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INTRODUCTIOQON

Cheese may have been one of the first manufactured
foods consumed by man, History records its usage moré
than 4000 years ago (Kosikowski, 1966). Amongst many
varieties of cheese, the cheddar, a medium hard cheese,
is the most important variety in the world today. More
cheddar is made than any other named variety primarily
due to its keeping quality, transportability, and
consumer acceptance (Davis, j981). It is popuwlar in

India due to its mild fiavour.

Although cheddar cheese is8 usually made from cow
milk, its manufacture from buffalo milk has been
developed in India due to the prevalence of buffalo
milk in this country. The state of progress in this
regard can be realised from the fact that currently
Amul Dairy has been utilizing considerable quantity

of buffalo milk for cheddar cheese manufacturse.



Manufacturing steps recommended for buffalo milk
in cheddar cheese {Czulak, 1964; Burde and Srinivasan,
1967) differ from those for cow milk cheddar in
important details such as guantity of starter culture,
time and temperature of ¢opking, etc. These differences
in manufacturing steps have been necessary due to the
inherent difference between cow and buffalo milk systems
in terms of compositional, physico-chemical and
biochemical properties. It appears that the cheddar
cheese manufacturing procedure developed for one milk
system i® not applicable to the other. The successful
cheddar cheese making enterprise, at the present
state of technology must, therefore, use milk of single
species without any intermixing of cow, buffalo or

goat milk.

For several reasons, collection of milk of a
gingle species is faced with difficulties under
existing conditions of dairying in India. Indian
farmer keeps cow, buffalo and goat for the purpose
of obtaining bullock power, milk, and meat. In general,
minor quantities of milk of a particular species is
mixed with the major portion of the milk collected in
the dairy project area. Consequently many dairy plants
in India receive varying amounts of cow, buffalo or

goat milk. Separate arrangements for receiving and
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processing small guantities of cow or goat milk may not
be always convenient for a dairy plant handling large
amount of buffaloc milk, There is, therefore, a natural
concern as to the eifect of mixing cow or goat milk with
the bulk of buffalo milk on the manufacture of cheddar
type cheese, Should there be any problem, modifications
in the processing technology would be necessary to

counteract such a problem.

At the present time researches on the use of
mixed species milk for cheddar cheese making appears
to be very limited., There is a need to study the
effect of incorporating varying amounts of cow and
goat milk into buffalo milk on the manufacturing
process and gquality of cheddar cheese. Such a study
is esgential to the development of technology suitable
for utilizing mixXed milk for manufacturing cheddar

type cheese,
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REVIEW OF LITERATURE

Cheddar is a hard, close-textured and bacteria
ripened variety of cheese. The characteristics of a
particular type of cheese depends upon the physico-
chemical and biochemical changes and the microbial
ecology of the coagulum occurring during manufacture
and curing. These changes are mainly influenced by
the type of milk,the starter microflora, and the
coagulants used for cheese making. Cow milk has been
used for the manufacture of almost all varieties of
cheese, The technology of cheddar cheese manufacture
from cow milk has been known for quite some time
{Davis, 1965; Kosikowski, 1966), Very little published
work is available on cheddar cheese manufacture from
buffalo milk (El~Sokkary and Hasan, 1952; Nezim, 1959;
Godbersen, 1964; Czulak, 1964; Burde and Srinivasan ,

1967). Goat milk has been utilized for the mnufacture



of some hard and Soft varieties of cheese (Wilster,1959).
However, no published report is available on the

manufacture of cheddar type cheese from goat milk.

This review is primarily concerned with
compositional differences in buffalo, cow and goat
milks, their curd forming properties, the technology
of cheddar cheese making with pure milk systems and

the use of milk mixtures in cheddar cheese making.

2.1 COMPOSITION OF COW, BUFFALO AND GOAT MILK SYSTEMS

Biologically, milk is tailored to the growth
needs of young ones. AS the need of young ones of
di fferent mammalian species varies, the nature of milk
secreted by various mammals also varies. These differences
are reflected not only in gpose composition but also in
detailed physico-chemical and biochemical properties.
Amongst the several domesticated mammals, cow, buffalo
and goat are of major importance to India's dairy
industry. While the literature on cow milk composition
is voluminous (Webb et al.,1978) the reviews related
to buffalo and goat milk have been rather limited
.(Ganguli, 197&? Laxminarayanma and Dastur, 1968, on
buffalo milk; Jenness, 1980; Parkash and Jemness, 1968,
on goat milk).

The difference in these 3 milks are being
reviewed in terms of gross composition, protein and
lipid systems with particular reference to cheese

making technology.



2.1,1 GROSS COMPOSITION

Gross composition of milk is generaliy considered
in terms of 73, fat, SNF, carbohydrates and ash.
These constituents vary in all species with factors
8uch as breed, feed, season, stage of lactation,
individuality, etc. (Webdb et 31.,1978). Although, the
degree and extent of variation may differ from species
to species there is certain commonality in these trends.
However, in pooled milk as received by dairies
individual varistions are minimized and show a gradual
change alongwith the season and associated changes

in ¢limte and feed factors.

Fat is considered to be the most important of
all the constituents of milk. Fat level has been given
maximum attention due to its variability and commercial
importance, In comparison to the high yielding western
‘breeds of cattle, pure bred zebu cattle are known to
have a higher level of fat., While a 3.5 t» 4.5 per cent
fat level has been generally recognised for cow milk in
the west, In India 4 to 5 per cent fat level is usually
expected in cow milk (De, 1982). A8 against these
fat levels of cow milk water buffaloes in Indja are known
to yield wmilk in range of 6.0 to 13.0 per cont fat
(Laxminarayana and Dastur, 1968), 6.5 to 7.0 per cent
being more uéual undey normal conditions. The fat levels
in goat milké,however, are similar to cow milk (Devendra,
1980).



In comparison to cow milk, both buffalo and
goat milks are characterised by higher T8, protein,
lactose and ash content (Ganguli, 197&? Devendra, 1980).
In buffalo milk these levels are much higher than in
£goat milk,., Typical values for cow, buffalo and goat
milks are 13.5%, 18,7%, 13.9% for TS, 2.8%, 3.7%, 3.7%
for protein, 8.1%, 9.7%, 9.1% for SNF and 0.74%, 0.86%,
and 0.85% for ash, respectively (Devendra, 1980).

Related to these compositiomal differences,
these milk systems also exhibit different values for
pH, titrable acidity, buffering index, viscosity and
heat stadbility (Ganguli, 1974?'Laxminarayana and Dastur,
1968; Parkash and Jemmess, 1968) bringing characteristic

changes in product made from these milks.
2.1.2 PROTEIN SYSTEM

Milk proteins assume importance by virtue of
their role in various processes. They impart colour
and body and texture propsrties to the dairy products.
In cheese making, besides their role in body and texture
characteristics of cheese, they help in gntrapping the

Tat into coagulated protein matrix.

According to the fourth report of the committee
of American Dairy Science Association for protein
nomenclature (Whitney et al., 1976), cow milk proteins |

have been classified into casein (precipitated from
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skim milk by acid at pH 4.6) and non casein proteins.
Whey proteins are included in the category of non
casein proteins. Similar to the cow milk system,
buffalo and goat milk proteins also consists of casein
and non casein protein (Ganguli, 1974bfor buffalo and
Parkash and Jenness, 1968 for goat milk).

The percentage of total casein and non casein
proteins in cow milk ranges between 76 to 86% and 14
to 24 %, respectively (Webb et al., 1978). The average
values for these fractions in buffale and goat milks
are to the extent of 76% and 24%, 74% and 26%,
respectively (Ganguli, 1974% Parkash and Jenness, 1968;
Jenness, 1980).

The caseinShave been separated into various
fractions such as(.,ﬂ and 7" caseins (HcKenzie, 1967;
Laxminarayana and Dastur, 1968; Parkash and Jenness,
1968; Ganguli, 19713. These exist in the concentration
of 55.5%, 44.5% and 40%4L -casein, 39.1%, 52.4% and
60%,/3 ~casein of the total caseins for cow, buffalo
and goat milks, respectively (Ganguli, 1970{))-. Phe
d -casein in cow and buffalo milk occurs upto the
extent of 6.4% and 3.1% of the total casein, However,

b
goat casein system lacks this fraetion {Ganguli, 1974).



The buffalo milk casein has the lower proportion
ofdts-casein and higher proportion of/2 -casein in
comparison to the corresponding fractions in cow milk
and both have lower electrophoretic mobility than
their cow milk éounterparts (Singh and Ganguli, 1976).
The amino acid pattern of&ls1—casein of buffalo milk _‘
has been reported to be distincet from that of cow milk
(abd El-Salam, 1975). Thedsy, fraction of buffalo miik
is free of carbohydrate, cystine and cystein. The
B —casein fraction of buffalo milk possesses end groups
identical to those of cow-casein., These are N-terminsl
arginine and C-terminal sequence of Ile-Ile-val,
However, the amiho acid composition and the tryptic
peptide patterns of buffalo and cowd-casein are not
similar (Abd El-Salam and E1-Shibiny, 1975).

The fastest electrophoretic component of goaf
milk casein (in alkaline system) represents a much
smaller proportion of the total casein in comparison
to cow milk (Parkash and Jenness, 1968). Richardson and
Creamer (1975) isolated this component of goat milk
casein and found that compositionally it is sdimilar
to the minor bovine casein designated as&:s2-0asein.
Due to the absence of thed 4 fraction in goat milk,
the addition of as 1ittle as 1 per cent of cow milk

to goat milk can be.detected by gel-electrophoresis



10

(Aschaffenburg and Dance, 1968)., The B-casein of goat
milk has two components calledfy and B ,-casein
(Richardson and Creamer, 1974).

Like the cow milk X-casein, buffalo milk
K -casein has both£ -4 and4B fractions. However,its
&,S stabilizing ability is lower in comparison to cow
milk K-casein (Ganguli, 1979). The goat A~casein has
different amino acid sequence than that of cow milk
{Dayhoff, 1979). It has 171 residues in comparison to
169 in cow milk systems. However, its phe-met residues

are at position 105 and 106.

The major whey protein or serum protein of milk
are known to be L-lactalbumin and B-lactoglobulin. The
concentration of B-lactoglobulin and d-lactalbumin in
cow milk has been reported to be 0.30 and 0.10 g per
100 ml (Brunner gt al., 1960). For buffalo milk Ismail
et al.{1970) have reported the values 0.37 and 0.14 g
per 100 ml milk, for S-lactoglobulin and o{~lactalbumin,

regpectively.

Cow milk has B-lactoglobulin 4, B and C
variants (McKenzie, 1967). Buffalc and goat milk have
been reported to have only one genetic form of
B -lactoglobulin (Sen and Sinha, 1961; Phillips and
Jenness, 1965), It has been established that buffalo
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milk A-lactoglobulin is identical to cow milk
B-lactoglobulin B variant (Mawal et al., 1965).
Simiknﬂ%gnat milk also does not have the genetic
variant for S-lactoglobulin (Phillips'and Jenness,1965).

The £-lactalbumin of cow milk has been reported
to contain twe componentS'viz.,'f-léctalbumin A and
d-lactalbumin B (Bell and McKenzie, 1967). No such
variante have been reported for the puffalo and goat

milks.

2.,1.2,1 Protein-Prote Interactions

The various protein fractions exist in the milk
system in complex colloidal form and partly in solution.
Complex formation between milk proteins is very critical
for understanding the physico~chemical changes undergone
by milk during menufasturing, particularly in csse of
fermented milk products like cheese. In the mative
state, the most important protein~protein interaction

phenomenon ¢can be found in casein micelles,

Micelles are sub-microscopic spherical
aggregates that are found in cow milk within the range
of 90 to 100 mm. The structure and constituents of
casein micelles have been the subject of many excellent
reviews {(Rose, 1969; Slattery and BEvard, 13973; Webb

et al., 1978). The micelles are known to be composed
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of smaller subunit micelles of 10 nm size. The major
compositional units of micelles are &, B and/ -caseins,
The complex association of the individual caseins in
micelles is aided by calcium, Formation of micelles
impart better stability of multi-electrolytes and
environuwental changes in milk brought about by shift

in pH or processing effects of heat and other related

agents,

In the milk systems, casein exists in an
eguilibrium between soluble and micellar forms
(Sabarwal and Ganguli, 1970; Jenness, 1980). The
soluble casein, as found in cow and goat milks is
virtually absent from the buffalo milk. Buffalo milik
casein micelles are larger (135 nm) in size than those
of cow milk (90 nm) zand contain higher level of calciun
and lower level of sialic acid and hexose in comparison
to cow milk casein micelles (Sabarwal and Ganguli,1970).
Buffalo milk casein micelles have more opacity and
lower voluminosity (solvation) than the cow milk

cagein micelles {Ganguli, 1973, 19743.

The goat milk micelles also differ markedly
in several respects from those of cow milk. The
difference is attributed to the probable absence of

Is1-casein in goat milk {Jenness, 1980), The proportion
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of small micelles is more in goat wmilk than in the

cow milk. A few of the micelles have been reported to

be about 200 nm in diameter and the majority below

80 nm in diameter (Parkssh and Jenness, !1968; Richardson,
et gl., 1974). Their solvation (1.60 g H,0/g pellet) is
also low in comparison to cow milk micelles with

1.90 g H20/g pellet solvation (Thompson gt al., 1969).
Goat casein micelles contain higher calcium than the

cow milk micelles (0'Connor and Pox, 1977).

2,1.2.2 Heat Ipduced Interactions

The interactions between various protein
fractions at normal temperatures have not been reported
so far., However, when milk is heated, denaturation and
interaction of whey protein and casein components of
skim milk have been reported by several workers
(Hartman and Swanson, 1965; Hunzikar and Tarassuk,1965;
McKenzie, 1967; Purkayastha et al., 1967; Tessier et al.,
1967; Morr and Josephson, 1968). At temperatures over
80°C the serum proteins denature., This process is
acéompanied by extensive breaking and randomisation
of the stabilizing disulphide bonds. The process is
especially marked in B-lactoglobulin having one free
sulphydryl group which initiates autocatalytic disulphide

exchange reactions {(Webb gf al., 1978). The interaction
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be tween B-lactoglobulin and/ -casein has been reported
in detail by McKenzie (1967). This reaction occurs

when more than 50% of the whey proteins have been
denatured by heat. It is also a time dependent reaction
(Morr and Josephson, 1968). At 100°C, interaction
between SB-lactoglobulin and £-casein occurs, although
the fL-casein remains fixed to the micelle. This
interaction alters the nature of the micelle surface
affecting the stsbility of micelles to heat and to

enzyme aotign.,

The interaction of PBelactoglobulin with
K ~casein improves the yield of cottage cheese (Harper
and Hall, 1976). Attempts have been made to incorpora‘e
the serum proteins into chceese by heating the milk,
prior to remnneting, to induce complex formation with
fwcasein., This has been found to inhibit aggregation,
presumably because the bound serum protein stabilizes

the para-casein micelle (IDF, 1979).

2.,1,3 LIPID SYSTEM
Lipid phase essentially entrapped in the

protein matrix undergoes lipolytie changes during curing
and thus contributes to the flavour and textural
properties of cheese. In comparison to other natural

fats, milk fat is generally characterized by larger
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proportion of short chain fatty acids like butyric,
caproic, capric, etc. {Jemmess and Patton, 19%59). In
addition to the total fat level in milk, relative
proportion oflconstituting fatty acids and their
distribution throughout the triglyceride structurse

vary in different milk systems (Jensen and Sampugna,1966;
Parkash and Jenness, 1968; Ramamurthy and Narayanan,
1971, 1972 and 1973; Jenness, 1980). These are further
infiluenced by environmental factors such.as nature of
fat present in the feed (Jenness and Patton, 1953).

All even number straight chain fatty acids (c4 to 018)’
pregent in cow milk fat, are also present in buffalo

and goat milk fats. Cow milk has a highexr content of
016:0, 018:0, 018:1 and 018=2 and the goat milk fat is
rich in Cg:0, Cgi0, 01430, C4,30 and Cy,:0 (Glass €% al.,
1969) and the buffalo milk fat contains higher amounts
of 04:0, 016;0 but is low in 018:1 (Cucurachi and
Lotito, 1968). The saturated fatty acids in goat milk
fat are upto the extent of 67 per cent of the total
weight of fatty afids,

Ramamurthy and Narayanan (1971) have also
reported differences in fatty acid composition of cow
and buffalo milk fate. These authors (1972) further
reported that dienoic and triencic fatty acids are

higher in cow milk fat whereas, tetra and pentaenoic
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acids are more in buffalo milk fat, The major part of
these fatty acids was in non-conjugated form. The
conjugated pentaenoic acid was found absent in

cow milk fat.

The triglycerides of cow and goat milk fats
are much alike {Devendra, 1980). Similar report was also
phblished earlier by Mills et 2l1.(1976). Ramamurthy
and Narayanan (1973) reported the triglyceride pattern
of buffalo milk fat to be different than the cow milk
fat triglycerides, The buffalo fat contains higher
amounts of higher melting triglycerides in comparison
to cow milk fat. This results in earlier crystallization

of buffalo fat than the cow milk fat.

