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140 INTRODUCTION

Demestic goat, an important dairy species, i» a
sompact animal wvhich thrives well on smell agricultural
lsnds and renks after the cou and buffalo, In Indias,
gost 4s regerded as poor man's coy due to its small cize
end esonomy although its milk is considered somevhat
inferior to cou's or buffalo’s. Though the importance
of goat is well recognised for mest production but recently
its utility as milk producing animel hes gained momentum
in & numbep of tropical countries.

Goat milk hes got highly nutritiomel characteristics
a8 fluid milk and possesses a therapsutic valus, It has
been considered best for infant feeding, and for people
suffering from tubrreulosis, gestro-intestinsl disturbances
and ulcers. Besides its importance as fluid milk it has
geined significance in many countries for menufacturing
of verious produsts like chesses, yogurt and cther
fermented products, ice cresm, frozen yoghurt, evaporeted
end dried milks etc.

As reported by FAD (1977), the total vorld
predustion of gost milk fs 1.5% FAO (1979) reported
that the verld population of goats is 445,712,000
yielding 7,103,000 tonnes of mdlis In less developed
sountpiesy gest milk ranks third after cow and buffalo
and they produca sbout 52X ef the total vorld's production
of goat milk. In India, gost produces SX of the total
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milk production as against 2% in the United Ststes,
Further, Indis posseses sbout 69 million gosts but only
8 to 910 millions of them are milch animals,

Studies on goat milk have becoms & metter of uide
intereost syound the GClobe especielly to the peocple of
United States, Europe, Middle Eest, India, Africa and
Oapibbeanss In India, {mportance has been given only
recently for the utility of goat milk due to its poten-
tialities in the orgsnised sector.

In any menufacturing procedure, the main objective
of subjecting milk to hest treatment is to destroy all
pethagenic and nonepethogenic organisme to meke it safe
for hummn consusption, In additiongy the importance of
hesat treatment is to destroy the bulk of the acid
producing organisms in Pluid milk and thus prolong its
kesping qualltf. Heat processing is else important to
fagilitate mixing and blending in the case of ice cream
mix snd processed cheeses Other daipy products such as
concentreted and dried milks gein their identity only
through hest processing by removel of thelr moisture.
In a broad vay, heet treatment is importent for
preservation snd to enmhance the kesping quality of milk
and i%s produsts, The properties that smy be imparted
o milk or its products as a yesult of heat trestment
may be ingrsased viscosity, reduced gurd tension,
resistance to exidation, changss jn flavour and color



end alteretion in protein stability, In India, the heat
trestwent commonly utilizsd for milk fncludes pesteurizae
tion both by Holding and HeTeSeTe methods, beiling,
simmering and stepilizations ODOuring these processes of
heat treatment, milk is heated to verying time temperature
sombinations, The chemicael and physical changes that

occur during heeting of milk depend upon the time and
temperaturs of hestinge.

Before praocesding for menufsstuping any milk product
it is necassayy to study the different physieo-chemical
charssteristios of rey milke Various constituents like
fat, lsctose, proteins, minerals etc. affect the physico-
chamical characteristics of gost milk, A feu characteri-
stics vixe visscelty, surd tension, flavour and color
have got 8 practical significance in the dairy industry,.
Viscosity has its importance in the menufacture of
condensed and eveporated milks and jice cream meking.

Curd tension is importent in infant nutrition and
digestibility, Flavour and color are infact important
from the visu of consumer's acceptability snd merketability
of the products Other paremsters like acidity and pH of
milk have their utility in determining the acceptability
of uilk and for subjesting it to difrferent levels of

heat trestment. The physico-chemical cheracteristics

of goat milk as affocted by heat treatment have got a
practical importence for i{ts utility in the msnufacturs

of ites products and therefore wvere considered desirable
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to be investigeted in the present study,

Soms rese2rgh work 48 in proqress on goat milk
ir other countries though very little uork has been done
in Indis on the phyeico=chemical charecteristics of noat
milke Almost no litersture is availsble on physico-
chemical characteristics of gost milk as affected by
hott treatment undepr Indian conditionse Keeping this in
visu the present study emphasises on the effect of
different hett trectments on some physisg=chemical
charsctoristics of goat milk such as viscosity, curd
tension, asidity, pH, total reducing capacity and TBA

values.

% # & »
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2,0 VIEW O ERATU

Heat treatment results in a change in the physico-
chemical properties of milk depending upon the severity
of heat treetment, As the physico-chemicel charecteristics
of milk are dependent on its compoeition thsrefore the
revieyv of literaturs has been dealt under two hesds
namely (1) Composition of gost milk and (41) Physico-
chenmical characteristics of goat nilk,

2¢9 LCORPOSITION OF GOAY MILK3

Seversl workers hsve studied the composition of
goet milk with respect to fat, lactaose, protein and

minerels and thees 2re briefly revieusrd bslowv.

DILK_FATS

Vorkers like Schultxz and Chandler (1921), Apole
(1935), Cemble gt 21 (1539), Kulkspni and Dale (1958)
studied the fat globule size ef goat milk end they
roported that goat milk possassed s poor cresming
property dus to a smeller size of fat globules. Houever,
the size ef globules for qgoat and coy milks had the seme
range ( 1=10 um. dia )o But gost milk uas reported to
contain proportiocnately more numbey of smmll glebules
than the cou milk yhich usre measured microscopically
or by the rete of risss Puri gt a) (1952, 1961 )
reported that the size of fat globules in goat milk
ranged 4«4 yme in diamster in sems bresds, Most of the
fat globules existed in an oilein-yeter type emulsion
and the surfoce vas costed uith fat glabule membrens,



Singh gt gl (1968) reported an increase in the
size of fet globules and decruese in the number of
globules upon heating milke of cou, eues, goasts and
buffalo, Pssteurizetion st 64°C for 30 minutes fncrecsed
the averege globuls size in goat milk by about 92% as &

result of coaluccmc%

Fat globules of goet milk donot cluster uhen milk
is sooled, Apparently aoat milk lacks aglutinin which
sauses fat glaobules in bovine milk to cluster upon
gooling 8s reported by Jennese and Parkesh (1971).

Fat content of gost milk of different breeds
end regions veried substentially, Chang end Kim (1978)
reported that fat eontent of Sannan goat milk renged
rrom 2.3 - 4%, Agrayal and Bhettacharys (1978) reported
that Pat content of Bleck Bengal ( 88 ), Barbarpi
nannigs { BN ) and B8 x BN uere 3,83, 4,66 and 4.92%
vespectively. Margues, F (1977) observed thet the fat
content of Murcian GCranada goats renged from 3.6 to 5.9%.
Mittal and Pandey (1971) reported that fat content of
Barbayi and Jamnaperi goats wvers 4.67% and Se12%.

Skjevdal (1979) reported that goat milk contained
relstively high content of saturated fatty acids heving
chain length of C‘- Cﬂ stomse The typical flavour of
gost milk 4s due to the presence of free fatty acids
( sspecially Cg to Cop scids) slonguith KCL content,
presence ©of three differsnt sresols or organic
substances in midk’ =
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LACTUSER

Jenness st 8] (1964) reported that lactose uas
a principle dislysesble carbohydrate of goet milk as
identified by chrometogrephic methods The lactose
content of goet milk is epproximstely same as that of
eoy milke 1Inositol yas the other sunay uhich vere
obtained in goat milk, WNo other carbohydpetes vere
detected in gost milk dielysates,

Nirmelan and Nair (1562) reported the lactose
content of goat milk uas 5.,1% as against 5.,52% for cous
milk end 5,70% for buffalos milk ( Chosh and Amantakrishna,
1965) . Mittsl and Pendey (1971) reported the lactose
content of Bagrberi and Jammepari goate uers 4.12% and
4,15% respectively,

PROTEINS

Seidler ( 1951 ) studied the averege variation
in the percentage composition of individual goat milk
and he found the protein content vas 2.29 = 2.77%
Mittel and Panday (1971) observed thet the protein content
of Barbaprl and Jannaperi gosts uere 3.74X and 3.58%
reapectively., Agreusl and Bhattacharys (1978) reportsd
the protein content of goet milk to be 4.13%, S.84% and
S.07% for Blask Bangal ( 88 ), Bagbeps ( B ) and BB x B
respeatively's

Uhitney gt 3] (1976) reported that goat milk
sontaine five principal proteine mamely d=lactelbumin,



B=lzctalbumin, K-gasein, B-casein and Bzocasain. They
aye so rnamed besauss they appear by composition and
properties to be homologous to corresponding proteins
of cov milks, Caseinate micelle of goet milk contains
more clasium and organie phosphoruse Tha uhey protein
content of goets milk is similar to cou milk uith the
difference that the KPN snd proteose=peptone content of
goaet milk yes someuhat less as reported by Parkesh and
Jennsss (1968)%

Isolation and cheractorization of the individwel
proteins of goats milk have follouwed much the same pettern
es for cous milk ( Peykash and Jenness, 1968 ). Tangle
(1908) isoleted the whole casein frection by usual scid
pregepitation and reported nearly the seme elementery
eompaoajition as for bovine milk, But reports from the
work of Holker ( 1962 ) reviewed on the amino acid
somposition determined by autemetic ion exchsnge method.
It wss shown to differ in several aspects from that of

bevine casein.

Venkatappaish and Basu ( 1952 ) reported that the

varjation in protein content mey be due to inherent
differsnces betusen the individusl enimals. Normel

goet milk containe 0,8 = d.s! nitrogen distributed among
verious comporentss They shoued that goat milk had

NPN to be 0.032%, The ures conetituted 65%, Amino scid
17%; areatinine 13X, orestine 2.0%e Ammonia G.8%, uric
scid 08X and undetermined compounds 13.8% of the totsl,
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Nazexor ( 1964 ) uorked on the analysie of
proteins of goet milk and he reported that on percentage
basie the goat milk gontained tyrosine 4,49, Tryptophene
1494, Cystine 0,83, Methionine 2,02, Arginine S.05,
Histidine 2.78 and Lysine 7,72 The values for total
and vhey protein in goat milk uere found to be 3.49 and
9,70 gm/100 mle Wishehi et al (1965) reported the volues
of totel end vhey proteine uere 3449 and 0.59 gn/100 ml.
respectively. Ajit Singh ( 1975 ) reported th-t the
total protein in goet and coy milks wers 3«65 and 3.34%
vhile the casein content vas 278 and 2,34% respectively.

MINERALS AND SALTS:

Parkash and Jennees { 1968 ) reported that goat
milk gontains higher 2mount of Potasium and chloride

( both vary considersbly ) than cou milke.

