz. 2:23. Thermal expansion coefficient xgo's/oL
4 T Buffalo 5q¥ Goat
Ranga Av., Rangs AV . Kange Av .,
1 10-15 115-1€5§ 151 €€=-12€ 81 54=€1 57
2 10-20 90-12€ 112 5€- 88 €9 51=57 53
3 10-25 90~118 103 €2-87 73 5€=58 57
4 10-30 ©9€-125 114 72-95 81 €2=FF€ €4
5 10-35 100~124 116 77=9€ 8€ €4=€9 €7
€ 10-40 99121 112 77=93 85 €5=70 €7
7 10~45 935-116 109 76-91 83 €5=70 €7
8 1050 g1-111 105 75=90 81 FfE=€8 €7
) 90-55 90-108 102 75-88 80 €€=€9 €8
10 10-€0 88&=105 100 74-8€ 80 €€=T0 €8
11 10-65 87-104 98 74=85 79 €8=71 €9
12 10~70 87-102 97 75-84 79 €8=71 70
43 10-75 86-100 95 75-84 78 €8-71 70
14 10-80 85~ 989 95 7€6=84 79 €9-72 71

Results are average of 8 s
and goat crsa

buffalo, cov o =P

percent €5.69¢ 0«123)

respectively.

amples in each catagory i.e.
m with average values of fat

142 and 54412 0.250,
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highest (151 x 10 /%) in cass of buffalo uhile the sams in
goat cream (57 x 10-5/°C) w3re low2st with intermediate value
of g1 ( % 10.5/°C) in cass of cow cream, 4s tha tamparaturas
further incrzaszd from 10 - 25°L thars was ovzrall decraacs
in thermal expansion of buffalo and COw Crzam but an incraase
in cass of joat crzam. 1In ths latter case, it kzpt on rising
upto 35°C after yhich it becams almoct stubla and yhat wo
aver tha changs in thzrmal expansion yas thare, it was nazjlijibla,
Howsvar, in cass of buffalo and coy crzam, it incrzascea from
26 to 35°C after which thers was a fall in ths co2fficiant

of tharmal e@xpansion ana than it bzcamz stadlz, 3Such non-
uniform expansion of thz cream is thz rasultant of ths
thermal expansion of thz crzam plasma, th: fat ana the
@xpansion producsed by the mzlting of fat, 1t could ba
concluded from the abovs rasults thet the volumz of the crzam
increasad most batws=2n 90 - 15°L in casa of buffalo and couy
which means that much fat probably changss from thz stajs of
aggraegation in this temperaturs range. fuldar (1953) raportad
such obsarvation in croam batwsen 10 - 20°C. Whila, Da Man
and Yood (1959y) observed tha same fact batwszn 12 < 18°C.
Such obsarvation in tha prasent study is shoun closaly in

Fige VIII whare ths avarage valuas for tha coefficiant of

thermal expansion (Tabis 8) have bsan graphically plottad,.

joat craam tha seme phanomanon was not

Howaver, in casz of

o
observed batween 90 = 15 L.

“v's
\)
7y
-

T

3



FIG. VI VARIATION IN COEFFICIENT OF THERMAL EXPANSION OF

3
COEFFICIENT OF THERMAL EXPANSION ( X107°C)
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Tha data in tabls g war: statistically analyssd to
illucidatas further the a2ffect of temperatura and spz=cias on ths
thermal sxpansion of cream, Thz results from such analyssas
are presented in Table 910 It is sesn that cosfficient of
tharmal expansion of crzam yas significantly (P = 0.01)
influenced by temperaturz and spacies. Tha interaction
batwean tha influsnce of tampersture and spacies on thermal
@xpansion was also significant (P = Q.01). HoOwsver, the
~variation in tharmal expansion dus to individusl samplss was

non-significant,



TABLE 10

analysis of variance for the influence of_ temperature and

species on the thermal expansion of cream

L4 gsource of variation df 2% nss F
No.
1. Between samples 7 0+001€ 24273€F X1o-2 1.6990 N®
9. Batween species 2 0.007€ 3.7811 *10-5 26.2549%"
3o Batween temparature 14 0.4238 340275 x1o.2 226.2505"
4. Interaction between 28 00092 32982 x10-4 2 . 4F 4€**
temperature and
species
5. Error 308 OeD412 13382 X10.4