The relative composition of triglycerides
and the fatty acid distribution in triglyceride
influences the melting point and crystallization behaviour
of the resultant fat, Due to presence of mixed triglyc-
erides butter fat of all the three milks exhibit a
range of melting or softening points instead of a
sharp one, Buffalo milk fat exhibits higher melting
peint ranges and goat milk fat lower than those by cow
milk butter fat system ( deMan , 1961; Jensen and
Sampugna, 1966; Raghuveer and Havhmond, 1967; Parkash
and Jenness, 1968; Ramamurthy and Narayanan, 1973).
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Butter fat in native milk exists as an
emexlsion protected by a fat globule membrane, which
is composed of protein-phospholipid complex., Structure
of fat globule system in milk has been the subject of
excellent reviews (King, 1955; Mulder and Walstra,1574).
Pahmi gt gl.(1956) obserxrved significant differences in
diameter of milk fat globules of different species., For
goat and cow, the size has been reported to bhe between
1 to 10}bm diameter, Goat milk fat contains larger
nugber of smaller size globules, The percentage distribu-
tion of smaller globules upto 4.5 jm diametor for cow,
buffalo and goat milk fats was observed to be 40.9,
65.4 and 82.8 per cent, respectively. This influences
the curd forming'proPefties of milk by imparting
homogenization like effect when the globules are smaller.

Milks with larger size fat globules preduce a firm curd,

The creaming properties (agglutination) of
goat milk are poor as compared to cow milk because

of the lack of agglutinin in this systems {Jenness,1980).

2.2. CURD FORMING PROPERTIES OF COW, BUFFALO
AND GOAT MILK SYSTBNS

Formation of curd represents the conversion
of colloidal césein micelle system into a semisolid
three dimensional gel matrix in contrast to amorppous
precipitates often experienced during the preparation

of acid caseins. The formation of curd, the strength
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of the gel metrix, its moisture holding as well as

releasing properties are important to the progressive

development of cheddar cheese during the subsequent
atages of cutting, cooking, cheddaring, milling,

| hooping and curing. The nature of curd formed due to

the enzymatic action of rennet is quite different

from that formed a8 a result of a grdual decrease in

pH brought in due to slow increase in acidity by

lactic fermentation or other method (such as hydrolysis

of lactose),

In addition to the properties of curd
strength for acid and remnet curd, clotting time becomes
an additional parameter requiring consideration in the

formation of remnet curd systens.

Due to inherent differences in the nature of
cow, buffalo and goat milks, their curd forming properties

differ considerably.

2.2,1 RENNET AND ACID CURDS

The coagulum obtained by remmnet action on
nilk has considerable elasticity. It undergoes shrinkage
during scalding, thereby expelling moisture (whey).
Shrinkage increases with the increase in the temperature
and acidity. In comparison, the acid curds are not

elastic but gelatinous and fragile, and shatter more
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and contract less ithan the remnet curds (Webd gt al.,
1678) . Rennet curds enclose the fat and insoluble salts
of the milk, while the insoluble salts in case of acid
curds rendered soluble and lost in the whey. Sixty to
8ixty five per cent calcium and 50 to 60 per cent
phoS8phorus has been reported to be retained in cheddar
cheese by Dolby and McDoWall (1935) and Mattick (1938).
However, McCammon et 2l. (1933) reported the values as
80 and 38 per cent, respectively. Similar data on

goat and buffalo milk systems are not available,

2.2.,2 QRENNET COAGULATION Og COW, BUFFALO
D GOAT MILK SYSTHR

When milk is treated with enzyme rennin,
a visible clot is formed. This does not bring any change
in the'groas composition of milk system (Wright, 1924).
It is formed by the cageinate system of the.milk
entrapping the whey and fat by mechanical entrapment.
Coagulation of milk occurs in two phases (i) a primary
enzymatic phase in which rennin attacks phanylalanine-~
nmethionine peptide bond Of'ficasein_releasing
glycomacropeptide {Waugh and Voﬁ Hippal, 1956; Nitschmann
et al., 1957; Jdolles et al., 1968). and (ii) a secondary
non enzymatic phase in which the paracasein system

¢lots in presence of calcium ions {Fox, 1970).
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Milk clotting mechanism that follows rennet
action is not fully understood. However, electron
microscopic studies by Hostettler and Imhoff (1955)
have revealed that initially short thread like structure
appears to join the micelles and then these form into
large fibrils, The caseinate particles tend to
agglomerate and eventually change into a crosslinked
net-work of fibrous structure. The authors desecribed
the final coagulum as an irregularly arranged structure
of paracaseinate particles in a three dimensional
thread like net-work, The milk fat and whey are trapped
within the paracasein structure, Knoop (1976) suggested
that the aggregation of the casein micelles is due to
the loss of highly charged macropeptide into the whey. .
This causes a reduction in the charge associated with
casein micelles., This may allow Vanderwall's attractive
forces between the particles to be dominent causing
aggregation or the hydrophobic forces on the enzymatically
modified areas might interact. Knoop (1978) reported
that rennet coagulation appears to proceed by formation
of chaine of casein micelles followed by cross linking
to produce a three dimensional net-work of about 10}Lm

mesh enclosing the entire liquid mass.
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Recently Storry and Ford (19853 have stated
that initially the Zicasein moiety of casein micelle is
hydrolysed by chymosin according to Michaelis-Menten
kinetics, Hydreolysis of 80 to 90 per cent:ﬁ?casein
results in destabilization of micelles which aggregate
by diffusion according to Von Smoluchowski principle.
The authors have further stated that coagulation occurs
after the addition of remnet at a time which depends
on the prevailing rates of Lecasein hydrolysis and
micelle'diffusion. A period of coaguwlum firming then
follows to give a final structure whose propertiss

depend on the particular type of cheese being made.

The rennet coagulation is faster in buffalo
milk due to the much faster rate of secondary reaction
with high calcium (Puri and Parkash, 1965; Laxminarayan
and Dastur, 1968; Ganguli and Menon, 1971) eventhough
the primary reaction is much slower (Gupta and Ganguii,
1965; Ganguli, 1973). The rate of coagulation can be
controlled either by adding less remmet or citrate/
phosphate to the milk to slow down the secondary reaction
by trapping calcium, Sharma (1962) and Sharma and
Bhalerao (1964) reported that rennet coagulation
increases by diluting buffalo milk, although the increase

was appreciable only at dilutions more than 100 per cent.
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Ibrahim and El-pgbd (1976) observed that buffalo milk
requires less tiwe than cow milk to reach the same
level of firmness when curdled with animal rennet.
Ooman and Ganguli (1977) showed that release of
nacropeptides was greater from cow milk micelles than

buffalo milk micelles.

The action of rennet on goat milk caseins is
much similar to that on cow milk caseins. However,
in certain aspects differenceshave been notdced
(Parkash and Jemness, 1968). During remnnet action
glycopeptides are released both from cow and goat milk
caseins, The amino acid composition was Similar, but
not identical. No N-~terminal amino acid has been detected,
The C-terminal amino acids for the caseinoglycopeptides
of cow are alanin¢ and valine whereas, these are
giluhagric acid and valine for goat milk (4lais and Jolles,
1961). Heating milk to 95°C for 15 minutes increased
coagulation time in cow milk, but had little effect
in goat milk (Oosthuizen, 1962). The release of NEN
after renneting was however, not greatly affected
by such heating in either sase. The remnet clotting of
goat wilk is much faster than cow milk (Frahn, 1926;
Puri and Parkash, 1962),
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- V- ennet clotti time of cow, buffalo
gnd _goat milk systems

The rennet clotting time &f milk. (RCT) is
generally observed visually with the formation of a clot,
or rather the sudden fracture of a film of milk on the
wall of a test tube,'Apparatus for ﬁeasuring RCT have
been described by Berridge (1952) and Bakker et gl,(1963).
The composifion of milk, incorporation of certain
additives in milk and the conditions such as acidity,
pH and temperature of milk may inCrease or decrease

the formation of visible clot.

The chemical composition of milk has got a
greater influence on the renndt clotting time (RCT).
White and Davies(1958) observed that the RCT of poocled
cow milks varied from 3.2 to 5.4 min.,, whereas, the
- individual samples varied from 1.4 to 12.9 min..These
authors reported that in general, quick coagulating milk
gave & firm curd, while the slow coagulating milks.
gave a softer curd. It was concluded that in early
lactation, renneting times were short and as lactaticn
advanced there was a progressive increase in remmeting

time.

Puri and Parkash (1962) examined the
remneting times of a number of samples of cow, buffalo
and goat milks at 15 to 30°C temperatures and remet
concentrations of 10 to SOng/1OO ml milk and observed
individual variations in milk of each species, The
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values for cow milk were considerably highexr than those
for buffalo and goat miiks. The last two varieties did
not differ so much from each other., The authors found
negligible effect of skimming on RCT for all the
samples, However, small effect of dilution was noticed

for all the milks,

Wahba et 21.(1973) observed that milk from
individual buffalo coagulates in shorter time than
that ¢of individual cow milk by rennin.

Blattner and Gallman (1980) observed that
goat milk and its mixture with cow milk coagulated
slightly more rapidly than pure cow milk. Addition of
calecium chloride and temperature increasé had less effect

on goat milk than on cow milk,

Sharma (1962) reported that RCT steadily
increased with the dilution of cow milk, Buffalo milk
registered a minimum around 5 per ceant dilution and after
that the value never differed upto.twice dilution, by
more than 10 per cent {(on either side) from the value
for undiluted milk, Puri and Parkash {1962) however,

recorded very small effect of dilution.

Sharma and Bhalerao (1964) reported that
with the increasing dilution with distilled water the RCT
for cow milk increased upto 500 per cent dilution,
whereas buffalo milk remained almost the same upto 100
per cent dilution and showed a steady increase after

150 per cent dilution.
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El-Shibiny and El-Salam (1980) diluted the
cow, buffalo and goat miiks at varying degrees with
| water and reported that their RCT increased rapidly
when diluted higher than 40 per cent for. cow and 60
per cent in case of buffalo and goat milk, The rapid
increase in RCT was attributed to the level of colloidal

calciunm.

Dalglieish (1980) reported that after dilution,
milks showed a large increase in RCT. Conversely,
concentrated milks showed RCT similar to unconcentrated

milk.

Wahba gt al1.(1973) concluded that the RCT
increases in both cow and buffalo individual milk by
heating raw milk at 85°C for 30 minutes and this
increase was more in cow milk than in buffaloe milk,
Similar observations were recorded by Dolezaleck and

Helclovae (1964) and Dimov and Georgiev (1965).

Marshall gt 21.(1978) reported that the
heat treatment of milk denatures whey proteins and leads
to chemical linkage of S-lactoglobulin to -casein,
but the heated milk coagulates more slowly with rennet,
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Stephen and Ganguli (1976) carried out the
studies on the heat induced changes on buffalo milk
proteins and reported a prolongation of RCT by heating
buffalo milk at 60°C to 100°C for 10 minutes, Heat
treated buffalo miik also ciotted faster than cow milk

under indentical conditions.

Dilanyan and Gabrielyan {1949) observed that
the addition of 0.1 - 0.7 ml of 22.2 per cent Ca(l,
solution to 10 ml of milk at 35°C decreased the
coagulation time, which was aho;test when 0.2 ml of the
Solution was used, Vedyashkin et 2l.(1958) reported
that enrichment of milk with calcium ions improved

its coagulation by remmet.

Niki et al»,{1958)} concluded that addition of

CaCl, to heated milk can restore its RCT. Wahba gt gl.

2
(1975) observed that heating skim milk or dialysed skim
milk at 90°C for 30 minutes prevented their coagulation
by rennin. Higher retardation was obserged for cow milk
than for buffalo mkim milk, The coagulation time,
however, decreased in both cow and buffalo skim milk

with increasing concentration of calcium,

Castelao gt gl.{1977) studied the coagulation
in milk with varying amounts of CaCl,. It was found that
floceulation time decreased with increasing amounts of
Cagl, upto 800 mg/DL milk. Similarly Kowalchyk and Olson
(1979) observed reduced clotting time with addition of
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calcium. However, Aleshko (1979) concluded that not
more than 10-15 g CaCl, should be added per 100 I milk.

Kogikowski and Mocquot {1958) in their
review indicated thet CaCl, addition to heated Tiilk
reduces the RCT. However, there are limitations to the
use of CaCl,. A larger quantity than recommended gives
a bitter flavour to the cheese, Also this compound
becomes less and less effective as temperature for
heating milk continued to rise above minimum pasteurization

8 tandards .

Storry and Ford (19853 concluded that the
reduced pH and increased temperature of milk reducee the
RCT of the system, Similarly the increased concentration
of remnet and added calcium was reported to decrease
the ROT of milk. Only extremes of concentration or

dilution of milk increased the RCT;

Laila et 21.(1981) investigated RCT of goat,
buffalo and cow nilk and reported that addition of
H202 or formaldehyde increased the RCT of all the milks,.
Addition of sodium carbonate to the level of 0.2%
inhibited milk coagulation. Noticeable increase in RCT
was recorded when salt content was increased upto
Te5 = 10%. Cow milk showed more sensitivity towards

calcium chloride in lowering RCOT.
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Fahmi and Sharara (1950} reported that
the addition of salt to milk increased its clotting
time., The possible explainations for delayed clotting
in salted milk given by the authors are that
(1) considering rennin as an acid protein of the
globulin type, it (like other proteins) may be salted
out of solution by sodium chloride, and thus its action
is retarded by increased amounts of salt, resulting in
a longer time of coagulation, (2) on the principle of
base exchange, the addition of sodium chloride to calcium
caseinate causes the replacement of the calcium ions
by sodium jions with the formation of sodium caseinate
or spdium=calcium caseinate compleX and calcium chloride
as is believed to occcur in preparation of soft curd milk
by zeolite treatment or addition of sodium citrate or
phosphate, (3) both the foregoing factors may operate
together.

Sharara (1958) observed that additirn of
galt to cow and buffalo milks increased the RCT of both
the milks. Ramanauskas (1978) reported that bonding of
sodium chloride with the para-casein complex of milk

influences its physico~chemical properties.
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2.2.2.2, gegget curd strength of cow,
b 2lo and goat milk systems
The factors affecting RCT also influences
the firmness of the curd, but the effects are not

always parallel.

Kelley et 51.(1951) studied that relat.ic;r.;ship
of RCT and rennet curd tension (RT) and reported'fhat
anly a general, relationship exists between the RCT

- and RT. In geneyal, factors which affect one also
affect the other, although not neccesarily to”thé éame
extent, Both tests are markedly affected’by composition
of milk, heat treatment, cool-aging; casein content,
calcium and acid additions, and seasonal variations in
the milk supply. However, homogenization and fat content
have a much greater effect on curd tension than on RCT.
It was concluded that rapidly formed curd tends to be

fi{rm and vice~-versa,

Sirry and Shipe (1958) reported that the

curd tension increase with rennet coagulation time but
decreagse with increasing salt concentration. Addition

of sodium chloride reduced the curd tension of milk
for each coagulation period. Similar observations were

recorded by Tracy and Corbett (1940) also.
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Miyabe (1960) obtained high RT values when

Ca:P ratio (in combination with casein) was low.

Ismail and Salam (1971) standardized cow
and buffalo milk to 3:8.5 fat to SNF ratio, pasteuriged
and renneted at 409C and allowed to cocagulate for 150
ninutes, The autho;s observed that the curd strength
of buffalo milk increased with increasipg wilk solids
contents upto 17 per cent, remained unchanged with
further increase upto 20 per cent. For cow milk RT
increased wpto 14 per cent milk solids and decreased
with increasing milk solids upto 20 per cent using a
lower concentration of remmet. It remained nearly
constant when higher concentrations of reéennet were used.
Buffalo milk curd was always firmer and stronger than

that of cow milk of the same solids content.

Ashworth and Nebe {1960) observed that when
the pH of the milk is lowered either by the slow addition
of acid or by starter development, there is a marked
increase in RT zlongwith a rise in the calcium content
of the whey. After reaching the maximum value of
the RT decreases with further acidity development,
although the soluble calcium concentration continues

to rise.
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Bailey and Cardwell (1978) reported higher
ralues of RT with addition of CaCl, at the rate of 0.10
and 0,15 g per 100 ml milk. Temperature, time and
remnet levels alsco affected RT similarly.

Hofi et 21.{1979) observed that curd
tension tended to decrease as the temperature of
pasteurization of buffalo milk increassed, Homogenigalion
reduced the RT of whole milk, but did not affect that
of skim milk. Increasing ccagulation temperature,
setting time and amount of rennet increased the

curd tension.

Storry and Ford (19855 observed an increased
RT at one hour after RCT by reduction in gH and increase
in concentration of added calcjium. Increased temperatures
decreased coagulum strength vwhereas, increased rennet
concentration had 1ittle effect. A curvilinear
relationship between total casein concentration and
coagulum strength was observed for Friesian and

Jersey milks,

243 ZIECHNOIOGY OF CHEDDAR CHEESE MAKING

Bagic aim of cheddar cheese making is the
eontrolled expulsion of moisture and development of
acidity in the remnet curd. This helps creating suitable
physico-chemical and biochemical conditions for
nicroflora that would act in a phased manner to
Bring about desirable organoleptic and body and texture

changes in the curd.
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Starting with the standardization of milk
the cheddar ‘cheese manufacture proceeds in the
following sequential'stéps,'viz.'ripéning of milk,
setting of milk with remmet, cutfing_the:curd,
cooking, drainage of whey,'chéddéring, milling,
salting, pressing, rind formation,parafetaatpsg, and
curing, Due to the advent of large scale mechanization
and auvtomation in the cheese indﬁstry, many of these
steps have undergone mOdificatibns. Thus, cheddar
cheese today is made from cow milk using ®o sSingle
orthodox method but by various processes which

ultimately result in the same end preduct.

