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INTRODUCTION



INTRODUCTION

A great part of tha~worla‘haa goat; water buffnlo,
sheep and comel 0s the milking animal pathor than the cows
The world areas where thege species coatribute to the
davelopnant of dairyinz include th@‘ﬁeﬁ&tevranean,'Scuth
West Asla, India and Eastera Burope (Kosikowsikl, 1973).
Shecp and soats are renocwned for their adaptability to

thrive in pleces of scanty vagetation.

Avcording to FAQ Production Year Beook (1930), cows,
buffalocs and goats in India c@ntributeﬁ 130, 7.0 and

0,93 aillion metric tonnes of milk rospectivelys

The gesat population in India is increasing at the rate
of one million par year, inspite of the lack of nuch
developmental programmes for this species (Taneja, 1979).
Tha tra@i@ﬁ contribute about 79.0 per cent (310 aillion)
towards the total world population of about 445 million
goate (FAD, 1972). Out of the 71 million goats in India,
Rercla alone possesses 1.685 million goats which forma about

1.0 por cont of the total mumber of livestock in the Stato.

Aac@?ﬁiﬂg t0 an Enmegraﬁeﬁ survay; the quantisy of aill
produced by goots wag estizated as 0.50 lakh motric tonacs
whlch was aboubt 7.0 per ceat of thoe total miik_praducedvby

cattio, buffaleos anl goabs in the 3tate.
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In recent yearsy the progressive foraulation of
various developaental activiiies in our country has laid
great importance oa the nilk production potential of GOEts .
The present trend in this regard is to produce conteaporary
purc-bred locals and cross-breds with exotic breeds like
Saenen and Alpine depending on location and rejquirements

( Bhammzosundarsn, 1930).

One of the maln objectives of the 'ALl India Coordie-
nated Research Project on Goats for Milk' is to evolve a
broed of goat suibable fop the agro-clinmatic comditions
provalont in Kerala, end capable of producing groator
quantities of milk by cross brecding the native Malabori

goats of Korala with axotic brecds such as Alpine and Saanen,

In India goats milk 4is, in gencral, considered inforidar
to cows® or buffaloes’ milk, and is used entirely for
poverage purpeses. On the contrary, the menufacture of
products from goats! milk is quite substantial im Burope.
In Spaln, goata' milk represents 1.0 per cont of the nilk
used for cheege peking and that in Greece nearly 3.0 per
cents  In France, cubt of the total 273.4 million litrves of
goats' milk that are being producad in an year, about 53.0
per cent is used for cheeae and 10,0 por cent for beverages
and drying. Ia the USBA where there is no dearth of cows!

millt, the ailk of goats finds a market due to its superiority



in nubritional 3uality or supposed value as a source of
milk for individuals who are allergic 4o the proteins of

cows? milk (Prakash and Jemess, 1953).

Several methods have been developed to preserve nili
in one or the other form eg., condeased milk, dried milk,
formenced milk and cheosc.  Among these, cheess is probably
the oldest and wost populor product memfactured fron Dill.
The word Pchoese? has been deprived from the Latia word
feagoup¥, Choese is a peoduct made frow the curd cbtuinad
fron nmilk By coagulating the caseln with the help of
'reﬂn"* or slodlor enzyags in the presenge of lastie acid
produced by added or sdventitious microorganisms, from
which part of the molshture has been roemoved by‘cuﬁt’ng,
cockting and/for prossing, which hes been shaped in a nowdd
and th@n ripenad by holding 1t for some time ab sultable

tenperature and hum&diwy {Davig, 1963).

The type of chocso produced in Buropean cauntries‘ahe§cd
considerable regienal differentes. [n course of %imo, corholin
regions bocame known for aarﬁ&in.v&éieties af chioasa o3,
Franse for Roguefart; Switzerlond for Swiss, England for
Cheddar adl Stilton, Holland for Goude and Hdam ete. Besides
ﬁhege, other variaties like Brfak,_ﬂamegb rty Limburger,
Romano, Cream cheese, Neufomaitsl, cottage, Trappist, Sluo

vain and whey chocse are alse widoly known.
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Cheose can casily be snade on a small gcale in the farp
and on @ larger soale in a plant, 1% can be made using

simple household utensils or by mesns of automated eguipmeniie

According o De (1930), Cheddar cheese is probably the
vest inown cheese in the world. The bulk of the checse

producsd in Indie is of the chedday type.

Goats' milk in many ways resembles cows! mllls oad it
ﬁsuaily:@:eaucea a white cheest. In ripesned goatst milk
cheesey o different flavour is obbal ned becaise of the
difference in the coupogition of Lfatty acidg botween cows!
and goats! milk. maﬁy varieties of cheese can be namufacturcd
£rom goats’ ailk in the hone and iu the fara,; adopting tho

same procedures ag those employed for cows' milk cheocse.

For the economic exploibation of the additional quantitico
of milk that may bogome available ag a result of ¢rosa<broeding
apd improvenent ih feeding and menagoanent practicss, it
bocones neceazary o find out suitable mg@h@ds of converting
pilk into preducts that are 2aslly acceptable for human
consunption. Attempts were mede at the Nationnl Dairy Ressorch
Ingtitute, Kerenal to manufacture Khoa and Channa, both

iadigencua products, £rom goata® nilk (Jailkpani and Da, V973 «

The technolozy relating to the asnufacture, curiag amd

keoping quality of cheese from 5oaﬁs§ milk is felativaly
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scanby in India. The prasead study has beon wderbulten to
indicate tae procedures that aro necessary for the produchw
lon of & hard ripened variety of émeaa@ from goata' milk,
the cnanzes thal oceur during the curing process and the
shelf 1life of Lhe product, Outlining the procedurss for chiooso
making will enable one to malke cheeso at home or in the fara,
Avtenpts will also be mede $o compare t&é soatst milk

cheose with that of cows' milk produced in a similar way.



REVIEW OF LITERATURE
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RENIGY OF LICHRATURE

Chooge is & vory nubritious and palatable £ood consisting
of cagdein, fétg insoluble asalis, noisture, %o a amaller axtboad
whay pée%aims, lactosae, soluble salis and other ninor nill
constituents. The samifacture of cheese ai?a at coacentrating
the esseutial solids of milk, Although more than 400 verdetics
of ch@esa.aye degerived under varlous aames.,praéably thare
are only about 18 distinet vopleties of natural choese

{sardors, 1953).

Cheage hag boon ¢lassificd on the bosis of firmnoss
{moisture content) and type of ripening inbo very hard, hord,
geml-soft or aoft; ripened by molds/bacteria ar‘mmfip&naa

vaprietics,

The milk of several mammols have been used for cheeSe
production, but cows'! milk hags baen most widely used. Shoop
- @millk is used to nake Roquefort is Franceo amd Brinsen in
Hungarye Spall onounts of mili are used from goats and

butfalecs 4in differont parts of the world (Foster of 8l.,1957).

The technical procedurces emploved in the making of
numerous voarieties of cheese from ¢ows' milk have boen deseribod
by several workers, but thogse rolating to goats' milk cheose

are rolatively scantys



2+1. Composition of goata! milk

©

Brcellent reviews on the topic have boen publishod by

Prakesh and Jenness {1963) and Jenness (1930) .
2.1,1, Hilk Fat

Wide variations have bean reported in the fat contont
of goaﬁs' milks In their rcview, Prakash and Jemness (1368)
have reported that the fat content of goats’ milk varied from

3,00 per ceht to 550 por cante

Nirnaelan and Nair (19562) analysed pooled samples of
nilk coellected from Malabari goats and roported a fat pers
centapge of 4.99 whercas, Devendra {(1973) got a value of 4,80

for the acng breod.

A very high fat percontage of 5.65 was reported by
Ueckermann gt al. (1974) in goats' milk, Mba ot al. (1973)
reported a value of 5,32 per cont in the milk of Saaanen gouts

at pid lactation.

A fat content of 2.81 per cent was reported by French
(1970) in the milk of Samnen goats, whereas Memd and Escandllia H
© (1977) obtained an average £at per cont of 4426, 4415 and

4,38 for Szanen, French Alpine and Nublian preeds respectively.

Quereshi et al. (1931) working on Jaanapari goats
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reported an averaza milk fat content of 4.70 per cent in

individual samploa and 4471 per cent in herd samples.

In a lactation study, Baiju {1931) reported an average
milk fat content of 6.29 1 0.8 apd 5.64 2 0.09 per cent in
‘ Aiéina X Melabari and Saanen X Halabard cross=brod goata-

ressectivel

Ztioav Hilk nrateiﬂs

D A A i

Studies by Ueckermann gf al. (1974) showed that the

protein content of Boer goats' milk was 3.05 per contbe

French (1970) cbtained a low value of 2,17 per cent
protein in the milk of Sasnen gonts while Chaeng and Kin (1973}
obtained 3,65 per cont in the same breed. Investigating &n
Australion Saanen goots, Ranawana and Kellaway (1977 a, 13?; B}
paported thet the milk protein value ranged from 4.01 to

heB1 par cont.’

¥ena and Lscamilia H (19?/) reporced the average protea¢
contunt of goats milk to be 3.94; 3.34 and 3,70 per cent for

Saanen, French Alping and Nublan breeds rospectively.

Quereshi gt al. (1979) found that the protein content of
‘individual and herd milk sanples in Jamnapari goats was 3.51

and 3.32 poer cont respectively.

Inwe&tigaming gh the milk of Malabari goats, Nirmalan
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and Nedir {1962) reported a total protein comtent of 4.04 pop

sent while Devendra (1979) found the volue to be 3.89 per ook,

The average orotein contont of the milk of Alpz.ne x Melobagd
and Sacnen X Malabari cross=pred gaa*‘ass wag reportad by Baiju

{1381) Yo be 440 2 0;03 and &.40 * 0,02 pear:caat reax}ecm@i@zg

2e 1-3: }':43."‘“{493

I ok v b S

" Lactase is tne chief carbohydrate of milk and it plays

an iaportant reole in fermented dairy products.

Ueckoraann _gs_g ake (1974) ‘cbtained a lactose contént ol
Ge12 por caub iri the milk of Boer goata. Ranawana and Kelloway
(1977a, ‘i‘i?’i"?h) studied the lactose contont in the nilk of
Austrelion Seanen gosts and reported a range of 4.85 to bre 05
per cent, whereas Frowh (1973) found @ value of 3.50 per

cent in tho milk of Ywiss Saanen goats.

in another study, Chang and Kim {1973) obtained a8 lastosd

gonters of 3.91 per cont in the milk of 5aancn goats.

The milk of British Alpine and Anglo-fublan goots wasg
found to contain 4.83 and 4.05 per cent lactose respectively

{Dovandra, 1972).

Working on the milk of Jamunapari goots Quereshi gt al.
(1921) reported a value of 3.05 per cent lactose. The averaje
value reported by hinm was identical for individual as well uo

herd milk samples.
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The milk of HMalabari goats was fagxnd 4o contain 5 10
per cent lactose (Wirmalan and Nair, 1262}, but Qevancma
(1973) could obtain a value of 4.11 per cent only in the swo
bread, -

Invesi;igaﬁaﬂ& by Baiju {1:‘9&31) revealed the average '
lactoge coantent of the milk of Alpine x Malebari goats to
De 4,05 1 0.08 per cent and Spanen x Malabari goats to bo

44056 1 0.02 per cente

251}!\"1 Aﬁh

dilk ash io kmown to contaln Potassium, Sodium, Magnesiwi,
Chilorine, Phosphorus and Sulphwe im r.,la*ux_wly largsr aRowits.

Snedl amounts of lron, Coppor, Zing, Aluminium, Manganooo,
Cobalt and Iodine and %.t*eced of Silicen, 3oron, Tibanium,

Vanadlug, Ruebidiun, Lithiua and Stroatium are also proscnt.
Besldes othor functions, scac of them are important in the

conguiation of milk by rennin.

The ash content in the millk of Boer goats was found to
be DeBY mer conk (Ua@lﬁamanm et ales 1974).

Devendra (1972) reported a value of 0,78 and 0.79 per com
agh in the milk of British Alpine émd Anglo-Nubian goats

respectivelys Similorly, Chang and Kim (1978) obtaincd a walao

of 0.78 por cent in the nilk of Sasnen goats.
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| The ash content in the milk of Jamnapari goats was Oaﬁf

per cend (Quereshi Qt 8l., 1981). Nirmalan and. Nadr (1962)
gtudied the ash content of Malabari goats' milk and rmport@&
a vaiue of 0.76 por cent while Devendra (1979) reported a

value of 0.83 par coent in the same breed.

The average ash content in the milk of Alpine x
¥alabari anﬁ Saanen x Halabari crogsebred goats was O, 776 %

0001 ard 0.782 + 0.007 per cent respectively (Baiju, 19¢1}

2¢20 Quality of milk for chesse making

The quality of milk has a profound effect on the quality
of the cheese made from ite The quality of milk is @ssossed
in relation to its composition, microbial load, physical
properties and ergancleptic characteristids. Van Slyke and
Price (1952) opined that the quality of milk is visible in
i%ts flevour, odour and appearance. Thus, only those batcnas
of milk that conform to high atandnrds are selected for choega
makings. It is necegsary that raw aillk for cheese makiing has
a vory low microbial flora in it. Meastitis milk, even if '
diluted in the factory by normel milk, prescnts potential dangen

of pathozgenss.

Woriking on Chedder cheese, Tittsler gt al., (1946) found
shat the bacteriological quallty of both rawv and pastourized

. milk wos an importent factor affecting the quality of cheeso.
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Bar milk hag been used for the manufacturce éf chease in
thae United Ringdom by sone milk produeers; in ouch sanll-’
geale in the regt of Eurbée, ahﬂrla?gely in.Asia'(Ch&ﬁmaﬂ«&aﬂ
Sharpe, §931). The sase warkers opined ﬁhaﬁ many Choese
makers conaidered unxraéﬁad @ilk to produce a more flavourful

chizosts

A number of research reports have shown that the floveur
quality of milk is roflected in £lavour dovelopuont Ln choeno
(Fyksen and Steiﬁahalt. 12743 Bakkena and Steinsholt, 19754
Baklie gt 8.y 1970)3 when a stron; flavoured milk wag procosiod,
it geve strongor Llavoured cheeses The intensity of the gooby
flavour'WGs highly correlated with the Lrog fultly aclds coasent

(Bakkcne and Sbeinsholi, 19753 Dakke et al., 1975).

According to Chapnan and Sharpe (f?ﬁ?).fth@ storage Gﬁ
chilled raw milk leod te the multiplication of paychrotrophs
argdl congauuent production of exﬁra~¢ellular lipages and
protelnases, particularly by Pseudononads, Achromobactor,

Aeinatobactor and Acromonaes.

Law ¢t al. (1376) found that efficient pastaurizasion

of milk at 72°C for 15 to 17 seconds greotly reduced the tokul
count of miérocrﬁaniaﬂs and added that the off-flavours produced
in cheose uade from pogteurized millk could possibily be duc to

the microbial omzymes that swvived pastourizaiion.
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he microbial enzyaoes hed the potential to affeot tho
processing properties of gilk adversely and to inpair tho |

quality of milk products {Lew, 1979).

Lipases caused rancidity in Swiss cheese (Pimheiro et Gleg
1955) 3 in Dutch irarieby (Dﬁia&ssen ond S‘cédhmudam, 1971} in
Cheddar cheese (Law gt ul., 1976) sud in Camembers (Dumousnd
gt al.y 1977).

Proteinages coused the lo8s of excesgive anounts of
nitrogen inte the whay of soft choese wmade from mlllk with
paychrotrophic counta of 1 06 (Feuillet ot gl., 1976), whoreas
with cheddar cheess, the losses of nitrogen into the whey,
éﬂsﬁ therefore the yield of cheese, wers not influenced by
ol

paychrotrophic counts of 107 colony foraming units por millie

litre (ofu nl™) in the raw nilk (Lav gt al., 1979).

2e¢3e¢ Hoat trestaent of nilk

Pas’aeu;‘i-zaticn ef row milk has bDeen prasticed almost
universally, and with nearly gll types of chesses, The proucos
helps in destruction of all pathogenic ovganisns ond nony
harmful opr potential spedlege ovgenisms. In addition, thig
process helps to nindmize the variations in the ripencd CaQEsT
Foster gt al. (1957) pointod out that the chcsse made £roa
pasteurized milk ripened more slowly as camparad to thet froo
raw niliks presunsbly due to the destruction of many of the
ugeful organisas and natural enzymes ordiginally proseut in

I;‘SW mnilke
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Jutiining a process for the manufacsture of a patent
variety of cheese, Hliss (1972) roecommonded heating of eithop
frash or proviously boiled or pastourized ailk to &

tenperature of 85%C.

| Pasteurizetion of ailk reduced the numbers of uawanted
‘bactoria and cheese of good guality could be madé wiﬁh aill
hea%f@reﬁﬁﬁd’within the range of 68 t@-?ﬁac with 45 seconds
h@ldimg tine (Langerud sl Reinbold, 1973). 4 |

An irprease in pasteurizatlon teaperabturs (from 65 ko
73°C for 13 secoads) ceaused an inercase in remmet retention

Double heat treatnent at GO to 65°C and 72°C respectively
enablad the milk to be atored for 48 to 72 hours at 5 to Géﬁ;
without worked effects on remaet coagulation, but increasing
Ehe tenperature of the first trestaent te 70°C hed adverse

effects (Kovlikanove, 1974).

Wasgorfall gt al. (1976) made Sdan cheese from nilk
pesteurized at 62 to 64°C for 30 mimites with ‘the addition of
a concontratod suspension of lysozyme prior to the insorporation

of roennet,

From a study on Baby-ddam chieese, El-koussy et al. (1977)

cenciuded that heating the choese ailk te 78.6°C o 82,2C
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incrcaged both checge yield and the molisture content. Furthor,
they noted a narked lmprovensat in the guality of low-fat

Daby=Idam choese nade from milk heated to 76.6°C.