1. Results pertgin

df
33
Mm3a3
NS
LR
F

Degrees of freedom

Sum of syuares

Mean sum of sguares
Not-significant

to ths

Significant at P = 0.01

Variance ratio.

data recorded in Table 9.
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SUMM ARY

The results cbtainad from the present investigation are

summarised hereunder;

1e The 1liguid fraction in buffalo, cow and goat milkfats

(ghes) was almost nagligibls at 22.5, 21.0 and 1845 C,

respectively.
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2. The entirz milkfat sxisted in liguid phase at 508, 47.0

0,
and 38e5 L, raspectively in buffalo, cow and goat milkfat.

3. The milkfat vas prasent in almost samz ratio in two
fractions (solid and lijuid) in buffalo, cow and joat milkfat

at 33.0, 31.0 and 24.5°C, raspectivaly.

4. The melting intervals for buffalo, cow and goat milkfat

were 2843, 26,0 and 20°C, respectivaly.

Se Thermal expansion of all the thrse milkfats was positivaly
and significantly (P = Q.01) influenced by the temperaturzs of
measuraments, following a cubical relation of the gesneral

form;

2 3
Y = bge b1 t + b2 t o+ b5 t

€. The thermal expansion of milkfat was also sijnificantly

(P = Qe01) influenced by tha species,

7e Thermal expansion of crsam from buffalo, cow and

goat milk containing fat €5.€92% 00123 (5.£), €050 Ce142,

54041 + 0e250%, respectively was significantly influsnced by

tamperature and spacies.

8 In case of buffalo and cow crsam, tha maximum e xpansion
L ]

o
yas observed betwsen 10 = 15 L, but similar phanomaznon was
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not observad in cass of goat cream,

The above obsarvations mads during ths present
investigation have bgen discussed in Chaptar 111 and also
the explanation whera sver could be possibla, has baen

dascribed on thase obsarvations,



LT LT LY P epapan
CHAPTER

CRUSRREBRN RPN o

L
*

.
Y Iy

BIBLIOGRAPHY

RARNBRPRRONBTR NI



l‘neja’ R.P.

BECKQI. 8 N

B IBLIOGRAPHY

19082

1970

Uptions for the fat-rich products
industry in India, Paper prasentad
at the UNUP/ICAR National Symposium
on 'Pressnt and futurs trands in
ghae and fat-rich dairy products?',
held at N.W ,R.I., harnal (Jan. 15-
16. 1982)0

fractionation of butterfat.
Aust. J. Dairy Teche., 25, 98



ve Nan, J.L. and
Uocd, f.U.

vauel, HJ, Jr.,
Movitt, <.
2t al.

and Rabotyakova,
Lo

Fernandez-Martin,
Fe

Gulyaav-
Zaitsev, $.3.1
ob?',

Edkovy, neYe

Hannawidk, Je

Hannea uiflﬂp J.
and Haighton,
IQDJ L

I1.5. 3509

1959

1943

1977

1870

19€7

1955

1957

1 9€€

11

Influanca of tamparaturzs trzatment
and ssason on thz dilatometar
behaviour of butterfat,

o » Jairy RBSQ. g_ﬁ, 15

The comparative nutritiva value
of butter and some vagetabls fats,

scizncs, PBe 1386

Jilatomatric study of soli@ific.tion

of buttar,

Pischavaye Promyshlsnnost! Raspubli-

kanskii M3azhvedomstvennyi Nasuchnotek-
hnicheskii Sbornik, No, 23, €f1.

Citad in Dairy Sei. Abstr.. 39’6154’

(1978).

Vilatomatric study of creaam,
Kavta asp. Lach (75), 3. Lited in
Dairy sci, ﬂbStr., 52’512 (1970)0

Mathod of dilation 2xamination
of milkfat,

Izv, Vyssh. ncheb, Zavzd,
Pishch Tekhnol., 4,1€F4.