This review is concerned with the basic
technology of cheddar cheese making that is still
applicable in small to medium scale batch processes
carried out in cheese vats, giving particular attention
to the studies reported on cow and buffalo milk systems.
Although cheddar cheese from cow milk has been subject
of many excellent reviews (Van Slyke and Price, 1949;
Wilster, 1959; Davis, 1965; Kosikowski, 1966). Similar
information for buffalo milk has been rather limited
(Godbersen, 1964} Ozulak, 1964; Burde and Srinivasan,
1967; Nejim and Alusi, 1970).
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2,31 STANDARDIZATION OF MILK

Basic aim of standardization is the maximum
retention of fat within the coagulated protein matrix.
Fat helps in the retention of moisture in the curd
{(Whitehead, 1948) and contributes ito body and texture
and flavour (Ohren and Tuckey, 1969). During the
cutting of curd, cooking, and subsequent stages of
cheese making, a portion of fat is lost in the whey.
This loss can be minimized effecting an overall
economy in the total solids recovery in cheese,
by standardizing milk in terms of casein to fat ratio,
This is due to the fact that retention of fat in
cheese is essentially dependent on the amount of
casein availabkle in the system for the formation

of rennet curd.

A casein!fat ' ratio (C:PF) of 0.7 in cow milk
was found most suitable for cheddar cheese (Price and
German, 1931), High fat contents of milk results a
soft young cheese while highef¥ SNF gives a firm tough
cheese (Baron, 1947). wWilster ¢t gl.(1948) used skim
milk powder to adjust fat,SNF ratio to 1:2.35 and
reported that fat contents over 4.7% in standardized
milk results in brittle and crumbly cheese, Unsweetened

condensed milk was used by Hanrehan ¢t al.(1959) to
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standardize cheesgse milk to a desired fat ! SNF ratio.
Chapman et al.(1974) obtained good quality cheddar
cheese from milk standardized to fat:SNP ratio of

0.35 - 0.46-

In cheddar cheese manufacture from buffalo
milk, a casein:fat ratio of 0.68 to 0.7 was alsc found
suitable (Czulak, 1964; Burde and Srinivasan, 1967).
Addition of skim milk powder for adjusting C:F ratio
in lieu of skimming the excess fat from buffalo milk
was suggested by Nejim and alusi (1970). Nofal et al.
(1977) adjusted the TS of buffalo milk in between
11.5 to 19% and fat:3NF ratio within 3:8.5 for making

cheddar cheese ¥ith minimum fat losses,
2.3.2 MILK TREATMENTS

In the early years raw cow milk without any
treatment has been used for cheese making. However,
with the advancement of cheese making technology,
treatments like pasteurization, addition of H202,
homogenization, and addition of certain salts have
been introduced.

Pasteurization of milk for cheese making has
been generally preferred due to better predictabllity
in the manufacturing schedule, the gquality of finished

product, earlier availability of cheese for sale due
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to destruction of pathogens, and slightly increased
yield (Davis, 1965), Time temperature combination of
65.5°C for 6 minutes or 72°C for 15 seconds was found
suitéble for making good qﬁality cheddar from cow
milk (Price, 1927; Sherwood, 1936; Wilson gt al.,1945;
wWalter et al.,19%9).

Similar heat treatments of buffalo milk for
cheese making were suggested by Abd Bl-Salam gt al.
{1974), Burde and Srinivasan (1967), and Czulak {1964).

The cheese from pasteurized milk ripens
Slowly and is milder in flavour than the raw milk cheesec,.
This was attributed to the inactivation of natural
enzymes and destruction of beneficial organisms by
pasteurization (Law and Hammer, 1935; Roundy, 1958).
Addition of 5-25% high quality raw milk to the
pasteurized milk improves the flavour of the finished

product (Davis, 1965).

Pasteﬁrization also causes prolonged remeting
time, higher moisture retention in curd and reduces
the curd strength (Dolezalek and Helelova, 1964;
Szabo and Balatoni, 1965; Davis, 1965; Chandrashekhara
et a1.,1957). These defects could be corrected by the
addition of some acids (Sammis and Bruhn, 1912), calcium

chloride (Price, 1927; Bailey and Cardwell, 1978), a
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little more renpet at 2 siightly higher tempergture,
and cutting the coagulum 8lightly later (Davis, 1965).

Abd-BEl-Salam gt al.(1974) suggested addition
of phosphate and citrate to reduce the curd strength
of buffalo milk, The addition of either sodium
pyrophosphate or sodium citrate (0.1 M) improved the
gquality of cheddar cheese from buffalo milk (Bl-Safty
et al.,1976).

Addition of sodium chloride to cow milk above
0.6 per cent prolonged the coagulation time (Handy and
Edelsten, 1970). However at levels below this reduced
the coagulation time, Méze {1940) found that eodiunm
chloride above 1 per cent level in milk prolonged

coagulation time,

Fahmi and Sharara (1950) have suggested
addition of sodium chloride to buffalo milk to reduce

curd strength and tc produce soft curd,

Amongst ether treatments given to milk which
requires modifications in cheese making procedure,
homogenization of cow milk for cheese making was
reviewed by Peters {(1964). The advantages of this
treatment are reported to be reduced fat losses in
whey, higher yields, lower shrinkages during ripening,
and reduced fat leakage at higher temperature, However,
this treatment gives weak curd and increases the

cost of cheese making.
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Neogi and Jude (1978) made cheddar cheese
from buffalo milk with homogenization at low pressure
and observed that this treatment produced higher
moisture content, fat retention and proteoclysis, and

lower fat and protein content in the cheese.

Addition of H,0, @ 0.02 - 0.5 per cent in
cow milk heated to 50°C for 25 seconds followed by
catalase treatment has been found to yield satisfactory
cheese eliminating the defects of raw or pasteuriszed
nilk {Tapty gt al., 1958; Roundy, 1958). Kristoffersen
and Cole (1960) made cheese from raw, pasteurized and
peroxide treated milk and observed that raw milk cheese
tended to obtain higher scores for typical cheddar
flavour than the other two. Certain flavour defects
such as "utensil" and "metallic"™ were observed in

cheese from peroxide treated milk.

Fox (1964) observed faster rennin action on
H202 treated casein, It was, however, observed that
H,0, treated o-casein did not produce a gel with

) ++4
rennin either in presence or absence of Ca

Gritsenko (1972) reported that small amounts of
H,0, raised the NPN content of the milk and increased
ite sgemsitivity to remnet. Milk treated with 0,015
per cent H202 at 47-49°C for 30 minutes coagulated as
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rapidly as untreated milk and yielded a firmer curd
with 30 per cent less remmet than normally required.
Cheese prepared from H,0, treated milk possessed

13«14 per ocent more soluble total nitrogen and soluble
NPN and a better consistency and texture than cheese

from untreated milk,

Bl-Safty gt al1.(1977) reported that use of
E,0, in buffalo milk cheddar cheese restricted the
cheese acidity. However, it increased the soluble
nitrogen and NPN contents of cheese, 1t also improved

the sensory quality of cheese.
2.3.3 USE OF STARTER CULTURES

The addition of starter culture in cheese
milk is necessary for proper remmet action. Suppression
of growth of undesirable organisms, expulsion of moisture
and ripening of cheese by providing desirable microflora
(Vanslyke and Price, 1952), The importance of the
acidity produced by starter culturea on the texture
and flavour of cheese has been extensively studied
(Lowrie gt al.,1973; Belousva £t al.,1976; Hoglund et 2l.,
1976)+ Control of the development of acidity has more
influence on the quality of the cheese than any

other factor (Wilson, 1942).
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Pimblett (1962) reported that increased rate
of acid development due to excess starter inocula
{(upto 5 per cent), influences the quality of cheese,
The development of acidity can however, be controlled
by using pasteurized milk, by varying the proportion
of starter, and by permitting the milk to ripen for
1 hour after addition of starter (Wilson, et al.,1945).
The quality oflcheddar cheese is c¢losely related to
the acid development during the cheese meking process
(Brown and Price, 1934). These authors reported that
the higher acidity results in inferior quality of
cheese, |

Hansen 2t g1.(1933) observed that starter
culture comprising of Str.lactis, Str.cremoris,
Str.citrovorus and Str.paracitrovorus was suitable
for proper development of acidity in cheese milk and
resulted in cheese with satisfactory flavour, body
and texture with either raw or pasteurized milk,

Szabo and Balatoni (1962) used the following bacteria

to choose the best starter for cheddar cheese manufacture
using different inocula percentage : 1. Sir.lactis,
Str.cremorigs - 2%. 2. Cheddar starter ~ 2%

3. Str.therophilus - 2% 4. Str.lactis, Str.cremoris-2%
5. 8tr.lactis, Str.cremoris-2% 6., Sir.lactis,

Str.thermophilus-1%, 7. Lb.lactis, Str.thermophilus
0.1=0.3%. It has been reported that the development
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of acidity was almost identical with cultures 1, 2 and
6. Culture No.3 had the samllest acidifying. effect.
Cultures 4,5 and 7 gave the highest acid values,

Cow cheese curd made with a slow starter
results in weak and péor texturgd cheese {Davis, 1965).
However, Lawrence et a8l1.(1972) observed that cheese
with "slower" starter was of good flavour irrespective
of the time of season emd large variations in the
bacteriological quality of raw milk. They alsc observed
that "faster" starter had a marked tendency to give

bitter cheese.

An increase of 0.02 per cent acidity =bove
the initial a¢idity of milk is necessary for milk
coagulation and curd'charaoteristica {(Vanslyke and
Price, 1952), Chapman and Harrison (1963) however,
observed that use of unripened milk (remmet added
15 minutes after starter) had greater control over

acid development and moisture expulsion.

For buffalo milk cheddar cheese, no specific
attempts have been made sc far to isclate and use
atarter cultures on the basis of their cheese making
performance., Essentially, the starters used for cow

milk systems have been tried alsc for buffalo milk,.
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Acid development in buffalo milk is at a
slow rate due to its higher buffering action and
needs preincubation with starter culture for a longer
time to attain proper acidity (Bl-Rafey, 1962).

&Thomas et al.(1966) reported greater rate of

acid production, slightly faster rate of growth and
slow proteolytic cctivity of starter organisms in
buffalo milk than in cow milk. However, under cheese
making conditions in raw or sligh%l& heat treated
milk, slow growth rate of organisms was observed which
might be a probable cause of slow rate of ripening

of cheese,

Godbersen (1964), Czulak (1964), Burde and
Srinivasan (1967) and Nejim and Alusi (1970) also
observed a slow rate of acid development in buffalo milk
used for cheddar cheese manufacture. Czulak (1964)
suggested a higher rate (1.5 per cent) of starter
for buffalo milk, Burde and Srinivasan (1967) suggested
starter addition at the rate of 2.5 per cent.

2.3.4 RENNETING

The jdeal ecagulant used for cheddar cheese
manufacture is calf~-rennet, Remmin, the major component
of rennet brings about coagulation of milk as has
already been reviewed in sec. 2.2.2. It al S0 causes
slow protenlysis of casein during ripening (Alads et 2l.,
1955; Lawrence et al.,1972; Phelan gt al.,1973; Green
and Foster, 1974).
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The quantity of rennet and the coagulation
temperature affects the coagulation time. The curd
firmness and the properties of coagulum are also
influenced by the amount of remmet, Halving the amount
of rennet reduces the curd stréngth and the yielad
of cheese (Ernstwom, 1956). Incubation of milk with
small quantity of enzyme prior to addition of larger
amount of enzyme has been suggested by Szadkowska et al.

(1978) to reduce the actual quantity of enzyme required.

Kelley et gl;(1951) during studies relating
to rennet coagulation time and remnet curd tension used,
a rennet dilution corresponding to 3 0z of rennet/1000
lbs of milk., Puri and Parkash (1962} used rennet
concentrations varying from 10 to 50 mg/100 ml milk

for similar studies,

Brnstrom (1956) reported that reduction of
rennet to half the normal amount gives a reduced curd
strength at the cutting stage, and reduces the yield
of cheese solids; It also causes a relétively small
decrease in soluble nitrogen when compared to the

total percentage present in cured cheese,

Yamamoto gt al.(1968) made cheddar cheese with
twice the normal proportion of remmet, and found that
it increased soluble nitrogen, improved the iexture,

but did not promote flavour development,
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Melachouris and Tuckey (1964) observed that
the effect of the amount of remmet used in cheddar
cheese making was most noticeable on body and texture

only during the very early stages of curing.

Castelac et al.(1977) reported decreased
flocculation time with increased amounts of rennet
upto 1qpf720 ml miik, but above these levels there
was little further decrease. The casein'losses in
whey were reported to be reduced by addition of rennet

upto 3.54420 mi milk.

Por cheddar cheese making from cow milk,
generally the rennet addition is done as per instructions
of the manufacturers. The basic purpose is to get the
curd setting in about 30 min, time, For buffalo milk
also the curd setting is %o be accomplished in 30 min.
time. Although buffalo milk clots faster, same amount

(as for cow milk) of remnnet is added to i%.
2.3.5 CUTTING, COOKING AND DRAINING

Moisturce retention in curd to a desirable
level can be regulated through cutting, cooking and
whey dralnage. The curd should not be too soft at the
time o0f cutting as it leads to more fat and casein

losses, hard curd tends to delay moisture expulsion
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(Davis, 1965), PFirmness of the curd at cutting
influences the elasticity of cheese i.e. curd cut

soft results in cheese of high elasticity (Baron, 1947),

Size of the curd cubes influence the surface
area exposed for whey expulsion and unifoym heating.
Gilles (1976) observed that inereasing knife size
from 6 to 12 mm increases the moisture in cheese by
about 1.5 per cent. Reduction in curd cube size below
Y4" increases moisture expulsion and fat losses

kFeagon et al., 1965).

Gradual ‘increase in cooking temperature to
102°F has been suggested by Price (1944) for cow milk
cheddar cheese, Rise in cooking temperatures causes
moisture expulsion but affects the starter activity
(Gilles, 1976). The cooking of cow milk curd requiref.
about 1 to 1Y/2 hour during which whey temperature
reaches 102°F and whey acidity increases by 0,015
per cent, Délby'gj 2l.(1940) has suggested draining
of whey at 0.02 to 0.04 per cent more acidity than
that at the time of cutting. Higher acidity causes
more mineral losses in whey which adversely affect

the body of the cheese,
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Casein micelles of buffalo milk are larger
in size (Sabarwal and Ganguli, 1971; Ganguli, 1973)
and retain less water during rennet action, The higher
calcium and phosphate and lower citrate content of
buffalo milk causes excessive moisture expulsion
by curd {Anantakrishnan et al., 1943). The voluminosity
cf casein micelles of buffalec milk is less than cow
milk micelles and it decreases rapidly between a
temperature range of 35 to 45°C (Socod gt al., 1974)

which results in lower moisture retention.

Ozulak (1964) suggested cutting of the buffalo
wilk curd with 3/8 inch knives to obtain firm curd,
He recommended stirring and cooking of curd 5 minutes
after cutting and continuing for about 50 minutes with
a whey temperature of about 99°F. A8 soon as the
titrable acidity of the whey rise by 0,015 per cent
above that at cutting the stirring should be stopped
and half of the whey should be drained off. Stirring
should than be resumed and about 1.5 to 2 per cent
salt W/V of the remaining vat contents should be added
to the whey and stirring at 99°F for about 20 minutes
until the curd cubcs are firm. Whey should be than
drained off., The addition of salt (NaCl) has been

suggested in order to exchange some of the calcium in
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the curd for sodium ions and thus reducing the
synresis., Similarly, Burde and Srinivasan (1967)
suggested early cutting and larger size of knife

for cutting the buffalo milk curd, using lower cooking
temperature (37.8°C) and draining the whey earlier

i.e. shortening tﬁe cooking period.
2,3.6 CHEDDARING

Structural changes in the body and texture
of the cheese curd takes place during cheddaring. As
the curd blocks are piled and repiled, their struqture
flattens, and the holes or eyes which might be originally
present lose their identity in the deformed curd
(Kosikowski, 1966). Cheddaring leads to fusion of
casein matrix and coalescence of fat globules with
progressive elimination of the interstatial spaces
(Brooker, 1979). Piling and development of chicken
breast structure during cheddaring encourage moisture
retention in cow milk cheddar cheese (@illes, 1976).
Chapman (1974) while studying the effects of alternatives
to traditional cheddaring on the properties of cheddar
cheese observed that elimination of curd turning and
restriction of curd flow during cheddaring did not
significantly affcct the composition and flavour of

checese, The cheese made from dry stirred curd had
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firmer texture but poor flavour than the cheese made

with traditionally cheddared curd,

Buffalo milk curd poses difficulty in
obhtaining the desired characteristics during cheddaring.
Higher piling during cheddaring has been suggested by
Burde and Srinivasan (1967) to obtain good texture

in buffalc cheese,
2.3.7 MILLING, SALTING, HOOPING AND PRESSING

At the end of cheddaring, the curd is cut
into smaller pieces with the help of a cuxd mill.
Milling the curd over Q.4 per cent acidity or a pH of
5.4 to 5.5 for further removal of whey was suggested
by Price and Vanslyke (1952). Milling helps in escape
0f undesirable flavour and the curd to cocl. Acidity
at milling affects the elasticity of the cheese (Baron,
1947). High acidity produces soft cheese with less
springiness. Yamamoto ¢t al.(1956) reported that higher
acidities at milling results in low moisture content
in the cheese, Although, these¢ guthors could observe
no significant differences in the quality of cheese
milled between 0,45 and 0.55 per cent acidity.
Variations in the time interval from whey removal to
milling of the curd do not affect the body scores but
have a significant effect on the texture and total

scores (0'Commor, 1974).
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Salt addition to the milled curd affects the
moisture expulsion and controls the growth of
undesirable organisms in the cheese curd (Gilles, 1976).
Sharp and Mcinerney (1936) reported that the peptizing
action of sodium chloride on para-casein in the pH
range of 5.0 to 6.0 improves the texture of the chesse.