Mindrilk and Bolezalek (1977) found that bobth tebal solidn
content and firmness of the caagulum decrecasd as pa sbourizition
temperature was ralsed fron £3°C to 3590 and heat trestacalo

at 102°C gove oxe

!3
@

aalvely soft coagulum of very low todal

Kaplikenova and Durova (1973) detsronined the eatimall
heating cenditions for double heat creatment of @ldﬁd@ mmlh
as belng 85°C with 20 0 25 sgeonds holding and 71 to 72
for 20 - 25 seconds fer the first and secoad treatments

reapactivaly.

In the inited Kingdon milk Lop chcege galiing 1o given
a form of heat treatment sufficient to destroy'un&esirmbla
becteria without affecting th@ phaysical amxd chemical prozagslen
of milke The temperabturce-ting combination of 72°C for 15
se&anda meet those reguirements, and the miaimua recomnendod

¢onbination was 63°C for 15 seconds (Chapman and Sharpe, 19517

Vorlouws workers have suggeated different temperatures
for pasteurization of milk for cheaaaAmaking, Chapnan and
Sharpe {1931) suzgosted 71°C Lor 15 zcconds for Cheddar ehgonl,

72°C for 15 secounds for Bmmenthal and slightly above this fop
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cottage cheess, They have reported that heating sbove
74°C mesultod in defocts in body aﬁd eye formation and

| splits in the chacse., Thease workers have also statoed tﬁaﬁ
the milk used in the nomafacture of camembert choese was

generally hoat treated at 72°C for 15 seconds.

Wnile some varieties of goat milk cheege are nade
fron pastowrized milk {(Cargouet, 19713 Elias, 1972), most
reports of processing de aot include ﬁaateurizatian
(Mocquot and Bejambes, 19603 Efthymiou, 19743 Jaoucn, 19743
Bgﬁ‘ba-\zi, 1575) s

Epidenics of Brucellosis emong human population have
been traced to the consumption of ungasteurized goat cheose

(Escalante and Held, 1969; Strest gt al., 1973).

Kosilowski (1978) recommendad the heat treatment of
fota cheese milk at 62,8 for 10 to 15 minutes or pasteurigatlon
at 62.8°C for 30 minutes during warm seasons. 1In the case
of sainte Maure choaese, he recommernded 52.808 for 70 ainmitass
while for mold ripened chease it was advocated ag 62,85 fopr
30 secols.
In the sanufacture of goft pickled cheege from goatat
milk, heat treatment adopted by Dariani gt al. (1930) was
65°C for 30 minstes.
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244 Addition af Calclum chioride

The c@m?asﬂti@a of milk is sometimes altoered for e Tatcrsts)
making by adding certain substences from sources ether than
ﬁilk. Calciun chioride (“aﬂlﬁ) ig added to correct faulty
coagulation af allly that may be caused by QXCLSSIVQ hack
treatnonts during pasteurization or by nilk from abnormal
udders, or by milk that is deflcicnt in calciua salts (ven Siy

and Price, 1352).

Davia {(1965) att}ibuteﬂ the'alcweé fennéting and waaker
cur& aséﬁaiatéﬂ with excessive heat troeatment of nllk,
-partly to the precipld uian‘ef~part of the soluble calciun
galss ia the milk., Hu recsﬂmendéd that an approach to |
noraal behaviour could be effechod by addition of 0.01 to
0.03 per cont calcium chloride to the milk, or by the additio:

of whey powder or condentralcs

The coazulation time decreassd somewhat and the firmness
of coagulum increased signiil cant 1y with increasing total
calciua costent of milk, Native lonic caleiua had a highly
sipnificent positive effset on cosgulum firmncss, but not
on tho ceagulation time. A substasticlly greater effect on
the coagulun firmneas congsequent to the addition of caloiun
caloride was noted in milk ef low rather than high titradle

acidity (Herian and hreal, 1)7&). These workers reoommamdeﬂ
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the addition of 10.0 g calcium chloride per 100 1 of millt

~ In ancther study Minarik and Dolezalek (1977) reported
that addision of calcium chloride decreased coazulation tTimo

and increaged firmness of the coagulum.

From & comparative study of the renast cozgulation of
goatst and cows' milks, Blabiner and Gallzann (1930) cone fuded
that cddition of colefum chloride had leass effect on gonts!

than on cowa! nilke.

in the preparation of Ldem end Gouda cheeses, Ghapnan
aad Sharpe (1931) recommended adlition of calciua chloride

apto §.02 per ¢oat. .

Lazorevska and Bauer (1983) adopted the addition of 40 mi
of & 50.0 per cont solution of calcium chloride per 100 1

milk in the manufacture of soft c?:z@ése fr’bm cowst milRke

2.5 Starter cultures

Lectlic acid fermentation by bactoria is nosessery ia ;

the produgtion of all kinds of cheese, The imporiaut f;mcﬁiaﬁg
of lactic acid ave: i) promotos coogulation of milk by

renudng 14) the drainage of whey iz prompted as it causos

curd to shrinkj iil) orovents growth of undesirable

microorganisag during making end ripeaingi iv) promoites
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fasion of curd into & golid mass; v) controla enzynic
changas during ripening in order to obtaln deairable charact-
aristica in ripened checsc. These aspocts can be efficiently
soubroliced by the kindg and amount of slarter usel and the

metinod of hondling the curd (Foster gt al., 1957).

Aécarding to Siagn‘(1$79}, the purpose for which
start:f @ultuves_@r@ to be used agy have much to do with tho
gualitices which aré'magt important fer_ﬁhe finished éairy'
productse '

Normolly, the larger the inoculum the shorter is the
lag phage, Davig {(1905) opined that the usual quantitiocs
of start:r varied from 0.5 to 2.0 per cont with an average

of about 1.0 p@rvcéntp

The heat trostment of Tthe curd is one of the important
factorg which decides the type of starter culture to be used
for cheese making. If the curd is heated only upto 33°C op

slightly higaer, Streptoogocus lactis o Streptosocous

gromoris is uged. The culture may coasist of single strain,
bt more often it contalas several sirains of one or the

other spocics. If all the curd is cooked to highor tompera-

tures like 49°C to 54%C, mixtures of Streptococcus thermophily

with a lactobacillus usually Lactobacillus hulgaricua,
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Lactobacillus holvoticus are used (Foster et al., 1357).

S8inzh (1979) recomended single stroin startor of

s DEOCasoUS lact&s or Eurevt0uccuus cremgris Lor ugse in

chaddar chiocae panufachure,

Sharpe (1979) reported that lactic acid bacteria uaed
in cheese making include strepbococci, leuconostecs end
Lactobneilli and selected specics of these ganera could bo
used as combined culbures or as mixtures of sinzle strain
culturogs.

According to Chapnen and Sharps (1981), mesophilic
gtarters {(Optimuan temporature 20 to 30°C) could be used 1!
produne @ wide variecy of cheesc whereas, thermophilic |
starters {opt lm&m temperature 37 to 45°C) could normally bo
used in the production of cooked cheese verictiess Theso
authors have stabed that in the preparation of veory hard

varisilias of cheese like Srama or Parmesan, a startor compris L

of §§regtwggu3 tharm@pxilu& and Lagtobaciliug hul Lgaricus cowld

be used at 1.0 por cont lovel, They rocommended a 1.0 4o 240
par cont inoculuad of hesophilie lactic acid streptococci fop

Chedday choese, an inocculum of thermophilic lactic acid baﬁﬁt?ia

consisting, geaorally, of 0.03 to 0.10 per cent of Straptosdocuy

thermophilus and upto U.20 per cent of iactobacilius helveaifcus

(e

ar Lachobacillus bulgaricus, togothor with 1.0 to 2.5 nl per
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1000 1 of a culbure of propionibacteria for Emnenthal cheehe;
a 0.50 por cent inoculum of mesophllic lactic acid strepiosoccd

par eent of

&

for Bdom amd Goude varicties and 0,10 o 0.20

Streptogocous lactis or the same amount of a combination of

Streptocoocus lactis and Streptococcus therpophilus for

Livburger chessg.

Srinivasen {1284) recommended the following types of

startors: gtreptosoccus lactis, Streptococcus gremoris and

Leuconastor for cottage cheeme; Streptococcus factis,

Stroptococoys cremoris and Streptococcus diacetylactis for

cheddar; Streptocoscus thormophilua, Lactobacillus bulgaricuss

Propionibacterius shermannd for Swiss and Straptococcus laghlo,

Streptococcus thermophilug and Bactordun linens for Brick eli20s9

Use of defective storters is one of the cause for the doeveldy-
ment of defects in ripensd choese. Thus, Hoglund gt al.{1972)
found that the use of homoferaduntative instead of hetero-
foepmontative startera coupled with certain modifications in
ﬁhe\ta@hnélagy of nanufacture reduced open texture in Chodiop

CREOBS.

Kratoohvil (1978) cloimed that an uniform and fully aged
flavour developed in American~type choese by ILollowing
gasentially the sane steps used in the manufacture of such

choese, but with some modifications which included the addition
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of spegific pairs of straing of Lagtobacillus plantarym awl

Stroptocoscus durana over and above the normal starter uscd.

A sbarter used in the mamufacture of plasticizoed choecges

comprised mesophilic atreptococci (Streptococcus lactis,

Streptococeus cremoris) thermophilic streptococsi (Streptotoccys

thermophilus) and lactobacilli (Lactgbacilius lactis)e The

ratio botwoen mesophllic, thermophilic streptococei and
lactobacilli was 23131, The use of this starter lmproved

the quality of cheese (Ragazanov gt al., 1930).

Richordson gt al. (1930) reported an improvement in agid
production and cheege guality when undefined commercial
blends of lactle cultures were replaced with phage insensiiiviy
gingle strains propegated either in pﬂirs'ar in one multiple

biend of five or Six sgiraing. :

According to Chikume et al. (1979), cheose ripening wis

 hastened ard a satisfactory checsy flavour ovtuined after 30

daya of riponiang when a mixed Strentococcus Creacris +

Leuconostos citzovorun culture was used.

From a study on cows' nllk choose JobElias (1931) roportcd

that cheese preopared from nixed starter Strestogoccus lactis

and Streptogocqus faecalis showed the highest proteclytic and
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lipage agtivities. Such ghecse also showed better body wad

flavouwr characters.

Investigating on Cheddar cheese Sukumaran {(1982) tricd

varying combinations and quantities of starber organisns. T

organclepiic scoras reported by him for cheese ripened at

10°C for 120 days using differcnt combinations were: 1.0 par

cent Strentococcus lactis -~ 50403 2.0 per cent Streptocoecus

lactig = 35,0; and 4.0 peﬁ cent Stroctococcus lactis = 93.@;

1.0 per cont Streptococcus lachis + Strepbococcus thermophilus

(131) = 92.0; 2.0 per coent stramtccoccué‘lacti§‘+ Strepiococous

therooshilus (1:1) - 92.0 2nd 4.0 per cent Strepboceccus

loctis + Streotocosccus thermoshilus - 91.0. The scores for

a 1:131 mixture of Strestococcus iackis, Stroptococcus

thermophilus and Lactobacilius bulszaricus at 1.0, 2.0 and &0

per cont were 91.0; 90.0 and 8%9.0 respectively. Using a

ratio of 1:112 of Shreptococeus lactis, Streptecocous

thermophilug and Lacteﬁaq;llug"bﬁlmayicus, the chesse gscorod

906Dy 2140 and 86,0 at 1.0, 2.0 and 3.0 per cent level of

inoculuam respectively. The organoleptlc scores obtalned fop

a combination of Sireptococcus lachis, Stre thermophilus

Lactobacillus acidovhilus in 9:1:9 ratic at 1.0, 2.0 and 4.0

por cent rate of inoculation were 95.0, 91.0 and 34.0
respectively, bul when the ratic of these organisms was changod
to 181132 the scores ware 995.0, 95.0 amd 94,0 at 1.0, 2,0 and

40 par. cent level of inpculation respectively.
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Goat milk cheeses like all other cheoses utilize a
varioty of microorganisas in.manufacture and aging to
pﬁoﬁuse the final body and texture qualitics. In many
instances cheese is made withouﬂ culture; relying on the
Cnatural flora to develop acid necded to cauase protein
¢gagulatian.(ﬁalal, 19733 Kosikowski, T973), Wide varigt*'
ions have veen reported in the amcun; and apecies of
organisns used in culturing {Efthymiou, 19743 Elias, 19723
Galal, 1978).

2.6.-§ggae%i§g
-; Mcst\varieéies.éf cheese is brepar@d by using reanct
ag the coagulating agont. ;Iﬁ is a vary yéwérful @milk
c@agulénﬁ.amﬂ its effect in cheese making takes place in
three phases (Chapméﬂ and Sharpe, 1931). The épeéﬁ of
coagulation ard Tirmuoss of curd depend on various factors .

like temporatuve, Quantity of remnet otG.

246e1e Types of rennet and othor enzyues

Chooses made with'50/50 aixture of pig pepsin and
calf ronnot was shown by Dan and Jespersen (1970) to have
a quality equal to or bobtor than that obtained by calf

rennet alone.

In cage of fdam and mmenthal cheeses oade with nicrobiald
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Noury (Hucor pusillus) or Suparcn {Endothia paracitica)

rennats, no difference was obgerved in the acidity, dry
mattar, fat, total nitrogen and salt contoent, bub small
differences were obsoerved in proteolysis (Kyla-Siruola and
Antila, 1970). |

In a comparative study of 'Rennilase 45 C' pannet
- { £rom Mycor miehei) and calf ronnat, Dennden (1977) showed |
that both remets produced a satisfactory coogulum in 30 |
minutos waen used ab the recommended rabes (colf reanst at
112 nl aod Rennilase at 56 mk por 455 litre of milk). The

cheeses thus produced were also of equal quolity.

Hinarik and Dolezalek {1977) nave made chooge using
subtilisl

aikrozym (@ Czechoslovuk preparation fron Bacillus

R T e e

Danish Rennilase and Lagtochym. ' S

Seven mllk clobting preperations (ealf rennek, rennchf
pepsin, four enzymes from Hucor pichei and one from fucor |
pusillus) wore used to make Cheddar cheese. No sigaificant
difforence in the composition of hthe chesses could be atsribused

- bo the fype of clobting ensyme (Wong ot al., 1977).

Mulvihill gt als, (i1979) showed that plglet pastric
proteinage wag less proteolytic than c¢alf chymosin towards oC &y

casein at pil 5.8 or 5.2 and opined that the foracr may bs vt
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satisfactorily for making cheese in which the milk-clottiag

enzyme is not dctively proteolytic against aajor caseins.

The effects of five milk clotting enzymes {(including
crude and purified enzymes from Bacillus gubtilis K26, calf

romet and 50530 mixbures of the purified bagterial enayaes
and calf ronnet or swing pepsin) on the Cheddar cheege
ripening ol Quality were investigated by Rao and Matﬁur
{1979).' 0n the bvasis of 0rganola@ﬁic evaluation, they Lol
that cheese made with a 50158 cembination of purified
bacterial cnzyme and cald rennet was as acceptable as cahﬁrﬁl

cheese made with calf renaat,.

Ogundiwin and Oke (1933) made Wara by using the juice:

fron Sodom apple (Calotropis procera) for cosgulating the

curd.

WP Gl e w

2.6.2. Zennct cospulation time

Amer gt 8l, (1974) atudiad the facgars affeoting the
ronuet coogulatlion Ltime. They inferred that heating cow ailk
(C1) and buffalo milk (B1) for 10 miawtes at 53.5°C to 52.2°C
incroased the rennet clotting time progressively. This was
obgerved 0 & lesser extent with cow millk than with buffalo
milke Thoy @also found that addition of Colecium chloride ot
increasing concentrations to heoted milk shortenad the renmd:

@latﬁif timte
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Herian and Kecol {(197%) found thst with an ilacvoase ia
the totol caleium coatent of milk, the coagulation wime -
decrensaed somewhat, Dazymic copgulation occurpsd even wion
the caloium consentration excexicd 530 mg/litre; but dacretolag
it Lo morc than 1380 amg/ilitre did not decroags the coogulation
times | ‘

in a study using different microblial reaneis, Hinarik
and Dolezalek (19775 found that with increasing ronnet dostg
the coszuletion time decreased for all rennots by about the
sane degreg. Furthery he showed that increasing acidity of
e nilk to a mexisun of 15,0°84 before the addition of the

rennots reduced coagulation time particularly with Romallidgc.

Romnet clotting time (RAUT) was deercased by reduced gﬁf
inereased tomperature end increased concentrations of renadh
or added calciume Only extrones of concentration or dilution
of milk inoresgod the rennst clotting time (Storry and Ford,

1982,

Balgleish (1533) showed that the cosghlation rata au
a given bemperabture in the range of 15 Ho 407°C incrsased with

24

the concentration of Ga™ , but 2% hlgh temperatures the

ceaguletion rate hecono independent of the copgontpation O
€a2+. ‘
storey gt al. (1933) found the renact clotting time ©G LO

negntively correlated with B = cagseln and total calcium.
Y
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246436 Guantity of ronact

Dennien (197?3 used cald roanet abt she rate of 112 ml/455
litre and Rennllose at 56 ml /455 litre to obtain cheese of good
quality.

For the pregaration of Parmssan and Choeddar varietics,
Chapmnan and Sharpe (1931) recommended a renneting rate of 25 nl

per 100 livre and 22 ml per 100 litre of milk respoctivalys

247« Mafocturing Process

2.7+1. Cutting the curd

The purpose of @uttLﬂ“ is to pormit a large portion oﬂ

| whey to escane from the curd. The curd is ready to be cul’
when it will bresk gleanly, without shattering anead of a
thermonebur that is inserted abt an angle and ralsed slowliy.
Cutting too fine wasg found EQ ingrecase the fat logses in whoy

(Tiu_us.,ﬁfg 1 93‘3) @

\

2.7. 01 g LU,P

I'ﬁi

expulsion

ity

Reduction in curd particle size below 1/49 amd inecroeasing
the tine of dry stirring praboted noisture exauisisn, but at
the same time cauged sxhnxfxcant incr ﬂase in fat losses
(Feagenigﬁ aley 1965). Further, they reported that when uQO

ourd cubes were cut inko 1/4%, 3/3¢, 1/2" and 3/4Y thick and
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ey

drained for 2% hour the curd cubes contained 50,0, 53.0, 505

and 70.0 per cant nolsture pregractively.