Teout { 1941 ), Puri and Parkesh ( 1363),
Grebennikor ot a) (1963), Kondo 2nd Mori (1932 ) reported
2 highey ash content of goat milk ( pénge 0,70 to 0.85% )
than cou and buffalo milks,

Johke 2nd Goto (1962) and Johke (1963) reported
the differences in acid scluble nuclectides in cov and
goat wmilks's Coat milk contained coneiderable amount
throughout the lactation but cou milk contained very
1oy concsnteation except in the eerliest stage of
lactations Citretes have seldom been determined in goat
DA



: 90 3

Biondo and Chicfalo (1954) reported that goat milk
ssgms to have a tendeney of having 2 hicher ecelcium and

lou lactose content than cou milke B8asu and Mukharjee
(1943) observed that phosphates of yoat milk consisted
ef inorganic ions and complexess They found an aver:ge
of 105 mg phosphates/100 sl milk, The acid soluble
phosphate consisted of 67.8 mg Inorganic and 13.1 mg of
organie phoophatcﬁ

22, PHYS1CO-CHEMICAL CHARACTERISTICE OF GOAT MILK:

2e2¢% VMISCOSITY OF GOAT MILK3

Viscoeity is the internal Priction vhich tends
to resist the sliding of one pert of the Pluid over
enother and is the relstion betusen kinetic motion &nd
free surfeces ( Arbuckle W.Se, 1977 )o The quantitative
mecsuremsnt of viscosity is expressed in terms of abeolute
or dyraric viscosity, Kinetic viscosity end relstive
viscositys The co=efficient of absoclute viscosity 'n'
of a liguid s defined as the force per unit area necessary
to emintsin 8 unit velocity gredient betussn tuo parallel
planes seperated by & unit distences The centimeter-
gramsegond unit ( ceges. ) of absolute viscosity, the
poise, represents a force of 1 dyne por sge centimeter
when the velocity is changing at the rate of 1 per
sea, per ome. distenge across the flove The retio of the
absolute viscosity to the density is ths kinetic
viscosity, for vhich the cegese unit iz the S take's
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The relative viscosity is obtained ans the retioc of the
absolute viscosity of the liguid to the absolute viscosity
of uater at the same tempeprnture. An alternative use of
the term relstive viscosity uwhich, houevery has acsldom
occured in the literature of d2iry science iz to cdenote,
for example, the ratio of the viscosity of cream to the
viscosity of fat free serums It is iwportant therefore

to knou in uhich sense terms are being used,

PETHODS OF MEASURERENY OF VISC'SITY:

A quantitative mea2surement of viscosity can be
mede in three ueys$

Te From the time of flow under Pixed pressure such

as by capillary method ( e.ge Ostusld's Viscometer)e.

2E. Messuring the force reguired tc move two layers of
liquid past esch other sich as coexial cylinder
( eege MaMichasl, Conette and Brook field ).

s Meesuring the fall of a ball through a column of
1iquid ss is accomplished with falling spheres
( @«ge Hoppler's Viescometer )e

These three types of viscometers are commonly
used in daipy industry to study the viscosities of dairy
products’s
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vaill g 8 Y FOR_COA LKS

Kulkarnd and Dole ( 1956 ) studied the viacosity
of goet milk and recorded the viscosity renge of 1101 =
12478 in mp et 30°C, Puri gi a2l (1965) reported thot
the viscoeity of gont milk et 27°C ronges from 12488 to
1585 mpe CEoth the groups found thot tho veluee for goat
milk yore someunhat lowcy then thare of cow end buffslo
milks, Both concluded that the viscosity is a Punction
of the contents of fet end snf af milk, though not »
1inear one,

Purf gt 31 (1963) found that the temperature
casfficionts for buffelo, cou end qgoot milks vere -0.38S,
~0.332 and <0.456 mp / ®C respoctively, over the
temper~ture ramge of 1S = 35'6. Morning and evening milks
did not differ in viscosity.

EF F S g
GOAT MILK3 :

Janness and Patton ( 1959 ) reported that the
destabilization of caseinate particles by heat trestment
catises thea tv aggregate to form & three dimensional
network entrepping some of the milk serume The procass
is Piret menifested by an increase in viscosity and uith
the more drastic heet treatmant By sctus]l gosgulation

of the caseinote uith a ceparetion of the system.

Considereble work has besen reported on the effsct
ef heet treatment on vissosity of coy and buffalo milke
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by Puri snd Gupta (1955), Seshemmer and Ueinner (1966)
and Rantovani gt 8] ( 1956)¢ Puri and Gupta reported
thet heating at 60°C produéed 1little or no change in the
viscosity ef milk but heeting at B0°C resulted = slight
increrse in viscoeity uhich mey be attributed to the
changes in colloidal structure of milk proteins and fat
globulos size.

Purd gt al ( 1963 ) reported that heating buffelo
milk to just bulling for 8 few minutes increzsed the
viscoaity apprecisbly es compered to pssteurization,

Mantovani gt sl ( 1956 ) studied the effect of
pasteurisation and sterilization of milk on its viscosity
and reported & progressive incresse in viecosity. Prasad
g3 8l (1973) reported thet the viscosity of ray buffalo
milk wes 1'BEYS uhich increesed by 3.5 end 1.6%
respogtively dus to pestsurizetion by Holding end HeTeSeTe
methodss

Hofi 9t 2] ( 1566 ) stated that pasteurimetion of
buffalo and cou milks did not shou appreciasble effect but
stepilization saussd a significant incresse in viscosity
of both cow and buffalo milka.

Kulkerni ( 1968) studied the effect of different
heat trestments e.ge pastsurization by Holding method,
HeToSeTe method, bolling, simmering and sterilization
on the viscosity of buffalo milke The author reported
that the absolute vissosity of raw bBuffalo silk vas
2295 %0 2320 ap and pasteurization did not effesst the
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vlscoslty;. Boiling and Sim\rim waere found to incresse
the viscosity by 24% uvherees sterilizstion resulted in
an increage of viscosity by 30%

242¢2  ECURD TENSION OF GOAT MILKS

Doan gt 8l ( 1938 ) worked en the clotting of milk
by rennin and determined the curd strength or curd
tension af the tlet or gel produced by the sction of
rennet £n a definite time at & definite temperature.

" The Porce required to push a knifs through the curd wos
measureds Jenness and Petton ( 1959 ) stated that
goagulation time of milk uae determined merely by adding
rennin to milk at a definite temperature and detsrmining
the time reguired for the flocks to forme Prectically,
renneting wes assessed by the clotting time 2nd curd
tereion, Milk producing a soft Plaky curd wes considered
to be suiteble for infant feeding 2nd cheese mtking,

Frahm ( 19268 ) reported that gost milk uas
apparently someuhat mors susceptible to clotting by
rennat then cou milke Although the differencs cen be
seid to have been established definitely but the reason
could not be sstablished. Gemble g% 8] (1939) and
Turner snd Cappison ( 1940 ) cbserved that the surd
termion of milk from individum}l gosts vepies consirerebly.
It deglines to a minimum in mid lactetion and increases
theretfier till the end of the loctition peried.

Puri and Pepkash ( 1962 ) reported that gost milk
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clots more repidly then coy milk under the conditions
where the rennet concentration and tempereture vere lover
and thus eclotting time uere much longer than those
reported by Frahm ( 1926 ).

Rao et al ( 4964 ) found the curd tension of goat
milk clotted with rennet to be of the order of 40 gm.
vhich uas higher than that of cou milk as exemined by
theme A higher curd tension for goat milk scems resson-
eble in viesy of its shorter clotting time as compared to
the cou milk ( Jenness end Patton, 1959 ).

EFFECY OF HEAT TREATMCNY ON THE CURD TENSION OF MILKS

Brennesenn ( 1993 ) repaorted thaet favourable
results yere obtained in terms of curd tension end
infant fesding uith boiled milke. Seveyal workers like
Caulfield and Martin ( 1934 ), Doan and Welch ( 1934 )
and Bepry ( 1935 ) reported that the curd tension of
milk depends on the time and temperature treatment given
to Illh‘". Temperceture trestments drestic encugh to
initists dematuration in the serum proteins cause a

sa=leteral reduction in curd tensione

Laighton and Mudge ( 1932 ) reported that at
higher temperature e.ge 8utosleving and steriligetion
an actual heat cosgulation of extreme fimeness might
be prodused vhich causss the cesein more or lees iarune
to enxyme soagulatione Ous to cbvious complexities,
the previous heesting of milk and the agtion of renndn
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and pepsin on milk has not been explained -atisfactorily.
Rogers { 1935 ) observed that the sction may be due to
the decrease of caleium ion concentration that increases
the elsetric charges carried by the cosein micelle,
ceuses some albumin insoluble and the protein itself
danstured,

Jenness and Patton ( 1959 ) could not establish
the fact thot the soft curd characteristics of high heat
trocted milk were due to chemical or purely phyeical
changes, But they steted that the Ploculasted perticles
of serum proteins represented poinmts of ueskness in the

Ourd;

Sanders and Associates ( 1936 ) noticed the
softening of milk curd with a slight increase in rennet
cosgulation time vhen milk uas subjected to pasteuri-
zotion theredy contradicting the vieu of Dosn and Welch
( 1934 ) who stated that thers wes & negligible effect
ef pasteurization on the the curd tension of milk. Spur
and Wolman (1952 ) reported thet with @ progressive
incrosse in time and tempsreture of hest treetment, the
curd formed became softers

Reo ot al ( 1964 ) reported that there was only
10% reduction gn curd temsion of cou and buffals milks
vhen subjeated to pasteurizetion by Holding or HeTeSeTe
methodss  Presad gt 8) (1973) studied the curd tension
ef buffale milk sfier posteurization by Holding method
and heating to high tempereature and noted that the curd
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tension’ reduced to 32,5 and 28.1% respectively,

H11) ( 1931 ) ebserved that thore wes almost
uﬁ curd tension uhen milk wes eveporsted or autoclaved,
thandrasekhare gt a1l (1957 ) reported a rsduction of
76% and ¥1% &n the curd tension of buffalo and cou milks
iumti'nly 2s a result of their boilinge Kulkarni
( 1968 ) studied the effect of different hest treastments
on the curd tension of buffalo milks, The auther reported
thet pesteurisation reduced the curd tension by 30,5% ,
boiling and simmaring by 89.5% and sterilizetion by 91.5%
as compared to the rev milk,

Hiller gt al ( 1941 ) studied the effect of
pasteurization st 142%, 145° and 147°F for 30 minutes
and 16D°F for 15 sec. on some properties of milk. Theay
reported that the uhey protein vers only slichtly
denatured by these tresatmentse The curd tension
( Papasin-HCL ap pepsin-CaCl, ) vas grectly reduced
( 28=56% ) by holding treatment but wvas only slichtly
l"oeﬁod by HeTeSeTe mathode

2,2,  AGIDITY AND pH OF GOAT MILK®

From tise to time severel uorkers like Schult:
end Chandler ( 1921 a ), Cemble g3 al (1939), Trout (1941),
Dharmaregen gt 8l (1984), Me and Dastur (1956), Cenuti
and Salvedori (1959), Leorhard (1963) and Breunekorf
{1965) have recorded the pH and titratable acidity of
gt milke Thay have reported the pH of geat milk
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ronged from 6.3 to 647 for sample of individum]l goats
vhich uas oo-uhit lower than that of cow milke The
titretable acidity in terms of lactic acid has been
reported to be ranging from 0.10 to 0.26% but most of the
saoples renged from 0,41 to 0.18%. Chang snd Kim

(14978) studied an §ndividual breed of goat and reported
the titratable acidity of milk to be 0,117 to 0,193%

and pH as 6,804 to 7.055 uvhere aleohol test ues

positive but clote-sn=boiling test wes negativee.

EFFECT OF HEATY TREATMENT ON ACIOITY AND pH OF GOAT mILKS

Dunscombe ( 1924 ) wvhile studing the effect
of heat treatment on milk found thet the titratable
asidity ues increesed ss 8 result of hsat treatment
to milks The $ncreessed acidity vas not only propor-
tional to the tempereturs and duretion of heeting but

also to the increass in pH,

The cuuses for increese in titratable acidity
remsined unexplained till the uork of Grimbleby (1954),
Me found that during heating of milk, a part of the
lectose vas combined uith proteins and this protein-
lastose combimetion vas resporeible for a part of
the increased titretable agicdity in heated milke In
this resction the sldshyde group of the lactose uas
sombined with the basic amino group of the proteins
releasing the fros carbenmyl oroup to exsrcise their
full base binding capasityd It resulted by the fact
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thet as the titeatable acidity was incressed in heated
ailk ghon uas 8 correpponding decrease in formel
titration.