Lawrance and Gilles (1969) found that the
bitterness in cheese depends on the ratio of salt to
moisture and pH at 17 days. It is likely to occur if
the salt on moisture basis was less than 4.3 per cent,
4,2 to 5.2 per cent salt to moisture values have been
reported to be optimum for cheese at 14 days by Pearce
and Gilles (1979). Maintaining high pH and high salt
coneentration has also been gsuggested by Jago (1974).
According to Fox (1975) cheeses with high moisture,
low salt and high pH develops a weak body and off-
flavours, Cheese with low moeisture and salt tends to
have a curdy body with little tendency to develop
off-flavour.

Knox (1978) reported that grade I cheese can
be obtained with salt contents of 1.2 per cent to
1.8 per cent and salt in moisture contents of 3 per cent
to 5.2 per cent, Similar observations were recorded

by O'Connor (1974). To achieve the salt levels between
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4 to 6 per cent in the moisture, Gilles (1976) has
suggested addition of salt at the rate of more than

2.5 per cent (W/W).

Czulak (1964) suggested the addition of
salt at about 2 per cent W/W of estimated yield of

cheddar cheese frcm buffalo milk.

Hooping and pressing aids to lowering the
moisture in the curd and fusion of the curd takes
place in first 2-3 hours (Dixon e% al., 1975).
According %o these authors the pressing operation
aids the forming of cheese into desired shapes and
sizes, Curd fusion takes place by removing occluded

air.
2.3.8 CHEZSE RIPENING

Cheese blocks after paraffinning are placed
in curing room at temperature 6°C - 13°C and humidity
75-80 per cent (BH) for a period rangiﬁg from 3 months
to one year or more, During this period the rubbery,
mild flavoured "green" cheese attains a typical body
and texture and flavour characteristics. Ripening
of cheddar cheese tzkes place as number of physico-
chemical and bioccheémical changes are brought about by
milk clotting enzymes, starter organisms and the organisms

native to milk, and the enzyme secreted by these organisms,
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The ripening results in the degradation of
lactose, fat and proteins resulting in the gradual
change in the pH, Protein degradation is respcnsible
mainly for the softening of body and texture, while
the fat degradation contributes to the flavour of the
cheese, Lactose degradation is associated with the
change in the pH. All these changes are responsible
for the final characteristics of cheddar clicese

(Harper and Kristoffersen, 1956; Schormuller, 1968).

Sherwood (1936) obssrved that pasteurized cow
milk cheddar cheese ripens somewhat slowly than the
raw milk cheese. This happens because of the
inactivation of natural enzymes of milk and destruction
0of beneficial microorganisms,

The p and acidity change during ripening.
The pl values in the initial period decreases to 5.0
to 5.2 and then increases to 5.3 to 5.5. The acidity
also increawes from the initial value of 0.7 per cent
t0 1.0 to 1.25 per cent in one year. Decrease in pH
has been attributed to lactose degradation in the
initial period of ripening (Umomoto and Sato, 1975)
and the increase in pH is caused by formation of non-
acidic decomposition products and libecration of alkaline

products of protein degradation (Webb et al.,1978).
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The meisture decrease during the ripening
period. This is influenced by curing temperature,
humidity, size and shape of the block and type and
me thod of paraffinning, Moisture loss ranging from
2 to 8,7 per cent during ripening has been reported
by several workers (Hansen, 1946; Dovis, 1965;
Kikuchiggl! 968; Sannabhadti and Srinivasan, 1976;
Rao and Mathur, 1979).

Increase in the soluble, amino, and ammonia
nitrogen was observed by Vanslyke et a}.(1903) during
one year ripening period. Dulley (1974) concluded that
proteolysis was mainly due to starter engzymes and it
proceeds at a constant rate. Studies on proteolysis
by O'keeffe gt 21.(1978) revealed that the coagulant
is mainly responsible for the formation of large
peptides by the break-down of caseins., While small
peptides and frec amino acids are produced principally
by starter organisms, pessibly from coagulant produced

peptides.

Fat degradation contributes the most to the
flavour of the cheese than any other componcnt (Mabbit
and Zielinska, 1956). Qhren and Tuckey {1965) observed
that the flavour of cheese increased with the increase

in fat content of milk. Chees> made from skimmed milk
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does not develop a typical flavour. Hydrolytic and
oxidative changes in cheese fat have been responsible
for the flavour. Hydrelytic changes are brought about
by microorganisms, milk lipases and even rennet {Lane
and Hammer, 1939; Harper and Gould, 1952; Bachman, 1959;
Stndhoudcrs apd Mulder, 1960 and Reterson ond Johnson,
1949).

Bitterness in cheese develops due to certain
starter culture (Czulak, 1959; Lawrence et al.,1972),
type and amount of rernet {Windlan and Kosikowski, 1956;
Lawrence gt al., 1972), and changes in the manufacturing
process like low cooking temperature {Barton, 1957;
Lawrence €% 2l., 1972), Pasteurization of milk at
higher tenmperature (Moir, 193C), low salt content,
higher moisture and acidity also promote Bittermess
in cow milk cheese (Phillips, 1935; Tuckey and Ruche,
1940; CGzulak, 1959). Lawrie and Lawrence (1972) concluded
that starter strains are directly responsible for the
formation of bitter flavoured compounds, All starters
are capable of producing bitter and non bitter cheese,
The authors observed that the response of the selected
manufacturing conditions, rather than any single
difference between particular starter strain,

determined the likelyhcod of bitterness development.
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Mamning (1978) observed that most of the
flavour producing compounds increase in concentration
during ripening but ethanol and butanone vary in

concentration in an unsystemntic way.

Buffalo milk cheddar cheese after ripening
lacks in typical cheddar cheese qualities in terms of
flavour, body and texiture. This suggest that neither
fat nor protein breaks down ag readily as in cheddar

cheese from cow milk.

The lipid fraction contributes more to the
development of flavour in cheese {Ohren and Tuckey,1969),
The slower hydrolysis of buffalo milk fat during cheesec
ripening may be due to the difference in fatty acid
make up between buffalo and cow milk fat (Ramamurthy
and Narayanan, 1971}, This may result in poor flavour
development in buffalo milk cheese (Godbersen, 1964).
Garg and Verma (1966) obscrved progressive decrease in
RM and Polenske value during ripening of buffalo cheese.
Ramamurthy {1967) however, did not find any change

in these values upto 120 days.

Al -Fayadh (1980) reported that the hard
consistency of buffale milk cheese was due to its low
moisture content when processed in the conventional

mamnner, The higher heat treatment of the milk has been
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suggested as the solution., It increased the meisture
content and allowed normal syneresis of the curd, The
salt-in-moisture lowercd and promoted normal acid
development and proteolysis. The flavour development

also 1mproved by higher heat treatment of the milk.

Singh 2nd Banguli (1972) observed that changes
in peptide, free amino acids and NPN levels were somewhat
higher for buffalo than cow milk cheese during 7 month
ripening. Peptide release was gimilar in both the cheeses
during 60-120 days period and differing somewhat
thereafter reaching steady maxima in 140 days. NPN

liberation inereassed regularly throughout.

Mathur and -Bhalerac {(1969) reported no
significant differences in changes in TN or nitrogen
fractions during ripening of cow milk and buffalo milk
cheddar cheese, In buffalo milk cheese made with
buffalo's remnét, amino acid content showed downward
trend after 150 days, probably due to further break-

down ¢of aminc acids into NH3 and other prcdusts,

e Low moisture, total nitrogen, soluwble nitrogen,
NPN, salt and acidity and high fat content was cobserved
in buffalo milk cheese than cow milk chesse by El-Sokkary
and Hasan (1952), Tambat {(1975) also recorded the

similar observations. Hofi gt al. (1975) cbserved that
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the changes in VFA, total carbonyls, soluble tyrosine
and ripening indices were Alower in pasteurized

buffalo milk cheese than in raw milk cheese,

Singh et 2al.(1976) found that cheddar cheese
prepared from sterilized buffalo milk with the
lipolytic culture in the absence of §tr.lactis had
higher pH values during ripening than those prepared
with lipolytic culture plus Sir.lactis.

Ramamurthy (1976) stated that hydrolysis of
fat is desirable in cheese to acquire typical flavour.
The physical state of milk fat is an imporiant factor
whi ¢h influences the fat hydrolysis. A fat in liquid
8tate hydrolyses much faster than the so0lid fat. At
a given temperature the proportion of solid fat is
higher in buffalo fat than in cow fat. Thig results in
slower hydrolysis of buffalc fat finally resulting in
slow development-of flavour in the cheese, Slow
hydrolysis of fat and glower flavour development in
buffalo milk cheddar cheese have also been reported

by Bhat gt 2l.(1978).

Dawood and Al-Shabibi (1978) reported that
buffalo and cow milk treated with H202 yielded higher
amount of éheddar cheese than the pasteurized milk

{61.6°C/30 min.). Fat breakdown was faster in cow milk
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cheese than in buffalo milk cheese which required a
longer ripening period also, Cheese made with H202
treated buffalo milk assumed a metallic flavour. However,
for both the species, method of cheese manufacture

had no effect on total amount of fatty acids liberated,

Ultrafiltration and Sephadex G-25 gel filtration
of the cheese peptides from cow and buffalo milk cheddar
cheese indicated that no marked changes occur in the
concentration of high molecular weight peptides during
ripening in all the cheeses, while concentration of
low molecular weight peptides was less in buffalo

milk cheese (Alawad and Toma, 1978).
2,4 CHEESE MAKING WITH GOAT MIIK

Goat milk, in general is considered inferior
t0 cow's pr buffale's milk in our country. However,
in European countries and in some scuntrjies of the
Middle Bast, cheese making from goat milk is of
national economic importance. In France for instance,
more than 79 per cent of the total goat milk production
is used for cheése naking. Of this, 50 per cent is
utilized for manufacturing farm house cheese (Cargouet,
1971). This is true in case of other countries also.

The manufacture of goat milk cheese, thereforc, can be
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most accurately categorised as a "Cottage industry"
rather than a large sScale commerical enterprise. This
situation has led to the development of numerous

varieties of cheese from goat milk.

Goat milk has been utilized for manufacture
of, usually small and soft varieties in Western countries
(Davis, 1976). A1l thesc variecties develop a peculiar
"tang" because of the chemical nature of the goat milk
fat, as is evident from the compositional characteristics
of goat milk fat. It contains higher proportions of
shorter chain fatty acids 06 to 010. These fatty acids
when liberated during ripening are markedly more “peppery"
or "biting" in flavour than the very short (C, to 04)
or longer (012 to Cyg) chain fatty acids (Davis, 1965).
Pelissier and Manchon (1976) studied the bitter taste
. of engymic hydrolysates from cow, ewe and goat caseins
| and reported that peptides formed from goat casein by
protcases were less bitter than those from cow casein.
It was suggested that the lower bitterness in goat
cheeses than in bovine cheeses is due to the absence

ofoﬁs1-casein in the goat milk systemn,

Over 400 varieties of checse under 800
different names have been described by Sanders (1953)

in his book "Checse varieties and description". A great
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number of these are, or can be, made from goat milk
or from combination of goat milk with milk of other
species (Morrison &t al., 1980).

Portman gt 21.(1968) have outlined a procedure
for making cylindfical Sainte-Maure cheese, Cargouet
(1971) has described a method for production of types
such as Sainte~Maure, Chabichou, Pyramide and Selle~
sur-cher, It involves pasteurizing milk, ripening with
4-5 per cent starter, remeting, draining in filter
units, salting (1.5 per cent) and machine moulding.
Ripening is done at 10-12°C tenmperature and 90~92 per
cent RH., It takes about 12-15 days for complete ripening.

Rakshy and Hassan (1971) demonstrated the
suitability of goat milk for manufacturing'a cheese
variety similar tc Domiati cheese. Average composition
of fresh cheese was 60 per cent moisture, 18.5 per cent
fat, 2.9 per cent salt, 16.7 per cent total protein
and 0.53 per cent soluble protein.

Bottazi (1975) in his article "Peculiarities
of the principal Italian cheeses™ has given the
characteristics of the varieties Caprini and Robiolini
freschi, These are small cheeses of 50 to 70 grams in

weight, with a short ripening time and without rind.
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Lame and Hekmati {1975) made Iranian "Khikki
cheese" from mixed goat and ewe milk using natural
rennet, ripened and stored in brine in sheep skin or

goat skin bags.

Delforno (1977) has described the Piedmontese
alps cheeses like Caprino di Rimella, Paglierina and
Raschira made from goat milk or goat milk mixed with

cows milk.

A description of strauss specialty cheese
"Bezit" from goat's milk produced in Israel has been
given (Anomymous, 1977).

Kosikowaski (1966) has described the Norwegian

cheeses like Gjetost, Mysost, Primost and Gubdrandsdal-

sost which are made from geat milk.

Fredriken and Steinsholt (1978) produced a
spreadable processed cheese from goat milk with about

45 per cent IM and 47 per cent fat in IM.

A hard goat cheese similar to cow's milk

"Tome" is made in Switzerland (Mocquot and Bajambes,1960).

Potts and Simmons (1955) have described the
technique for processing a hard cheese from goat milk.
It is obtained by remneting the milk at 31°C, coagulation

takes place in 30 minutes, curd is cut and cooked at 37°C
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for 30-60 minutes, drained in cloth and salted after
14 hours. The curd, however, is not cheddared, milled
and pressed. The curing is also for a relatively short

period of 10 days.

Romano and Granular cheese has also been
made from goat milk (Wilster, 1959), Liquid rennet is
diluted 1 to 40 in water and sufficient amount is added
to milk at 88 to 90°F to give fim curd in 30 minutes.
Curd is cut in cubeé of Y4-¥Y2" size, heated slowly to
100°F for one hour. After firming)whey and curd cooled
to é6°F. Whey is drawn off, Curd is stirred at intervals
to keép it in granular form. After 15 to 30 minutes
when curd is sufficiently dry, coarse salt is added
@ 3 per cent by weight for Granular cheese =z2nd 2 per cent
for Romano, Curd is then placed in hoops and pressed
for seveéral hours, Then it is taken out from the press.
Romano cheese is rubbed on the surface with dry salt
every third day until it contains about 6 pcr cent
of salt by woight. This takes about threec wecks,
Granular cheese is paraffined and cured for 2-3 months
at 60°F in moderately moist curing rocm with air
circuiation.

Romano checse is rubbed with a mixture of
cotton seed oil and blaék pepper. 1t is then cured

for 6 to 12 months at 50°F to 60°f in cellars or cool
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building withoﬁt refrigeration., The application of
01l and pepper is continued at intervals to minimize

mold growth and prevent the cheese from drying out.

Some other hard varieties of cheeses from
goat milk are also menufactured ( Morrison gt g1.,1980)
but no published report is available on the manufacture

of cheddar cheese from this milk.
2,5 CHEESE MAKING WITH MIXED MILKS .

The milk systems of different species being
varied in composition and proPerties, mixing of these
milks with each other might influence the composition
and quality of the finished cheeses, However, literature
con this is scanty.

Akhundov (1959) obtained good Edam cheese
from buffalo milk mixed with skimmed cow milk (1:1).

The mixture contained 2.81 per cent fat and 3.02 per cent
casein. The yield of cheese was 9.4 per cent with a
moisture content of 39,45 per cent, and a dry mtter
content of 60.55 per cent, The rind and body colour

was similar to that for éow milk. The cheese had the
characteristic:. taste, aroma and texture of the

cheeses of Bdam type.
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Nejim (1959) made cheddar cheese by standard
methods from equal amounts of whole cow and buffalo
milk §r éwes andcows milk, The fat content of the
mixtures ranged between 3.5 and 7.8 per cent and that
of the ripened checse from 27 per cent to 40 per cent.
The cheeses with higher fat content obtained higher
sttores. Most of the other cheeses were also of

fairly good guality.

Cheddaxy and Edam type cheeses of sgtisfactory
gquality and composition were manufactured from buffalo
milk standardized to a C:F ratio of 0.7 by addition of
reconstituted dried cows skim milk (Nejim and Alusi,
1970). Analytical results of the experimental cheddar
cheese gave moisture contents of 35.4, 34.6 and 36.9
per cent against 38,00 per cent for the control, Fat
on dry matter basis figures were 43,6 per cent and
47.4 per cent against 48.4 per cent in control. The
grade points for experimental samples were 85 and 90
with 95 for the contrcl. The authors had claimed this
procedure to be more profitable than the skimming
of fat from milk.

Nofal et 21.(1977) made cheddar cheese from
buffalo milk nixed with cow milk in a ratic of 1:1.