Citad in Vairy $ci, Abstr,,

30, 52 (19€8).

Cham, Waskblad., 52, 415.
Citad in Neth, Milk and Vairy J.

Tha beshaviour of butterfat
uuring mslting,
Neth, Milk Vairy J., 11, 304.

Mathods of sampling and Tast for
cream,

1.%.1., Manak Bhavan, g, Bahadur
ghah lafgr Marg, New velhi=-q,.



iii

1.5. 3508 1 €€ Methods of sampling and tast
for ghee (Butterfat).,
1.5.1, Manak 3dhavan, g, Bahadur
shah Zafar fMarg, New V2lhi=q,

Jannass, R, 19€9 Principles of vairy Chamistry.
and Patton,S, Wilsy Estern Privats Limitad,
NBU Delhio 15‘9. 45.

kankara, V. 19874 Use of low mslting milkfat
and Antila, Ae. fractions for improvement of thes
spraadibility of buttar,
AIx Int, Deiry Congr., 3£, €71.

lohr, ¥. and 193¢ Vorratspfl, Lebesnsm, Forsch.,,
Baur, J. Cited in rundamantal of Usiry
Lhamistry., 2nd £d, avl
Publishing Company, lnc,
Lonnacticut-467 (1974).

; oK « o Mathods for detarmining thz ratio
TG, T TR of maiie 4w liguid fat in dairy
products particularly in butt=ar,
International Vairy fadsration,
Bullatin, Uocumant .,153.

nsan, 3 .K. 1974 felgtionship betwean ths dagres of
mo:;z ::néark, He solidification and tha lodina valuz
Of butterféto
AIX Int, vairy Congr., 3£, 228.

1953 Melting and solidification of
milkfat,
Neth, Milk Dairy J., 7, 149.



mUIdBr’ H,
and Klomp, R,

Norris, G.E.,
Gtay, 1.h (¥
and Lolby,
R.M.

Norris, R.,
Mcvowall, AR,
and volby, RJM.

Rah?, Ue.
and Sharp, P .

Ramamurthy, M.h.
and Narayanan,
Kol

RiChardson’ Te ’
and Guss,
P

schulz, M. «
and Timman,
He

195€

1873

1871

1928

1971

19€5

1 9€F€

iw

Tha melting and solidification
of milkfat,
Nath. Nilk Dairy J., u’ 123.

$3asonal variation in ths
composition and tharmal prop=srties
of Newzeland milkfat,

11, Thermal propertiss of milkfat
and thsir rslation to composition,
J. Dairy Rasearch, 40, 311

The chamical composition and
physical propsrties of fractions

of milkfat obtained by a commzrcial
fractionation procass,

J. vailry hasszcrch, 38, 17Y.

*Physik der fiilchwirtschatte,

Paul Paray, d2rlin.

CLited in fundamzntal of Uair,
Chamistry, 2na &d. AVl

Publishing Company, Inc., Connecticut-
49€ (19874).

Fatty acid composition of

buffalo and couw milkfats by
gas liguid chromatography.
Milchyissenschaft, 2€, €93,

Lipids and Metals in fat
3jlobula membranas fractions.
5 Uairy SCio. é&’ 5250

Expsriment on milkfat fractions
and its possible application,
aVIl Int, vairylongr., L3155,



smith, A.. 1951
and voan, F .J.

Snadecor, a.j. 1 €8
and Cochran,
[F QPN

Vaﬂdom, e 1922

The expansion of thz cream voluma
of fluid milk by ths addition of
suparheatad condanssd milk and
its dstaction,

Je. Milk Food Tach., 14, 23.

3tatistical flethods (Indien EKdition)
Uxford and I3H Publishingy Co,,
Cal€utta,

Upstsllu ovar Modarsnz, Jlu valchemie
$3cond £dition, L.f, 9114:128, 1922
Gravetrage., C(itad in J, Dairy

$ci., 37, 44F (1854).