Webb and Johnson (1965) reported that pasteuri-
zation produces smell shifts in pH and buffering by
expulsion of Coz and by precepitation of calcium
phosphats with relesse of hydrogen ions. The drastic
heat treatments used in sterilizetion preoduce acids
by degredation of luctose. The refe is slou below 90°C
but increases merkedly above 1uu°c.

20244 SPECIFIC CRAVITY OF GOAT MILKS

Sipry and Hassan (1954) reported that the

specific gravity for guat milk varied froam 4.,0262 tn
1’.0365;- Janness and Patton (1959) reported the
veriation in specific gqrevity dus to difference in

the varistion in fat content, tempereture of milk and
difference in the techniques of messurcment, Most
reports on the specific grevity of gost milk deal uwith
a fey individus)l or herd semples and give little or no
informetion on ths method of determinetione In some
cases, the tsmpereturc of measurement is not mentioned.
Rangeppa (1964) reported that the density of goat milk
et 20°C uas 1.0278-1,0380,

Pagkush and Snnnlsn (1988) revieued the spesific
grevity of goat milk and observed a uide veristion
renging from 1.028 to 1.042 in the specific grevity
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of goat milk for individuel breeds and differsnt
lsetetion periode For individuel Egyption goat milk,
El~Slamy and Mohamed (1978) reported that the specific
gravity veried from minimum of 4.,02¢ to e maximum of
1.0278, uwith an aversge of 1.0250 at 20%C,

EFFECT OF HEAT TREATMENT CN THE SPECIFIC GRAVITY OF MILK:

Whitaker 8t al (4927) and WYegener (1953) reported
that at tempereture sbove 40°C absolute dansity of milk
decroases but the apseific gravity raufains virtually
gonstante But Short (1955) raported that there is a
pronounced {ncreesg in the specific gravity from a0®to
90%C, The increase is of tha order of 0.00006 per
dogres centrigrades

Short ( 9956 ) studied the affect of pssteuri-
zation and sterilization on the demsity of milke
Pagteurizution of milk by both Holder and HeTeSeTe
mnothodey hed no effect on the densitye On the other
hand, due to sterilizetion there uas & decrease in
density uvhish wes independent of tha fat sontent of
the milke Ths decrssse wvas approximetely 10 x 1!!'5@/
mle or Us1 laatomstar degreee The anaother suggested
thaet thie degrease might be dus to the demturation
of the soluble proteins and deposition of calcium
salts in sterilized milk,

2208  TOTAL REDUCING CAPACITY OF MELK3

Palmer ( 1934 ), NoMuekin and Palis ( 1949 )
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and Polis gt 8] ( 1950 ) reperted that B=lsctoglobulin
ves the mejor reducing fraction of milk proteins.

Jacgkson ( 1938 ), Larson gt ) (1949) and
larsen and Jenness ( 1950-a ) reportsd thet sirum
proteins meinly albumin frection and protsin fraction
assosisted with the fat globule membrene ars the main
sourges of sulphydeyl groups and voletiles sulphides
in milk vhich acts os reducing substancese

Kiermeir and Hamod ( 1962 ) observed that milk
having more fet and protein on heating liberetes more
free sulphydsyl groups. The workers reported that this
mey bs dus to the presence of certein constituents of
fat globule membrane and @& rise in the P-lactoglobulin
content in heated milk,

Hutton and Patten ( 1952 ) end L2rson and Jenness
( 1950 ) also esrlier reported that p-lactoglebulin uos
the most fnfluencial sulphydryl containing ecompound of
the serum protein.

Manning and Heinselman ( 1969 ) reported that
B~izotoglebulin gontains one sulphydryl snd two
disulphide groupe per mole { 18,300 gm )« Makenzie
Bt 21 ( 9972 ) reported thet there uas only one
sulphydsyl group per molessule of P-lagtoglebuldn
Wnitmey Bk Bl (1976 ) reperted the primary structure
of Pilactoglsbulin shouing 128 aminocesid residues
{ ealaulated molesular weight 18,362 ) out of that
five uere helf cystine’ '
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Janoline and Suaisgood ( 1975 ) reported the
isolation and characterisation of sulphydryl oxidase
from bovine milk yhich celalyses the oxidation of
«SH group in both small compounds and proteinse The
enzyme can involve in the biosynthesis of disulphids
bonds in certain proteinse.

EFFECT OF HEAY TREATMENT ON_THE TOTAL REQUCING
CAPACITY OF MILKS

Coulter gt gl (1948), Hartmen gt 2l (1965),
Hutton and Patton (1952) and several other workers
have studied the effsct of heat trestment on sulphydryl
compounds and reported that the hest treetment activates
the -&H group associated with origin of cooked fle2vour,
and the antioxygenic properties of heated milk, end
aggregetion yith the ceseins, 1t yas obsepved that there
ves a linear relationship betusen the time end tempere-
ture nf hoeting and sulphydryl content of milk and
probebly high tempereture for very short period of
heating mey give the optimum concentretion af the
«SH gontent thus giving & product with increased
oxidative stabilitye.

The liberation of sulphides and formetion of
sulphydeyl groups due to the heating of milk have buen
vell established by the work of Josephson and Doan
( 1939 ), Gould and Sommer ( 1939 ) and Gould ( 1940 ),
The authore further obessrved thet the liberation of
thess sulphur compounds in heated milk has a close
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relation to the production of coked fPlavoure GCould
and Sommor ( 1933 ) dstected the liberction of sulphides
vhen milk yes heated to 76=-78°C momentarily, 74-76°C
for 3 miney OFr 70=72%C for 30 minutes, Josephson and
Ooan ( 9939 ) and Gould ( 1940 ) obtained positive
nitroprusicde tests on milk heated to similar tempera~
tures indicating the formation of sulphydeyl groups.

Mny investigrtions have been carried out to
determine the scurcre Por the liberstion of sulphur
compounds in heated milke Mirsky end Anson ( 1935 )
demonntrated that =SH groups appesred on denaturstion
and goagulation of albumin, Josaphson and Uoan ( 1539 )
consluded that albumin wes the principal origin of
«SH compounds in heated milic, Townley snd Gould ( 1943 )
also sbserved that albumin ues the principal origin of
~SH compound in heeted milk, Tounley and Gould (1943 )
also observed that albumin, the ms jor vhey protein, uas
the most likely source for the liberation of sulphur
compounds becouse of the reletion betueen the liberstion
of sulphur compounds or the denaturetion of albumin
or alse besgause 2lbumin contained higher sulphur
content of yhish 50-60% uas supplied by the heat
labile aminoacid cysteine,

The amineacid cysteine, the principal site of
-SH grnupis in the milk serum proteins, libereted
N,8 vhen it uas heated ( Jerness gnd Patton 9959 ).
The chemistry of this decomposition uas suggested in
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the following two altermetive vays 3§

HOOC - ﬂllle- Cﬂz - SH ¢ "20 i nooc-mmz-mz-mmzs

2u0m—mm2-cnz-su =3 (HOOC=CHNH,,-CH S +HS,

2 2)2 2

Mabeed ( 1960 ), Larson and Jenness ( 9950 ),
Leslie and Butler ( 1962 ) has studied the rate and
extent of resction of SH groups of P-lactoglobulin uith
various resgents and demeturing conditions end observed
thét vhen the proteins are in netive state thesso qroups
are mostly unreactive but after heat tresstment an
increased resctivity is merkedly notficed ai;ter the primory

denntupst ion Ph“.}c

Zittle and Co uorkers ( 1962 ) reported the
formetion of @ complex betueen Kecesein and P-lacto-
globulin which have been induced by hsat treatment.
This mey involve exposer ef the sulphydryl groups in
B-lactaglobulin but thers is no evidence for this ides.

Jdoginder Singh gt 8l (1970) studied the sulphydryl
content of goat milk vith acid ferricyanide method
and reported that the sulphydryl content veried from
0,238 to 0,348 mg/ml, vith an averege of 0.307/mg/ml
expressed as systeine HCle Thay 21so reported that gost
nilk had about 28X less tetal reducing capacity than
the couw milk and assumed that the products prepered
out of goet milk might not h:vo sush oxidative
stabllity.
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the following two alternative uays 3§

CHNHy= CH, = SH + H,0 = HOOC-CHNH,=CH, = CH+H,S

S+HS.

2HO00C-CHNH, =CH_wSH «=» (HOOC~-CHNH 2)2 2

2~ M2 et

2

Habeab ( 1960 ), Larson ond Jenness ( 1950 ),
Leslie and Butler ( 1962 ) has studied the rats and
extent of resction of SH graups of P-lactoglobulin uith
verious resgents and demneturing conditions and observed
thét vhen the proteins are in netive state theso qroups
arm mostly unreasctive but after heat tresatment an
increased resctivity is merkedly noticed et;ter the primory

dennturat lon phany’.

Zittle and Co uorkers ( 1962 ) reported the
formetion of ¢ complex betueen K-cesein and P-lacto-
globulin which havs been induced by heat treatment.
This mey involve exposer of the sulphydryl groups in
B~lactoglobulin but there is no evidence for this ide2.

Joginder Singh gt 8l (1970) studied the sulphydryl
content of goat milk uith scid ferricyanide method
and reported that the sulphydryl content veried from
0.,238 to 0.348 mg/mls with an averege of 0.307/mg/m1
expressed ss systeine HCl. They 21sc reported that gost
mailk had shout 25% less total reducing capacity than
the coy milk and assumed that the products prepered
ocut of goet milk might not hl!vo mugh oxidative

stability.
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Mulder and Uslstrs ( 1974 ) reported that a lerge
portion of sulphydeyl compounds in milk is derived from
fat globule membersns by heating of milk wvhich causes
deneturation of fat globule membrane protein specially
glyco=protein,

Davie gt gl ( 1978 ) studied the heat induced
chamges in the ultre structure of milk using electron-

microseopys

2,2,6 JHIOBARBUTARIC ACID_ (TBA) VALUES
Dox end Plaisance ( 1916 ) indicated that

thiobarbutaric acid combines uith aldehydes by a simple
condernsation reaction but the reasetion involuing
ox$dised lipids has not been elucidated,

Kohn (1943), and Rohn and Liversedoe ( 1544 )
studied the resetion of an unknoun metabolite uith
arylemines and thiobsebutaric scid, Berrheim 8t gl
( 1942 ) reported thet the metoboliie vae a product of
the oxicetion of unsaturated fatty acid, These reports
alonguith the report of Kysk ( 1950 ), and Uilbur gt al
( 1949 ) tndicated the possible applicability of TBA
test in the study of oxidised flavour in deiry products,

Bunkley ( 1951 ) demonatrasted that the TBA
test clossly correlstes with numerical flavour scores
of milk esmples having oxidised flavour of verled
tntonsity} The test has proved helpful in reseoaprch
work on oxidised flavour and the uoc!:nxen of its
development’s



Berrhein n 21 ( 1948 ) ststed thet a grouwp
containing Shres carbon atoms uas removed from the
oxidised fatty agids and combined vith the thiobare
Bituric aside The compeund responsible for the red
eolour in the resction of 2-thicbarbitoric asid with
certein pyrimidines hss absorption charsctoristics
aimilar to those of the sompounds Pormed from oxidised
1ipids but the neture of the reaction product(s) hes
not boen established,

In fluid milk, the method of detescting brouning
and milk fot oxidation ues given by Ounkley &nd Jenning
( 1959 )« Kesney end Bassstte ( 1959 ) described =
quantitative method for determing S<hydroxy methyl
furfural ( MAF ) in milk and milk produets by
spectrophotometric messurement of TBA resction et
443 mu,

King ( 1962 ) sdopted the method of TBA resction
to study oxidised flavour in milk and model system
sontaining fat globule membrene material and ascorbic
acids This methed adopted by King is highly setisfactory
for deteating end meesuring replid oxidetion rates
in the model syotew, The methad is very senzitive
detector oFf one of the very early resstion products
betucen reducing sugars and smine compounds.