According te Gilles (1975) decreas: g the knife sizo for
cutting the curd is one of the methods available to the chgdose
maker for the roduction of the molgture coatent of Cheddar
cheeses ‘

Soulie (1979) recommended to cut the curd into particles

the size of maize grains in the presaration of goats' nilk oo

2.7.2. Cogking the curd

ost of ﬁh&‘workers have suataed uﬂ&ﬁ moiasture expalszion
wag graoker when thé tenperature of cooking was more, Thugy
Mocquot and Bejambes (1960) roported that, in the case of gooks
milk cheess, the cub curd was to be heated for 1 hour Lo 379

arnd neating contimied Lor 30 to 60 mibes.

Feagen gt al. (1363) working on Cheddar choese used a
coolking temperature of 38 to 39°C,., They were @f-apini@ﬁltn@t
moisture émpulsien.frﬂm the cheese could be inereased by raislny
the cooling temperature and increasing the salt rabtio Witboub

causing increcased fat loases,.

Heating hagtened the expulsion of whoy from the curd,

increasaed elasticity and altersd the bacterial floras. Ia cuso
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of Cheddor, Fden and Gouda where lactic acid crganismo wers'

used {Stroptococcus lectis, Stroptococcus gromoris in Cheddar,

Streptocccous discetylactis or Leuconostos in Bdea and Goudaj,

the cooking temperature was arvound 33°C (Webb b ley 1974)%

In the presaration of stirred curd cheddar or Yonterey.
’ i
cheese, Kosilkowsiki (1978) recomaended a meximum cooking

temperature of 38°C. ‘ |

According t0 Chapnan and 3Sharps (1981), the curd was
stifred in the whey and heated o 39 to 49°C over a period of

43 to 45 smimutes (Q«17 50 0.15 p2r cent lactic acid).

2.7.5+ Cneddari

|
The methed of treatamsut of curd during piling or cheddaring
varies from place to place but always involves further cubtilui,

turning and piling to a greater height (Davis, 1376).

Gilles (‘39"?65 éxmsé.dem@ variations in cheddaring ‘
sporabion as & gosd getied to e@aﬁml the 'mﬁistum conteni: of
chiaegds

Various changes coocur in the eurd dui*ing cheddarings m:;
stopted bactoria continus Lo :mal't:iply and preduce lastic a;am
at the rate of approximately 0410 per cent every 20 mm%::’am'
Whey conbtinues to geot drained fron the curd which beomes

olaatic, saooth aal silky and eventually exhibits the
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characteristic Yohickensbreast' texture (0.60 to 0.B0 per cond

lastic acid) (Chapman and Shavpe, 1991).

2@ ?.Z{-- ;Qe.,:f. i{&s
Salt is normelly added to cheese

1) to suppress growth of uawanted microorganisng;
ii) to assist physico-chemical ehanges in the curd;

1ii) to slow down the growth of tane lacktic acid and
other types of wanbad nicroorganisms) and

iv) to give the cheese an appetising taste.

Salting nay be porforiied by nizming salt with the broken curd,
by rubbing salt on to the surface of the aewly forned ahaaﬂ%;
or by immersing the fv@ah«ahﬂasé in brine (sodium chloride |
saiuﬁi@n-af aboub 20,0 per cont)s The salt normally used in
cheeae moking 1s about 2.0 par cent of the weight of the cuwid
(Davis, 1959). |

@illes and Lawreanse £?§75)‘ccﬂ3iéaré& it desirable to
salt the curd at rolativoly low titrabable aciditics (aftor !
5 h oat < 005 per cenk) if choese was H0 be storaed for a.%§~5

months or nore.

- In an experiment an galt distribution in Cheddar caaﬁaa,
Fox (1974) detected high witndin~vat varistions in'the.rangci
of apread of salt. Fuprther, he roported betbor saltl diﬁﬁ?ﬁ#
butlion in cheesog nade with avtomated salting systoums than ﬁ

chaasua salted using mormally @y@rﬂteﬁ syshons.
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| Raffaele (1973 publ. 1?89) analysed 12 samples of'goaﬁa’
mill choese aged 2 to § months and found a range of 561 o
G54 por cont sadiﬁm chloride in it. Such cheeses, it was
abaseprved, wore sonetines heat treated at 43 b0 45°%C with

brining for 16 h at 3°C.

Kosikowski (1973) recommended addition of % 1b of table
galt per egtimated 10 lb curd, shifting the salt over the

curds and shirring regularly with gpatula for 15 to 20 mimaton.

2+7e5e Huoping, Pressing end Paraffining

All hard checses are pressed, somctimes under considorabio
presaure.  Affer salting, tha curd is thoroughly mixed, allovad
to stand for a short time and f£illed into cloth-lined hoopa
or soulds under hand pressure. The cheese ig thea put Lo
press under geatle pressure which is steadily increased upioc
aboub ?ﬁﬁﬁ}kg-and finally to about 1750 kg in two hours
(Davis, 1975).

“Chapnan and Sharps (1931) recosmended that salted curd
should ba delivered to cheese moulds and pressed hard (2 o 7

tonnes) for 15 to 18 he

Froz an experiaent on Cheddsr cheese, Hoglund gt al.
(1972) concluded that vasuun pressing was the major contribubony
variable in reducing opemmess, They reported that open

tegture ian Cheddar cheese was reduced by the use of homofarsionitar
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starters, son-flov cheddaring and vacuum prossinge

Vardous types of waxes are used for coating the swrlaop
of-ah@@se; Davis (1965) suggested o complex mixture of ordinay
@ﬁf&fﬁiﬁf@ﬁx a&ﬁvmi@fawﬁ:yﬁtalline waxog having a melting gﬁin@
of 52 to 4°C. The method involved immersion of the cheesg

in the wax Lor 5 z 1 scconds at a temperaturs of 138 3 3°C,

Simila#ly; Kosikaweki (1978) cutlined a procedure |
involving %he imamorsign of the firm and dry cheese totally
for 5 ssconds in hot melied food wax. Altornately, he sug&@s%@
the surfsces of wwaxed graan-@haeée may be gmeared with a
layer of bultor or margarine o seal them and provent dryiog:

and mold invasionss

2.8, Ripening of chesse

Agtording to Van Slyke and Price (1352) the senperaturas
mainteined for cold=turing are usaally from 32 to 34°F, idaeil

being 35°F and that for warm-curing 50 to 60°F,

!

The most suitable ripening Semporature for waxed choosd
was 10% amd for holding periods of 3 to 6 months the shorago
temperature should be 7°C (Davis, 1953).

Butkus gt al. (1974) obtained best quality Cheddar cuouse
whon the temperature daring the first 15 nonth was maintoinsd
at 12 to 13°C and subsequently reduced to 6 to 7°C for tho |

\
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4 |
| following 1% month of ripening. qu aubaeguent aﬁovaga (nab
excaeding 5 months) a temperature of & to 8°C was the optimun

In an experigcnt Papk &t al, (197&) riﬁenai cheese faﬂ
6 months at 10 +2° and 90 & 5 par cent relaﬁive humiaity,

whoreas in & patent uethod KratachLl (1978) recommanded

rimmning the checse for & to 19 weaks at 50 to 68“P,

\

According to Kosikawski {1976). Hant@rey cheese 48

cured by helding the buttered or waxad uﬁ&ﬁ&ﬁg with accaslénalv
turning, on clean beard surfage in a cool area (4 to 15°C) For
2 to 5 montns. If cheoese was made Lfrow raw milkg it must ﬁv
held for atleast 2 man*ha apave 29¢ before consumiﬁg.

So0d and Kosikowsicl (1973) ripened cheddar gheese at ;

1G°c Lor 5 months using various added microbial enzymas;

|
different durations ard at differeat conditions.: The cheeat

Bifferent varioties of choeeas have been ripened for

had to bo stacked ané on the top of another to maximise
utilization of floor apace, but it was nscessary to hold theos
chengeg 8t lowep tenperatures (éeC} to diaﬁourage~gaa‘praém@ti@mg
This Qge of low Louperature slowed doﬁﬁ the ripening pracesgg
ao these choeses rquirea a longer time to matures Thua.—,
Cheddar choese ripensd at 6°C reguived 9 ponths ba feach th@ |

sane degrea mf maturity as cculd be reashed bj a chses? aadd
|.
|
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from the same batch of curd in & moniths with ripeniag et 13°C

(Law gt al., 1379).

Comparative studies on the ripening of cheddar cheese of
threo yipening temperatures namaly, ?GO, 15° and 16°C amnowsd
that ripening ebove 10°C invariably resulted in off flavour
developmont and undesirable body and texture characteristicn

of cheese (Sukumaran, 1932).

2eBals Humid ty

b@rage of cncaae in a room with high ?Ql&ﬁ&?& hunddity
was faund to m;nimiab evaporation losses from cheese sur;uye-
Holding one cheose ab 15.5°C in @ room in which the air wag
75 to 80 por cent salurated with molsture vhlle anothey idontland
cheese gtored under o bell jar where the aiy was ¢oapletely
saturated with meisnar § the Lirst cheose lost over 11.0 port conl
of its weigh whercas the other galned almost 2.0 per cent in

walght {Van Slyke and Price, 1952).

Aceording o CWAmnan and Sharpe {1931) Cheédder and relabad
types of cheese are matured on ghelves at 152C and 330 por cont

relative huaidity.

249 Gensral chanzes during ripening

2.9:1 Aoldity and pd
The rate aad extont aof &cia davelopment ls an ioportant

factor influenclng the texbure and subseunent ripeaing of chetsa.
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A pid value botwoen 5.40 and 5,50 at the bine of &il’&”“
the curd is congidered desirable for making the bast Qﬂm@S@
(Wilson et ale, 13%5)« They, further, opiaed that excessivo
H=ion concontration of titratable acidity abt aay given gltogo

daring the mamfacture of choese resulted in an iafuricr «E&iim

The pH value of cheege dacrocged to bebween 4,95 and §.J0,
proferebly hetveen 5.@5 and ?.20 during the flrst few days
ar¥l thereafier, it iﬂéreaé&d siightly for a ?ﬂw montlig, W
finally increased rapidly to approzimately 5,30 to 5.50 in ono

year {(Brown and Price, 1954},

The gradual increase in pH durlng cheeose riponing is
cansod by destructi ion of the lactic acid, formation of none
geidic d&émmpésiﬁiom sroducts and weaker or less highly
dissociated aclda, including acetic and carbonic aclds follguad
by liboration of algallne products of protein decvmposition
(Tittsler, 1965).

In an experiment on BEdom eheeéa. Bilgi (1980) found that
the values Lar pH ranged Lrom 5.65 to 5,80 with an average of
5.73 for two doys old chease. Dy 155 days of ripening, tha
values ranged froa 5.50 to 5.60 with an average of 5.5%. Thw
ayeraze il values afber 60, 99 and 120 days w&ré‘ﬁoﬁé,,ﬁ,éé‘
anl 5,50 respectivelys The lowest pil of 5.26 was recorded |

after 30 dayn of rlpeninge
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Analysing 12 sasples of goats' milk cheese aged 2 to B
months, Raffaele (1973, Publ. 1330) reperted a wide o rango

9f 5.09 t0 5465,

Fron a study on the ripening of Chabichou type sheoss
during a 5Qedoy par:ﬁ.a&, wolfschoon and Fushado {1979) sooorswl
that @H and lagtic acid were increasced and decreused
respegtively from 3:.;29 to 5.832 and from 0.83 to 0.05 per sente
The mindmes and pexisoun pil valass of 4 cavese mamples analyGoG
by these investigators betwaen the first and fourth day ashor

producticn were 5.20 oml 5.30 respsctively.
2eFe2e loisture

doighwe pontend 4o one of the prinsipal fastops

influencing the Lirmuess of cheost. Ihe acistura coazunt
varies £rom asbout 3040 Ho 40.0 per cent in hard cheesss suordd
for a year or more. Somi-soft choeses contain 32:0 $0 H3.0
nar c:r;.nt moisture, while soft cheeses have 50,0 $0 75.0 por
gent molgture, with a m&*ﬁi&n‘m linit of 83.0 per cante  Soff
types are more porishable than hard ouaze Unday Podapal

votards of identity, Choldar eneese should conbnin not novs:
that 39,0 por cont addsture, unleas guitably labelled ao Merrsoge

anisturse chsoosa® {(Kosikowsiki, 1578}

The moisbuve comhont 13 most nocessary for the setivity
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of eiola zical agents of ripenings Soms of the molsture |
eva)ora o8 gradually because of. vayioua factors and some uf
it bheconos intimately assocl sbed with proteins as ripeniﬁgL

progrosses EVan Siyke and Frica, 1952}., :

Raffasle (1978, Publ. 1330) reported the molsture anﬁ?
. fat coutont of 2 o 6 wonths old goots’ wilk cuesse o be
25,78 to 44425 por cent and 32.87 o 50.54 per cent respocte

i?f&lyw | i
209.3. g.eas;i..g«z.z.. changes '
249+3+1. Ligolybic changeg | I

" Heoner and Tuckey (1951) nave shown that agitation of
choos2 nillk 1ncr¢aaadvli§olysis:during;tipaning of ¢haddar
chaeso. | ;

Analysis of frem fatty asids aontents of domasbi@ 1’4 b T
Gouda and Cheddar chﬂeae ﬁhawad that £ree fatty acids con ;é}
of theaa caaesaa‘varied fram 8525 %o 1563 o3 f?QQ 2 of ol % =18
Mogt of the samgles contained acctic, ntJtyric, caaraic. ; )
‘eapryiic and sapric acidss Some samplas of Gouda and chaédar
cheese ccuﬁained relaxively large amaunts ef nﬁvalaric and
isa«valersc acids {Kakanishi at al.. 1962)

" The lipid fraction of milk ig'gaid £o contribitte éﬁref
“Howards the development afliiavaup of chesse than any athaﬁ
component of milk. Whercas provein and lagtose in milk are

, . o
gourcea of many flavowr precursor for Cheddar cheose, milk |
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fat is perhaps more ijmportant as a e_ontré.butéz' towards

flavour production, since cheese made from skim milk does |

ot dawelcp a typleal flavour (Ohren and Tuckey, 1963)s !

i‘he fat conbent of cheese affects its riponing. Na&camim&
and Hosono (1965) found that the Gouda cheese nmade from s&m
ailk ripened slowly than the whole milk cheese. Hewevery | i

they noticed no differemce in types and dmounts of amino aw 3

bobwoon the two typas of choeses ' ?;

‘Patton (1963) Zound ah = aegtic acid was the doninand

volatile acid in Cheddar caeam angd the ahmr:ﬂe of this

 compound £ram the mixture of va;ai;ila fatty acida msambm@.
nydrolytic rancidity cansed by hydrolysis of milk fat, j
, A i.
Thokur 9f 8ke (1975) demonstrated vYhat selt was an. |
important fectsr deberaminiag the changes in fak ‘duringg mgauﬂ{g
I
They showed that unsalted cheddar choose had more fab |

hydrolysis than caiztmlm Durmg 12 we’l«;& s Volatile mtty!;
ecids in unsalted cheese increased frod 22,9 to 23,9 ml 0.1 If
asid/100 g whiia the controls ranged fron 10,7 o 22.6 ml.l
Bhat et al. {19737 were of the opinion that zree |
fatty acids 89 a wmla appeared to play some rols in Chadﬁar
chaege flavours “‘hey showed that, at the end of 7 mmrma

ripening puriod, uh(:‘ total free fatty scids (?:”m‘* .i.nc::x'
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to 3.9 and 2.8 p mol/g fat and the steam volatile free
fakty acids (SVPFA) increased to 0455 and @.zﬁ/u mol/g Lot

in cow and buffalo cheascs regpoctively.

Deconposition of ‘\fat in choese is nob extensivi, Bk
some hydrolysis of f£at occurs duplng cheese ripémi@g and t&a
'ﬁﬁroﬁﬁqts ef greatoegt imzéax*ﬁa;qce &i”@ volatile lower fa-ﬁty
acida, inmluding bubyric, canreic, ca;;ar:kiie &nd Gaprle |

(Chapuan and Sharpe, 1931).

Babel and Hamnwer {(1943) have shown that remnet is alad
a scurgse of lipase, rennet paste causing nmove lipolysis

and a bottor fleveur than rennet exteact.

From a systematic study on the lipolytic activiiy oL
lactic streptesocci, Stadhouders end Veringa (1973) consluded
thet Wose orzanisms bydrolysed mono and diglycerides, alihinyh

g

their activity agalast triglycerides was very weak.

In a atudy on commorcial milk, Law gt al. (1976)

obaervad higheost insidence of lipolytic activity anong

paychrotrophic graa-negative flora in straing of Pscudomonag

flugresgens end Pg. fragl.

Similerly, Singh gt ai. (1976) observed more libaration
of butyric oed higher fatty acids and fornation of larger

quancitios of volotile fatty acids in experimental Chzddar
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cheese using Psewdononas fragi P - 80, Sera@;g,marcescens'
X1 - 40, HMicrococcus freudenreichi HF-1 and Sarcina lutea
SI, = 51.‘

249¢3:2 Carbohydrate breakdown 1

It has been observed by Suzuki g al., (1910) that
lactose disappears from fresh choese in 3 to 6 dayss The
lactoge prascnd in cheege is comverted in part by nicroorganisns

to acetic and proplonic acids.

Higeox gt ale (1941) found that the acetic meid derived
from the lactoss congtituted the bullk of the velatile asidsg

of the chcase.