The total solids in cheese milk were standardized

within 11.5, 15.0 or 19.0 per cent. Increasing total



63

sclids increased the moisture, titrable acidity, fat
acidity, and the rate of protein breakdown in cheese
during ripening. Mixing of buffalo milk with cow milk
slightly improved the quality of cheese combared to

cheese from buffelo milk.

Alawad and Toma (1978) made cheddar cleese
from 1:1 mixture of cow and buffalo milk and reported
that the concentration of low molecular weight peptides
increased during ripening and the values were in
between those observed for pure cow and buffalo milk

cheeses,

Mixed cow and buffalo milk, raw or pasteurized
containing 4 + 1 por cent fat was used for manufacture

of Domiati cheese by Zakiet al.(1974).

Hofi gt a2l.{1975) successfully manufactured
good quallity Domiati cheese from a mixture of buffalo

and cow milk in the ratio of 1:1.

Recently, Waghmare and Gupta (1980) tried 5
combinations ranging from 10 tc 50 per cent solids of
cow skim solids (SMP) tc standardize the buffalo milk
to C:F ratio of 0«68 to 0.70. Sensory evaluation of the
5 batches of cheese showed that 90 parts of buffalo
milk solids (fresh milk) with 10 parts of cow skim milk

solids produced desirable quality cheese followed by
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80: 20 combination upto 6 months of age, The checse

was prepared by the method of Czulak (1964). The
authors observed that except 100 per cent buffalo milk
solids (fresh milk) combination, all other combinations
had coarse body and poor texture, Decreas¢ in mois ture
content was obscrved in all the samples during ripening.
However, the decreasc in moisture content was more with
the increased proportion of SMP in the cheese milk.
Sensory evaluation of crude and purified peptides
indicated that 50:50 combination was more bitier in
comparison to other combinations., No good guality cheese
was obtained by incorporating cow skim milk powder. The
replacement of SMP by fresh cow skim milk resulted in

a better guality cheese, 0fall the combinations 50:50
combination i.e. 50 per cent buffalo milk solids (fresh)
and 50 per cent cow milk solide (fresh cow skin milk)
gave the best quality cheddar cheese both on physico-

chemical and sensory chargeteristics,

El-Gazzar ¢t 2l.(1982) prepared blends of
cow milk containing 0, 25, 50 and 75 per cent buffalo
nilk and adjusted them to 0.25 per cent total aecidity
with YH culture and used to manufacture Ras cheese.
These were compared to a traditionally ﬁroduced version

composed of a 50:50 cow, buffalc milk blend., On the
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basis of physico-chemical and organoleptic evaluation
during ripening, chceses were ranked in descending
order of buffalo milk content. The cheese prepared in

the traditional manner was ranked lower of all.

Cheese varieties such as Saint~Marcellin are
made from mixture of cow and goat milk., The proporticn,
however, depends upon the availability of goat milk
(Mcequot and Bejambes, 1960).

Montemurro‘(1951) has reported use of cow
and goat milk mixture in the manufacture of Provolone
cheese, His findings indicated that incorporation of
8.14, 11,25 and 14,32 per cent goat milk in cow milk
reduced the yield to 9.11, 3.70 and 8.59 per cent,
respectively as compared to the yield 9.89 to 10.10
per cent when pure cow milk was used. Moreover, greater
ripening losses and more defects occurred in cheése

nmade from mixed milk,

Steinsholt (1972) used varicus conmbinations

of cow and goat milk in preparing Gudbrans-dasost cheese,

Funder gt 2l.(1944) reported that best
quality Roquefort‘chcese is made from goat milk when

it is mixed with 2,5 to 10 per cent cow milk.
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Acceptable quality of cheddar cheese has
been made from mixed milk as reported in the limited
number of work cited above. It is, however, to be
appreciated that there is little information concerning
the critical evaluvation of the effect of mixing cow
and buffalo milk on the product quality and typical
characteristics of the mixed milk systems. Naturally
then, there is virtual absence of knowledge about various
steps involved in cheddar cheese making operations.
It is also not clear as to what would be the effect
of mixture containing varying proportions of cow and
buffalo milks on the cheese quality. Ne work is
available on the ménufacture of cheddar cheese from
goat milk and/ or the effect of mixing goat milk with
buffalo milk on the cheddar cheese guality. It is,
therefore, necessary to undertake systematic studies
on using mixed milks containdng varying proportions
of cow, buffalo and goat milks on the quality of

cheddar type cheese,
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SCOPE AND PLAN OF WORK

With the basic aim of utilizing various types
of mixed milk for cheddar cheese, this investigation

centered around two main objectives :

1. To evaluate the effect of mixing different
proportions of cow and goat milk with buffalo milk
on several technological parameters important to the

manufacture of cheddar type cheese, and

2. to develop manmufacturing technique for cheddar
type cheese from selected mixtures of buffalo milk

with cow and goat milk.

Within this scope of investigation, the study
was conducted in three phases., Initially, the curd
forming properties of milk mixtures were studied, In
this, the behaviour of buffalo milk admixed with
various amounts of cow and goat milk separately were

compared to that of pure buffalo, cow and goat milks
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in terms of clotting time, curd strength and true

protein in whey.

In the second phase, buffalo milk admixtures
with cow and goat milks were used for cheddar type
cheese manufacture with conventional methods,
Modifications of cheddar cheese making procedures,
were attempted in order to gain better control on
cheese quality and elimination of defects that were

observed with cheeses prepared earlier with conventicnal

methods.

In the third phase, the curing behaviour of
mixed milk cheeses prepared by standardized methods
were studied and compared with buffalo, cow and goat

nilk cheese as control.

Limited trials on processed cheese making

were also undertken with mixed milk cheeses,



CHAPTER 4, .

EXPERIMENTAL




ER T

4,0 This section deals with the methods and
materials used in the manufacture of cheddar cheese
(eontrol and experimental) together with standard

analytical procedures,
4.1 S TION OF BAW MATBRI

4,17.1 MILK

Buffalo, cow and goat milksused in this study,
were procured from the Dairy herds maintained at the
National Dairy Research Institute (N.D.R.I.) Earnal,
The buffalo milk was from a herd of Murrah buffaloes,
The cow milk was from a herd of crogssbred and Indian
purebred cows, The goat milk was fetched from a flock

of Beetal, Alpine and Saanen goats and their crosses.
4,1.,2 STANDARDISED MILK

Buffalo and cow milkswere individually
standardized to a 0.731.0 casein:fat (C/F) ratio. Goat

milk was standardized to 0.65 and 0.7 C/F ratio. The
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standardized milks were then mixed in different
proportions to fdrm:the mixed milk system for

varioug experiments,
4.,1.3 STARTER CULIURE

Mother culture of LP-40 (mixed culture of

Str.lactis, St.cremoris and St.diacetilactis) was
obtained from the Dairy Bacteriology Divisién of

the Institute, Bulk starter culture was prepared from
buffal o, cow and mixed skim milks autoclaved at
15 psi for 10 minutes and cocled at 22°C, The skimmed
milk was inoculated with 1.0 per cent of mother

culture and incubated at 22*§1¢C' for 16 hours,

The goat milk systems either pure or mixed in
different proportions with buffalo milk cocagulated
during the autoclaving treatment. Hence, for studics
with goat milk containing systems; starters propogated

in either cow or buffalo skim milk were used,

4.1.4 GSALT

Commercial grade fine grain salt was obtained

from M/s Tata Chemicals, Bombay,

4.,1.5 CHEESE CQLOUR
Annatto (Bixa Orellana) cheese colour from

Ch,Hansen's Laboratory, Denmark was usegd.
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4.,1.,6 CAICIUM CHIORIDE (DIHYDRATE)

Calcium chloride of GR grade from Sarabhai M.

Chemicals, Baroda was used.
4.1.7 RENNET POWDER

Hansen's rennet powder was obtained from the

Christen Hensen's Laboratory, Denmark.
4.,1.8 TRI-SODIUM CITRATE

I.P. grade tri-sodium ecitrate was procured
from M/s Sarabhai Chemicals, Baroda for processed

cheese trials.

4,1,9 CHEMICAILS

4

A.Rs grade.chemicsls were.used for chemical

analyses,
4.,1,10 MEDIA

The ready made HI-media of Hindustan Dehydrated

Media, Bombay was used for bacteriological analyses,

4.2 QLOTTING TIME WITH STANDARDISE K

The standardized buffalo, cow and goat milks
and their mixtures were pasteurized at 63°C for 30
minutes and cooled %o 30°C. At this tempe;ature, 10 ml
of milk was pipetted out in a test tube ( 18x150 mm)
and to it 1 ml of enzyme solution (1% aguous solution

w/v) was added, mixed thoroughly within 2~3 seconds,
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The test tube was then rotated between the fingers
and the time interval from the addition o visible
flakes was recorded as clotting time in seconds. On
the basis of this clotting time, the quantity-ef
enzyme soclution required to c¢lot 50 ml of milk at
30°C in 30 minutes was calculated for determination
‘of curd strength.

4.3 GQURD STRENGTH

The curd strength of the various milk systems
was determined by the method of Chandrashekharp et al.
(1957) with following modifications.

The temperature of milk was adjusted to 30°C
in a water-bath. From this 50 ml portions were takén
in 100 ml beakers (50 x 72 mm) into which calculated
quantity of enzyme golution (sec. 4.2) was added,
mixed thoroughly and incubated in the waterbath for
30 minutes. The curd strength was then measured and

expressed in grams (g).

4.4 MANUFACTURE OF CONTROL CHEESE

Control cheddar cheese from buffalo and cow
milk was prepared by the procedure as recommended by
Czulak (1964) for buffalo milk, Kosikowski (1966) for
cow and goat milk, The typicai schedule for these is
presented in Appendix III and VI
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4.5 YTICAL METHODS

4.5.1 RAW MILK

495!1.1 m .
As per IS:1479 (part I) 1960.

4,5.1.2 Fat
4s per IS:1224 (part I} 1977..

C 4.5.1.3 Lasein
As per IS:1479 (part I) 1961,

4.5.2 STANDARDIZED MILK

" 4,5.,2.1 Fat and Casein
A8 per 4,5.1.2 and 4.5.1.3

4,5.,2.2 Total solids (T5)
As per IS:1479 (part II) 1961,

4.5.3 STARTER

4.503.1 w
As per laboratory manual (Milk Industry

Foundation, 1959).

4.5.4 WHEY

4.504-1 M
As per 4.,5,1.1

4.5.4.,2 Fat
As Per 40501-2
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4454443 Jotal solids
' A8 per 4,5.2,2

As per the method of Menefee and Overmen(1940).

4.,5.5 CHEESE

4.5.5.1 Sampling
A 250 gm portion of cheese blocks was cut

from surface to middle of the block with the help of
a sharp knife, The outer half inch 1aye¥ was discarded
and the cheese was minced in a2 manual nincer and kept
in screw capped plastic sample bottles and kept in
refrigerator +ill used for analysis. Representative
samples were then taken from these for different

chemical analyses.

4,5.5.2 Moisture in cheess

As per method described in 'Laboratory
Manual® methods analysis of milk and milk products:

Milk Ipdustry Poundation, 1959.

4¢545+3 Zat
As per IS : 27581964,

4.5.5.4 pH

The pH of the cheese was deternined as per
I8:1479 (Part II) 1961 with a combined glass clectrode
(CK-61) Elico pH meter, Model-Li-15.
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4,5.5.5 galt
As per IS:2785-1964.

445.546 Nitrogen fractions
 The nitrogen fractions namely, total nitrogen

(TN), water soluble nitrogen (SN), non protein
nitrogen (NPN) were determined as per method of
El-Sokkaryaiasdn (1952) following semi-micro Kjeldahl
nethod of Menefee and Overman (1940).

4.5.5.6.1 Total Nitrogen

About 7 grams of the cheeSe sample was
weighed accurately and digested in 300 ml Kjeldahl
flask by the Kjeldahl method. The distillation of the
digested mass was carried out as per the method of

Menefee and Overman (1940).
4.5.5.6.,2 Water soluble nitrogen

Five grams of cheese sample, weighed
accurately was ground in a moritar with pegtle and
25-30 ml of distilled water (50°C) added, mized
thoroughly. The ﬁixture was alléwed to stand for
30 minutes and decanted into a 100 ml volumetric
flask through Whatman No.,1 filter paper. Similarly,
two other extractions were carried out and the volunme

was made upto the mark, with distilled water, A 20 ml
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portion of the filtrate was digested and the nitrogen

content was determined as per 4.5.5.6.1.
4.5.5.6.3 WNWon-protein nitrogen

Two grams cheese was thoroughly mixed in
a mortar with pestle and transferred into a 100 ml
beaker with 40 ml distilled water and t0 ml of 20
per cent trichloro acetic acid (TCA). The contents
were heated at 70°C for 10 minutes with oontinuous
stirring, cooled %o room temperature and filtered into
100 ml volumetric flask through Whatman No.42 filter
raper. The precipitates on the filter paper were
washed with one per cent TCA till the volume was made
upto the mark, A 20 ml portion of the filtrate was

digested and nitrogen content was deternmined,
4.5.5.6.4 Amino acid nitrogen

The amino acid nitrogen was determined
by the method described by O'Keeffe gt 2l.(1976).

A 6 per cent cheese homogenate in water
was prepared and heated to 75°C for 5 minutes with
continuous stirring. The mixt&re was cooled to room
temperature and filtered into a 150 ml conical flask
through Whatman No.! filter paper. A 50 wml portion
of the filterate was made with 12 per cent BCA and

filtered through Whatman No.,42 filter paper. into a
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conical flask, The filterate was washed 3-4 timee
with solvent either to make it free from TCA. The
nitrogen content of 20 ml of the filterate was
determined.

4.5.5.8 Jaity =2cid fractions

4.5.5.8.,1 Total free fatty acids (TFFA)

The cheese fat was extracted as per
method of Ramamurthy and Narayanan (1974). The cheese
was minced by a mechanieal mincer, ground in a mortar
with pestle and packed tightly into 50 mf centrifuge
tubes. These were placed in water-bath maintained
at 50-55°C for an hour, The tubes were centrifuged
(1500 x é) for 5 minutes and the fat decanted. The
TFPA of cheese fat was determined by the method of
Lowry and Tineley (1976},

A 0.2-0.5 g of the fat sample was weighed
into a screw capped culture tube in duplicate. 5 ml
of henzene solution was added to it and mixed
thoroughly. After adding 1 ml of cupric-acetate
pyridine solution, the biphasic system was shaken
for 2 minutes, The dontents.were_centrifuged at
2000 rpm for 5 minutes., The upper layer was read at
700 nm in spectrocol model CL-23 and absorbance

was recorded.,
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The standard curve was prepared by
dissolving 6.34 ml of 99.7 per cent pure oleic acid
in benaene and the volume made to 100 ml, out of this,
1 ml was made to 100 ml with benzene which is
equivalent to 2000/Lm. Hence, one ml contains 29&11.
A series of dilutions were prepared from the stock
solution.and the development of colour was read in
the same manner as described for the test sample.
Standard curve was drawn by plotting the absorbance
values against the oleic acid concentration and was

used for determining the TFFA of the sample,
4,5.5.8.2 Total volatile fatty acids (TVFA)

The TVFA contents were determined as
per method of Kosikowski (1966) from 10 g of well
minced cheese sample and the value expressed as ml

of 0.01 N NaOH per 10 g of cheese,

4.5.5.9 Microhiological analysis

The microbidogical analysis was carried
out as per the methods described in "Laboratory
Manual"- Methods of analysis of milk and milk
products (MIF, 1959).
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4.5.5.9.1 Preparation of dilution blank

The dilution blank consisted of 2 per cent
sodium citrate solution in 99 ml and 9 ml portions in
screw capped dilution bottles and culture tubes,
respectively. These were autoclaved at 121°C for
20 minutes, The dilution blanks were warmeé to 45°C

before use for preparation of samples,
4,5.5.9.2 Sampling of cheese

With sterile cheese trier, 2-3 plugs of
2 inch size were removed from the cheese block and
Y2 inch portion from the surface was discarded by
cutting with sterile knife., The remaining portion
of the plug was cut into small pieces and 11 g of
cheese was asceptically weighed and transferred to
mortar. To this, about ¥2 tea spoonful of sterile
sand was added and the sample was thoroughly mixed,
This was then transferred to 99 ml dilution blank.

Further djilutions were made with 9 ml dilution blanks.

4.5.549.3 Total count

Total count was taken using autoclaved
(121°C for 20 min.) Tryptone-glucose extract agar
(TGEA) media which was cooled at 45°C before use., The
plates were incubated at 37°C for 4é1:3 has .

before the counts were taken.
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4.5, 5,9.4 Proteolytic count

For proteolytic counts, TGEA was used
as in 4,5.5.9.3. To this, 5 per cent sterilized skim
milk was added asceptically just before plating,
mixed thoroughly, and poured in the plates. The plates
were incubated at 37°C for 4 days. The colonieg having
a digested zone surréunding each colony, repiesented

proteolytic one.
405.5.9#5 Lactic count

Lactic count was taken by using tonato
juice agar media, autoclaved at 121°C for 20 min.and
cooled to 45°C before plating. The élates were
incubated at 37°C for 3 days and then the counts

were taken,
4.5.5.9.6 Lipolytic count

For lipolytic count, trybutyrin agar
without tributyrin was used. Tc this, one per cent .
tributyrin was added, thoroughly mixed and autoclavéd
at 121°C for 20 min, At the time of plating, the
temperéture of the media was brought to 45°C. After
three, days of incubation at 30°C the colonies ware -

counted.
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4.5.5.10 Qreaoleptic evaluation

After 4 months of ripening; the organoleptic
evaluation of the checese samples was done at regular
intervals upto 12 months of age of the cheese., The
panel consisted of 5 expert judges. The score card

used for Judging is presented in Fig.f.