EFFECY OF MEAY TREATMENT ON TBA VALUESS

Auzend and Voods ( 1958 ) studied scme factors
involving the dsvelopment of oxidised fhvouig In
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theliy experiment nilk woe subjegted o Uires tpustmsnte
masly sy, pesteurised ( 63°C/30 minutes ) and hested
( 76°C/30 mimstos )o They determined the T6s test
p-riodisslly snd reported that 76°C/30 minAse preventsd
the development of oxidised flevour eyess 6¥C/30
minutes sesentiusted fts development, The abesrved

that the optiss]l coneitiss of sy, pasteurissd

( 63°C/30 ntnuies ) and hosted ( 26°C/30 stmnes )
wflice wors ( 0,027.0,031), ( 0,027-0,029 ) wnd C,'/2%
reepsgctiwly,

Delle Momiss gt g1 | 1968 ) stited Unt Uhe
Srtorvimtion of the eventity of Wl rforast éuring
Precesting astevess the fagicents ¢f et ¢ )pocvis of
ik providetd the ooli@ ove st of sddk O L6 oM lyeec
is kept pometeat Jeigh fadiestes Chot Cas totel WS
calor f¢ ¢ Puaction ©f She oglide coducat of &d ik,
th gr euiste yisleling mors oviow,

Cengy g2 21 ( 1961 ) @ecifiec the mobhec of
teovmy on Bapastie for doteosmiag WA wluse @O0 weicg
the woriSar arther Zadey ( 970 ) astessinec WAf & _une
i1 i0trevherttaseter siis sl fsus 907 - 1e9PC os
S saponts ant dheerwat &0 SApSRase A0 the LAmitic] WhF
wiles uISh Sansenss AN PrOGSSsia; LARpest Luse,

Samadasr ant Rishasr ( 997L ) stuaiec ohe
fazemidon of NN camat Gy heet tgeriaent of el
ey saporist’ 40t the W wluss euPresest «& She
shansheans at 46 ay ¢ S cegpounc fesmns Ah



2=thiohazbftaric acid were betusen 0,07 « 0,09 for
UMY tyeated milic end 0,16 = 0,34 for in=bottle
sterilized mildid,
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3.0 $C0PE AND PLAN OF JOPK

The importsnce of present investigation snd its
plen of work is brisfly described belou.

LLPL_OF OPK;

Ous to the mnrritiom] and therepeutic
che recteristic of gost milk, a cymeidereble interest
hsve develeped in US, and elsevhere for Research work
on ooet milk, As gost is comsidered to be poor men's
g0y dus to its seonomic seintainencs, therefore in
Indis snd other tropicel countries e”forts zre being
sede to popularise the keeping of goats end utilizstion

of its milk for fluid milk corsumption and sznufacture
of verious products,

The preceding revieuv of litereture reveals th:t
sufficient informeztion is not 2weilabls on same physico-
chemnics] propertiss like Viscosity, Curd temsion, Acidity
and pH, Total reduging cspacities, T84 valum, Fot and
total solids ef goet milk ss infliwnced by differsnt
hett trestasmts vhigh are commonly employed in deiry
findustyy in processing of fluld milk and memsfacture
of produets undey Indisn conditions. It yas thersfore
felt nessssary to study these aspectse. The present
wrk will halp fegcilitate in the coming deys fer the
industry to handls the svailabls goet milk for the
senufesture 2nd merketing of different products in our
courkzy in & sasll seals,
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BLAN _OF YORKS

Some of the physico-cheaicsl properties of cozt
milk 88 affected by werious heat treztaents yill be
studied in the present investigetion and these ere lizted
belows

¢ Viscosity

2¢ Curzd temsion

Je Titretable scidity

4. pH,

Se Fat content

6e Spegific grevity

7« Total solids

8 Total reducing ca2pacity

S¢ Thioberbituric acid velue

The different heat trestments vhich uill be given
to milk are as follows:?
1« Pastcurimtion by helding method s
( 63.0 - 63.5% ror 30 minutes )
2¢ HaTeSeTe pasteurizetion.
( 798 = 72.0% for 15 seconde )
Se Just boiling.
4e Simmeringe
( at 95°C ror 3 minutes after Pirst boiling ).
Se Sterilizetion.
Sterilizetion of milk samples uere cerried out
rfor 15 mimutes in an autoclave adjusted a2t 15 psig
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steam precsuree The tempersture corresponding to this
pressure is 121%C uvhich s someuhat highez than the
sterilizetion tempsreture of 115°C. As it wes convenient
to sdjust the stesm pressure at 15 psig therefore it s
folloved for 15 minutes,

Rll the experiments will bs performed in the
aexisting laboratory conditionse The vaeriocus tests will
bes conducted es per IS1 stenderd methods.

*® ¥ » »
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4.0 MATERIALS AND_METHODS

COLLECTION OF MILK SAMPLESS

The milk semples used in the present study were
obtained Prom the noots meinteined at NeDeRel,, Cottle
Yard section, Composite s2mples of milk uere mode
according to the msthous described by the ISI (1968),.

HEAY TREATMENT OF MILKS
(o) PASTEURIZATION BY HOLDINGC METHODS$

In a 500 ml. conical flask stoppe-ed wuith 2 cotton
plugy absut 300 ml. of milk ws taken and the temperature
of milk wes raised to 63.0 to 63.5°C by immersing the
flask in a vater beth ( the aoming up tenpereture is
usyslly being 30-35 minutes ) and held at that tempereture
for 30 minutes, and subsequently slloved to ool gradually
to room tnperoturc;.

(b) HaTeSaYs PASTEURIZATIONS

About 300 mle. of milk was taken as above and its
tempereturs uss rajsed to NS = 72.8%C in 8 uster bsth
and held ?ur 1S sscords and subsequently cooled to room
temperature.

(a) 2UST BOTLINGS

In a SO0 ml. gless beaker 300 mle. of milk vas
taken and heated to just dolling on & hot plste and then
alloved to @ool &0 yoom tempereturs’s
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(d) gInmcpINGs

As above, after first boiling, milk ves sllowed to
simeer at shout 95°C ror 3 mimutes snd subssquently coonled
to zoom tempersturs.

(e) STERILIZATIONS

In @ 8500 nle coiieal flask 300 ml, of milk uas
taken snd fPitted uith e gotton plug and vas subjected to
sterilizetion trestment by sutoclaving ¢t 15 psig ( 12179¢C)
for 95 minutes and slloved to cool to room temperaturs.
4,9 PBETHOOS OF ESTIMATIONSS

All the milk samples were subjected to the
follewing teste),
{e) A CONTEMTS

It wes determined by Gerber method ss recosmenced
by the 151 (I3349958). The test ues run in duplicste.
(b) YOyAL SOLIDSS

These wsre salgulated uith the help of lactometer
resding at 15.5%C end Mt percentage, using Richmond's
formulal

fage total solids = -ﬁlzl-n.zr.a.u

(e) TIYRATABLE ACIOITYS

I8 wee deterained by IS] method Legs titreting
kneyn volume of milk against standaxd sodium hydroxide
solution using 1 mle. of 0,SX pherolphthalein ss indicator
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The yesults en titratsbles seidity uere sxpressed in
tevus of lactis ocid, The titratable gocidity measured
beth nstural ecidity ( dus to phosphstes, citrstes,
proteins snd carbon-di-oxide ) a8 well as developed
ssidity duw to lsctic acid.

(d) DLIERMINATI ™ _OF pHs

All the pH messuremets vers dons electrometrically
using s gless elestrode snd s refersnce ssturated calomel
elestrode in an Eliscoy, LI = 10 T model pH meter, The
slectrode sssembly was calibrated wsing suitsble buffer
standsrds of pH 7.0, Necessary temperature uss made for
egch pH determiration, and the velues were reported st

30%c.
(e) DETERMINATICN OF VISC®S

Viscosity ues determined by ths capillary flou
ssthed using Ostuald Viscometer under a fixsd pressure,
st 30° & 0.5‘:. snd all results uere expressed in terms
of relative viscosity. Ostusld Viscomster of certified
British Standerd type wvas wmed throughout the determi-
nations,

The viscamster uas thoroughly cleaned, successively
vith dilute alkali solution, tap uster, varm chromic
esid, tap uster and distilled uater. It ves then vashed
with scetone t0 remove weter end finally dried by drauing
dwstfres cold air, Messured quantity of the ssmple
vas placed into ths viscometer using a2 pipette. The
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viscometer filled uith the sample was kcpt in o uater

beth for 30 minutes, before the time of flou vas recordeds
The temperature of uster bsth uas meintsined at 30°C &nd
was controlled thermostatically with «+ D5%Ce The time
of flou of the sample from the upper to the louwer merk in
the viscometer limb was recorded by a stop=ucotch calibrated
to rend to 041 sceonds, Te record the time of flou for
each samnle, the average for five rexdings wuts takene

The rclative viscosity of the esmple yas caleculated from
the time of flou for the semple and the standsrd liguid

( Prosh, all glasa, double distilled uatar ) and the
relative density of the sample uss determined with the
help of a spscific grevity bottlee.

CALCULATICNS FOR DETENMINATION OF RELATIVE VIZZT3ITYS

All measurements yere made ot 30°C + U.SOC .

t -
Relative viscosity of the =sample = e | X z c-a )
t2 " ( bea)

vhere £, = Average time of flou for the sample in seconds.

=

Averege time of flouw for the uater in seccondse

= UWeight of empty snecific qravity bottle in gmse.

U."'
]

= Ueinht of empty specific gravity bottle <

water, in gms.

¢ = Ueicht of empty specific grovity bottle <+
sample, in omse.

( b-l) = Mass of distilled uater having volume VU of
the specific creovity bottle in gms,

( cva) = Mags of sample heving volume V of the specific

gravity bottle in goms.
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(f) DEIEQMINATI M OF CURD_TENSIONS

The committee of the American Mairy Science
Ansocietion (1941 ) sungested 2 mothad to determine tha
curd tension of milk, The method sdopted in the present
inuvestination has the same principle as sunnesied above
ond the method used by Chandresekher st 2} (1957 ),
Chopre (1963) and Kulkarni (1968)e A simple type of
curd tansion mater devised indinermously wac employod,.
It coneints of three cteel knives of 1® x 3/4" uelded
in the form of "M', A thin verticol stesl rod ir atto-
ched to the centre of the middle knifee The cther ond of
the rod 4is bent in the form of & hook uhich is attcched
to the thread cz2rrying the pan over a frictionlese
pullef}

The curd tension of milk urs determined s

described beloue.

In 8 series of uniform beakers of 100 mle. capocity
end size 7 cm x 4,5 cmey, 50 mle of milk to he tested uas
teken end pre-wermed to 37°C. The curd Semsicn Lnivcs
vers plagced in the beaker and 2 mle of 0.2% rennest
( Hansen's ) solution uvere added repidly to 21l the
beskerse The milk in the be2kers wes atirred immecdiastely
using knife and all the beakers vere plzced in 2
thmuutlﬂuy. controlled water bath msintained at
37 2 1%C for 3 hours. The beakers uere then taken out
of the ubter bath and the psn uas loaded uith lead
shots, till the curd tension knife cuts its wey through
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the ourde The knife and pan uvere counter-poised @2nd
the weicht in gmse of the le2d shots yas taken 08 a
measure 0f tha curd tensicne All the messuprsments uvere

made £n duplicate.