The mill sugar in uaripened chisese is quicltly used by
microorganisns present. Lactic acid haz been found to be tho

veincipal proeduct of this formentation bub smaller amounts af

other adids are alao formed (Vaa Slyke and Price, 1952).
209.343+ Eroteolysis of cheeso

Van Slyke and Hart (1903) and Van Slyke and Price (1352}
claimed thet nproteolysis in cheese begins with addition of

repnet to the millke

 Van Slyke and Hort (1903) found that in one yoar ripenisg
period, the water goluble nitrogen inocreased to 44.70 por conty
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amine nitrogzen to 28.40 par cent and asmonia nitrogen do
u y

5.40 por ceat of the toltal nitrozens

gebb et al., (1974) also stated that paracasein and
minor proteins arc gradually converted to simplear nitrogonsus
gcompounds namely, mrotcoses, peptonss, anino acids anﬁlammmm;&q
They have attributed the rate aéd extont of:ﬁroteolysis to

various fastors like

i) inocresse in ripening temperaturos;
ii) quantity of the ronnsti
1i1) moisture coatent of the cheese;
iv) 3@1% gontont of the choase;
v) larger aize of cheeso and

vi) acidity of {the checes.

In a study of Cheddar choese, Park at at. (1975) raﬁefﬁ@d
the level of water soluble nitrozen to be 28.0, 39.0 and 590
por cent of total nitrogen at 4, 12 and 24 weeks of ripéni&g
#@a;ec@ively, whilo the corresponding values for non-protoin

nitrosen wore 2.0, 17.0 and 22,0 por coent.

During a 12 weck perded, Thakwr ot al. (1975) found thiatb
the average solublo mitreogen of ungalted Cheddar cheege
dngreaged from 7.0 to 53,0 por cent of the tetal niltrogon;

while the values for coabrol rangsd from 5.9 to 2245 per Colle.
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Total nitrogen coteat in choege fmmediately afber

mamifacture and in waxed and unvaxed cheeses aftor & mounkhe
riponing was 23,10, 26.00 and 35.52 per cong i’es;a;,}ectively.
The caréesmzzding coutonts of water zoluble nitrogen asg per
cent of total nitrogen were 0.78, 27.04 and 16,47 per cent

{Park ob 8l., 1978).

According to Mulvihill gt al. (1979) piglet gastric.
. proteinase was less proteolytic than calf chymosin towords

bovine .Sy~ cagein at pil 5.8 or 5.2

Chaeddar cheeses treated with nicrobial eigymes developsd
gher soluble protein and free volatile fatity acids amd |
- displayed bebtter flaveour and greater acceptebility than’corf:;i;l
chaeaag, Imre&ﬁed rate of proteolysis in enzyme - treated
cheesge had a ai_r'eg‘:{: relation to accelerated ripering (Sood
and Kosikowskl, 1379)s

Jobfliag (1581) observed a deZinite correlation betweos
proteolytic agzivmy, ammonia liberation and veduciion in tcsw
nitrogen and increase in waber soluble nitrogen. Further,
it was roted that the highest proteolytic and lipolytic
activities ceccurred in cheess prepared from mixed staricer

Streptococeus lactia + Straptococcus fascalis.

Wolfschoon and Purtado (1379) analysed 28 sanples of
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Chablichou -~ type chesse amxi reported that soluble nitrogon

amounted to 45,0 per cent of total nitrogen after %0 dayse

Wolfschdon - Ponbo and Furtoado {(1979) working on
Chabichou chesse reported that soluble nitrogen increasasd
froa about 10:0 o 45.0 per cent of total nitrogen during

the first 30 days of ripening.

2e9eb. Coliform hacteria

Coliforms ara*cansid@réd as “saﬁitary indicateorsY and
therefors the presence of collforms in a pasteurized produdt
indicates past-pasteurization conbanination. This indirecily
points to the degree of sanitaiisn adopied duping the

namtfogture of the produch.

Docherichia ¢oll was det:rmincd at various stages of

chesse naging operation afbér fhe cheese skim milk was
inoculated to give counts of 2.5 ¥ 107 or 4.0 x 10° calls/nle
The mumpers of coliform orgonisms remained constant at the
ingculated concentraticon in the cheoege milk upto a ooskling
temparature. of 43°C. At 43°%C, when the curd was acparated
from the whey, the curd (not washed) had colifora counts thab
vere Ltwo &gg cycles groator than the whey (Vecehianocce et ey

1973) o _ . ,
Luck and Dunkeld (1931) analysed 1350 samplez of & %o &
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woeks old cheese for faecal Dacherichis goli and total coliform
counts. They found that B. goli were presont in 80.0 per goi
of all sasplage Thelr count ravéed.zram legy than 1.0 to pod
than 50 000/%, with 43,0 per aent samplasg coutaining less thars
100/g. Th@ tamal califarm couﬂﬁ ranged £roa less than 1.0 %0
36 x 10 /g, with.&ﬂ.ﬁ per cent of samples contalning leas tb
100/g.

- Mieisen (1976) opinsd that coliforms normally Zound Ln
Cheddar choeae present no public health problem. A decress ga;

trond of coliforms cuuld alsc be obgerved during rlponing.

Eliiot {(1978) sep ctad that coliform count decreaged
quite rapidly with time in most samples, but some sanplos

palntained a substantial populution for e considerable tlig,

Luck and @unkélﬁ (1081) sugg&sted that the standards for
4 to © wocks old chooge should be less then 103/g,; lesa t@&n
1000/¢, 1088 than 1500/g and less than 10 000/g for faccal
coliforns, bowal coliforma, Untorobacteriaceae and faccol

gtreptocosed rospestively.

However, Hllict (1978) concluded that colifurs count Wao
not a reliable index for comsarisg the guality of differond

lots of cheese, even at the stme agde.
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MATERIALS AQD [METHODS

Pooled raw milk from cows and goata were obtainsd fron
the Universlty Livestock Furm, Manmithy and the A.I1.CillP. om0

Goats for Milk, Manmthy respéctivelys

3¢ Analyois of milk

3e241+ Golisction of ailk samples
The samples of milk required for the a:naljais of milk
were eollected as per ISI standards (IS ¢ 1479, Part I, 1960).

3e2eZe Chamical analysis of milk sambples

The following chemical analyses were carried out,
3¢2s24%, Eat
The fat porceatage in milk wag debermined according to

the procedure described in the ISI Standords (IS 3 1224, 1550).

3024222 Protein

Doteraination of %he protein content of milk was carrled

out by the dye binding method using Anido black (Pearson, 1U70)

3e2.2.3. Agidity
The titratable acidity of wmilk was estimated followiny tho
ISL apecifications (IS : 1479, Part I1, 1951).
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Felelelse é&gﬁggg

The lactose conteont of milk was determined using thoe

Benadict's method.
3202450 Total solidg

The Zeal lactometer reading was correctzd to B4°F and
the total solids derived using the modified methed suggested
by Hathew ond Subrabmenysa (1683).

s

ez e PR L S

3e3e Starter culiure

Pure cultures of Streptocotcus iactis and Str. thermophilug

wore obtained from Hational Dairy Research Institute,; Banzalorce

3341, Haintenance and Propagation of startor cultures
The pure cultures were maintalned by propagating thom
daily in sberilized skimmed libmus milk. The fnoculated cultuves

- of Str. lactis wereo dncubited at room temperature whersas thoso

of Str. thermophilus were incudated at 37°C. The activated

cultures wore transferred t0 storilized skimmed aillk at 2,0

per cent lavel to obbain fecder cultures.

Jebe Prepapation of cheese

Setele Matorialg
The following sateriala wore used for cheese makings

Cheese vat, strainorg cheage hnlves, wooden hoops, nmuglin
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clctlh,; laddle, sbainleass steel knlfe, hot and cold water, BID

ingubater and Refrigerator.

Betetaty Chigege vat

& roctangular double jaskoted laboratery medel checse wad
wos used (Pig.1). The size of the vat was 40 x 25 x 18 en ond
its casaclity wag 10.1. Thia was cleanad thorousghly and

sterilized by sealding with hot water baefore use,

JeteTe2es Chogge kuivas
BSaparate gbainlebs steel cheoeose knives with verticol apd
horizontul blades wore used to cut the coagulun ints 1 am ¢uas

(Fig.ff:) .
3ebe1.3. Strednor

A ¢lean and storile gtainless atecl strainer was used Lo

dreining the whey fron the cheese vat,

3u4. 144 Stoinless glocl knife

Storiiized stainless gteel kKalfe was used %o mill the curd

into pleces of uniforn size.

3401450 Hooden hooos

Cubicol wooden hoops which were cleaned and scaked in
sealding water for 37 min. were used for hoopinz and prassisy the
curd (Firm.2). |



Model Cheese Vat.
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3uhele6s HMusiin cloth = | o

Clean strips of muslin cloth soaked in scalding watoer f;ﬁ-‘az*
30 min 6nd later immersed in galb solution were used as cneﬁw@

I
eloth for hooping and prossings "‘

Babie?e7e BOD 1mubatg_r and Refrigerator = N

o ad LT

‘l‘hess equipments gerved the purpos2 of providing desiz'a-d
temperatwe .fcr curing. the relatlve humidity in the BOD

|<

imubat:ur and refrirzemtor wag maintal ned at @5.9 per aenta,

' Tﬁrée batches of cheoesge were made each from cowa! ard
' poaby’ 'miik by the same procedure {Appendin=I).

3uie2il sm:tmg ofzaillc o - o

The raw milk wag strained and pasteurized at 72.6"0 i’c:ﬁ-
15 8 and cooled to 30°C, This milk was then transforrad t@;
the chdese vat. Ten millilitre of a 40.0 per cont aalutiani:
of caleium chloride vas &dded to 10 litres milk., Then the

culture (a mixture of equal parts of Stre lactis and Str. |

A
t

$hermophily

3). was added to the choage milk at 2.0 per cent

|
-1level. This was mixed well and alloved %o stand €111 the |
. meidity ;nvr'eased by about 0,02 par cent. Then, 0.3 ml of |

Renndlage diluted to 1430 iwith‘fiiatilled water wag addad to '
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10 litres nilk. This was mixed well and alloged to gobt into

& firm coagulum.

Bele2,24 Cutting the curd

The cuwrd was £irst cut with the horizontel choese knife
almng th@ lony axis of the vat and th@n*mxﬁh the vertvical
checse knife bcth, along the loag und short axis of the vots

The curd partlcles 30 obtained weére left umdiaturbad Dopr 10 1l

3.4.2.3. Cogking the ourd

The curd cubsg ware cooked in whaye The tenparature af
tﬁe cﬁrd vas énhanaeé from 31°C to 38°C at the ratc of 1°C foo
every 5 alnutes. Heanwhile, the curd was geatdy aaaaanea o,
intervalsg, The maximun temperature of 33°C wab malntained wircil
the scidity of the mass roturned to that of the milk used.

Following the ceaking, the whey was drainoed off.
Delrelelte Jrainlgu the whey

e R EAY S

The warn Qhey was drained through the metallic strainags

and the curd particles trapped in 1t were ratarsad Lo thc Ce

5.4.2.5. Cheddaring

The curd in the vat was spreod as an even layer and ¢us
into two. Tha piling, repiling and rolling on longltudinal il

horizoantal axis were carried out at intervalg of £iftoeen ol v i 28 .
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Belre2a6s Milling the curd

The cheddared blocks of curd were hand-milled using a
stainless steel knife. The curd piscus were gently agitabod
in the vat during the progress of this operation.
3e4e2e70 Solbing

Dry salting was done Lo the milled curd at the. rate of '
2.0 per cent.

34243, Hooping and Pressing the curd

The chesse hoop was lined with the moist cloth and
£illed with curd pieces. A wooden board was placed on the top
of hooped curd and pressod overnighi, at room temporaturc,

usiag wedzghis.

5»4+24% CQuring or rdocning

The blogk of cheese was removed from the hoop on the
followiog day and kept overnight in a cool and dry place for
the surfades %o dry. The dried checge dlock was cut into Hwo
halvos aad paraffined uéing food grade paraffine One of ths
blocks was placed in a 30D igcubator sab at 10°C (RH. 8% per

cent) and the other in a Refrigerator at 5°C (RH 35 per cuntd.

3e9¢ Anglvsis of chacse

SeDete Chemical analvsis
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SeSetets Sampling

The cheese samples were collegted at the beginniig of .
riponing (O-day) and at the end of 13 wsclts of ripening oo
per the mothods laid down by ISI (IS 3 2785, 1954},
3@5’0_‘" 0‘2Q I::%

The fabt coantent in checge wasg estimated in 5.9 g of chpose
by the Gerbor's methed (Davis and MacDonald, 1953).

345¢1:3+ Hoisture

Analysis of cheese for its moisture content was perfoynnd

following the ISI specifications (IS 2785, 1984).

34501446 Uion concentratien {pi)

Ten grans of choose sample wasg mixed with 10 al of

distilled water umbil a fine paste was obtained. i readings
of the samples Were recordad using & digital pH moter.
3?§01050'§§l§

Determination of salt contont of cheoese was made followisy
the procedure laid dowa by ISI (IS5 1 2785, 1964). L
3454146+ Hitrogen (Protein)

3.5eTeBs1e Total nit&mgeﬁ_(Tatal Protein)

TR e ope e 09 W TV SR A VD D P TTP W

The totel nitrogun content of cheese was deternined using
an aliquot containing 0.75 g of choose, according to the methd

described by Kosikowshki (1973).
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3450746420 Soluble Hitrogen (Soluble Protein)
Aliguots comtaining 1.5 g choeose was uged for tae
estimation of soluhle nitrogun, as per the method Bosikowghi

(1978) .

Je01a7e Stoap volatile Pree Fat :z*ggj:gg”g‘gy}zgé)

Ton graas of checse fab was stean distilled unbil 100 oi
of the distillate was collochede The distillate was titratcod
againgt 0,01 ¥ KOH in Methanol. Results are exaressed as

I mol/g fat (Romanurthy and Harayanan, 1975).

3.5.2. Bacteriological Analysis

The hactariological analysis of cheese was doae to

determine theo coliform count.

ZaDe2ele damali%

Checse samples were collectod asepticoelly ot O=day and
afber 135 wooks of ripening occordinz to the APHA acthod (Olpon
2t Tley 1373} »

3.5.2.2+ Coliforn count

Aporopriate dilutioans of the checse homogenatoes were
plated using violet red bile agar mediwa. The platos were
incubated ot 327 for 24 h for the devoelopnont of the colonios

(Olson gt al., 1978), ond the results expressed as colony



ferm*nu units por gram chosse {ecfug™ );

Se543. Son Urg gyaluation

-y g o Al sy e S il TR

A panel of Judgod consisting of threoe members evaluaitod
the cheese uaing a geore card {(Appendix-Il) modifiod slignbily
fron that suggested hy Van Slyke and Price (1452). The Harks

allotied weres

Flavour . 45
Body and textupe 40
Finish 5

BQQ.Q. ast;matian _of yield of ghasae

21 WA Y. TP - MY WD e

The weight of green choese obtainad in eoch bhaton wasz
racorded using a sensitive balagses Buased on the uaﬂrasiui
of milk'uaed. the yield of cheese was estimated using the

following formulass

1., Forzula of Van Slyke and Price Y ¢ Yield of cheese
¥ = 1.63 {C + F) whera C ¢ Casein contant of nilk
| o F 1 Fat coatent of milllk.
2. Formula of Van Slyke ¥ 1 Yield of choese

Cagein content of aill
¢ Fat contont of mill.

L2

¥ & 1.40 {C+F) = 1,04 whare

s Tield of chooese
Cagzln conbent of niil
Fat content of aillk.

3e Formula of Maolowall
Y 3 322 {C+F) + 2,32 whepe

23

e

Yield of chaese
2 Fat por conl of mills

4, Formula = 1 '
¥ = 2,5 F + 1.4 where

T T T B - S
[ 13
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5s Formule - 2 ¥ ¢ Yisld of cheese
Y = 2.7 ¥ where F ¢ Fat per cont of milk.

5545, Statistical analysis

The expariménﬁ was laid out and analysed as a 2

factorial with three replicatlons (Snedecor and Cochran, 19671,

Thoe data on Sensory evaluation of ripaned cheost worg

analyged az a & ¥ 2 ¥ 3 factorial experlments

In order to evaluate the efficiengy of different foruulco
to egtimate the yield of cheese, a non=-paranctria test proposcd
by Friednan {Steel and Torrvie, 1900) was used. The modulus

05 ’52

of the difference betwean the actual yield and those obtoinad
using differant lormulac was used as the observations for tho

above toegbs
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4el. Chemical composition of milk

4e7.1. Goats! milk

The composition of .ggmts' ailk used in the pz*epamﬁiml
of cheose L3 presented in Table 1. The 2at content raaged |
Lrom 4400 t0 3410 per cent with an average of 4.57 & 0.32
per cent. The protein content had & range of 3.97 Lo 4,13
per cont with an avercge of 4.04 2 0.05 par cent while the
correspording values £or 1octose were 4.47 L0 5,32 ami
4420 £ 0.25 per cents The total solids (TS) of goats' milk
was distributed in the range of 13.40 to 15.30 per ceat with
an average valug of 14,31 & 0.55 per cent. The range and
average values of solidas=-notefat (SNF) of goats' milk wore

940 to 10.20 and .74 r 0.24 per cent resvectivaly.

G.1+24¢ Cous® nilk

The data preseated in Table 2 indicate the composition
of the milk of cows. The fat contoent was Pound %0 have a
range of 3480 to 4470 per cent with an average of 4.33 & 1,47
per cont while the corregpondisg values for protein and lanlooo
were 3.41 to 3.85 and 3,63 & Ou14 por cent ond 4.90 to 5.40
and 3«13 £ 0415 per cont pespectively, The total solids cantong

of coys' milk was distributed in the ranze of 13.13 to 14.50
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per ceat with an average of 13,86 x 0.36 par cont waile the
corresponding values for solids-not~fat were 9.38 to 9.63 and

953 ¥ 0,09 per cent.