4.6 PR ED CHEES

At the end of 12 months ripening, the different
cheeses were melted at 75°C for 5 min,and processed
by adding 2.5 per cent trisodium citrate as
emulsifier. These were then packed in pre-sterilized
240 g tin containers and stored at § ¢ 1°C.

4.6,1 OGRGANOLEPTIC EVALUATION OF PROCESSED CHEBSE

Processed cheese was evaluated on the gcore
card as glven in Fig.2 only for flavour, body and

texture, and colour.



SENSORY EVALUATION OF CHEESE

Date ’ Time _ Name

Instructions: The samples are to be judged for
a. Defects by score card method, and
b, Xlavour intensity by a 9 point scale.

Characteristics Ideal _Sample No,
score 1 2 4
Flavour 45

Body and texture 30

Colour 10

Remsrks:

Intensity scale for flavour development

Intensity scale 4core Samg;a“Noé
1 2

No development 0

Slight development 0,5-2

Moderate developm~ 2.5-4
gnt

Definite developm~ 4.5-6
ent

Very definite 6.5=7
development

Pronounced T.5~8
development

Very pronounced 8.5=9

development

SIGNATURE

P1G.1 SCORE CARD FOR SENSORY EVALUATION
OF CHEESE. .



SENSORY EVALUATION OF PROCESSED CHEESE

Inte Tine ' Nane

Instruction : The samples are ito be judged as
prer the score card given below :

Attribute Ideal Sample No,
score 1 2 3
Flavour 45

Bedy and texture 30

Colour 10

Criticisn :

(SIGNATURE)

FIG,2 . SGORE C4LRD FOR SENSde EVATLUATION OF
PROCESSED CHEESE.
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RESULTS AND DISCUSSION




ULIS DISCUSSIO

Manufacturing of cheddar cheese from buffalo
milk containing different proportion of cow or goat
milk was studied in three phases, In the first phase,
the effect of mixing cow or goat milk on the curd
forming properties of the milk systems was studied.

In the next stage, priliminary cheese making trials
with various milk systems were undertaken leading to
the standardization of cheese making technique for
these milks, The third phase was concerned with
characterizing the curing behaviour of cheese prepared
from different milk mixtures and pure milk systens.
Finally, the suitability of various cheeses prepared
from the mixed milk system for the manufacture of
processed cheese was studied, Accordingly, the results

of these studies are presented in this order,
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Set Ff% ng Cﬁﬂggﬂ LEVELS OF VARIOUS

In all these studies, the pure buffalo, cow
and goat milks standardized to a predetermined C/F
ratio served as controls, Various quantities of C/F
adjuated buffalo, cow and goat milks were added to
obtain desired mixed milks. Mixing of cow or goat
milk with buffalo milk was to the extent of 10, 25,
50, 75 and 90 per cent. Such a plan provided pure
milks, their equal proportion mixture (50:50) and
. two intermediate stages (10:90 and 25:75). The total
solid, fét and casein levels of these C/F adjusted

milks is presented in Appendix-I.

Data summarised in Table-!1 revealed that for
a given C/F ratio, the final level of fat and casein
differed in various milks and their mixtures, The
value for fat ranged from 4.20 to 3.45 per cent for
buffalo, cow milks and their mixtures. In case of
buffalo and goat milksystems these values ranged
between 4,20 and 3.44 per cent, respectively, The
varigtions in gross composition are of course, related
to the levels of fat and casein originally present
in the pure milk system. The pure buffalo milk systém
had the highest fat level of 4.2 per cent, The fat
level of the mixed milks, decreased alongwith a
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decreasing proportion of buffalo milk in mixture.

A mixture of milks with different C/F ratios (as was
done with buffalo milk of Q.70 ¢/F and goat milk of
3.65 G/F) resulted in samples that also had different
C/F ratios alongwith differences in fat and

cagein levels.,
Table~i 5 RBffect of mixing various amount of cow or

goat milk with buffalo milk on the
resultant fat and C/F,

Proportion Mixture with cow Mixture with milk of
of buffalo ilk of .
nilk of C/F C%F Fat % C/F Pat C/F Fat

0.7 (%)
 Singe;
100 0,70  4.20 0.70 4.20 0.70 4.20
90 0.70 4410 0.70 4.13 0.69 4.20
75 0.70  4.00 0.70 4.01 0.68 4.10
50 0.70  3.80 0.70 3.83 0.67 4,00
25 0.70  3.80 0.70 3.64 0.67 3.80
10 0.70 3,70 0,70 3.51 0.65 3.78
) 0.70  3.45 0,70 3.44 0,65 3.70

The common practic; of adjusting the C/F ratios
of milk for cheddar cheese making has been in terms
of adding calculated amount of cream or serum to the
milk., While this enableg the adjustment of ¢/F ratio

of various milks, it does mo at a different levels of
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total fat and casein depending on the milk systems.
These differences in TS, fat and casein would have
their influences in the preparation of cheese as well

as its final quality,

5.2 CURD FORMING PROPERTIZES OF PURE MILKS
D THEIR MIXT .

Por cheese milk, the quality of curd formed
is generally determined in terms of clotting time,
curd strength and loss of protein in whey. These
properties are influenced by the complex mechanism
of ccagulum formation of the casein systems in milk
and factors that affect this, such as heat treatmentd,
level of calcium ions, etc. Since the formation of
optimal coagulum is essential to good quality cheese,
the rennet curd forming properties of buffalo, cow and

goat milks and their npixtures were studied.
5.2.1 CURD FORMING PROPERTIES OF PUEE MIIK SYSTEM

The effect of pasteurization (63°C/30,min.)
and subsequent addition of calecium chloride (8.0 g per
100 L) on the rennet clotting time, rennet curd
gtrength and protein loss in whey was studied with
buffalo, cow and goat milk systems, adjusted to
G/F of 047,
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Data presented in Table-é indicated that
the raw cow milk had the highest clotting time
followed by buffalo and goat milks. The fastest
rennet clotting time of goat milk might be associsted
with tbe higher concemtration of caleium in the
casein micelles of goat milk in comparison to bovine
milk micelles (Jenness, 1980). Puri and Parkash (1962)
also observed a faster rennet clotting time for

goat milk in comparison to cow milk,

The pasteurization treatment increased the
clotting time of 2ll the milk systems, However, the
increase was most pronounced in case of cow milk.
Addition of caleium chloride to the pasteurized cow
and goat milks reduced the clotting time to a level
less than those of the raw milk systems., The addition
of calcium chloride to pasteurized buffalo milk
was not attempted, as this is not generally
practiced with buffalo milk cheeses due to its

higher level of Ca++.

The data on the strength of rennet curd set
at 30°C revealed that the buffalo milk had the
stronéest curd consistent with its high level of
calecium ions. The weakest coagulum formed with goat

milk might be due to the presence of a larger number
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Curd forming properties of buffalo,
cow and goat milks,

(Average of 3 trials)

Attribute Milk “‘EET}I!“E—S&_—&WMMJ —
trea-~ alo ow Goat
tment  (4.2%fat) (3.45%8at) (3.44%fat)
Raw - 41.00 7500 38,00
(40.,00-42,00) (74.,00~76,00)(37.00=39.00)
Clotting ©Paste=  46.66 95.00 41,00
time(sec) urized(46,00-47.00) (94.00-96,00)(40.00-42.00)
Paste- - 56 000 31 00
urized {55,00=57.,00)(30.00=-32,00)
+
Cacla
Raw 24,84 8439 16,68
(24.23-25.26) (18, 05-19 08){15.99-17.02)
Curd Paste~ 22.80 16.67 14,62
?tfength urized(22,14-23.57) (15.99-17.02}(13.93-14.96)
g .
urjzed. (21,14-22.17) (17.02~19.08)
0aCl,
Raw 1.08 0.64 0.86
(1.07~1.09) (0.,63-0.65)( (0.85-0.87)
Protein Paste- 1.09 0.66 0.88
loss in urized(1.06-1,12) (0465-0.,67) (0.87~0,.89)
whey(%)
urized (0.63~0.65) (0.86-0.88)

+
CaCl,
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of small size fat globules (Dgvendra, 1980), bringing
a homogenization type of effect on curd téﬁsion. In
all these milk systems, pasteurization resulted in
decreasing the curd strength which could be restored

by the addition ¢f caleium chloride prior to renneting.

Differences in the protein contents of
rennet whey obtained from the pure milk systems do
not correlate direcctly with curd strength. For
eXample, strongest curd forming buffalo milk system
also exhibited highest loss of protein in whey. This
is also related to the level of vwhey proteins ( i.e.
B-lactoglobulin and ~lactalbumin, etc.) in these
milks, Pasteurization and addition of calecium chloridse
did not have any appreciable effect on the protein
loss in whey in any of the milk system, iﬁdicating
the formation of satisfactory rennet curdhwith all
the three milks,

5.2.,2 CURD FORMING PROPERTIES OF MIXED MILES

To observe the effect of mixing, pasteurized
cow or goat milk to pasteurized buffalo milk on the
curd forming properties of the mixture was studied,

From the results depicted in fig.3
(compiled from data in Appendix-II) it is evident
that clotting time (fig.34) of buffalo and cow milk
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mixtures increased with an increasing proportion of
¢ow milk, The reverse trends were observed for the
buffalc and goat milk mixtures. Buffalo milk mixture
containing increasing proportions of cow or goat milk
exhibited a decreasing curd strength (fig.3B). Mixing
of cow and goat milks into buffalo milk decreased the

protein loss in whey (fig.30C).

In general, the curd forming properties
of the mixtures were somewhat intermediate between
the pure systems, However, the changes in the curd
forming properties did not appear to be linear in
relation to the compositional changes of the mixture,
The effect of nmixing different milks on the curd
forming properties can not be explained in terms of

8imple additive effects.

5.3 DEVELOPMENT OF CHEESE MAKING TECHNIQUE

Studies on the curd forming properties of
pure milk systems and their mixtures indicated that
the properties of rennet curd prepared from mixed
milks for cheese making may vary depending upon the
extent of the presence of one milk system in the
other., At this stage, it was decided to study the
effect of mixing milks on the cheddar cheese

manufacturing steps and the quality of cured cheese
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with the ultimate aim of establishing suitable
manufagturing techmiques for different milk mixtures.
For the initial cheese making ti#als it was realised
that although the method of Kosikowski (1966) could

be used for cow milk and the procedure of Czulak (1964)
could be followed for buffale milk, no particular
technigue was available at hand for cheddar cheese
making with pure goat milk. Preliminary cheese making
trials with goat milk were, therefore, taken up

at this point.

.5.3.1 INITIAL CHEESE MAKING TRIALS WITH GOAT MLIK

Since, no prior information was available
on the manufacture of cheddar cheese from goat milk
it was arbitrarily decided to manufacture cheese from
goat milk by Kosikowski (1966) method on the basis
of the compositional proximity of this milk towards
the cow milk,

The cheese was manufactured using 110 g
lote of goat milk standardized to 0.7 C/F ratio
and pasteurized at 63°C for 30 min. Starter culture,
LF~40 was used @ 1,0 ﬁer cent. The manufacturing
details of the two batches prepared afe presented

in Appendix-III,
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The important observations during cheese
manufacture are summarized in Table-3 where typical
data of cow milk cheese are also included for

comparigson.

Tahle=3 : Rate of acidity development during
manufacture of cheddar type cheese
from cow and goat milk.

Stage Cow g;;g Gogt milk
Tlme ine Acidiﬁ

(mins) - (% 18)°  (ming) 1)
Initial - +162 - « 135
Ripening 45 « 180 70 153
Cutting 30 .108 30 .090
Draining 60 .126 60 .108
Milling 180 049Q 210 470

During the cheese making it was observed
that the aeidity development in the goat milk systen
was rather slow, This was apparent during preripening
and cheddaring process, It took 70 min, preripening
time to attain 0,02 per cent increase in the acidity
as against a normal 45 miﬁ.period for cow milk. The

cutting and the draining acidities, however, were
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within the expected normal range. During cheddaring
goat cheese could reach 0.47 per cent LA in 210 min,
a8 against 0.49 per cent LA in 180 min.in the case of

oow milk cheese,

The cheddaring behaviour of the cheese
was quite coumparable to that in the cow milk cheese,
The fat loss in goat milk whey (0.2%) was lower than
that in cow milk whey (0.3%). The yield of goat
choeses was 9.7 Ig as compared to 9.3 Ig cheese

obtained from cow milk,
Chemical analysis of zero day cheese blocks

(Table~4) indicated that goat milk cheese had

Table~4 : Chemical analysie of cheddar type cheese
Ifrom cow and geat milk.

Attribute Age of cheese

SO ¢ I+ - 180 dayg

Cow Goat Cow Goat
rH 5.00 5420 5450 5.40
Moisture % 39.12 36.68  33.97 31.85
FIM % 50412 50.23 49.98 50.18
SM % 3.42 3.98  4.96 5440
™ % 3.29 3.24 3451 3.49

RI % 4.50 4.35 23.63 22,68
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slightly lower moisture (36.68%) in comparison to
cow milk cheese containing 39.12 per cent. The pH of
the cheese was, however, within the desirable range.
The salt on moisture bdbasis (§/M) was slightly higher
in gcomparison to cow milk cheese, Fat in dry matter
(FDM), and ripening index (RI) values were within

the normal range.

The cheeses were cured under conditions
similar for cow milk cheese (at 10°C and 75 per cent
relative humidity) and the chemicai analysis and
sensory evaluation was done at the end of the 180

days of ripening.

At the end of 180 days ripening an
increase in the pH from initial valuwe of 5.3 to 5.67
was registered (Table~4). A loss in moisture content
by 4.83 per cent during curing is within the normal
experience with cow cheese, There was a corresponding
increase in salt on moisture, total nitrogen (TN)

and ripening index of the cheese.

The organoleptic evaluation in Table~5
indicated that this cheese had c¢lean and desirable
pronounced flaveur. Although it lacked the cheddar
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"flavour characteristic of cow milk, it attained a
general acceptance of the trained judges., Scme dryness

in the body and texture was also observed,

Table-5 ;3 Organcleptic quality of 180 days old
cheddar type cheese from cow and goat milk.

Attribute Cow Goat

Flavour Desirable ccf pleasant, lacks ccf
Body and Smooth, firm _ Dry

texture and waxy

Colour Normal Normal {(white)

¢ccf ; Characteristic cheddar Tlavour.

5¢3.2 MODIFICATIONS IN CHEESE MAKING PROCESS
FROM GOAT MIIK

The initial trials indicated that although
an acceptable cheddar type cheese can be manufactured
from goat milk by Kosikowski (1966) method, there
was sufficient scope for improvement in the quality
of the cheese. The major constraints observed during
the manufacture énd curing were sSlow rate of acid
development, lower moisture retention and somewhat
dry body and texture., Additional trials with goat
nilk were, therefore, contempleted with the following

npdifications in cheese making procedure :
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(a) C/F ratio lowered from Q.7 to 0.65 to improve

body and texture.

{(b) eliminating calcium chloride addition and
reducing the cooking temperature to 389C
to attain slightly higher moisture level and

(c) increasing amount of inoeculum from 1 per cent
to 1.25 per cent to accelerate rate of aeid

development.

The manufacturing details of two batches
of cheese prepared from goat milk with above
modifications are given in Appendix-III. Cheese
colour was added to goat milk at the rate of about
50 ml per 100 litre.

It is evident from Table-6 that the
increased rate of starter addition certainly had its
desirable effect on the rate of acid development.
Goat milk, control as well as experimental had the
same initial acidity. However, it took about 70 mins
for 0,02 per cent LA increase in case of the control
samples against only 45 min,time for the experimental
nilks The acidity of whey at cutting and draining
stages was also higher in experimental batches. The

cheddaring behaviour of both the cheeses was almost
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similar, However, the acidity developed in the
experimental cheeges at a faster rate (0,495 per cent

L4 in about 180 min.).

Table=6 : Rate of acidity development during
manufacture of cheddar type cheese
from goat milk,

Stage Goat control Goat experimental
(miny) 08 i
Initial - 6.135 - 0.135
Ripening 70 0.153 45 0.153
Cutting 30 0.090 30 0.100
Draining 60 0.108 60 0.126
Milling 210 0.470 180 0.495

The zero day analysis {(Table-7) of the
cheeses indiéated a normal pH value of 5.2 and 5.1
for the control and the experimental samples,
respectively. The data also indicated that the
experimental cheese had a higher moisture level (38.85%)
than in control cheese (36,68%). issociated with the
higher moisture content the salt on moisture was

also lower in experimental cheese., It was only
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3.50 per cent as compared to 3,98 per cent in the
control samples, The FIM of the experimental cheeses
was slightly higher than those of control samples.
This may be associated with the lowered C/F ratio
resulting in an increased fat percentage in the milk,
The total nitrogen {TN) and RI values were almost

similar.