(o ) TOTAL REDUCINT CAPACITYS

The methad of Chapman and Mo-Farlone ( 1945 ) end
Croue et al (1948) was adopted Por estixting totcl
reducing cepacity of milke The seme method uas also
odopted by Joginder Singh gt 81 (1970) uwith slight modi-
Pications This method involves hsating of nilk with
poteasiun Perricyanide under specific condition, The
sulphydeyl compounds reduce the &sid ferricyanide to
Perrocysanide and at the same time sulphydryl compounds
nre oxidised to disulphide compounris,

Acid

2 «SH
forricyantds

Acid ferricyanide reects with ferric chioride
solution to give Prus~fan blue colour vhich ==n be

estimated spectrophotometrisslly at 660 ny.

The details of method falloued in the present

invostigation axe as follous's

To one mle of ailk vee sdded 9 ml, of water and
8 mle of 0e2 R phosphete buffer of pH 7.4 to get & Pinel
pH of 6e6 s Five mle of 1X potasium forricyenids
solution yas gddede Tha contents waere hented for 20

minutes in a wvater bath, uhich ues thermoet:tically
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controlled et 70 3 1°c and were then cooled in ice wter
bath for 30 minutess Five mle of 10% trichloroacetic

acid solution uee added to sach tube, and filteped through
Uhatman NoedD Pilter popere Five mle of filtprote wes
mixed uith S mle of distilled water and added 1 mle oOf
0s1% Preshly prepared ferric chloride solutione After

10 minutes the reodings were token in a Spectrocol fModel
Cl=23 anoinst & gesgent blenk 2t 660 mys Cysteine
hydrochloride was used os @ reference standarde The
v2lues of sulphydryl uvere expressed in terme of mo. cysteine
HCl per gms. of samples In the cose of sterilized milk
the sample ves diluted to 24 times to qet the optimum

readings,

PREPARATION OF STANNDARD CURVE 3

Six test tubes ( 150 x 25 mm size ) usre taken,
wveshed and thoroughly dried,

1 ml, 0u8 ml, 0.6 ml, Ued ml ond Ce2 ml of cysteine
hydrochloride { 50 mg/100 mle) were tsken in five test
tubes and then made to 10 ml by adding gless distilled
vaters Thereafter, 5 mle of phosphote buffer solution
( 0.2 M) uwere addede Five ml. of 1% potassium ferricyenide
solution wes then added and the tubes uere placed at
70 4 19C for 20 minutes in @ thermostaiically controlled
yeter bath and then cooled in fce uvater immediatelye Then
added 5 ml of 10% TCA solution to eoch tube and filtered.
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To 5 ml of Piltrote uere added S mle of distilled uater
folloued by 1 mle. of 0.1% ferric chloride solution and
kept for 10 minutes for eolour developmant and read the
colour in a Spectroeol st 660 mye A blenk wos prepured
in the same way but sdding 10 mle of distilled uater
instead of cysteine hydrochloride solutione A curve uas
plotted taking optical density against concentpstion of
cysteine hydrochloride ( mgs./ml )%

(h) THIOBARBLTORIC ACID METHODS

Keengy and Bassette (1959) used a method to
determine the TBA value spectrophotmetriczlly for nilk
and ailk productse Thg method for detection of brouning
was bzsed upon anelysis of the HMF by spcctrophotomstrie
measurement of ths TBA resction producte Thie method can
detect early symptoms of brouning an’ fect oxicction 4n
milk and milk productse Joginder Singh (1978) ueed the
method to determing TBA value in reconstituted milk. The
detzils of the mcthod are ae follous,

Ten mle of milk szmple yos pipetted into 2 S0 ml,
test tube 2nc to this wes adcded 10 mle of 4 X tr chloro-
acetic scid (40 gae TCA diluted in 100 ml we'er ) from o
burette end the contents vere sixsd. The tubees vere
covered vith inwrted 20 sl, beakere asnd placad in a .ater
beth st 70 ¢ 1°C for 25 minutes. Theres fter, it use
removed from the beth and cooled in f2e wtere WThen
Piltered the son‘ents through hgtasn Noe42 filtery peper,
Four mle 8f Tiltrste ues pipetted imo + test tule.
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To this yes added 1.0 mle of 0,05 M TBA ( 0,72 ge of
thieharbituric ocid in 100 ml. of water ) solution prepared
by warminng slichtly and ecooling to 259C before wse. The
tubes yere then placed in s vater bath at 40 & 1°C for

S0 minutess These wers then removed &nd cooled to room .
tenperatures The sbsorbance of the solution vas meesured
at 443 mp egainst a blank ( prepared in tho same way as
the sample but substituting uater for milk ) in a
Spectrocol, Model CL-23, The results yers expressed in
torms of optical density as per the method of Dalla

Monics gt gl (1968)%

The TBA valuss were also expressed @s hydroxy
methyl furfural in the case of sterilised milk 2nd wvere

caleculated sccording to the foarmula as belaoy $

( Absorbance «0,062 ) x 76 = micromoles HRF per litre
of I‘Ik'o

£ ®* % w0
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S.0 RESULTS AND DISCUSSION

5.1 VISCOSITY OF GOAT MILKS

The veluss of viscosity, expressed in centipoise
ee effacted by hest treatment vize pasteurization by
Holding and HeTeS.Ts method, Just boiling, Simmering
and sterilizetion are presented in Table = 1 (A). It is
evident from the déta that the viscoeity of goat milk
increases ne a result of heat trestment oiven to the
rey milky On en uycrage the velue of 1.830 cepe for
origine)l rau milk increased to 2.4869 upon sterilizatione
Thus the process of sterilization indicetes a meximum
increase of 35.88% {in the viscosity of milk uhereas the

incrosse in viscosity yas lower in the cZse of other heat
treatments of 2 lower degreee

The data on viscosity for the individusl milk
samples has heen shoun in Appendix table 1. On statis-
tical analyeis of the data as given in table 1 (B),
it is observed that the increase in viscosity dus to 2ll
the heat trestments is significgnt st 1% level vhen
compered uith rav milke Betuoen the methods of Holding
to HeTe5eT, pasteurization, Just boiling to simmering
the increase in viscosity is not significant.

Thers §s no literature awilable indicating the
effect of heat treetment on the viscosity of goat milke.
Howavery some wOrkers have roporth'an increase in
viscosity of sou and buffale milks es & result of heat
trectmente Kulkermi ( 1968 ) reported that the viscosity
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TABLE « 91 (A)

VIscoe1yy orF GOAT MILK AT DIFFERENT HCAT
RELTMENT

Sle Hatura af

Noe He2t Tree- ::iROP Hinig%icoqﬁgﬁfénmcagggcge figzease
tmonte sonples

1+ Rau milk 15 1.4390  2,0032 4.8300 -

2« Pasta by 15 1.5040 242945 149830 8,30
Holding,

Te MTST Past, 15 1.5865 242656 240593 12.53

4. Jue* BRoiling 15 16734 23484 2,15417 17.M

S¢ Simmzring 15 47490 248102 24,2265 21.66

6. Starilizokicn 18 243163  2.7354 2,4861 35.85

TABLE - 1 (8B)

ANALYSTS OF YARIANGE TVABLE

Source aof Dsqren Sum of Mean swuof Fe Value
verirtion of squére sguere
freedom
-

Betuesn 14 2.46512489 0.176080249 10,199448

bluckse -
Satween 8 3.792665%% 0,798533023 43.9379847

treatments,
Epror 70 120846033 0,N172637190 -
Totel 89 7.46625034

"o Significant in 4% lovel.
Criticel difference = 0.12761
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of Buffalo milk increased due to boiling, simmering

and sterilization of milk. Jenness and Patton ( 1959 )

and Purl and Gupta ( 4965 ) slso observed an increase

in viscosity in the cese of cow milk due to heat treatment.
They stated that the effect of gentls hesting may be due
to the chenges in the meke-up of the caseinste f.e.
Collcidal structurs of proteins and fat globule size
whilost more severe hsating might involve greduwal dena=

turstion of soluble proteins resultino into hest cosque=
lat ion,e

Se2 CURD TENSIONS

Table « 2 A shous the curd tension of gost milk
ebtained by different heat treastmentse The values uere
compared with the originel pau ulﬁ. It is observed from
the table thet a decrease in curd tension ocgures due to
pasteurizetion by Holding and HeTeS+Te mathods, Just
boilingy Simmering eand Sterilization, The decrease is
more vhen the heat treatment is fncreased and it is
maximgu in the case of sterilization of milk. For example,
on jua§ boiling the decreass in curd tension as compared
to m:ginol rew milk is of the order of 29.89% and the
degrease is meximum to the extent of 62,38% upon steri-
1izetion begsuso the origina) averoge velus of 39.847
decraased to 14989 expressed in temms of gmse

The individusl values on ths curd tension for
the varicus milk samples subjected to hest trestment are
given in Appendix Tobhle « 2 ' The statistical snalysis
of the dats is presented in Teble 2 (8). The incresse
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in curd tension es o result of heat trestment is significent
at 1% level Por tha differunt heat treatmonts uvhen compéred
vith rav ailke, The increase is also significant betueen
thase methods of pasteurizetion and just boilinge But

betusen just bofling to simmering the increese is not
significant,

Both Chopra ( 1963 ) and Reo gf 8l ( 1964 ) reported
the curd tension of goot milk ( raw ) clotted with rennet to
be of the order of 40 gms, wvhich is very cloce to our cverage
value of 39.847 Por raouw milke Further, Chopre {41963)
reported @ value of 24,3 « 2645 gn for the curd tension of
cow nilk cnd explained the lower values of curd tension for

cow milk in vieu of ites longsr clotting time es compared
to goat milke

Oyr results in the present investigetion on the
curd taension of raw milk have a ulde renge betueen mini-
mum &nd moximum ve lues L40¢ 34244 end 48,42, Tho resson
being thet the different goets uwers st various stages of
lsotation, Similar Pinding vera reported by Gamble gt el
( 1939), Turner and Gurrison (194C) that the curd tension
of goat milk varied uith the lactation poriod.

Chapre (1963) observed that the lowering in curd
tension of hestad milk appeared to be due to the redu-
ction of colcium ion concentration and cecrease in
esleotrostatic change earried by ceseinate micelles.
Possibly, it might also he due to the rencering of some
albumin insoluble end the protein itself getting denatured.
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JABLE - 2 ‘R!

CURD _TENSION OF nOAT MILK AT
DIFFERENT HEAT TREATMENTS

S1le.Noes Natuyre of

Noeof Curc tensinn in opee % 2ge
lieed tres=  midk decrc ase
tment, semples Minimunm Maximum Average

1e FRauw milk 3 J4e44 4D.4% 394847 -
2, Past, by 15 30,00 43,42 364092 749
Holdinng,.
3¢ HTLY Past, 15 29432 43422 33,428 16.10
4 Just Bollino 111 2550 30,90 27,936 29.89
Se¢ Simmezing 15 19.00 32,93 25,48 36.3
6e Sturilirzation 18 1302 18,40 14,969 62.38
ThBLE -2 (8)

ANALYS IS UF VARSI NG Tf!.:'.::li__g

Source of Degroe Sum of Maan sum F. Value
varintion of agqw re of snuire
Prendon
e

Betueen 14 352,.,260026 25 ,3757161 2.82516023

blocks | -
Betwesn § 6087.86510 1217,57302 179.99113

trestnents
Error 70 473,5226880 6.76460972
Total 89 6923.64701

#* o Significunt at 1% level,
Critical differcnce = 2,.5282,
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Thus the change on the cosein particles undoubtedly
appeBrs to be 2 fPactor in curd tensiones Higher chanqes
means sloy coagulation end soft curde The lousred
curd tension of boiled milk have also be due ta the
dacrease in the hydration of cesein or porpacangin as
the tempercture uas increasede Our findinos in the
precent investigstion, thet the curd tension of goat
milk after simrering and sterilizetion becomes still

lover are in aqreement with the above authore.