4.2, Acid development during cheose making

40247, Goats! aillk

Table 3 depicts the titrateble acidity of m;lk or wﬁmy 
as various stages of cheaeso manufactures The range of éci@ity
pefore addition of startor was 0.19 to 0.25 per cent with an
average volue of 04217 £ 04018 per cent while the corresponding
values gt the time of reancting were 0,24 to 0,27 and,@;Zﬁég
0.01 por cent lactic acid. After cutiing, the acidity rangid
from 0.13 to 0.17 with .an average of 0,153 & 0.012 per cent
lactic scid whille the valucg affer cooking were 0.16 to 0.22
and 0,190 & 0.017 per cont respectively. The waey showed &
range of 0.27 to 0.57 per cent lactic acid with an average of

04433 2 0,088 por cent at the end of cheddaring operationss’

he2.2. Cous! milk

The acldity of the milk or whey at verious stages of
manufacture of checae isApresented in Table 4. The titratuablo
acidity at the time of .addition of startapy ranged £ron
D47 ta—ﬂqig per cent lactic acid with an average of in??ﬁﬁeﬂgﬁ

par cent. The aversge acidity at the tise of renneting was
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0.213 £ 0,006 per csat lactic acid with & range of 0.20 to 0,22
por cent. After cutbing, the acidity decreased to an average
value of" 04137 3 0.0@3 poer cent lactic acid with & range of
Q,ﬁ? ﬁé‘ﬂgﬂé-p@r centes There was a gradusl fncrease in the
acidity duriag cooking and reachod aa average valug of 0.175 &
0,005 per cent lactic acid with a venge of 0.17 o 0.18 ner
cont by the end of the yrocess. The cheddaring operations -
produced a sharp increase in the acidity which, by the ead o
the process, réached & maximum averags value of 0.50 3 0.025

per cont with a range of .47 to 0.55 per cent lactic acide

4e5. Yield of cheese

S4e3¢1. . Goatg! nmilk choess

The yield of choese gbtained from goabst! milk is preseniod
in Table 1, An average of 1.43 + 0.08 kg of green chaepse wio
obtained from 10.0 litres of goats! milk and the yield variod

£rom 1.3520 to 1.580 kg,

LeJeZe Gowst milk checse

Orr an average, cows' mllk yielded T.145 x G000 kg of
green choesge per 10.0 1litres milk with the yield wvarying feun

1035 Lo 1250 kg (Table 2).

4o3.3. Evaluation of diffurent formulae

The agtual yields of groen choeese {(gravimetric) obtalasd



59 .

in the ﬁmdy and those ostimated using various formulao ara
presented in Table 3. The average yield ol green mméaa
egtinmated from 10.0 Litrss of gosts' milk using the formule
of Van 'i?aly?;é and ?ri%m, Van Siyke, HMeDowall, Foraula<i and
Fornula=2 was 1253 & 0,557, 1,185 & 0.479, 1.474 & 0.416,
1190 % 0,073 and 1;335 2 0,085 kg r@s.aseé‘“iwly widle the
ranges for the c‘az.“f*zasgavﬂ;% foraulae were 1.1&3 to 1.536,
1,103 o 1.269, 1.105 to 1.247, 1‘,:36’0’ to 14313 :m@ 1,080 o
1577 kege |

In tha cage of gx’e:a en cheege from 10.0 litros of cows!
ailiey; the aver«gra yiézld was estimated to be 1174 & 0.04G,
T3 & 0,052, 1,111 £ 0,034, 1,937 & 00063 and 1,170 ¢ U.Of’ A
uslng the formalas of Van Slyke and Price, Van Slyke, Hebosalls
Formula~t and Foraule-2 regrzetively while the corresponding
ranges aaw.matﬁd were 1,039 to 1.257, T.049 to 1,184, 1,093 ",;,a
1,173, 1,014 to 1,221 and 1.025 to 1.259 kg respactively. ‘

gratigtical azmlysees of the data ghowed that there wos 1o
S.ffmﬁ’manu difference between tho actusl yield obbtained u.m&
those c@r@mted ueing the f:ﬁ.vsv fermulac (Tubles & and 7)e
However, the foraulas have been vanted in ;.'h{a order of ﬁmiﬁ
sultability based on fliw mean of their renk values (T i)'
In case of goata! milk encese, the best formula was found tg be

that sugpested by Van Slyke and Price which hed the lowest
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"?i value of 1.33. The other foraulae in the order of
theiyvdasaamﬁing maris were formula-2, Van Slyke's formula,
formula=t and McDowall's formula which had F, values of
263354 3430, 3467 and 4,17 respe¢tively. in the case of chooaa
from cows' milk, the formula of Van Slylke and Prige showed
“the leaws éi velue of 2.33 sugzesting it to be the beost
om. The others in the order of their desdendlng merit wora
formula-2, formula-l, Van 5lyke’s foraula and deDowalll's
fornule which showed B, values of 2,67, 3.00, 3,17 and 3.83

raspegtively.

~helse Chemical analysis of cheess

4.4.1. Mo;sture GOﬁtenﬁ of ch chgesge

A LR L)
The moigbture content of geats' milk cheese L3 furnishod

in Tobles S and 9, The rasge of moisture in groen chuose wos

3@.03 to 534,92 per cont with an average of 32.26 £ 143 pop

eonts  Cheese ripened at 5% showed an average value of

26,96 + Q.32 ge?.*enx and had a range of 26.62 to 27.50 per Lont

winile those vipened at 1 °C had ea average of 25.45 % 0,74 per

cent and a ronze of 28,14 Lo 3U.70 per cont.

Green gheese from cows! milk wos found to contain
51438 to 34.86 per cont meligstube with an average of 53.05 3,ﬁ5@%

Cper cent (Table 10)., The range of moisture in cows! nill
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chicese ripened at 5°C and 10°C was 26,56 to 30404 and
27.00 to 30,00 per cont with the average values of 27.83 & -

111 and 28.07 ¢ 0.87 per cemﬁreagee*{:wely (Table 1),

The amplysis of varience indicated a highly significent
difforence (PL0.01) in the moisture content of groen and
- pipened cheese irrespgctive of the species and tomperaturo |

of ripenlng (Tablae 12).

hehe2s Fat content of cheese

Tables 8 cnd 9 Allustrate the fat content of grecn :md
ripened choege from goots' milk. Oroen cheese wasg found Lo
contaln an average of 35.33 & 1.20 per cent fat while the ran;e
wag 51:0 to 35.0 per gonts In the case of chuosse ripened at

5°C end 10°C, the range and average values were 34.0 to 30.0

ard 35.0 # 0,58 per cent and 35,0 to 3040 and 35.33 & 033 pug

cent respectively,

On moisture free basis the greon cheese from goats! aill
cortoined 47.63 to 50.0 ser cent fat with an average of i
49.18 ¢ Q.77 per cém; while the corresponding velues for choogs
ripened ab 5°C ané-"t@*ﬁc ware 46,33 o 49,72 and 47.92 % 0.98
per cont and 48,71 to 51.08 and 50,90 x 0.71 per cent |

raspeciively {(Table 14).

Data relating to the fat content of cows! milk chccse



62

are repreacnted in Tebles 10 and 11, The green cheese was
Pound t9 contain 34.0 to 35.&'@@? cent fat with an average of
3le33 xrélﬁﬁ por cent. Ripening of chesse at 5°C 1aoreased.
the fat content to 37.0 to 32.0 per cont with an avarage of
37457 + Q.33 per cunt whila in cheese pipened at 10°C the
range and average values wore 37.0 to 39.0 per cent amd 3 i.ﬂ_&

3458 por cent raspoctivelys

Groen choese from cows' ailk was found to camxain ;u.@i
to 52;2@ per gent fat on moisture free basis with an avuraum
of 51429 & 0.46 por cent. The prange and average values of Muh,
on molsture free basis, in cheese ﬁi@éﬂé& at 5°C and 10°C wepo
50438 t0 54432 and 52,22 # 1.14 per cent and 52.05 to 53.70

and 52,87 # 0.43 per cent respeciively.

The gnalyaia of variance of the data, gresonted in Tabld 13,
ravealod shat the cheese obtained fros cows' wilk ard goatsl wilik
had highly significont difference in their fat content (PLB.Ti),
A highly sz,gmAcant diffeprence was noted (P<0.01) between the
fat content of green amd ripened choege irreapective of the

temperature of ripening.

Lehe3,. Erotoin content of chesse

beliedols Totial protein

The total protein content of goats’ ailk cheese is

oresented in Tableg 8 and 9. Green cheese had an average tetal
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protein content of 28,35 # 0.86 per cont with B range of.
26,80 0 23.77 per cent. The range and aversge grotein
contents of chesse ripened ot 5°C and 10°C were 32,2% to
34438 2nd 33.30 % 0,02 per cent and 31.26 to 35.13 and

33400 & 1414 par cent respectively.

On moigture fréa basis the green chease from goata!
milk was found to contaln 41.13 €0 42.53 per cont protein
with an averéage valug of 41.83 £ 0.39 per coenbs The range
of protein, on moistwre free Lasisy in cheese cursd ab 590
and 10°C was 44.53 to 46,83 and £5.11 to 43,96 pér ceal wihile
thoir cmrresﬁozﬂiﬂg ayarage values wore 45.59 x 0.69 and

4GeB85 x 1.3 por cent rospectively (Table 14).

Tables 10 and 11 Lllustrabe the total srotcein comtont
Cof cows' milk é‘aaﬁsea The range of protein contont in groon
cheeas was 23,17 to 29.77 per coenk, in choese cured at 5%
25426 to 32,22 par cent end in choese oured at 10°C 29.75

te 32,75 per cont while the corresponding average protein
content wasg 20,38 4 1,91, 30.53 2 1,19 and 31,75 & 100 por

eant rospectively.

Table 14 presonts the tobal wroteln conteat of cows' nilh
cheese oo molisture free basis. Oresn chosse had a protein .

corpent of 35.57 to 43,358 per cont on moisturs free bhaais
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ang bhe average value was 1{).0,.; + 2.20 por cemb. Chesge curcd
at 5°C had an averags ;rotein coatent of 42.34 + 1.03 per cent
on moigture free basis with a range of 40.39 to 43.37 per cent
while the valuos for cheese cured at 10°C were 44,12  0.61

and 42,50 to 44.39 per cent respectively.

The analysis of variance (Table 15) mv&alaci significant
difference in the total protein conbont m’ goats! milk chougo
and cows! milk cheese (P<0,05), A highly significant
difference (PO, G’I) was obg ‘rrvefi in 't"d@ tokal’ ;”totein caznte,ﬁzra
of green and “i.p ned cheese irrvespoeciive of zhe uemyas*atu e
ripening.
4ehe3.2. Joluble protein

ca presented in Table 16 iandicate the soluble protoin
content of goats' milk c:heee:;e. Groen choege waa fourd to
conbain 2.,93 to 3.72 per cent soluble oro tea.n *u.t‘m an aveﬁu*ﬁ
of 3.23 & 0.25 por cent. AlL the chease samples ripened. ab
5°C showed a soluble e:sz'ca‘t@in- content 5,95 por cont while 'f:m:
chacse © ned at 10°¢ h,zui mlues ranging from 5,70 o '8,%'353

par cent with an avemge of 519 & 074 per cont.

The saluble protein in green cheose made from cows' ailk
wag found to be distributed in o renge of 3.72 10 4.47 por comb
with an average of 3.97 + 0.25 per cent. The Ghsese cured 6%

5°C showed an avera g@ of 7«69 & 0,23 por cont soluble prot r"*:"a,



6%

and a range of 7 vim to 8219 per cent while the correspondi: sw
valucs for cheese cured ab 19“8 were 1%92 £ Q.65 amd 9.w %

19+17 per ea»m; raspectively {Tavle 17)«

"hﬂ- analysis of vari.ance {Pable 13) showed & highly
axguzmmt dszerema (P<LD.01) in the s@lu’sle protelin mm,
of cheese made from gmﬁs’ and cowa’ millte A M{shly olgnificant
difforence was also robiced {(PL0.01) betwsen green and ri ymtﬁi
chesse in thelr soluble protein conbent aﬁ, also potween ChRAsa
cured at 3°C aod 10°C. The temperature X “zasrmd of ripen ;ﬁ.ﬁg
pmdw a highlf aignificant inﬁewactif:m (PL0.01) and the
species ¥ period of rivening produced significant :}.zxt;t&racmwm

effects (P<0.05) in the soluble protein content of cmmae.

Dased on the eritlcal difference, 4t was sven that gcaﬁﬂ-i
milk cheese snd cowast milk cheess were homogencus with r%&m O
soluble protein at the begimniag of ripendings but at the ond
of ripening they differed gignificantly both amoug %;hemssmé@
and with thelr pre-ripening values {Tabvle 27). Conparison of
the mean valuss also showed that the seluble protein -«;matmrz:
of cheess ripened at 5°C and 10°C differed from each obther tnd

from their mre-ripening velucs (Table 28).

foleotss 381k gontont

Data on the concontration of salt in goats' milk cheese
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are furnished in Tables 3 ant 9. Greon chepse was found o

contain 1.23 to 1.24 per coent nalt with an averoge of

1623 & 0:003, wasreas the corresponding values for choese
ripensd at 5%C and 10°C were 1.36 to 1.61 and 1.52 £ 0.03

sor cont and 1437 10 .39 and 138 » 0.006 per cont resucctively.

zze, Balt uout:e;ﬁ: of.’ graen chogse a?atuanec}. Zron eows!
'ztls ! qﬁu :ﬁ*m:«a O.‘}+ to TaTh 5}5::1" Q“nu uLth z«:m aver e of
125 % 0.25 por cent (Table 13). bhamsa rip@ne& ot 3°C had
an aveﬁag;é salt cont m: of 1.&9 x 0592 }ﬂr cfmb “m.th a ronge
of “i..&é to 1s52 per cont 1439 the carfewmdlm Lig,aras z’fo&’
umeae mmm"d at 102¢ wwe Tolit 3 Q.Ot' and 1v5~l~ to 1 &6 pelcra

s.af:"ﬁt ras lwr'et.wely (Table ‘H).

The anolysis of varianve (Table 19) showed that ripening
nad a significast Gf’fea,.t (P<L0.03) on the salt contont @f ohRaacn

irresnackive of the spocies.

hetre5e Steoum volatile froc fabty acids (W?‘ A)

Table 15 illustratos the SVIFA coasent of gouts' milk
chuese, Groen cheese contained 0.20 to 2.03Mmel/g fat
SVEFA with an average of 1.50 » 3.52/.« mal/o fabs Chzese
curad ot 5°C had an avoraze SVFFA coabent of 4.13 2 0.2%

[q a0l/g fat and a range of 2490 be 445 alu mollg fat while tho

i‘ b

corresyoniing figures for chceso cured b 10°C wore 9.33 = C‘i 2r

and 7+40 to 1040 /zz mol/g fat ressoetively.
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in the ¢ase of cheese prepared f£rom cows nillz, tho
range of SVFFA coantent in green chesge, choese riponed ab
5°C and ézmwa ripened at 10°C was 1.50 to 1.90, 310 to 347C
aad 7.20 to 8.50 P mol/z fak mépsc‘cively. The corresponding
average values were 1273 & 0412, 3.33 2 019 and 7.77 + 0,30

F nol/g fab respectively (Table 17).

Table 20 gives the amalysis of variance for the SVIFA
content of cheesss The temperature of pipening had highly
shgnificant effacts at 1.0 per cont confidence level. SVEFA
differed highly significantly (2<0.01) between green and
ripened cheese and the temperature x riponing interaction
was also highly significamt (PL0.01). A significant offost

(P<0:0%) was also found for spocies z ripening intoractiosns

On further examinatieon, it was fouwml that the SVIFA
‘c@zztent éf goatn' and cows' milk choese changed significaatls
during ripening after which the chesse from the milk of thase
two species had significent difference in their S%}‘F& conhars

{Tableg 27 and 28).

4e5. Hydrogen-ion concentration (oH)
vave presented in Tabls 16 represent the pi of goats!
wilk cheege. Green cheese showed a o range of 5.0 to 5.19

wita an average of 5411 &£ 0.06. The range and average pil
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values of cheese ripened at 3°C and 10°C were 527 6 5.306

and 3.30 & 0.04 and 5.37 B0 5.37 and 5.34 i‘@,@é FOapeetivelye

Green chesse from cows' milk hed a ph range of 5413 to
5437 with en average of 5.23'3,9.6?@ ﬁha;sa ripencd at i ¢
were found to he in the pH range oflﬁqaﬁ t0 5.35 with an
averaze 0f 529 & 0.03 while those ripened at 10°C had a rongo

Of 5429 to 5437 and an averapgs of 5.33 & 0.02.

The analgsia of variance (Table 21) showed that ripening
had a highly significant effeet on the pH of chicese (P00,

irregpactive of *he spaclies.

h4ebe Coliform count

Tables 8 and ¢ furnish the coliform count of goats' millk
choose. Groen cheese had counts ranging from 230 to 530 efu/g
with an average of ;36¢67 + B5.86 eful/g while chsese pliponed

at 5°C and 10°C did not show any coliforas.

Groen cheese fron cows' nillks had an average load of
210 x 115.9 efufg with a range of 230 to 400 efu/g while cheoso

ripened at 5°C and 10°C conteined no coliforms (Tables 10 and 4.