Table~7 : Chemical analysis of cheddar type cheese
from goat milk

Lttribute Age of goat cheese
- 0 day 180 days _
Control Experimental Control Expeziment—
pH 5.20 5.10 5.40 5.40
Moisture % 36.68 38.85 31.85 34.21
FIM % 50,23 52.85 50.18 53.01
SM % 3.98 3.50 5.40 4.39
™ % 3.24 3420 3449 3.42
RI % 4.35 4.45 22.68 23.50

At the end of 180 days curing, the
pH of the cheeses increased from the initial values

of 5.2 and 5.1 to a value of 5.4 for both control as
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well as the experimental. There was a proportionate
deerease in the moisture content of all the cheese
sanples, Corresponding increase in S/M, T™ and RI

were 2l1s8o recorded.

Organcleptic analysis of the cheeses
(Table~-8) revealed a definite improvement in the
body and texture characteristics of the experimental
cheese, It had a firm, wazxy and mellow body and
texture as compared to the control samples which had
dry and crumbly body texture. The experimental
samples had a pleasant characteristic flavour of

cheddar type cheese,

Table~-8 : Organoleptic quality of 180 days old
cheddar type cheese from goat milk.

Attribute — Goat cheese
Control Experimental
Flavour Pleasant,lack of Pleasant
ccf
Body and Dry, crumbly Waxy, firm,
texture nelilow
Colour Normal(White) Normal

cef : Characteristic cheddar flavour,
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It is thus evident from the above that the
cheddar cheese quality improved significantly by the
process modifications with goat milk. On the basis
of these trials, this modified cheddar cheese manufacture
schedﬁle was used in subsequent experimenté with

pure goat milk systems,
- 5.3.3 CHBESE MAKING TRIALS WITH MIXBD MILKS

In order to study the effect of mixing
pure buffalo, cow and goat milks in variocus proportions
on the quality of cured cheese it was necessary to
determine first the applicability of cheese making
practices as per Kosikowski (1966), Czulak (1964) or
the one developed for goat milk (see 5.3.2) on various
mixed milke. It was, therefore, decided to use
standard cow milk cheese making procedure of Kosikowski
(1966) for cow milk containing systems and the
procedure developed in sec. 5.3.2 fof goat wmilk

containing systens,

Be3e3ed heese maki with mixed mjilks tai
upto 950 per cent buffalo milk

To test the feasibility of using Josikowslki
(1966) and modified Kosikowski method (8ec.5.3.2) to
the cow and goat milk containing mixtures, respsctively
ip was decided to study the effect of adding buffalo
milk, initially upto the level of 50 per cente.
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5¢3¢3.1.1 Cow milk containing systems

The manufacturing details of cheese making
trials with cow milk containing systems are appendixed
in IV, The observations during cheese making with 4

such milk systems are summarized in Table 9.

Table-9 : Manufacturing behaviour of cheddar type
cheese made with buffalo and cow milk

mixtures,.¥
Attribute Proportion of cow milk in the mixture(%)
100 90 75 50
[ Initial acidity 0,162 0.153 0.162 0.153
of milk(%LA)
Acidity at 0.180 0.170 0.180 0.170
renneting{%L4)
4 Ripening time 45 45 45 70
(min.)
Acidity at 0.108 0.108 0,117 0.117
4 cutting(%LA)
Acidity at 0.126 0.126 0.135 0.135
5 draining(%LA)
Acidity at 0.490 0.500 0.495 0.470
f milling(%LA)
FPat loss in C.25 0.25 .25 - 0.30
?Whey(% .
yTotal cheddar~ 180 180 i80 210
ing time(min,)
yCheddarlng Normal Normal Roprmal Poor develop-
" behaviour ment of "chi-
cken breast"
texture

* Kosikowski (1966) method.
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In comparison to the pure cow milk system,
mixed milks containing 10 per cent and 25 per cent
buffalo milk did not show much variation in the vat
in terms of development of acidity, cheddaring
behaviour, and other related parameters. However, the
equal proportion mixture of cow and buffalo milk showed
a prolonged ripening time (70 min., as against a normal
45 min.), poor cheddaring behaviour, delayed milling
acidity (0.47 per cent LA after 220 min. instead of
about 0.5 per cent LA after 180 min.,) and higher fat
1oss in whey (0.3 per cent as against 0.25 per cent

with others).

The gzero day analytical data (Table~10) revealed
that with the increased proportion of buffalo milk
there was an increase in the pH values. Gradual decrease
of moisture from 38,5 per cent to 35.1 per cent alongwith
an increase in the proportion of buffalo milk in the
mixture from 10 per cent to 50 per cent was also
observed. The equal proportion mixture of cow and
buffglo milk exhibited a low value for FDM and RI and

a high value for TN and S/M.

At the end of 180 days curing period all the
cheese samples exhibited further moisture loss ranging
from 3.5 to 5.1 per cent., The pH increase, however, did

not show a difinite trend. There was a gradwal lowering
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of RI from 23.63 to 16.52 alongwith an increasing
proportion of buffalo milk.

Table 10 : Chemical analysis of cheddar type cheeses
made with buffalo and cow milk miXtures.

Attribute Proportion of cow milk in the mixture(%)
100 90 75 50
0 day
pH 5.0 5.0 5.10 542
Moisture % 39.12 38.5() 37032 35.10
FIM % 50.12 54.73 53.02 49,48
S/M % 2,42 3.12 3.41 4,27
™ % 3.29 3.26 3435 3453
RI % 4,50 4,50 4.58 3.55
180 days
pH 5455 5«45 5.40 5.62
Moisture % 33.97 34,12 33.79 30.18
FIM % 49,98 54 .68 52.86 49.37
S/M % 4.96 4.18 4,54 5.98
™ % 3.51 3.45 3,52 3. 71
RI % 23.63 21.37 18,06 16.59

On the basis of organoleptic evaluation
{(Table-11) the equal proportion mixture of cow and
buffalo milk resulted in a cheese with lowest degree

0of characteristic flavour, body and texture development.
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The mixed milks containing upto 25 per cent buffalo
milk posseséed sensory properties very similar to the

contrel cheese prepared from cow milk,

Table 11 : Organoleptic quality of 180 days old cheddar
type cheese made with buffalo and cow
milk mixtures.

-

Attribute Proportion of cow milk in the mixture(%)
100 70 75 50
Flavour Desirable Desirable Degirable Mild
cct cef cef
Body and Smooth,waxy Smooth, smooth, Tough
texture firm vaxy,firm firm
Colour Noxrmal Normal Normal Normal

ccf ¥ Characteristic cheddar flavour.

The study indicated the applicability of
Kosikowski (1966) techniyue for cow milk systems
containing buffalc milk upto a level of 25 per cent,
On the basis of cheese prepared with egual proportion
mixture of cow and buffalo milk it was apparent that
the standard cow milk cheddar cheese manufacturing
technique was not likely to yield satisfactory results
with mixtures containing 50 per cent or more buffalo

mitk,
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Be3e3e1.2 Goat milk containing systems

The manufacturing details of cheese making
trials with goat milk conteining mixtures of buffalo
milk are presented at Appendix-V, The important
observations during processing and the chemical and
organoleptic evaluation data are summarized in

Tables 12, 13 and 14,

As can be seen from Table 12, the effect
of increasing the proportion of buffale milk in the
goat milk system was very similar to that experienced
in case of cow milk containing miXture. Upfo the level
of 25 per cent buffalo milk addition, goat milk
cheeses preparéd according to the method developed
in sec. 5.3.2 exhibited little difference in the checese
vat in comparison to the pure goat milk system.
However, at the 50 per cent level of buffalc milk
addition, the cheese making process was characterized
by slow preripening, poor cheddaring behaviour, delayed
milling acidity and increased fat loss in whey in =2
fashion very similar to the 50 per cent cow-buffalo

milk system {Table-9)
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Table 12 : Manufacturing behaviour of cheddar type
cheeses made with buffalo and goat milk
mixtures.* |

Attribute Proportion of goat milk in the
mixturelﬁl
100 90 75 50
Initial acidity 0.135 0.135 0.144 0,153
of milk(%LA)
Acidity at 0.153 0,153 0.162 0.170
renneting{%LA)
Ripening time 45 45 45 70
{min.)
Acidity at 0.100 0.100 0.100 0.117
cutting (#LA) - - — —_
Acidity at 0.126 - 0.126 0.126 0.135
draining({%LA)
Acidity at 0.495 0.495 = 0.495 0.470
milling(%LA)
Fat loss in 020 0.20 0.20 0.30
whey(%)
Total cheddaring 180 180 180 210
time(minJ
Cheddaring Normal Normal Normal Poor develop=-
behaviour ment of "ch-
icken breasi
texture

* As per method developed in Sec. 5.3.2

The chemical analysis at zero day (Table-13)
indicated a lower polsture level in cheeses alongwith
increasing level of buffalo milk. The pH wvalues for

the mixed milk cheeses were almost similar although



109

these were slightly higher than that observed for pure
goat milk cheese, The FIM values for the mixed nilk
cheeses were slightly lower than the control. Bqual
proportion nmixture of goat and buffalo milk had a high
S/M value of 4.31 and low ripening index value of 3.34.

Table 13 : Chemical analysis of cheddar type cheeses
made with buffalo and goat milk mixtures,

Attribute Proportion of goat milk in the mixture(%)
100 90 75 50
0 day
pH 501 502 5.2 5.20
Moisture % 38.85 37.18 37.14 34 .48
FIM % 52.85 49,92 48 .96 48,60
S/M % 350 3.30 2,17 4,31
™ % 3420 3.27 3.32 3.55
RI % 4.45 4.11 3.28 3.24
. 180 days
pH 5 e 40 5 +45 5.60 5.60
Moisture % 34,21 32,81 32.93 30,02
FDM % 53.01 49,90 48.91 ‘48,55
S/M % 4,39 4,27 4.26 5+86
™ % 342 3.46 3.51 3. 70

RI % 23.50 22,19 16.29 15.75
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At the end of &ix months curing period all
the cheeses experienced loss in moisture renging
from 4.1 to 4.5 per cent, which was within the nomal
level..Increase in pH values was observed with
increased proportion of buffalo milk in goat milk. The
RI showed a decreasing value alongwith an increasing

proportion of buffalo milk,

On the basis of organoleptic evaiuation
(Table-14), 50 per cent buffalo milk containing samples
were found to possess least satisfactory flavour, bedy
and textural properties. Upto 25 per cent level of
mixing of buffalo milk, goat milk cheéses had
organcleptic properties very similar to those of pure
goat milk cheese,

Table 14 : Organoleptic quality of 180 days old cheddar

type cheese made with buffalo and goat milk
mixtures,

Attribute Proportion of goat milk in the mixtwure(#)
100 90 75 50
Flavour Pleasant Pleasant ZPleasant Mild
Body and Waxy, Waxy, Waxy, Tough
texture firm, firm, firm,
mellow meliow mellow

Colour Normal Normal Normal Normal
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Studies with cow and goat milk system containing
buffalo milk to the extent of 50 per cent revealed
that the cheese manufacturing technique used for the
pure cow and goat milk systems could be satisfactory
applied to mixed milks containing less than 50 per cent
buffalo milk., As the proportion of buffalc milk becomes
50 per cent or more, the systems acquire increasingly
the characteristics of pure buffalo milk rendering
the cow and goat milk cheese making procedures

less applicable.

5e3+.3.2 Cheege making with mixed milks containing
5Q per cent or more buffalo milk

Mixtures containing 50 per cent or more buffalo
milk appears to behave more like pure buffalo milk
system, as these milks exhibit during cheese making
slow devklopment of acidity, a lower level of moisture
retention, poor development of "chicken breast™ texture
during cheddaring, and delayed curing. Czulak (1964)
attenpted to correct many of these defécts by increasing
the size of inoculum, and using a salt dilution treatment
to reduce the level of calcium ions. The treatment
resulted in higher moisture level in cheese and a
overall improvement in its quality after curing., The
applicability of this approach of preparing cheddar
cheese was, therefore, studied with buffalo milk systenms

containing not more than 50 per cent cow or goat milk.



112

5¢3¢3.2.1 Cow milk containing systems

The manufécturing details on cheese making
trials with Czulak {1964) method are appendixed at VI.
The manufacturing behaviour sumarized in Table-15
indjcated 1ittle differemcein the vat behaviour of
pure buffalo milk and systems containing 50, 25 and 10
per cent cow milk. A1l these systems were characterized
by a much slower rate of acidity development during

Table 15 : Manufacturing behaviour of cheddar type
cheesecs m:;«de with buffalo and cow milk

mixtures.
Attribute Proportion of cow milk in the mixture(®)
50 25 10 0

Acidity at 0.153 0.162 0.162 0.160
renneting(#ALA}

Acidity at 0.108 0.108 Ca1t7 0.108
cutting(%LA) .

Acidity at 0.126 0.126 0.137 0.126
draining(%LA) .

Acidity at 0.470 0.470  0.470  0.470
milling{%#LA)
Fat loss in 030 0.30 0.30 0.30
whey (%)

Total cheddaring 220 220 230 240
time (min.)

Cheddaring2 Slightly Poor Poor Poor
behaviour improved

1 Czulak (1964) method.
2 Development of "Ch{ékenr breast’ texture .
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cheddaring resulting in a milling acidity of 0.47

per cent LA at the end of about 4 hours cheddaring.

The cheddaring time in these cheeses increased from 220 to
240 min. alongwith an increase in the proportion of
buffalo milk. The curd fusion properties of the mixed
milk systems were much inferior to those observed

in mixed milks c¢ontaining upto 25 per cent buffalo

milk,

The zero day analysis of the cheeses (Table-16)
indicated a slightly higher moisture level associated
with a higher proportion of cow milk in the mixtures.
The FDM values did not show much variation among these
cheeses. However, slightly lower pH values with
increased proportion of cow milk in the nixtures were
recorded., A lower S/M value and higher RI were also
associated with an increased cow milk content in

the mixture.

At the end of 180 days curing at 10°C and
75 per cent RH the moisture losses were within the
range of 5.3 to 3.7 per cent from the zero day values.
S/M values registered a corresponding increase, Normal
increase in pH values was recorded for.all the cheeses.
RI indicated a drastic difference bhetween the mixture

and pure milk system., RI values exhibited a marked
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Table 16 : Chemical analysis of cheddar type cheeses
made with buffalo and cow milk mixtures.

Attribute Proportion of cow milk in the mixture(%)
50 25 10 0
Q day
pH 5620 5.25 5.25 5e30
Moisture % 36457 35.72 35.50 35.15
FDM % 49,38 49.12 48.65 48,70
S/M % 4011 4,25 4,28 4.36
™ % 3455 3.70 3.85 4.25
RI % 3,59 3.45 3,05 2,25
180 days
pH 5462 5455 5454 5.55
Moisture % 31,23 30.98 31 52 31 43
FDM % 49.27 49.10 48,35 48,65
S/M % 5427 5,39 5444 5.49
™ % 36 T2 3,85 4,06 4,45
RI % 18.35 13,25 10.07 6.97

increase from 6,97 for pure buffalo milk to about 10

to 18 alongwith an increasiﬁg proportion of cow milk

in the mixtures. This indicated a potentially beneficial
effect of even a small portion of cow milk (10 per cent)
on the ripening behaviour of buffalo milk cheeses, With
the cheeses prepared from equal proportion of cow and
buffalo milks, Czulak (1964) method resulted in a

higher ripening index of 18.35 than the value of 16.59
(Table~10) observed with the Kosikowski (1966) method.
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Consistent with the ripening behgviour of these
cheeses, organoleptic evaluation presented in Table-17
indicated the mildest flavour development in the pure
buffalo milk system which was comparatively richer in
samples containing higher proportion of cow milk, Body
and texture properties changed from slight tough to hard
rubbery as the proportion of cow milk decreased, In
comparison to the cheese containing less than 50 per cent
buffalo milk, sensory evaluation of the cheeses
containing 50 per cent or more buffalo milk jigdicated
relatively less progress in ripening at the end of six
months periocd., However, such a slow rate of curing
has been normally experienced in buffaloc milK cheeses
which usually take about 270 days or more for attaining
a desirable body, texture and flavour.

Table : 17 Organoleptic gquality of 180 days o0ld cheddar

type cheese made with buffalo and cow
milk mixtures,

Attribute Proportion of cow miltk in the mixture(%)
50 25 10 0

Flavour - Mila Slightly Very Very
mild mild mild

Body and Slightly Slightly Hard Hard

texture tough haxd and  rubbery rubbery
rubbery

Colour Normal Normal Normal Normal
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54¢3.3.2.2 Goat milk containing systems

Manufacturing details of cheeses prepared
with buffalo milk systems containing goat milk upto

50 per cent level are presented in Appendix~VII,

Date summarized in Table-18 indicate that
the goat milk containing systems behaved very similarly
like the cow milk containing systems during the cheese
making trials with the Czulalk (1964) method. There
was little difference between mixtures containing
Table 18 : Manufacturing behaviour of cheddar type

cheeses made with buffalo and gat
milk mixtures.‘1

-

Attribute %ropg;j;on of goat milk in the mixture(%)
0 25 - 10 0

Acidity at 0.153 0.162 0.162 0.160

renmeting(#L4)

Acidity at 0,108 0.108 0.117 0.108

cutting(ALA)

Acidity at 0,126 0.126 0.137 0.126

draining(%L4)

Acidity at 0.47 0.47 0.47 0.47

milling(%L4)

Fat loss in 0.30 0.30 0.30 0.30

whey{%)}

Total cheddar- 220 220 230 240

ing time(min.) _

Cheddaring2 Slightly poor poor poor

behgviour inproved

1 Czulak (1964) method,
2.Development of "Chicken breast*texture .
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various proportion& of goat milk in terms of acidity
development, cooking behaviour and fat loss in whey. The
cheddaring was characteristically slower as was cobserved
with the pure buffalo milk system. A milling acidity of
0.47 per cent LA was attained at the end of 220 min, to
240 min. a8 the proportion of goat milk decreased in

the mixture from 50 per cent to zero per cent. The curd
fusion properties during cheddaring deteriofated as

the goat milk contént decreased.