5¢3 JITRATABLE ACIDITY OF GOAT MILK:

Tho obassrvetions on titpatshle acidity
( expressed as percentage lsctic acid ) of rau gost
milk and after its subjecting to different heaot treat-
ments {a shoun in Table 3 (R). The velues indicate
that there is no chenge in the titratable acidity uvhen
ray milk is pesteurized both by Holcding and HeTeSeTe

methods, The titratable acidity of originel rey milk
increased from Us148 to d.151, D458 end 0.176 on an
averzge as a result of Just Boiling, Simmering and
Sterilizetion respostively, The percentage increase
in titretable acidity due to steriliyotion thus worked
sut to be 18.5%,

Appendix Table=3 shous che values of titreteble
agidity for the individuel milk samples subjected to
different heat treatmonts vize pesteurizetion, just
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TABLE = A

PERCLFT TETRRTABEE ACIDETY 0r G231 _RILK
FFLR RATU

Sl. Netuys 6? Noe of % Acicity as Lactic fage

No, Hent treca milk geid incresse
taanks S2RPlE8 pynimmm Maximum Average

1. Rav nilk 15 0e12 0.18 U:148 -

2, Paat, by 15 De12 .18 D.149 -
Holding,

Je HYSY PRQt. 15 Uel12 Ue48 Uev48 -

4e Juyst Boiling 15 0.12 .18 0154 1.9

5, Simmering 15 De13  0e19  De158 645

6 Sterilizetion 15 0.15 De24 0976 18.5

TABLE - 8

ANALYSIS OF VARIANCE TASLE

Sources of Dagree Sum of Mean aun Fe Value
variation of square of square
froadoa

L o 3
Betweon 14 (0,02729855555 0,00184968253 411.460974
blocks

-6
Betuveen 8§ 0,00032555558 000186591111 106.626129
treatments
Error 7  0,0012244445 0.000017492D642
Total 89 0,03784555505

=

#% « Significant in 1% level.
Czitical dirferonce = 0,00406.
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boilinn, simmerinn end sterilizetions The results on
stetisticel analysis ( Table 3. B ) rovesl that the
inoreese in titratable acidity is significant at 1%
level vhen simmering and sterilizetion of milk is
enrried out, But uhen rey milk le pesteurized by
Holding end HeTeS.T, methods or beiled then tha in-
craese in tho titreiahle acidity ir not sfionificante
Houever, among the t:eatmente the incroase in titra-
teble acidity is significant betucen boilin: end simmer-

ing and simering to sterilizetion,

The velues of our titrateble acidity (ivbic =3 A )
rangad bstueen De12 and 0,18 as percent lectic escide
A similer venoe 4n the values 5P titratable esidity of
goet milk has been reported by Perkash and Jenness
{ 1968 ), Houever, thsre §8 no report in litereture
Por tha effect of heat treatment on the titretable
seidity of goat milke But Crimbleby ( 1954 ) in his
studies on cow milk reported thet the titratable acidity
incressed due to hest treetment, The resson for this
increese was ettributed tc a part of the lactose coabi-
ning with protsinc andd this protein lactosc ccmbination
being respensible for a part of the increessecd titretable
scidity in hestad milk,
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5.4 pH OF GOAT MILKy

The deta obtained on the pH values of gost milk
a8 8 redult of various heat treatments is shoyn in
table 4 (A), It is observed that raw gost milk on
an average hes got a pH of 6,57, The pH is very sli-
ghtly decreased due to pasteurization of milke Boiling
and simmering bring sbout a noticable decrease in pH,
the average values being 6,452 and 6,406, The decrease
in pH of milk begomes prominent ( 5.04% ) due to

sterilization, the average velue decreasing to 6.195
from an origingl vaelue of 6.57.

The valuses of pH for individual milk samples
are presanted in Appendix Table = 4, The results are
statistically analysed as given in table 4 (B), The
change in the pN of milk on pasteurization is not
ugnlﬂ.cant‘. The decrease in pH is, hovever, signifi-
cant at 1X level in the csse of just boiling, simmering
and stepilization of milk. Setueen the methods of heating,
the decrense in pH is insignificant except betuessn
simmering end sterilization,

Vardous workers like Gamble st al ( 1939 ),
Trout ( 1541 ), Oharmarajan gt al ( 1954 ), Rao and
Dastur ( 1956 ) end Parkesh and Puri ( 1960 ) have
examined the pH value for rau goat milks., The ranges
of values reported by them are slmost similar to our



TABLE = 4 (A)

pH_VALUE OF COAT MILK AT DIFFCALNT ME T T i IMiNT
S1, Naturs of No. of pH Vplue 7 age
No, Heet troa- milk TFInimum Mexdmum Averone decr: ose

tment, sanples
1s  Rew milk 15 6,41 6.70 6,570 -
20 paat. bv 15 6.3° 6;70 6.502 0033
Holding
. 8 HTSY Past. 15 6,38 6409 64489 0,53
4 Just boiling 15 €36 6459 6.452 1.10
S. Simmering 15 6432 €450 6,406  1.80
6e Sterilizaticn 18 6,01 639 6.155 S.04
TABLE -4 (B)
AHALYZ IS OF VARIANCE TABLE
Sources of Degree Sum of Mean sun Ve Vnlue
variation of square of
frecdom square
l o 3

Batueen 14 0.408682497 0©0,.02919158%% 11.0767273

blooks

L 2

Betueen S 1.09608888 0,219297776 83.1820422

t.rmatments
Error 7 0.18447788 0,00263539785
Total 89 1,6892489

#* » Sionificant uith 1% level,
Critical cdifference = 0,049862
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findings in the present investigstion, No uworker

has repoarted the effect of heat trestmunts on the pH
values of noat milk, However Subhesh Chandra ( 1974 )
cbasrved @ slight decreese in the pH velues of cow and

buffalo milk due to hesting, Our results, though on
goat milk, slso chou a similar trand.

548 AT, SPE A A AL 8 £
OF COAY MILKs

Though no chenge is expected in fot and total
solids as a reault of hest treatmcnt of milk, but the
study uss conducted to have an idea sbout the quslity
of milk ( uith respect to its solids content ) being

studied for its physico~chemical characteristice as
affected by heat treatment,

The chservations recorded on fat, specific
grevity and total solids of gost milk are shoun in
Tables = S, 6 and 7 respectively. The individusl
valuss for various milk samples have besn presented
in Appendix Tables -~ 8, 6 and 7, It is evident from
the results that there is no change in fat, spesifis
oravity and totel solids of milk ss a result of pasteu~
rizstion, boiling, simering end sterilizstion, A very
slight incresse hes, houwever, been noted in specifis
orsvity and totsl solids of milk in the cese of -/lpuln

2

AL

L

%

~
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JABLE = 8

AT CONT OF CORT |

AT DIFFLREN

HEAT TRESTMENT

S1,

o~

Hature of No, of at ne 4 ane

No, Heat tree~ milk M nimum ﬁsﬁaum Averege difference
tmente samples

e Raw milk 15 3.0 4.5 4,00 -

26 Pagst, by 13 3.0 4,5 3.99 0«28
Holding

3o  HeTeSoTe 15 3.0 4.5 3,99 0.25
Past.

4. Junt boiling 18 3.0 445 3.58 050

Se Simmeping 15 209 4.5 3.98 0«50

6, Sterilization 15 3.0 4,58 4,00 -




JABLE - 6
SPECIFIC GRAVITY OF GDAT MILK AT
DIFFERENT MEAT TREATRENT
:If. n-tun of No, of SPECIFIC_GRAVITY £ age
% t::é"” :ﬁ::ln Minimum Maximum Average imcresse
IS Raw milk 13 1.,0300 1.0332 11,0347 -
2. Past 5 0300 1.0333  1.0318 043
& "Olﬂil':y : | 1 1« 1 1 @
3. HeTaBsTo 15  1.,0300 1.0333  1,0318 0.3
plﬂto
4, Just boiling 18 1.0300 14,0333 1.0399 0.6
5S¢ Simmerimg 15 14,0300 1.0336 1.0320 0.9
6, Sterilization 15 1.0300 1.0336 14,0320 0.9

.l
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JABLE - 7

JOYAL $OLID CONTENT OF GOAT MILK AT

DIFFERENT HEAT TREATMENT

Sle Nature of No. of otal 5ol % age

No, Heat trea= Milk Minimum Maximum Average increase
tment, samples

1. Ray milk 15 11240 13.790 12,878 -

2, Past, by 1% 11,240 13,790 12,880 0,015
Holding

3e WQTQP-‘.T‘. 15 11240 13,790 12,878 =
Past,

4, Just bﬁ‘l‘ﬂﬂ 15 11,315 13.780 12,837 0.069

S Simmering 15 11220 13,840 12,895 0.132

6e Sterflizetion 15 11,290 13,840 12,940 0.481
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and sterilizetion, ocbeviously because a little evapo=-

ration of water takes place during these processes.

Dur data in table S shous a minimum fat pere
centege of 3,0% and a maximum of 4.5%, uith an average
Pst aontent of 4,0% 4in goat milke A few workers have
reportod the fat content of goat milk including Indian
bresds of goats. FMittal and Pandey ( 1971 ) observed
the fat content of Barbari and Jammepuri goats to be

67 and Se12 reepectively. Cheng and Kim ( 1978 )
reported e ramge of 2,3 = 4,7% of fPat in Saanen goat
milks, Agraval and Bhattecharya (1978) reported e fat
content, of 3,83, 4,66 and 4,92% for Blask Bengal.,
Barbari nannies, and Black Bengal x Barhsri nannies
bresds respectively, Our findings on fat content rese-
mble yith the above uorkers teking into ascount that fat
content varies due to different breeda and regions.