L7« Sonsory evaluation of checse

Data on the mensory evaluation of goabs' milk choese
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ripened at 5°C aml 10°C are presented in Tables 22 and 25,
'Tfm total geore ol checse ripensd at 10°C rangéd‘frosn ??
0 95 with an averaga of 535.78 > 1 139, The émgﬁ and avamgé
valuza for the flavour, body dad texture and Zinish were

5 to 42 and 32.22 z 081, 25 50 39 and 34.33 & 1.52 aud 10 Lo
A and 12,22 & 0.40 respoctively, Cheese ripened at 55
showved o totol score in the range of T7 to 92 with an averquo
of 3522 3 1.75. The roasge and average values £or the flavour,
‘bédy and textur«é and finis‘h of these saaples were 37 to 49
and 38411 & 1.09, 25 to 38 amd 55&.:36 & 127 and 10 to 15 &:w:l

12455 » 0..323 I‘G«‘?f’ecti’.f@lya

Tables 26 and 25 represent the sensory evaluation score
of cows' millt cheese riponed st different temperstures. Cheozo
ripensd at 10°C gcored 90 to 95 with an average of 32.22
+ 0:73. The range ond average scores for flavour, body ond,
texture and finteh were 40 to 43 and &1.44 3 0,38, 35 to 30
and 37,50 » 0.34 and 12 %o 15 and 13.22 & 0.43 respectivelys “he
total score for che *s*a ripened &t 5°C ranged from 76 o 92 with
an avorage of -@7‘.9{3 % 1467+ The flavoury body and texturo myg
finish hod range and avorage sgores of 39 to 42 and 33,22 =
1419, 35 %o 38 and 35.33 £ 0.47 ond 11 to 14 and 12,44 + Ol

. reapes e!.y*.

The analysis of voriance {Table 25) showed that significornd



7o
difference existed in the sepsery scores of goats' and

cows?! nilk cheese (PL0.03). -

The defects abaarved in the flavour, body and
vexturo and finlsh of chesse from goats' asl cows' milk
ripaned at 5°C and 10°C ara prosonted in Table 23 Cheose
pregarad fren the rmilk of both specles stored at 5% did
not develop the full flavouwy, whereas the main flavour
defeet in cheese ripened at 10°C was the developmant of
slight rancldity., The predeminant defect in body end
texture was ‘erumbly' while the main defects in finieh worg

feracked! and “wneven surfece'.
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Tabile 1. Campssitian of goats' milk and yield of pgreen cheest.

Trial  Quaatity  Fat Protein  Lactose  Totol selids SIF 'aoeo O
minher {1litrosg) 7% % : g £ % g
1 16.0 5,10 4413 532 15,30 19620 1.530
3 10,0 4,60 597 4032 1 e23 D63 1.385
s PP : ’["957 &.m 4.93 \?H ‘o,,)‘z; *ﬁn?zé 1.&3@
Average 0.0 o052 20,05 40,25 #0455 #Di26 40,030

Table 2. Camnasiﬁimp of CQﬂS' pilk and yield of green. chease.

Trial Quantity  Fat Protein  Lactose Potal solids s T4eid of green

mmbap litres a4 ot g cnaese
1 o S-i‘ - w0 ) ..%‘_ nn. -}o oy o o " ey ‘ wou uwmmmma‘*q“—gL 2 R
i 1940 | 3480 3478 4.9 15415 2,33 1.035
4 100@ ia"v 50‘ 3@@1 SOZ*Q 1";‘{'5@2 ?fo 532 1 0150
3 1‘3g@ l‘o?@ 3.86 5068 145 .:;5::; 996:3 02%
AerarAc | Lo 33 363 5,13 15,86 9453 1,145
Average  10.0 027 014 4015 #5436 4009 40,060
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Table 3. Development of acidity during cheose naking
from goats! milk.

“Acidity (in g loctlc soid) st

rdal Addition Addition After  After After
N of of cutting cooking chaddaring
starter - remnat » o
1 f 0.19 0.24 - 0413 0416 3427
2 0.25 0.27 0e17 0.22 0657
Average  ,0,018 30,010 20,092 ;—_@.@17 +0,083

Table &4, Development of acidii:y dmﬂmg cheose making
- frow cws‘ mi Lk, ,

Acidity (in%: :gactic ac-uﬁl at _; S

mw&:‘mﬂmﬁﬂc‘—m B

bt Addition Aﬁczggmn Aftor AfEop nttor
_starter  remnet cutﬁing c-@oking cheddaring
1 0,48 7 T 0.22 0s18 - 0,18 0.55
2 a7 0.20 0.4 0417 04T
9,18 022 0413 0.7 0:48
0,177 0:213 0,137 04473 0.500

AVErGSe 40,003 30,006  £0.005 - :0.003 £0.025
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Table 5. Yield of choose.
Ient o i y Formula of Foraula of Foroula of ‘ - _ 5
frisl = GrafiaSiiC yag slyke & Price Van Slyke  dcDosall  Fommilas]  Foraula-2
e R (kg) - (ke) (’”‘; ez~ (&g) -
Goata? | : B | | ,
milk A 1356 . 1.269 V247 1393 - 1377 '
T 14580 (~14.8%) (=13.68%) (~21.03%)  (~156.35%) (~12.85%)
| j 1163 : 1,103 1,103 1,060 1.080
2 Te320 . (=17.85%) (=15.445) (~15.88%) (<1703 - (~18.18%)
8 14259 s 1,171 A019m 0 1,242
3 1.385 . (~2e398) {«14.565) (15,6550 (~13.5008)  (<10.33%)

Average 1.428 3 0.078 1.238 z _9.‘55‘? 1,985 + 04872 1174 & 0.510 1990 & 0.073 14235 & 0.085

Cowra’ - : -
nilk 4 1,093 1349 1355 g 1.026

1 12055 (+6.739) (+135%) (GeD35)  (eBa03s (=0.87%)
LT - 1AGT. ?a1% ' ’ic’rc‘ﬁ Y375 1215

2 1 ‘11 EQ (“"1 ﬁd}é) ) (“3 1083%) ( ﬁwlﬁi r} {”*2 o 3?143 ' Q*‘ﬁoaﬁ%)
~ 1.257 1.1 1973 1,221 1,269

3 1250 {+0e 5““’3 {«5.28%) {=6153) ;;-at:gzz (@ﬁg 2,%)

Avéx'az"e 15 3 ®.062 1.1*}"«; £ Do 1113 2 0.039 14411 £ 0034 1. ‘i? 23&*.@@ .17&3 + 0.07%

Nm‘;e, 1) Figures in pamnmeses lmimdhﬁ ﬁhc. percmt Ze war w. ,,;.\.m of mﬁ uuui&uted mllaﬁ
£rom the obssrved values
2) Uogative sign iadicatos that estimated value i3 lass thon obsorved valuo,.
Zv) A pas;. tive 8i Qﬁ in:h.c;m,a that ost:.rmted valae is “K}X‘ o The gbosrved value.
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Table 6. SHvalustion of different formulse used 1o
estimﬁ&& the yield of g@&zs' milﬁ Chetu”g_._‘

Farmalae

N OIS v s tohont fominrtpormince

1 D224 (2) .31; (4) 0.333(5) 0.,267(3) 0.20341)

2 0157 (1) D:217(25) 0:217(245) 0250(5) O.250(4)

3 00130 (1) 0.203 (&) 0.214(3) 0.187(3) 0,145 {2)
Rating ‘
fotal
ry 4 105 1245 1 7
7.4, .33 3,50  Ga17 3,67 2,33

* Flgdﬁga in parentheges indicute the ronkirg

Table 7. Ivaluation of different formulae used to
 estimate the yi@ld of cowg' nilk cheese,

Fermulaa

. . . N . . .

Baten  Van Slyke & .
munber | Prica ?an uljk@ ﬁeﬁewall Fbrmulamﬂ F@rmmlaaa

3 0,007 (1) 04066 (4) 0.077 (5) 0,029 (3)  0.019 (2)
Ratling
total _ .
"1 7 95 1145 9 1
i:i 2433 3:17 583 3,00 287

* Figures in parentheses indicate the ranking,



Teble 8, Composition of green cheese and riponsd ¢ aeesa {cured
at 5°C) *rﬁm goats' nilk.

erial ~ Green cheese - Ri'awmd' cheose {cw\.j\. at 5°C)
numb@ﬁoiatuve Fat ?rot@in o salt Caii;erms ﬁazatgwu Fax | Pr@uﬂin\ Salt Coiif%rms
1. 30,00 35,00  29.77 1.2  4D0T - 26,66  355.00 36,33 1.36  Hil
2 34,92 3100 256.80 1423 530 26,562 344,00 33.28 1.59  Hil
TF B85 2400 2547 1.23 235 - . 2750 556l Bhenlt 151 Hil
Aver-—&?i&ﬁ C B5.33 23435 1.23 386.(%?_ 25,96 3500 EE‘E’G 152 il
age ¥1.43 $1.20  #0.36 30,003 86,85 0,32 :0.58 0.52  10.08
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Table 9. Composition of riz:ene.d chrese (Cured ot 5°C and

0"!") from g@ata‘ pilie

Rigzane& at fs%

ﬂipm’v f‘i ._Sﬂ;' 1@%

Tri{,fa e i D < Y o s e e o, 3 .
Huabsr *im.stu; e Pab Pro‘cein ::ah. Coliforns 3&@3, tua: Fat P«*:; z.n Sal’c Colifaras
ORGSR R U S 1 T - I 5 S - SO sfulg

1'. , 26,065 35400 Bl o3BG T 36 Nii é&%‘.f‘!‘fé 55,00 :;sfé 18 Te39 Hil

2 26,62 35,00  33.28 1.5 Wil 3270 35.00  31.26 1.7 it

3 27,60  35.00 32.24 1467 Hil 29.52 36.00 3275 1439 N¥il
Aver- 26,956 35.00  33.30 1.52 W1 29.45 55+33 35406 1.38 Nil
age 20.32 #0.58  #0.52 . 20.08 -  ABeTh 20.35 & L4 2D.006 |

-
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Teble 10. Composition of green checse and ripenad chesse (Cuped
at 5°C) fronm cows? milk.

) Grean asheage : Ri:awwd sheese (w&rm’l at 5°C)
‘Tl‘i'll e o " Vv e o 4D e e R L e e wsa D e i o 10 TP 0
humher zmisture E‘&t Prctu.n Sa2lt  Coliforas ;mimwa Fat Pz otein Salt Coliforms
———8 25 75 5 cfulg B, 33 ianid . Lfalg

1 By e B6 34.00  23.17 174 400 26455 37400 32.22 1446 Nil

2 32,90 34.00 25.80  1.10 Nil 30458 38,00 28426 152 Nil

3 31353 353.00 2977 Ce90 230 - 2583 33.090 31.26 149 Nil

o 33,05 34e33 2653 1.25 210 27655 3767 3058 1ol

fversge 1.0t 30,33 31,91 1025 #115.9 1. .35 a3 osow2 0 Wl

L,



Table 11. C@mpﬂﬂgtian,of ripened checse (Cured at 3°C dnd
0%) Zrom cowa' mili.

fﬁipen;ed‘ at- 8% o Rip\anm& & ?J
ggggi - Moisture Pat ?m*“ezn éli: udlifs:xrms ;i@if;‘ ara  Pat f“m ..h Salt bolif&rmu
o s S - N : S cfufg B ) B T /g . .
1 25.456 37,00  32.22  1.46 Wil 27,09 38.00 ST 146 0 Ml
2 30,00 53,00 28,26 .52 Hil 30,00 37.00 22,75 1.43 Wl
3 25,83 30.00  31.26 .49  Hi 27.23 33,00 3295 T34 0 14l
apams S7.67 30458 149 gn 2807 33,00 3LT5 0 LA g,
Average 4137 30u33 .49 a2 M 0,07 $2.58  #.00 0.0 S
/ ' )

el



ADOVA for the

79

moisture coantent of

Tapie 12,
ChoSnie
Source ag
8pecles |
Tempepature

Duration (Ripendng )
Species ¥ Tompercturo

Specieg ®X Duration
{Ripening)

Temperature £ Duration

S8 M85 F

3+416 0416
2.802 2.802
125,575 125.675
1,203 1. 903

D855
33,562 W
0,531

24802

(Rigening) 1 24802 0355
Eppor 17 55090 Ze27TH
23 . 190.9%52

Total

Table 13, ANOVA for the

fat content of cheeses

I

Source af 53 s F
Species 20,167 20,167 14,293 *©

Temperature

Duration (Ripeni.g)

Species x Tenporature

Spnecies ¥ Duration
{Ripening)

Tomperature x Buration

T . S )

-l

0.118
30,239 4
o

42,667
G

04157

424687
O

4167

4,967 24953

(Ripening) 1 L 0.166 04166 D.118
Zrror 17 . 25.93 Tad11

Tobal

. 91335

*% DL 0e0le



Table 14, Compositien of green ch2ese and cheocao rL%ﬁaﬁ& at differasn
tEﬂparuﬁurus {ﬂolstar free basis).
Grmen cheese Cheéae:carea at 57C CI 23 carvd 1GaC
S F@t. Protein Fat - Protein Jaﬁ uaw 0
Ewibjr o-—.;-‘éu.lmww‘uv-m '.,5 :“S : o ?:} okt Sk ainh it J’} it
Goats' millk ¢ w;s : .
1 500 - 42.53 L L7.T72 46,83 £3.71 43698

2
%

Aveorage

Courat mzlh choeage

7.
2
3

Avcrage

47.83 41498 46.33 49,35
49,90 K173 69.72 4h4.53
?Gb?? ipcﬁg 2@193 2?559
32420 39457 5038 43.87

5067 3294 54452 40,59
51.07 43,38 | 51.97 42475

51 25 .,35‘-63 52522 &20.}55
ﬁj '&6 -";2 - 26 3,,.:! - 154 ’ P"; . 03 )

52405

5296

5% e

52497

i@.&%

45.9F

46457
56435

115

42450

(4 i
FRER, g AR
IR

Lel2

‘ 3.@1




Table 15

.1

ANOVA for the tr}ta’l. ar@uain oem;crt

Gl ChoesQ.
Source af ° 8% M58 B
Species 29,470 . 21,470 5,682 %
Temperature 06327 0.327  G.07M

Duration {Bipening)

3
1

1 133.105 133,105 29,024
1 Q. 742 |
1

1

7

Spacics x Temporature D.742 0162

Species x Duration (Ripening) 0.0%  0.09%% 0,021
Tenperaturs X Buration (Ripening) 0326 04326 0071

Error B 17 77.968 4,585

Total 23 2Z4.033

it P L0
* PL0L05



Table 16.

Production of soluble protein, stean wolaliil
(SV::EA) and pH in the curing of chesga,

N 3
[
I
3
MR 1
iy
14
3
[Ny

Goats? milk cheese

Trial Green cheese Cheose cured at 5""3 Cheasc cured at 10°C

RADCr "oy e SVEAA | Joluble  SVEFA . doluble  SVEFA )
PH . i i

proteln [u mol/g protaein l.z mol/g = PreLoLn ,z Laal/g =

e 55 fat 5 fat T Lot '
1 293 2400 5400 5,96 4460 530 5e70 04D 5.37
2 2,93 1060 5,15 595 %490 5,23 SeT3 13420 5,35
3 372 eI 5¢19 5436 3.90  5.36 B33 740 5431
Average 2090 1450 511 5.6 413 5¢30 8,13 9+33 5e34
i 30.25 w&.}:‘? ;:-_3.05 :S‘OO z{).ZB ‘1‘00@‘1? '1‘9074 _.'309? ‘ 9‘@632




Table 17. Production of soluble protein, steaa volatile free fodly acids
{(3ViFA) and pH in the curing of chsese.

Cows' milk choese.

Green choese Cne ese cured at 5"6 " Cheesa cured at 10°C

Tl‘iiﬂ. ¢ . -7 N ) ‘ ) ] R 7 i N - — NT) -‘.wn " »
e S0luble g,v,. JEY Soluble SUFE ﬂ. o Soluble SVIFA .
Humber protein R mol/g pit protein nol/g pi protein /u mol/g pi
- 5 fat e NPt b ) fat

1 3672 150 515 = 9 3.20 5«24 1he 7«50 Be29

b2 '!itfé‘? 1 980 5- 1? 7:&# 3&70 502‘3 9.0 63 ’Ut :3‘ 5-37

3 Y P T3 537 T oltls 370 535 1197 . 720 5633
Avera 397 173 Se23 769 %433 5e29 1092 Ted7 5433

Crege 40,25 0,12 $0407  30.25 0,19 £0.03 #0.65 £0.33 #0402

&



Table 13. ANOVA for the soluble protein
eontant of choese.

Source o af 35 38 F

Temperature 1 11,166 11,166  23.351 =&
Duration (Ripening) T 126.455 126,455 264,455 @ -
Species x Tomperature -1 0uBTT 0377 O T35
Species ¥ Duration (Ripening) 1 . . 3,322 3,322 6,947
Temperature % Duwratlion (Ripening)i 116165 114165  23.340 0
EW@P ‘ ’ 1 7 Be 1 29 &) 04753’1 ?6
Total ' 235 173.80

* PL0JO5 |

¥ PL0:01

Table 19, ANOVA for she salt contont of chease.

 Source S dE - 038 MSS F |

Species 1 O &) Q
Tenperature 1 0.017 Q017  0.354 .
Duration (Ripening) 1 0.266 0,255  G.541 ¥
Species X Temperature h ] 0,002 0,002  0.042
Spzcles x buration (Ripening) 1 G.005 0,005 0,104
Temparabture x Duration _ ‘ - -

(Ripening) 1 0,018  0.018  0.375
Error 17 0815 0.048 |
Total 23 1,123

& PLOIS



35

ARNOVA for steaa voletile fLree

Table 20,
faviy ecids of cheese.

. Source dar s . ASS ¥
Species 1 1.354 0 1354 24650
Temperatura T 54,900 54 «300 6@.1@2.**
Duration (R4 ordag) 1 122,854 122,854 200,410 o
Species ¥ Temparature '} 0221 D229 Q433
Species ¥ Duration {(Ripeniog) 1 - 3.009 3.009  D.239 7
Temporeture x Duration ‘ o , ,

{Ripening) 1 34.801 34,801 63,104 S
“Brpop - 17 Be 6531 0511
Total 23 235.?1 96
- # PL 0,01
5 PLD$O5 ’
Table 21. AlOYA for the pH of chesoe.
Soureo o ag e Ms3 P
Eo 2] Pt e b » e ) - 40D S0 i P 5 et Wl S SO S Sy --mqi;?nb“a}
Temporaturs 1 0.002 0,002 0,286
Duration (Ripening) 1 00122 0.122 17,429
Spacies x Temperature 1.0 0 0
Species ¥ Duratlon (Ripening) T .0.022 0,022 31438
Tempercture x Duration '
(Ri;ﬁ&’u.ﬁg) 1 e 035 ) 000133 ‘ O G’Qgg
Error 17 . 0.118 0.007
Potal 23 0.2353
. i

& E’i’<0e01



85

Table 22+ Seore card of goats? milh ghecoe
rmpﬁnbd at TQBL.

Prisl  giyon o Body sad  myos
mmbap | SudEes Flavour texbure Fiﬁish Totol
| - (49) o) (1 (100
A ha 3 12 M
1 B 36 | 32 12 80
e &40 25 12 77
A 40 3% 14 X
2 B 35 - 35 . 12 32
¢ 45 35 19 &3
A 42 39 14 25
3 3. 40 35 12 37
G 38 35 12 85
4 F9e22 34,33 12.22 25,78
Average +0, & ¥1.32 #0.40  £1.8D
Table 23, Score sard of Goats! milk chosse
ripened at 39%.
Trial Y erenca N Body and A e
Numbeg Judges Flavour texture Finish iOL&3
& 40 ' 38 1‘3 - 92
1 3 40 35 12 a7
& 4 25 12 77
A 38 35 15 B3
2 B 30 35 12 77
c 40 35 19 B35
A 37 38 15 GG
3 2 33 ‘ .33 11 a4
‘ < 40 35 12 87

Average . 38011 2 109 34456 & 1.27 12.5640.58 85.22

& 175
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Table 24, Score cord of cows' milk chuose
w;vaaﬁd abt 10°%C,

Trial Judgeg ' ,Flavaur. | Bady and Finlgh - DTobod

Number texiure ) B
'*!‘;dﬁ#‘wﬂ@?*ﬁ*@‘”?‘*‘md—%u " ,—.g_&gl—:— > s o o ..Qf{i'ﬁ} RO (1§’} oo oo (‘;:}:}} B sTecrbagh ok
V" S 3 . 1 %
1 - B - 42 23 | 12 G
c 42 37 15 9
A -4 .38 B 14 B
2 B G2 35 14 -
¢ ad 38 12 90
: A 42 25 i3 2
3 . B 43 53 15 94
< 40 38 12 %0
Average - ElAGa  57.56 & 13,22 & 92422
Table 25, Score card of cows' milk cheese
ripensd at 5°C,
Prial . .. e
Namhor Judpa Flavour . gexbure .binlgh Tatw;.
YO o 40 o 29 04 v e g 0 40 s ot gﬁig}; ves (ﬁi’g‘};‘. Beak —(15) et out e Mg?(}g} e s ile
A 30 55 Tl 75
1 B 42 39 12 92
c 57 8 14 89 .
A 35 75 12 85
2 B 39 35 11 85
c 42 - 38 2 92
A by 37 14 m
3 B 38 ' 25 14 87
c 33 36 12 a6
Average 3822 % 36433 + 12.44 » 8700 %

1137 .&7 e.m 7.»)7




Table 26, ANOVA for Seansory evalustion

oL chaese.

Source as 55 M3 P
Speoies 152,11 152,91 7.55 *
Temperaturs 7511 73511 3.73

Julgs

Tomperature x species

11605

43,00

58,025 2,899

49,00 2,43

]
Epror 30 - GG «53 20,153
Total 35 936436

* PL005
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Table 27, Comparison of mean values of soluble
protein and SVEFA of goats' and cows!?
milk chosgse in relation to ripenings

, , ‘ T SUFRA s
Species rRiyen;ag | Saluh%g §r§befn inf4i901/$_$§ﬁ
\ ‘ s 2 a8 -
Goat Before (D-day) 3523 1450
After{13 woaks) 7.07b 670"
‘ | o a ..
Coy Bofora (O-day) 397 | 173
Aftor (13 weolks) 95B1c ' 5;553

Note : Identical lettors indicate no differercs.

‘Table 28, Comparigson of mean valuzs of soluble
protoin and SVWEA of chacse cured at 5e°C
‘and 10°C bhefore and aftey ripeniag.

SUFRA

e Tl g 4y o T dod g 3 ¥k & 1 ’ _. SR e 3 gpw, M .
.Temgcfayupo A Si?§a¢ng ‘§ehu§§e protein I;;m@l;g fan N
& | ~ 8 4 and
59 Before {O-day) 300y, 1.62,
Azter (13 weeks) G833 373
10°C Before (O-day) 3.60% 1.62%
After (13 weoks) 9.55° 8455°

Note : Identical lettors indicate no differaernce.



Befer.:ta obaerved m cn ,,e.

Type of
Cheese

Tenperature of

ripening

Defects in
Flavour

Deféci}a' in

body & tegture

Defects in
finigh

b 2

i Mt

.N-J‘ \.qﬁ) wd

>
From cowst
milis

W Do O

From goeatat

5°C
5°C
5°C
0%
10°C
10°¢

5%
5°C
10°C
10°¢

Slightly bitter, flat,

Zeid, very 3113&‘315«
rancid

Flat, goaty
Flat

Slightly rancid
Slightly rancid
Slightly rancid

Flat
Flat

Flat
Very sligmly ramid

Cruzhiy - Spongy

Crunbly
Crunbly

 Slightly crumbly

Crunbiy
Cruzbiy

Crumiiy .

Corudy
Srunbly

. Crudy
Crumbly

Unaven S‘urt‘aee

Orach @«1

- Graphked
Cwmven surfacs

Unevon s face

Lasht spotbs
oracked

- Crocied

Soaly paraffin

Uneven surface

o . )

Vory slightly raneid - Uneven surface
fo°C - Pasty Sligntly mouldy.



DISCUSSION



| DISCUSSION
Az & result of tha use of exotic brecds for intensive
‘crossabreeﬂing in goats, it is expaeted that a great deal
of surplug milk would become available in a few yoeors. One
of the mothods by which the surplus milk can economically
be utilised is Yo manufacture cheess. Therefore, the presentd
study was unxleriaken $o oubline the procedurc necessary in
the manufacture of a hard ripensd varicby of cheesgo from
goata' milk and Lo compare it.with that produced in a gimilap
way froam cows' milke The resulis obbuained are discussed in

the following pavagraphg.

Se1e Chemical composition of milk

Goats' milk used in the preseant study was found to
contain an average of 4457 pe:-g@nt fat, 4.04 per cont protoin
and 4,90 per cont lactose. These values are similar to th@&@
reported by Nirmalon and Nalp (1962), Prakash and Jennoss
{1963}, Davendra (?9795 and Batdu (1981). The values raported
by French {(1970) for the lactose content of the milk of Swiss

Jaanen gooats was less than that obbained in the prosent study.

Cows'! milk used in the study was found to comtain, an
average of 4.33 per cent fut, 3.68 per cent protein and Egiﬁl

per cenb lockosa,
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The amowst of protein and fab in the milk of goats was
fourd to he z;zaw than that in cows! milk. Congequantly, a

highox cheese yj.em emlﬁ he expe mt;aﬁi Zrom the milk of vaum.

5e24 Acid dovelosment during cheoge making

The acidity of goats' and cows! milk prior to the
addition of storter wag found te be 8;2?7" 3 9,;@1@‘&21@ Q177 &
0.03 pey cent lactic 8cid respactively. Fekles et al. {19?32?';\
end Rangappa and Achaya (1975) hove mz:art.aﬁ similar woluca
in case of cows' milk. Tho gmesn acidity at rennoting was
D230 # 0.010 and {3.313 F 0¢006 por cent lactic acid in goats
and cows' nilk choese res metwely, while after eutting the
corregporaing values were 0.:153 » 0.012 and 0,137 2 0.003
per sont lactic acid. The develemment of asidity prior to
the addition of rennst ig cssentinl for the opbtimum activity
of the enzyae and | helps in the expulsion of whey. Van Siyko
and Price {1952) recommended that ths acidlity after oubl Lr@ |
should ba §.150 por cont for cows' milk with 4.50 per cond £od.
The acidity during cosking wos muizd to incpoaze to 0.9 =
0,017 and 0.773 + 0.003 per cont lactic acld in gmﬁsﬁ and cowat
mLik curd r@:syéz:@ivelya This has been atbributed to the
contimued :ictivi‘ay 0f the starter organicns, ‘i‘“ne acidit?“
after cheddaring was found t0 be 0.433 3 0.083 and 0.500 &
D25 por cent lactic acdd in goats' and cows! milk cosgulun

respectively. Thoese values are olose o the values recommendod
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| by Van Slyke end Price (1952 and Pittslor {1955) in cows!

milk chocss.

Se3. Yield of choase

An avarage of 1.43 £ 0,03 Rz of gresn cheose was aéytaimd
from 10.0 litres of goate' milk while that obtained from tho "
sang quantity of cows' milk was 1,745 + 0.060 kgz. The _m-.gh_rs-ﬁ
yield of ehtesge obbtained Lfrom goats!? ailk corresponds to |

the higher total solids content of the milk of goabge

Bokles g ale (1973) pointed out that the yield of
hard checge varied from 8.0 to %‘._Q per cent. Klyuchyute
and ﬂutkua (1978) obtainsd 9595.9 kg of pressed cheddar che\,a;z
from 100 250 Kz of milk. ‘

Baged on ronnet coagulation studics on cows' and goots?
milk, Blattnsr and Gallmonn (1950) were ef opinion that a lowoy
gheese yield only could be exoocted froa goats' milk baeéauso

of grester NPN loss in whey ond pore intensive whay Separatiofs

Eventhough the potewtial yield of chesse from ailk
is clearly related $o the concentration of casein and faby
the actual yield depends on the efficiency with which theso
mill components are incorporated into curds Thus, the highow.
yiold of cheese obtained frem goats' nilk, in the prosent |

study, could only be dus to its highor totol solids content



%
end better incorporation of the individual components 1nte the

cu&"é.

Selte Chomical enelysis of checse

S.41s Hoigture gontont

The molsture contont af green cheese from goate! and ccms'
rilk was found to Bbo )2.2@ + 1435 and 33405 2 .01 por gent |
regpectively. The v&lues altop rzpen&ng 4t 5°C and 10°%C wore
20696 1 G432 and 29,45 ¢ £ Q74 per cent respectively iu goutat
miik cheese and 27.83 £ 111 aad 28,07 1 0.97 per cunt

reapac 1v%ly in cows milk checse.

Accaraing to Hckles @t sl. {1975) Chedddr checse contuing
304090 4o 35,79 per cent moisture while Auerican Bwigs chaaaa“
has 33,00 to 34,00 per éan&.maisﬁuya‘ Raffacle (1978, Puble.
1920) found that EQEQE@Evéf gaﬁﬁs*'milx ¢heese from Saprdinis
conbadinad 23.78 Lo 4%.25 gor cent msisturég while Wolfschoos
and Furtado (1979) and Wolfschoon-Pombe and Furtado {(1979)
regortaed moisture content of 51.0 %o 53.0 per cent in Chabichou

choost.

The noigture contend of chosse can he & aﬁ by vqr;irm
the technological parameterss. Thus, chocse f any m@i&tur
contient con be obtained depending on the manufecturer's

requirenont and the type of cheose, In the pressnt study, of
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the ain was to prepare a hard variety of cheose, the moistwre

content was Kept at the ninlaud.

CoBDuriog rigoning, & statistically significant decrease in
‘the moigbure contont of cheese could be observoed whaich can B2
avtributed to the @V@};}@T@twﬁ of moisture from cheegu.

Van Siyke amd Price (1952), Reo and Hathur (1879), Bilgi (12003,
JobEliag g’l‘)”@:‘!}, Sukumaran (1332) aaql ssveral obher workers
have: also recorded a sinllar £ Lng in diffgrens varigties of

chaasd,
Sefta2e Faf coabont

. The fat coatent of goots' wmilk cheesw before ripoming ond
after ripening at 5°C and 10°C was 33.33 & 1.20, 35.00 x 0,53
arxd 35,353 & 0433 per cent respectively, while the corresponding
velues for cheese from cows’ milk were 3433 + 0,33,

37.67 & D433 and 38,0 £ 0.58 per ¢aat respectively,

The fat content of goeots' milk cheese observed in the
present s*::ud falls within the ran\,e reparted by Raffacle {1970,

PuLL: ./"83) ¥

On noisture {ree basis, the Lot content of graen chaage
from goats! and cows' milk was 49,18 + 0,77 and 51.29 + 0.4

3}

par cont respectively, Whaousse from goats’ nllk ripened at

5°C ang 10%¢ 3’;&':1 a fot content of 47.52 + 0,93 and 50.10 + 9,71



96

per cant respectively on moisture Lree Lbasis, while in cowus!
milk checse the corresponding valuces wera 52.22 & 1.14 and

t

5287 + 0.48 per cent raosectively.

Staslstically, the fat contont in goats' and gows' milly:
cheese wog found to differ significantly. Cows' silk cheoge
showved @ higher fat level than goats' mllk cheese, in both

gragn and pipencd samplos,

Riponed cheege made from the milk of bobth the spocies
wag found to contain a sinnifzcantlj higher fat content than
in green chezse. This may be due to the loss of moisbure d@r@‘”

the ripenlng process.

Sere3e Brotein gonbent of chosag

Se ih»3o1; Lﬂtal 01’9'39122

Greon chzese from goata® millk aad an average total orovoin
contant of 28.33 % 0.86 por cent while cheese ripened at 5°0
and 10°C had 33.30 z 0.62 and 35.00 & 1.14 per cent proidin
rogspectively. .

The total protein content eﬁ green cheasa, choase riponsd
at 5°C and 10°C from cows' milk was 25.58 % 1.91, 30.53 & 1.9

and 5175 + 1,00 por cent reapectivoly,

On noigvure frec basig, the total protein coatont of moats?

and cows?! pllk choese in the unripensd state and riponed at 5%
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and 10°C was 41.85 x 0:39 and 39.63 £ 2,26, 43,59 + 0,69
and 42434 & 1403 and 45,83 £ 1413 and 54.12 % 0.81 por cent
ragpoctivelys
Statistical snalysig showed that the goats? milk:ahaesé
had significantly higher total protein a@nﬁeﬁt,thém st miig
cheege. This corresponds to the higher protein contoent in

the nilk of goata used in the presont study.

The totsl protein content of ripensd cheese was signifie
cantly higher than that in gresn cheese. This may be atiributed
to the loss of melsture dus to evaporation during the ripening

ProGess.

5+843.2. Soluble protein

- The emount of salxzblé ‘pz;é*i;ej,n present in the choese made
from goats® milk before ripening amd after ripening at 5°C and
10°C was 3.23 & 0.25, .95 and 8419 2 0.7% per cent respectively
eguivalent €0 11,39, 17.90 and 24.77 por cent of the tobal

nitrozen respeciively.

Theso valuss are similar to those reported by Raffaclo
{1973, Publ. 1930), in berms of soluble nitrogen expressed ag
per cent of total nitrogen, bub are lower than those reperted

by Wolfashoon and Furtado (1979) in Chabichou checses
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Tho soluble protein content of cows' milk chossge be£0ré
ripening and aftér.ri§aéing at 5°C‘and 1Q°C'Was 3.97 & .25,
?.69_3,6*25 aﬂﬂ 10,92 & 5.66 paﬁ cant respectively eguivalont
0 4493, 25,15 and 34.39 per ceat of the total nitrogen |
respsctively. These valuos are cloge to those aéservea by
Thekur 8t al. (1975) in unsalted Cheddar cnecse. Pork gt al.
{1975) reported the wakter soluble nitrogen to be 39.0 poY caﬁi
of the tokal nitrogen in Cheddar choese‘riﬁenhd at 10 & 2°C

for 12 weeks.

Soluble proueian coatend of gownits'! nllk cheese after
rivening wvas found to be significuntly louer than thab of oowg?
milk chwoge while in green cheege the contunt of soluble proioin

did not differ significantly.

Jailkhani and De (1978) were o the view that goet mili
cagelin during digestion forms a less tough and more friable
eoagulun than does cow milk coseln; so that protedlytic easyiug
penatrate and breall it down more ropidly. Bub, the Limdings
of the prosent study show thal the changes taking place during
ripening of checse are not similor to the digestive changes of

caaein observed by thess workers.

The pressat stuwdy also indiccted that the tempegrature
: ¥

of ripening has a significant offect on the formation of solublic
o §
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nitrogen in checse. & higher level of soluble niirogen wag

observed im cherse cared at 10°C rather than akt 5°C,

According to Tittsler (19565), ssveral authors have reyaﬁied
'thaﬁ'the é&ﬁé, aature aad exteab of protein decomposition
duriﬁg,aha@se:ripening is rolaved to and influenced by the adture
and concantration of proteolytic microbial enzymes, increescd
moisture countent, prosgnce of lactic acid, temperaturae and
othor foctors, such as pi, oxidatioa-reduction potential and |
salts, that effcet enxyme activity. Therefore, the differsass
in the soluble protein content of rip&ﬁed goata? and cowa! mi@k\
cheese cossrved in the present study can be attributed te the

conbined offeet of these factors.

Gelolte 3alt content

- The salt content of goata' cnd cowa' milk ciocese prior to¢
ripondng cnd wfter ripening at 5°C and 10°C was 1.23 + 0.003,
152 £ 0,03 cnd 1,38 % 0,006 per cent and 1.25 x 0.25,

Tobd £ 0602 and 1,47 + 0.04 per cout respectively.

Raffacle (1973, Publ. 1980) reported a2 range of 3.61 to

P

5469 por cont salt In goats' milk checse in Sardinia, wilile
Wolfschoon and Furtado (19792) reported the salt cogbent in

- Chahichou type cheese to be T.4 10 2.2 per cente
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Statistical analysis showed that ripened chesge had
significantly highor salt conbent az compared to groen chelds
This increose can ha attributed S0 the docrease in the moistiwro

content of the ripencd cheeas,.