The average value of specific gravity for goat
milk ( table = 6 ) in the present investigation was
found to be 1.039%. Sirry and Hassan ( 1954 ) reported
specific grevity of 1.,0262 to 1.036€ for goat milk,
Jenness and Patton ( 1959 ) stated that specific gravity
of gost milk varies dus to varietion in Pat content,
temperature of milk and the method of measurement.
Perkash end Jonness ( 1968 ) reported o wide variation



renging from 14026 to 1.042 in the specific graovity
of goat milk for individual breeds and different
lectation period, Our results are in close agreenent
vith these workers coneidering the factors ( like fat

contant, breed and lactation period ete. )s responsi-
ble Por the variation in specific gravity of goat

milice

Whitsker gt al ( 1927 ) and Wegener ( 1953 )
observed vartually no change in the specific gravity
of cow milk on heating above 48°C, But Short ( 1955 )
reported a pronounced increase in the specific gravity
of cow milk on heating from 40-90°C, In the present
vwork a slight increase of 0.3% in specific grzvity vas
observed dus to pasteurizati-n of goat milke Belling
Ancressed the value by 0,6% uherees both simmering and
sterilization resulted in an increase of 0.9% vhieh by
all means §s almost insignificante

Table = 7 reveals an aversge value of 12,878%
of total solids in goet milke The increase in total
solids due to even a sevire hest treatment like
simmering and sterilization is very small and insig=
nificant as stated sarlier as well,

§,6 JOTAL REDUCING CAPACITY (TRC ) OF GUAY MILK:
Table « 8 (R) indicates the values of total

redusing capacity ( expressed as mg. cysteine HEl/wt.
af milk ) of gait milk and its changes dus to different
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JABLE -8 (A)
JOTAL REDUCINC CAPACITY (TRC) OF GOAY MILK

AT DIFFERENT HEAT TREATMEN]

81, Nature of No, of
Noe heat tres~ milk

TRC in mgss of cysteine % age

taark [} increase
. SamPles winimim Maximum Average
1e Reu milk 18 0,225 0.445 0,310 -
2. Past, w 15 0.22% D465 0,318 2,58
Holding
3. HoeTeSe T, 15 0,250 0.475 0327 5.48
Pl.t)o
4 Just bofiling 1S 0,260 0,485 0.342 10.32
S, Simmering 15 0,260 0,557 0,364 17.81
6e Sterilizetion 15 0,625 1250 0.804 191.64
AB B8

ANALYSIS OF VARIANCE TABLE
$ surce of Dsgrea Sum of Rean sum Fe Yalue
varistion of sguare of

freedom square
%

Betueen 14 0.933628482 0,0666877487 8.60316734
blocks &6
Sstuvesn 8 4,11152912 0.,822304224 106.082766
trestmonts
Error 70 0.5426074%7 0,007781834S3

Total 89

$.58775702

** = Sggnificant in 1% level.
Critical difference = 0,0855¢
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heat treatmontas The asverage value of 0,310 increacsad

to 0,327 and 0.342 due 40 HeT.S5,T, pasteurization and
Just boiling of milke The incresse uwas slightly more
upon simmering ( value, 0,364 ) vhersss due to steri-
lization the increass uyas about three folde The trend
of increaszs in the TRC values due to variws heat
troatments hgs also been exhibited in the figure
attached,

The individual values on TRC Por the different
samples have been given in Appendix Table « 8¢ On
etatistical analysis ( Table 8«8 ), it is ochserved
that the increase in TRC due to hesting is not sinni-
ficant in all other processes except sterilization
wvherein the increass is significent at 1% level, Among
the heat treatments, the increase in TRC is signi~
ficant only betuesn simmering and sterilization of
milke

No uyork: is traceable in literature on the
effest of heat treatment of goat milk on its totsl
redueing capacity,

Housver, ssveral workers s already stated
under the chepter 2,0 have observed an increase in
the TRC af cow and buffalo milke vhen these are

subjected to various hrat treetments, In the present
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inuvestigetion on nont nilk we hove observed o cimilarp

incresne in TRC of noot milk nr a2 result aof heot
tre-tme nt'.

Joginder Singh gt g) (1970) examined the TRC
of raw goat milk and reported an average velue of 0.307

expreesed as mg oystaine H€l/ml, of milke Their value

is slightly lower than our findings in the present

investigetion, Thi= differenceg is abviously cue to

the veristion in the breed of the animels and may also

(:.'(-I el
be due to other factors like lactution period cndZuhich

affect the composition of milk,

Se7 THIOBARBUTARIC ( TBA_) ACIN OF GOAT_MILKS

The results on TBA valuce of qoat mi'k have

been presented in table 9 (A)e The deta reveals that

there {8 only a slight incrrese in the TOA unlues
exprassed es absorbance at 443 mp vhen milk is
paatourlzadi The increase i» more than one snd & holf
times dus to boiling and simmering of milke The
sterilization of milk has shoyn about four times
increase in the absorbance values, as the orioinal
value of reu milk incrsssed from D.D37 to 0.144 upon
sterilizations The findinoe have glso been presented
graphically in the etteashed Figure and steep rise in
the valuee is svident from the graph when milk is
gtorilized,
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JABLE » 9 (A)

JHIOBARBUTARIC ACID (TBA) VALUE IN ABS ORBANCE OF

GOAY MILK AT DIFFERENT HEAT TSRE. TMENT

Sle Nature of No, of BA_valug
No, Heat trea= Iiik ! e

tment, samples Minimm Maximum Average e,

e Rau milk 15 o;cso 0,050 0.037 -

2. Past, by 15 0.0S0 0,050 0,040 8.108
Holding

3& HQT.;’; .T. 15 UQBS 0.5‘ 0.“3 16.216
Past3

4. Jyst boiling 1S 0.040 0,075  0.052 40,54

Se Simmering 15 0,045 0.090 0.061 64,864
6s Sterilizstion 15 0.120 0,170 C.144 289.189
TABLUL « H

ANALYSIS OF ARY+WCE Ti8LE

Sources of Oegres Sum of Fean sum Fo Velue
varietion of square of
freedom souzre
L 2 4

Betueen 14 0,00566522221 0,000404653729 6.6589774C

blocks -
Betveen S 0,124403555 0. 0248-CTM11 £1C,.Ca651C

treatments

Error 70 0.00424744445 C.000DSOETTTT IS
Total 89 0O, 13016222

** 4 Significznce in 15 lewel,
Critisal difference = G, DE7S6E
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Appendix Teble = 9 shous the TBA values of
the individual goat milk samples, The data ues analysed
stetistically as shoun &n Table - 9 (B). The increase
in TBA values dus to pasteurization of milk is not
significant, Byt the increase bscome significent at
1% lavel in the subsequant operations of just boiling,
simmering and sterilizetion. Among the treatments,
the fnoremse is not significent betueen the methods of

pesteurization but it 4 signifident betueen all other
heat trestments,

Since sterilization of milk involves a severe
heat treatment, a slight brounish colour glso appears
in the product aslonguith a cooked flawur development,
As S=hidroxy methyl furfural formed is an index of
colour and flavour, the values for sterilized milk uers
also expressed as micromole HMF/lit, of milke. The
individual values have been given in the Appendix
Table = 10. The HMF values for sterilization milk were
found to vary from 4,408 to 8,208 uith an average
of 86,2826,

Della Monica gt g} ( 1968 ) reperted that the
HMF formed during processing measurss the incidence of
hsat exposure of milk provided the slid contents of
milk to be analysed is kept conetant. They observed
that the totsl HAF golour is a function of the solids
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content of milk, uith high solids yielding more colour,
Semuelson ond Nighsen ( 1970 ) reported thst HMF volues
exprosced es sbsorbance at 443 my for UHT treated cow
milk were betuesn 0,07 « 0,09 and for 4n bottle steri-
lized milk betueen D.16 - 0.24, The rosults in our
present investigation for sterilized milk vary bstueen
0128 « 0,470 with an average of 0,144, expressed as
absorbance, Our slightly lower values than the above
authors can be sttributed to the compositional differen-
ces between the cou and goat milkes or e lesser heat

treatment glven 4in our experiment,.

R 2R BE R



CHAPTER VI

- ® e e e oo 6e

PR R X

w

$ UMMARY




6.0 SUMMARY

61 The importance of the present investination

hes been high=lighted in the chapters on Introduction

( 10 ) and Spope of work ( 3.0 )« The various aspects
of work done earlier by different authors has besn
revisued in the chepter ( 2,0 ) on the physico=
chenical charscteristics of goat milk as affected by
heat treatments viz, pssteurization by Holding end
HoTeSeTs methods, Just Bniling, Simmering end
Sterilization,

6e2 Samples of gost milk were obtained from the
gost herd ( Saanen, Beetal, Alpine, Sasnen x Beetal x
Alpine, Saenen x Bretal, Beetal x Alpine cross bred
goets ) maintained at the Ipnstitute fFarme The various
heat treatments to goat milk uere subjected in the
Dairy Technology Division,

63 Pasteurization by Holding method uas carried
out at 63 = 63,5°% for 30 minutes and Por HeTeS.Te
method at 71,5 = 72.0°C ror 45 seconds, For just
boiling, milk wee brought to boil momentarily without
any holdinge In the case of simmering, milk uas

first brought to boil snd then simmered at 95°C

for 3 minutes, For sterilizetion, a steem pressure of
15 paig ( 121°C ) ues employed Por 15 minutes, All
thease heat treated milk samples were allouwpd to cool
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and examined in duplicate for their physico=chemical
properties, viz. Viscosity, Curd tension, Acidity
and pH, Fat content, Specific gravity, Total solids

content, Total reducing cepacity and Thichsrbutaric
acid,

Ge4 Viscosity of goet milk was meceured by

Dstuuld?s viscometery Curd tension by Teneciameiric
method after coeguletion with rennetg Acicity, pH, Fat,
Specific gravity end total solide by ISY methodsg
Totsl reducing capacity by fcid ferricyanide method
end TBA veluss by Kennay and Bassette methods

6.5 Viscosity of goat milk was ohserved to increase
vhen ray milk vas subjected to hect treatment, the
increase boing more with a higher heat treatment,

The increase in viscosity uns found to be the saximum
when hest trestment uye: nevers as in the gase of
sterilization,

Gob Curd tension of goat milk vas foum to
desresse with the increase in hoat treatment to milke
The degresse in curd tension ues maximm in the case
of sterilized nili,

§,7 Asidity of goat milk vas not agfected vhen
rau milk vas pasteurized by Holding and HeTeSeTe



methods, There wes no significent increase in ascidity
vhen milk ves just boiled, but the increase became

progressively significent on simmering snd sterilizetion
of milk,

68 pH of goast milk uas observed to decrease slouly
a8 rew milic yas heated to pasteurization, boiling and
simmering, The dacrease in pH uzs comparatively

more in the sase of sterilization,

6.9 Spacific gravity, fet and total solids of goat

milk were not affected due to heat treatment as expected,
Hovever, total solids wvere increessd slightly on simmering
and storilization of milk because of some uater

evaporction,

610 Total redusing capacity of goat milk ues observed
to incresse as a result of heat trestment, The incresse
was very little on pasteurization, followed by boiling
and simmering of milk, The total reducing capacity of
milk yas found to increees by about thres fold on
sterilization,

6,11 TEA veluvs of milk wvere found to increase
slichtly as & result of boiling and simmerimn, Houever,
in the cose of sterilization the increese in TBA

values = of milk beceme significant,

® % &8
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APPENDIX TABLE NO - ¢

EFFECT OF DIFFERENT MEAT TREATMENTS ON THE VISCBITY
IN_CENTIPOISC OF GOAT MILK

Sample Rau Milk _ Pastourised Milk Just Sotling  Siwuwering Sterilization
W Molding  HeTeSeTe (95°C/5 mtsd) ( 121°C/15 mts.)
‘ methad method

e 2.0394 241567 202145 242763 2.4102 2,5544

2. 2.0713 241203 241926 22579 2.3894 2.4745

s. 1.7939 241095 241120 2.2599 23069 2.3394

4. 1.9390 2.1301 2.1309 2,2631 2.3022 2.3163

S. 2.09994 242145 22351 2.3484 24102 2.6883

6o 147402 1,802 2.0110 230351 23634 2.3936

7. 1.8210 21035 242654 22904 2.3100 243765

8. 149345 242100 2.2394 242651 242994 243835

9. 1.8645 1.9932 2.0934 242324 2.3012 243346

10, 2.0032 241625 242236 243067 23770 25341

1. 1.8146 2.1273 202205 2.2830 2 3036 2.4104

12, 144523 145759 16583 146789 1.7410 2.5750

13, 1.6342 1 46845 1.7904 1.9036 1.9974 26320

14, 1.4390 1.5040 145865 1.6734 148567 2.5445

15. 1.8049 1.8634 1.9239 1.9706 20313 2.7354
Average 1.0300 149830 2.,0593 241541 2 42265 244864