Ilight differences noticed in the salt content of-
cheerge bobwaesn roplicates may be due to the variations in
neisturae content, some manufacturlng aspects, dry s;&li;ing et
Fox {1974) obgerved wide irariatiaz’xs in the sall conbont withds

the vat as well as within the blocli.

5,445, Steam volatile free fatty acids (SVFFA)

Gracn cheese from goata' milk was found to contaln an
average SVFTA of 1.50 % 0.52 p mol/g fat while in those

riponed ot 5°C and 10°C, %he valusswere 4,13 & 0,25 and

D635 & DeV7 = mol/g fat respectively.

In gage afcows' ailll cheose, tae 3VEFA eobent boforc

ripening, after ripening at 5°C and 10°C was 1.73 2 0.12,

B33 & V19 and 7,77 3 0033 M aol/g fat raspactively.
The analysia of variance ghowed that the difference of

SUFFA content bebwesn goats' and cowa! ailk chooge was nob

significant.

Rakonishi gt al. {19%2) reported free fovsty velds contont
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ranging from 85.5 o 156.3 mg/109 g cheese in domestic damy

Gouda and Cheddar cheodc.

The SYFFA conbcnbs roported by Bhat gt al. (1978) in cow
ard buffalo milk cheddar cneese were 0.35 and 0.26 j mol/g fat

raegpoctively.

The rosults of the present study show values much highor

than these reported by Bhat et al. (1973) and Sukumaraa (19322).

The temperature of ripening was found to have ‘s;ignificam
effect on the 3VFFA coatent of cheese made from goats'! and edug!
milke Higher values were observed in choese ripened at 10°C
than that ripensd at 5°C. Comparison of critical diffecrence
showed that goots® and cows' milk cheese did not differ signifle-
cantly in the SVFPA ceatent before ripvening, but after ripening
they differed significantly, with cows' milk cheeae showing
loger values. This may be due to higher hydrolytic chanzes
taking plege in goats'! milk cheese. The higher rate of hydrolycio
nated in cheese ripensd at 10°C way be due to higher astivity |

of the lipolybtic enzymes present in chocse,
Selto0u Hydrogen - ion eoncentration (pH)

The moan pi of green dheese prepared from goasis' milk was
found to be 5.11 & 0.00 wvhile chesse ripened at 5°C and 109C hai

mean pH of 5430 £ 0.04 and 5.34 & 0.02 respectively.
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Cowa* milk cheese had an initial wmesn pi of 5.23 4 0407
which incressed to 529 2 0.03 and 5.33 £ 0.02 after ripening

at 5°C and 10°C pespectivaly.

The amlysis of variante showed that the difforenco in
the pH of green and ripened cheose was highly significant.
Although not significant, cheese cured et 10°C had highor pi

than those cured at 5°C.

Browm and Price (1934) reported that after an initial
decrease, the pHl nf cheese incrcased subsequently to the rangp

of 5,30 to 5.40 in one year.

Sukumaran (1932) found that the g of Chedder chease
decreased o valués botween 4,93 and 5,38 after 90 days of
ripening ond betwean 4.95 and Se40 afger 120 days of riponings
The pi of green chease Pepoétad wag in the range of 4.75 to
5025, |

The f£indings of the present study ere, therefore in

agreement with those reported by earlier workers.
(.}

| In cusg of Edom cheese, Bilgt (1980) reported an averass
ol of 5.42 Zor cheose ripened for 90 deys. Raffacle (1970,
publ. 1930) reported a pH range of 3.09 to 5.55 for goata! ailﬁ
cheese made in Sardinie. VWolfschoon and Furtado (1979) found

that the pil of Chabichou checvge ingcreased from 5.20 to 6.82
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durinz a 50-day period, A similear findiag was reg@rﬁeﬁ by
Wolfschoon-Pombo and Furtado {1979) who found that the i
ro3e from 5.20 €0 5.80 in Chabichou cheese during the Lirst

30 days of ripening,

According to Tittsler (19863) the gradual incroase in pH
during cheess ripening is caused by the degtructicn of tho
lactic acid, the formation of non-acidic decomposition produsis
and wooker or 1ass'hign1y dissotiated acids, including éﬁeti@y
and carbonic acids and the liberation of alkaline products of

protein deconposition.

5,5 Coliform count

-

The average colifora load of green cheesc from goata!
milic was found to be 389,567 + 86.86 cfu/g, but cheese ripencd

at 5°C angd 10°C did not show any coliforms

in epwa! milk cheese, the average coliform lozd noted in
green cheose was 210 £ 113.9 cfufg cheese ripened et 5°C and

10°G did oot show any Gsiifarm.

Luck and Dunkeld (1331) reported a total colifora load
. Fa A :
of less than 1.0 To 36 % 10°/g in four %o eight weeks old chooae

ganpless.

According to Elliot (1973) the ¢coliform count of cheesc
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decreased with advancement of time. The findings of the propant

study also show the same trend.

5.6, Sensery evaluation of cheesa

The total score of goats! milk chease ripencd ot 10°C opd
5°C woas 85,78 ¢+ 1.89 and ss.za,ﬁ,1.75 reguectively whille tha
correaponding values for cows! milk cheese weré 92422 & Q73 amd
87,00 # 1.6?g it could he sean that cheese riyened at 1090
soored higher than those pipesed at 5°C. The cowa' milkk chodéon
acored higheyr than the goata® millk cheesse. The lowser scoros
for choese pipened at lower temparaturae may be dus to the CAL G

ratively Iower rate of ripening chanzes.

The chacse cured at 5°C had & slightly betier body and
texture and finish, but the flavéur was ﬁéﬁter in chaese curdd
at 10°C. |

In cows'! milk cheose the ripening at 10°C was more bencficial
for all the tﬁree charactars vizg. flavour, body and texbura nd
Zinish.

Significant difference could be observed betwesn the tobtol
gcora of gosbs?! and cows' mllk choese, the latter scoring highor

+ hoth the ripening bemperaturas.

Most of the cheese zamples cured at 5°C did not develap

the typical cheese flavour completely. Goats' milk cheege riponod
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at 192C had slizht raneid change&"while in cows' milk cheoss
these changes were vory such less. Lipolytic changes are
essential in cheeso, but the fornation of certain fatty acidy
iike butyric, caprolc and capric acids in higher quantitics con
give risc to a slight rancid flavour. This can also ocour duc
t0 thé SnZynes present in'ﬁhé rennst/uilk or by the enzymos

produced by the micrcorganismaS. .

Heat-raosistant lipases, originating fron psyéhratra?hm '
such as pscudononads present in the raw milk, su:vive ia the -
chooge andy 1 present at hlgh'@naughvlevels. aadse“rancidi%y
to develop by hydrolysing the milik fat ériglyeerides to relecgy
freec fovty acidg (FFA), much as butyrie, caproic and COpric

(Chauman and Sharpa, 1981).

The main defect noticed in the body and texiure was
‘eruzblyte This may be due to the hardness of the cheege rasuliling

from a low moisture canltent.

Ripening at 5°C was found to resalt in scaiy parafiin 4in
sone saaples. This could be duc to the highor shrinkage taking
plage at that teaporature., According to The Prevention of
Food Adulteration Act; 1954 (1992) newrd cheese shall contain nos
more thoaw 45.0 por cent moisture and not legs than 42.0 par sonid

wilk fat of the dry mabtiors. In the present study, goatas' nilhk
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checass ripened at 5°C, centaiaeﬂ. an averags of ‘26;% b4 Q..BZ
'pe:?‘ cént moisture and 47,92 x 0.33 per cent fat in dry m&ﬁtﬁ%
while the corresponding velues for cheese ripened at 10°C 'ﬂ
vere 29,45 ; 0«74 and 5090 & 071 per eexii;.} The noisture :’
-éént@nt of cows' milk cheese pipensd at 5°C and 10°C was

127,83 4 1.11 and 23.07 £ 0,97 per cent respectivoly waile the
fai;' in dry matter of ehea;‘,se’ cuved at these tenperatures was l
52422 & 1»14 and 52.87 1 0.48 per cent respectively. Thus, ~
cheesa prepaved in the prrz%sent gtudy cenforn to %‘:he legal |

apacifications of hard cheosa,

|
il
It
i
|
'I
I
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An investigation was carpied out ta'grepare a—hani'

| ripened vardety of cheese from goabs' milk and to compare

it with that producaed from cows? milke Pooled raw nilk was
collected fron goats of the All India Coordinated Research
Project on Goats for Milk, Magmuthy and the cows 0of the
University Livestock Fapm, Manmithy for preparing cheese from.
goats' milk ond cows' milk resgectively. A total of six

batches of choese were prepared.

Tue milk was pastourized and incculoted with Str. lactis

and Str. thermophilus follewed by renneting, cutiing, cookiry
cheddaring, saltings hooping and prossing., Cheesso so
preparad was cured for 13 woeks at 59C and 10°C at 85.0 per
gent relative h&ﬁidityw Samples were collected from both thic
green and ripened cheeses and analysed for its moisture, faty
total proteln, scluble protein, steam volatile free fatiy
asids {(3Vr¥A), salt and pHe The celiform load in the saaplc
was also detormined. The possible influence of temporature,

ripening, specics and their interactions were also atudied,

The average composition of the goats' milk used in the
study was fat = 4.57 1 0.32 per cent, protein - 4.04 + 0,05
per cont ond lactose = 4490 ¥ 0.25 per cent while the correagpmiiug

figures for cous' milk were 4.33 1 0.27, 3.68 x 0.4 and
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515 % 0.15 per cent. The average yield of green sheaese
from 10.0 litres of goats' milk wag 1443 & 0.03 Kg whereas

from cows' milk it was 14145 & 0.00 kg.

. The molsture content of green checge and chaese ripén&fii

‘at 5°C and 10°C from goats' milk was found 1o be 32.26 x 1.47,
20496 & 0s32 nad 29445 & 0474 per cent respectively while

in cows? milk cheesc the corresponding valucs were 33.05 1,.{_@'3 ¢
2783 2 111 and 28.07 x 0.97 por cent. The ripened cheego

had a significantly lower moisture conteat as coupared to thd

gresn checsc.

Geats' milk choese ﬁef@m riveninz had an aver&ge of
33533 x ‘1.2@ per cent fat while the value 1;1 gows! «u.lic chizese
was 54433 + 0.35 par cent, Aftor ripening at 5°C the fat
content of goats' and cows' milk choese changed to E_‘:»S.G_ & 0.35
and 37.67 ;;-0.33 par coat reaspectively while the correspondiss
values in c-ixeéae ripened at 10°C were 35.33 2 0.33 ond
3840 & 0s33 per cent respectively. Statistical analysis
ghowed the fab goatent of goats' milk chesse to be significantily
lower tixén that of cows' milk chicese and the ripened chewse
to have a signlficontly higher £at coatent as compared. o the'

Sraen Choette

The total protein content of grosn cheose from [oats!
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and cowal milk was 23.35 2 036 ond 26.58 & 1.9 per cent

a8 Gbllbly while in those ripensd at 59 ond 10°C the
values wore 533,30 % 0,62 and 30.538 & 1.9 per cent and
33,06 x 1.4 and 31,75 & 1.00 por cent respectively. Stat-
istical,aﬁalysis a&awaﬁ the total protein content of gouts!
milk Ghﬂé&é‘ﬁd be significantly higher thaa that of cows'
milk ch@ése. Further, the greea chicese was found to have
a total protein countent digﬂili? tly lower than that of
rinonad chcase whica Qay be agﬁrxbated to the loss of molstuio -

during the ripening precess.

~ The everage salt coment of goaty! milk cheese before
ripening cxnd after ripening at 5°0 and 10°C was '1.23 + 0.005;
1."” * @.0@ and 1.33 & 0,006 por cent respectively vhile
the uu?f@ﬂkoﬂﬁlﬂ§ valuss far cova’ mill cheese wes 1.25 + Del g
1.49 & 9.02 and 1.41 & 0.04 per cont. Ripened cheoge wags
found ta have signzfi@&ﬁ*ly higher salt coatent as compared

to groon cheose,

Grecn chesse from geats? and cors' allk showed an avmwﬂﬂu
soluble protuin contend of 323 & 025 and 3.97 + 0.25 per
cont respectively wilile the values after ri m@ning at 5°C and
10°C were 5,90 and 7.09 3 0.25 per cent and ©419 £ 0,74 and
10492 x 066 por cent respeciivelye The gpecies, tomperaturo

and rigeniﬂﬂ were found to have significant direct offects
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wiile the spoeies x pipening and temperature x rl%nmg, had
éigmm.cant 1ni@ra<:oi@n affects on the soluble pz‘@‘ﬁ@iﬂ consont
of cheésa.

Goatg! m:ilr;; chacse bWefors ripenling was found to mm;aizfz.
an éverégel ':7:’.’ 150 & 0432 f4 mol/p Tat steanm volatils froe
Tatty mcids (SVEFA) and efter ripening at 5°C and 10°C tie
valyes increaged o &Jfa & %3.‘23' and F.33 & Q.97 [+ mel/g fat
whila in 'thé case of cf:,ws' 'milk calege the values weprg

1673 £ 04124 54».;3 2 0499 and 7.77 + 038 FA mol/g fat. The |
temperature of ripez:xing and th@ ripening process had si nili.*-
cant dircct effects on the S"u‘A content of cheese wuile the
significant interectlion cffects were that of sr,wcies £ pipoenlag

and tenporature X ripoaing.

The wean pi 22 green cheese fLrom goats' and cowa' ndlk
was 5611 = 03,06 am 5425 4+ .07 respectively while after

riﬂem-pg a:t g0 zmd 10°C the values were 5,30 & 0.04 and

G

523 % 003 and 5.?1; X 032 and 5433 & 0.02 respectively,

Stotistically &"ﬂlflbu&lﬁ difference was obscrved ia the pi
of grecon and ripened choose with She formor having lovsp oil

valusse

The mean coliform load in green cheese from goats! and
cows' milk was 586467 # 86.956 and 210 & 115.9 cfu/g
respoctivaly, but no coliforms could be detected in the saaplos

of vipened cheogc.
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The average sensory ovelustion scorss of goots' mllk
cheese ripensd BE 5% and 10°C ware 85.22 % 175 and
&5;\?\’3 & 1,39 rogpoctively vhiloe the corrasponding soores
for cowa' milk choose were 87.00 3 %07 and 22.22 2 .70
roagphotivoly. Chgose propared from gosts’ milk hod 'a
.es‘ignificémiy lower scorce ag compared o thab asde Lion
oowst mi‘l&i m&inlj due Lo the omnsst of slight rencid changes

in the formows

B3 tshas of ghooge srapored €rom both cows' nilk and
gonks? wmilk werse Lound to conforn to the standards 1aid
down in the PFA Act, 1954 (1982) for hard chessd.
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A PEENDIX - 1
Flow Diagram For the Preparalbion of a Hard and Ripened varielg of Cheese
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. APPENDIX IZ
Seore card  for sensory Bvaluation of cheoge

sanples
Name of Judge @ |
Sanple Hbe s
Date H
» Dedy . and s Potel .. . .0

Plavowus texture Finiah SCoro zi&umn%
Max, Waorkts ¢ 45 40 _ 18 100
Morks allotted 3

* Dircebions for scoring

Dedust from the perfect gcore proporilonasely for the
defoct notlced asnd give the oriticisal{s) in remarks colum.

Flavour Body & textura Finish
Acidity Crambly Cracled
Bitter Curdy Ligiﬁ; spots
Goaty ‘ Gaasy ’ Houldy
Fernanted ' Spongy Scaly poraflfis
Couy - Poaty Unaven surfaca
Flat

Mouldy

Heafoed

Rancid

Unelean
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ABSTRACT

An investigation was undertaken to produce a hard
ripened variety of cheese from goats' milk and to compare
it with that produced from cows' milk. Pooled samples of
raw milk collected from the goats of the All India Co-
ordinated Research Projeet on Goats for Milk, Manmuthy
and the cows of the University Livestock Farm, Mannuthy
were heat treated (72.6°C/15 seconds) and used o prepare

six batches of cheese.

Samples of cheese collected prior to and after ripening

were subJjected to various analyses.

The results of the study indicated that the yield of
cheese from goats' milk (1.430 kg ffom 10,0 litres milk) was
higher than that obtained from cows! milkv(1‘145 kg from
10,0 litres milk) .

The moisture content of cheese was found to decrease
during ripening. Goats' milk cheese had a lower moisture
content prior to and after ripening at 5°C, but after ripening

at 10°C cows! milk cheese showed a lower value.

The cheese from cows' milk had a higher level of fat
as compared to that from goats' milk. The fat content of

cheese was found to increase during the ripening process.

The total protein content was higher in goats' milk cheese



ii
both prior to and after ripening, but the level of soluble
protein was found to be higher in cowszmilk cheese: Ripening
~at 10°C produced a higher level of soluble protein as compared .

to ripening at 5°C.

Although ripened cheese contained a higher salt content
as'éompared to green cheese, significant difference could not

be observed in its level between goats' and cows' milk cheese.

The level of steam volatile free fatty acids (SVFFA) was
slightly higher in cows' milk cheese prior to ripening, but
after'ripening goats! milk cheese showed higher values. Ripen-~
ing at 10°C produced a higher level of SVFFA as compared to

5°C.
The pH of cheese made from goats' milk was slightly

lower than that made from cows! milk, prior to and after Ripen-
ing. The pH was also found to increase during ripening, the
change being more marked at 10°C.

Goats' and cows' milk cheese ripened at both the temper-
atures (5°C and 10°C) showed no coliforms, but the green cheese

from goats! milk showed a higher coliform load.

The cows' milk cheese was judgeq better than goats! milk
cheese. Although not significant, samples of cheese ripened
at 10°C scored higher than those ripened at 5°C, the difference

being more remarkable in cows milk cheese;

Samples of cheese produced in the present study was found

to conform to the standards prescribed for hard cheese under the
PFA Act (1982).
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