APPENDIX TASLE NO-2,
EFFECT OF OXFFERENY HEAT TREATMENTS ON THE CURD

TJENSI N ( CM,) OF GOAT MILK

Sample Rew Milk Pgsteuripe Just Boiling Simmerimn Sterilimtion
e Holding HeTeSeTe (95°c/3 wts.) (121%C/15 =ts.)
mathod method

e 38.40 36.84 32.00 30.04 27.50 15.00

2. 34,84 30,00 30,00 27.24 25 o30 17.50

. 36.60 37.00 30,20 30.14 27.34 18.40

4, 34.44 30,00 29.32 27.00 26.84 14.20

Se 38.24 36400 30.40 28.40 25.12 13.50

6. 39.40 35.48 32.50 25,50 22465 15.48

7. 41,48 36428 33.16 30,00 2724 14.44

8. 48 .42 48.42 43.22 27.62 26.58 1514

9. 37.00 34.30 30.60 25 33 24,43 13.02

10, 43.00 39,00 36450 27+65 24,50 16,00

M. 41.50 38,00 36.70 30,90 24.00 14.80

12 40,00 36,00 34,00 26429 19.00 15.10

13. 41,20 37044 30,80 26460 23 .42 13.06

14. 42.60 40,20 37042 29,04 25450 15.20

15. 40,55 38.42 34.60 27430 32493 14,00
Average  39.85 364689 3343 27.94 25 «49 14,99



APPENDIX TABLE NO = 3

Ff OF DIFFERENT HEA CATHEN HE ATADLE
NnCIDITY (EXPRESSED AS LAZTIGC ACID)
OF_GOAT RILK

:"91' Rav Milk __Pesteuriced M{ik Just Boiling Simmcring Sterilization
Oe Holding HeTe5eTe ( 959/3 mts.) (1219C/15 =mts.)
me thod method

1. 0.14 0.14 014 0.15 Ce15 0.17

, 0.12 012 012 012 0.13 0.15

3. 0.14 0.14 Cetd Oe14 Cot4 0e16

4. 0.18 0.15 Ce1S Ce1S 0.16 0.19

Se 0.13 0.4 0.13 D.14 0.158 Ced 7

6o 0.14 D.14 0.14 0.15 0.16 0.18

T 0.17 0.17 0.17 Ce17 Ce17 0.19

8e 0.15 De15 015 0.15 0.16 0.t7

9, 013 0.13 0e13 0e13 0et3 0e16

10. 0.16 0.16 0416 C.16 0.7 0415

1. 0.17 0.47 0.17 0.18 0.18 0.2C

12: 00"7 0.17 0017 0.17 0-19 002c

13. 0.18 0.18 0.18 C.18 0.49 0.29

14. 0.14 0.15 De.14 0e15 De15 D.16

15, 013 0.13 013 0e13 0.14 .15

Averrge 0.148 0.149 0.148 0.151 0,458 0.176



APPENDIX _TABLE NO = 4
EFFECT_OF DIFFERENT HEAT TREATMENTS ON_THE pH VALUE OF GOAY MILK,

::!Dls Rauy Milk —-Pesteurised Miik _  Just Boiling  Siumering Sterilization
o O O
::%ggsg 2;:;237. (95°C/3 wtse) (421°C/15 mtse)
1 Y 642 6 +42 640 6.4C 6427
2 6445 6444 6042 64368 Ge32 615
3. 6.51 6450 6448 646 639 612
4. 6452 6049 6 +49 646 630 6401
S. 6470 6470 6469 6459 6ed4 6420
6. 6 +55 6459 6456 6 .48 633 6407
: 6460 6458 6.56 650 6eS0 639
8. 641 638 6438 636 6e34 616
g, 6448 6446 6.46 € .42 6.42 Ge29
10, 6450 6 .48 6.46 641 6440 6.18
11, 6.60 6458 6.54 650 6450 6439
12. 641 6430 6438 6436 6e34 6.06
13. 648 6«45 6oAd 6 042 6+42 6.09
14, 6454 6452 6450 6650 6450 6.20
1S, 6457 6.56 6 56 654 6450 6426
6ed1 6420

Average 6.57 650 649 6 +45



EFFECT OF OIFFERENT HEAY JREATMENTS ON_THME FAY CONTENT OF

APPENDIX TABLE NO = §

GOAT MILK
:anpla Rew Milk Pastgurised Milk Just Boiling Simmering Sterilization
We Holding HeTeSeTe (95%C/3 mtee) (121°C/15 mts.)
me thod me thod
T 3.00 3.00 3.00 3.00 2.90 3.00
26 3.10 3.10 3.10 3410 310 3.10
e 4.50 4.40 4,40 4,40 4.50 4,50
4. 4.00 4,00 4.00 3.95 4,00 4,00
S. 4.10 4.80 4,00 4.10 4410 4,10
6o 4.00 4,00 4,00 4,00 3.90 4,00
7. 3.70 3.70 3.70 3.70 3.70 3.70
8. 4,00 4.00 4,00 3495 3490 4.00
9. 3.90 3.90 3,90 3 .85 3.90 3.80
10, 4,30 4,30 4,30 4,30 4420 4,30
1. 4,20 4420 4,20 4.15 4.20 4,20
12. 4,00 4.00 4,00 4.00 4,00 4.00
13. 4,50 4,50 4,50 4,45 4 ¢50 4,50
14. 4,50 4.50 4 .45 4,50 4 .45 4,50
15. 4,30 4.30 4.30 4,30 4430 4,30
Aversge 4,00 3.99 3099 3,98 3.98 4,00



AP ENDIX TABLE MO = £,

EFFECT_OF DIFFERENT HEAT TREATMENTS ON THL SPLCIFIC
GRAVITY OF GOAT MILK

zzlplo Ray Milk P sed Kk Just Boiling Simmering Sterilization
A 5 ] O
2::::39 2;;'-3% (95°C/3 mte.) (121°C/15 mts.)

1. 1.0300 1.0300 1.0300 1.0303 1 .0304 1.0302

2. 1.0320 %0320 1.0320 1.0320 1.03521 1.0322

3. 1.0315 1.0319 1.0319 1.0319 1.0320 1.0320

4. 1.0310 1.0340 1.0310 103114 1.0310 1.0310

S. 1.0320 1.0325 1.0325 1.0325 1.0325 1.0822

6. 1.0320 1.0322 1.0322 1.0324 140325 1.0325

1.0320 140320 1.0320 10322 1.0322 1.0320

8. 1.0318 1.0318 1.0318 1.0319 1.0320 1.0320

9, 1.0317 1.0317 1.0318 1.0320 1.0321 1.0324

10, 1.0332 1.0333 1.0333 1.0333 1.0336 1.0336

1. 10334 1.0331 1.0331 1.0332 1.0332 1.0332

12, 10331 1.0331 10339 1.03314 1.0331 1.0332

93, 1.0330 1.0330 10330 1.0332 10332 1.0332

14, 1.0300 1.0300 1.0300 10300 14,0300 1.0300

15, 1.0305 1.0306 1.0306 1.0304 1.0302 1.0303
1.0317 1.0318 1.0318 1.0319 1.0320 1.0320

Aversne



APPENDIX TABLE NO = %,

EFFCCT OF DIFFERENT MEAY TREATMENTS ON_THE TOTAL
SOLIDS CONTENT OF GOAT MILK

gﬂnplo Raw Milk —Pepteurised Milk = Just Boiling Simmering Sterilization
i Holding HeTeSoTe (95°C/s mtes) (3219C/15 mts.)
sothod mcthod
11.240 114240 11 .240 114315 114220 11.290
2. 11860 11 «860 11.860 11860 11.880 11.910
3. 13.415 13395 134395 134395 13.540 134540
4, 12.690 12.690 12.080 124590 12.690 12,690
Se 13.060 13,060 13,065 13.185 13.185 13.110
6o 12,940 12.965 12,965 13.040 12,945 13 .065
' 12.580 12,580 12,580 12.630 12630 12.580
8. 12.890 12,890 12.890 12.855 12.820 12.940
9. 124745 12745 12,770 12.760 12.845 12.800
10, 134600 134600 134600 134600 134580 13.700
1. 13 4455 13 .455 13455 13.420 13480 13.480
12. 5174840 124940 12.940 12.940 12.940 13240
13. 13.790 13.790 13.790 13.780 13.840 13840
14, 13.040 13,040 12.990 13,040 124980 13040
15. 12,925 124950 12,950 12,900 12,850 12.875
Averenoe 12.878 12.880 12.878 12.887 12.895 12,940



APPENDIX TABLE NO - 8

EFFECT_OF DIFFERENT MEAT TREATMENTS ON_THE TOTAL REDUCING

CAPACITY (EXPRESSED_AS molCY"TINE HCl/g. MILK)

OF _GOAT_NILK

Sagple Raw Milk Pasteurised Milk Just Boiling Simmering Sterilization
No. Holding HoeTeSeTe (95°C/3 mtees) (121°C/15 mts.)
method method

e 0.390 0,400 04425 0.445 0.465 14250

2. 0,360 0.375 0.385 0.410 04450 1.187

T, 0,445 0,465 0.47S 0.485 0,557 14650

4, 0,230 0,290 D.320 0.340 0,360 0,900

S. 04305 0,390 0.405 0425 0e445 0,950

6. 0.260 0.260 0.270 0.300 04330 0.900

Te 0.200 04290 0,300 0310 00330 0.825

g, 0,300 0.315 0.315 0,320 0.340 0.800

9, 0270 0,270 0.280 0,300 0,340 04700

10. 0.235 0.250 0.250 0,270 0.280 0,650

11, 0.225 04225 04250 0,260 04260 0650

12. 0e257 0.250 04250 0.260 0.280 0.625

1%, 0,325 0330 0,330 0.345 04350 0.775

14, 0,260 0,260 0.260 04270 04300 0,700

15, 0,385 0,400 0,400 0.400 0.415 1.000

Average 0,310 0.318 0.327 0,342 0.364 0.904



APPENDIX TABLE NO, - 9

EFFECT OF DIFFERENT HEAT TRLTMEMTS ON THE TDA VALUES

(EXPHESSED AS_OPTICAL DEMSITY) f GOAT MILKe

Semple Raw Milk Pastgurisaed Milk Just Boiling Simmering Sterilization
- Holding HeTeSeTe (95%C/3 mts.) (1219C/15 mte.)
method mothod

%o 0.050 0,052 0,054 0059 0,070 0.%4

26 0,045 0,060 0.05% 0,070 0.075 0.14

3. 0.035 0.3S 0,735 0,045 0.048 0.7

4, 0,040 C.050 0.050 De060 D085 016

Se 0.035 0.035 0.N35 OeN4S 0.065 0.13

6o 0,045 0,050 0,070 0,075 3.000 C.14

7o 0.030 0.035 0. 035 0,045 0.050 0.1S

‘B 0,030 0.035 0. 035 NeN40 2.048 3a12

9. 0.040 0,040 0.045 0,055 2. 065 0.17

10, 0.030 0.035 N.N40 N0S0 0,050 2.43

1. 0,050 0.060 N.050 N.055 0085 V.16

126 g.02" 0,030 N, N3% N.040 0045 Ue14

13, 0.035 0,035 N, 040 0,045 C.080 U.43

14. 0.020 0,038 NeNMS 0,050 0. 065 U984

15, 0,040 0,040 0,045 0,060 0.070 0.15

Average 0,037 0,040 0043 0.052 0.061 O.14



APPENDIX TRBLE = 10

EFFECT_OF STERILIZATION ON TBA VALUE IN MICROMOLE
HAF PER LITs OF GOAT MILK

Noe of milk Sterilization
samples, ( at 15 psig/15 minutes)
1 S.928
2. 5.928
.. 3,208
' 7.448
Se 54168
§a 5.928
6.688
8, 4.408
S, 8.208
10 S5.168
1. Te448
124 5.928
13. S.10
14. S.928
15, 6.688
Avercgse 6.2826,
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