The zero day analysis of moisture (Tablé-19)
indicated values ranging from 35.85 per cent to 35.15
per cent as the proportion of goat milk decreased,
There was a corresponding increase in the salt content
on moisture basis and decrease in RI., The pH and FDM

values for all the cheeses were more or less similar.

At the end of;six months ripening period
a loss of moisture from 4.6 per cent to 3.7 per cent
was observed alongwith an increazse in S/M values.
The increase in pH followed a normal trend for all
the samples. The lowest ripening index of 6.97 observed
with the pure buffalo milk, showed a cdnsiderable
increase ranging from 9,97 to 17.85 as the proportion
of goat milk increased from 10 per cent to 50 per cent,

Relatively beneficial effect of Czulak (1964) method
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Table 19 : Chemical analysis of cheddar type cheeses
rmade with buffalo and goat milk mixtures.

Attribute Prcportion of goat milk in the mixture(%)

50 25 10 0
| Q0 day
pH 5,25 5,25 5,30 5,30
" Moisture % 35.85 35.24 35.25 35.15
FDM % 48,57 48 .89 48,37 48,70
S/M % 4.02 ' 4022 4029 4;36
™ % 3.50 3,62 3,83 4,25
RI % 3.16 3,05 2.7% 2.25
180 days
pH 5« 60 5.53 5.58 5455
Moisture % 31,18 31,27 31,45 31,43
FDM % 48,55 48,79 48,17 48,65
S/M % 5.25 5.34 541 5.49
N % ) 3.70 3.81 4,01 . 4.45
RI % 17.85 1412 3,97 = 6.97

was also observed in cheeses prepared with egual
proportion mixture of goat and buffalo milks in terms
of higher RI of 17.85 as against 15.75 (Table-13)
obtained with the Kosikowski (1966)method.

Organoleptic evaluation ¢Table-20) of
cheeses indicated a progressive development of fiavour,
body and texture characteristics alongwith an

increasing value of RI associated with an increasing
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proportion of goat milk., At the end of six months
period pure buffalo milk cheese had the lowest

development of flavour, body and texture,

Table 20 : Organcleptic quality of 180 days old
cheddar type cheese made with buffalo
and goat milk mixtures.

Attribute Proportion of goat milk in the mixture(#)

50 25 10 0
Flavour Mila Slightly Very Very mild
mild mild
Body and Slightly Slightly Hard, Hard rubbery
texture tough hard and rubbery
rubbery
Colour Normal Normal Normal Normal

Abpplication of Czulak (1964) method for
milks containipg 50 per cent or more buffalo milk has
in general, proven to be more useful than might have
been anticipated with the Kosikowski (1966) method.
This can be inferred from buffalo milk systems
containing 50 per cent cow or goat milk in terms of
relatively higher moisture level, lower S$/M, higher
RI and a faster rate of ripening. With the Czulak (1964)
method presence of cow or goat milks even to the

extent of 10 por cent hgs given a product somewhat
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better than that obtained from gure buffalo milk.,

However, overall quality of cheeses obtained from
pixtures containing 50 per cent or more buffalo milk

was somewhat inferior to those ohtained from the mixtures
containing less than 50 per cent buffalo milk using
Kosikowski (1966) method., Since Kosikowski (1966) method
was found to be less gatisfacescry with mixtures
containing 50 per cent or more buffalo milk, modifications
of Czulak (1964) method had to be attempted at this

stage to improve the quality of cheeses prepared from

thegse mixtures,

5.3.3.3 Modifications in chcese making process for buffalo

milk systems containing 50 per cent and more
buffalo milk

The chesses prepared from niltks containing

50 per cent or moere buffalo milk had in general, a

higher pH and lower moisture level that might have

been responsible for slow rate of curing. Following

modifications of Czulak (1964) method were, therefore,

attempted to promote a further rise in agidity
development and moisture rcetention :-

{(a) In order to improve moisture retention property,
wilk systenms were pasteurized at 2 higher
temperature of 65°C/30 min,.(Al-Fayadh, 1980).

(b) Addition of 1 per“cent salt in the milk prior to

inoculating with starter culture,
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{e) The rate of inoculum was increased from 1,5
per cent to 2.5 per cent level as per Burde and
Srinivasan (1967).

(a) A setting teumperature of 28°C,

(e) A Sshorter cooking period of“SO min. were also

attempted to aid moisture retention in curd.

Since salt was to be added prior to remneting,
the Czulak (1964) procedure of draining part of the
whey during coocking and adding salt to the remaining

cooking whey was eliminated,

The manufacturing details of these trials are
pregented in appendix VIII and IX and summarized in
Table-21, The analytical results are presented in

Table-<2 and 23,

During the cheese making trials conducted
with the modified procedure, no adverse effects were
observed, A4S can be seen from Tabla~21, Whey acidity
after cutting was 0,126 per cent L4 in the mixed milk
systems as against 0.108 per cent LA observed for the
buffalo milk control prepared by Czulak (1964) method.
The trend of higher acidity development was maintained
in the vat through the subsequent stages of draining
{after only 50 min. cooking time) and milling (0.50
per cent LA or more at the end of 3 hours cheddaring).
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Table 21 : Manufacturing behaviocur of cheddar type
cheeses nade from buffalo milk systems
containing 50 per cent and more buffalo wmilk,

Attribute Proportion of buffalo milk in the mixture(%)

Buffalo cow milk Buffalc goat milk
pixtures nixtures
100! 90° 75° s50° 90° 5%  50°

acidity of

milk(%{.&)
Acidity at 0.108 0,126 0.126 0.126 0.126 0,126 0,126
cutting(%LA)

draining

(%L4)

Acidity at 0.470 0.500 04500 0.500 0.504 0.504 0.504
nilling

(RLA)

Fat loss 0.30 0,50 0.50 0.50 0,50 0.50 0.50
in whey(%)

Total 240 180 180 180 180 180 180
cheddarin
time{min,
Cheddaring3Poor S1ig~ Impr- Bett- Sligh~ Impro- Better
behaviour htly oved er tly ved

inpr-~ ilmpr-

oved oved

1 : Czulak {1964) nethod.
2.: Modified method (secC. 5+3.3.3).
3 : Development of "Chicken breast" texture,
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In addition to the use of a higher rate of inoculum,the
incorporation of salt prior to adding starter culture
might have exerted a stimulating effect on the starter
microorganisms (Mcdowall and Whelan,193%4) resulting in
an accelerated rate of acid development. Incop¥porating
salt in the liquid milk instead of in the whey during
cooking might have also resulted in a more effective
exchange of Ca++with Na+ promoting a higher moisture
retention (Fahmi and Sharara,1950) as can be seen from
the zero day analysis presented in Table-22, Moisture
level in fresh cheeses prepared from the mixed milks
were within the range of 37 to 38 per cent as against

a level of 35 per cent moisture in buffalo milk control.
This indicated that higher pastemrization temperature
and shorter cooking time were also effective in promoiing
higher moisture retention. In general, a slight decgease
in the moisture content of fresh cheese was agsociated
with an increasing proportion of buffalo milk in the
mixture. Barring the cheese from buffalo milk mixture
with 10 per cent cow milk all other experimentsl cheeses
had somewhat lower pH values than the control cheese on
zero day. The cheese prepared from the mixed milk systems
had a lower 3/M value and higher RI. The FIM values for
experimental cheeses were higher than those for the
buffalo milk control eventhough the fat loss in whey

for these cheeses were to the tune of 0.5 per cent. This
indicated a higher handling loss of fat in the control

cheese,
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4% the end of 180 days curing period, all the
cheeses attained a pH value around 5.5. Moisture level
decreased in all the sgnmples, the buffalo milk control
having the lowest value of 31.39 per cent., Therc was
Table 22 : Chemical analysis of cheddar type cheese

made from buffalo milk system containing
50 per cent- and more buffalo milk,

Attribute Proportion of buffalo milk in the mixture(%)

Buffalo c¢ow milk Buffalo goat nilk
nixtures mixtures
100 . -90 - 95 B0 90 T —h 50
o 0 day o
pH 520 5:25 5.15 5.10 5,15 5,17 4.93

ﬁqisture 35.15 37.93 38.22 38,35 37.16 38,12 38,53
%

FDM % 45,27 46,95 48,14 49,59 47.53 47.23 47.74
S/M % 3.95 3.45 3,25 3.39 3.42 3.54 3.31

™™ % 4,18 3,78 3.60 3.52 3.82 3,60 3.50

RI % 2,27 2,42 3.52 3,12 2.41 2.08 2.62
180 _day s

pH 5.50  5.50 5455 5.45 5.55 5,50 5.50

?;?sture 3139 34.29 34.79 34.25 32,99 33.86 33.93
FIM % 45.19 46,89 48.00 49.59 47.51 47.18 47.73
S/FI % 5.01 *qi'o49 4.34 4‘.64 4.45 4.42 4047
™ % 4.39 3,97 3.77 3.75 4,02 3,85 3.73
RI % 6.68 9.90 13.03 15.36 10,03 14.00 16,22

- -
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generally an increase in the S/M and ™ values. The
FDM value remained more or less constant. The RI values
of the experimental samples were much more than those
for the contrel samples, In general, cheeses with
increassed proportion of cow or goat milk had higher

RI wvalues,

The organcleptic evaluation (Table-23)
revealed that the control cheese and the one with
90 per cent buffalo milk had a £lat flavour after six
months ripening. The flavour quality, however, improved
with the increased proportion of cow or goat milk in
buffalo milk. Improvement in the bedy and texture
attributes were alsc noticed with the increased proportion
of cow or goat milk in buffalo milk.

Table 23 : Organcleptic gquality of 180 days old cheddar
type cheeses made from buffalo milk systems,

Attribute ___Proportion of buffalc milk in the mixiture(%)

Buffalo cow milk Buffalo goat milk
miXxtures mixtures

100 Q0 15 50 90 5 50 —

Flavour Blat Flat Very Mild Flat Very Mild
mild mild
Body and Tough Sligh- Bet- Smooth Slight- Bettex Smooth
texture tly ter mellow 1y mellow
better better

Colour Normal Normal. Nox~ Normal Normal Normal Normal

mal
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The modified cheese¢ making procedure was
thus effective in producing better quality cheddar
type cheeses from milk mixtures containing 50 per cent
or more buffalo milk, The procedure was equally
effective in the presence of cow or goat milk in

the mixtures.

5.4 CURING BEHAVIOUR OF CHBESES MADE FROM COW,

BUFFALO AND_GOAT MILKS LND THEIR MIXTUEES

Although specific techniques were developed
for improving the manufacturing of cheddar type cheeses
from different milk systems, the quality of some of
these cheeses was not considered identical to those
prepared from cow milk control, Since the fimal quality
of cheese is determined by the changes taking place
during ripening, the curing behaviour of cheeses
prepared from different milk systems was studied at

this stage.

The milk system used for these trials were
buffalo, cow and goat milks and their mixtures as
indicated in sec.5.1, In these studies cow and buffalo
milks were adjusted to a C/F ratio of 0.7 and goat
milk to a C/F ratio of 0.65. Kosikowski (1966) method
was used to prepare cheeses from cow milk systems

containing upto 25 per cent buffalo milk, Czulak (1964)
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method was uwsed for control buffalo milk cheese,
Cheeses made with goat milk systems containing upto

25 per cent buffalo milk were by the method developed
in sec,5.3.2. The modified Czulak method developed in
sec.5.3.3.3 was used for cheese making with mixed milk

systems containing 50 per cent or more buffalo milk.

Cheese blocks (10-12 kg size rectangular blocks)
were paraffined after 4-5 days of rind formation and
stored at 10°C and 70-75 R.H. for ripening upto 12
monthsPeriod; Samples were taken from these blocks
on zero day, at regular monthly intervals upto 4 months,
and 2 month intervals for the remaining 8 months period
for chemical analysis. Microbidlogical analysis and
organcleptic evaluation of samples were commenced from
4th month onwards,., The results of these studies are

presented in this section.

5.4.1 CURING BEHAVIOUR OF PURE MIIK CHEESES

In order to study the effect of mixing
different milks on the quality of cheese, it is
necessary to understand the inherent differences
amongst the cheeses prepared from pure milk systems,
that served as controls in the mixed milk cheese
making studies, Three separate batches of cheeses
were prepared from buffale, cow and goat miik using

90 to 110 ¥ batches per trial.
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Se4.1.¢ OQrganoleptic changes during ripening

During the initial trials of cheese making
it was observed that the proper body and texture and
flavour development does not take place before 4 months
of age., Therefore, organoleptic evaluation of cheeses
was initiated after the 4 months curing and at
subsequent 2 months interval upto a perod of 12 months.
Daeta on organcleptic evaluation are detailed in

Appendix-X,

The cheese samples were scored for flavour
(45 points), body and texture (30 points), and colour
(10 points). The development of flavour intensity

was scored on a 9 point scale.

Fig.4 presents the average values on flavour
and body and texture scores of cow, buffalo and goat
cheeses, Consistent increase in the organolseptic
scores for all the cheeses indicated a continuing
improvement of their flavour, body and texture propexrties
- throughout the ripening pericd, However, the buffalo
cheeses scored the least at all ages. The favour
scores for cow and goat milk checses (Fig.44) were
very sSimilar, Although, the goat milk cheese samples
were criticised for lack of typical "cow milk cheddar"

cheese flavour, it was liked very much by the taste
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panel., The slight differences in the flavours of

goat and cow milk cheeses might bg associated with
their inherent compositional differences. The buffalo
cheeses at 12 months age could attain only the

scores Similar to cow and goat cheeses at 4 months
age, This indicates = very slow ripening behaviour of
this cheese, reported earlier (Godbersen, 1964;

Czulak, 1964; Burde and Srinivasan, 1967).

The development of flavour intensity of
the three pure milk cheeses followed a pattern
similar to that of flavour scores during ripening
(Fig.4B). While the cow and goat milk cheeses were
very similar, the buffaloc milk cheeses were very

slow in development.

Body and texture gcores for these cheeses
(Fig.4C) also registered a consistent increase through-
out the ripening period. In this aspect also the
buffalo milk cheeses scoréd much lower throughout.
These were criticized for dry, hard and tough body
and texture at all ages. The goat milk cheesc was
particularly recognisecd for its smcoth, waxy and
mellow body and texture, However, when left at room
temperature for some time, goat milk cheesc samples

developed a typical olly appearance on the surface.
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This is possibly due to the formation of numerous
liguid fat droplets at room temperature, since goat
milk fat has a lower melting point (Parkash and

Jenness, 1968).

The colour scores (Appendix-Xd) for cow
and goat milk cheeses were identical. The buffalo milk
cheeses scored glightly less on this count also. No
adverse criticisms however, were received for this
attribute throughout the ripening period. The colour
scores for all the cheeses remained constant throughout

the ripening period.

5¢4.1.2 QChanges in pH, moisture and salt content

The pH, moisture and salt on moisture basis
(8/M) are considered to be the important facgtors
influencing the curing characteristics of cheese,
since these factors influence the biochemical aspects
of cheese ripening, The microbial ecology, mainly
responsible for ripening in turn is influenced by
the biochemical changes occurring in the cheese mass
during ripening. The results for these parameters and
microbiclogical analysis in terms of total viable counts
and lactic counts are presented in Appendix~ XI, XII,
XITI and XIV. The average values obtaincd for these

parameters are presented in Fig.5.
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The initial (zero day) pH values (Fig.54)
for all the threc cheeses were within the normal ®ange
of 5,02 to 5.2. The buffalo cheeses had the highest
pH value of 5.2 in comparison to cow and goat milk
cheeses having 5.02 and 5.10 pH. Consistent increase
in pH was observed throughout the ripening periocd.

For buffalo milk cheeses, the pH increased upto 6.0
&t 10th month and then dropped to 5.7 at 12th month of
age. The increase in pH during ripening may be imputed

to the release of the basic amino acids.

The cow and goat milk cheeses had more or
less the same moisture (Fig.5B) content on zero day.
Homwever, the buffalo milk cheeses contained 3.5 per
cent less moisture than that observed in case of cow
milk cheeses, Thereafter a gréddual decrease in moisture
level of all the cheeses was recorded. 4t the end of
12 months ripening cow and buffalc milk cheeses
lost about 6 per cent moisture. The goat milk cheeses

on the other hand lost about 7 per cent moisture,

The 8§/M values (Fig.5C) of thc cheeses
differed considerably, The buffalo milk chesses had
the highest 8/M wvalue throughout the ripening period.
At the zerp day the cow milk cheeses had the lowest

value, Gradusl increasse in these values was observed
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throughout the ripening period related to the
moisture loss trends. The higher §/M values of buffalo
milk cheese might have influenced a slow dcvelopment
of flavour, body and texture during the curing of

checses.

While changes in S/M values are due to the
moisture loss during the ripening of chceese blocks,
pi changes are associated with changes in microbidogical
activities, Toetal vigble counts and lactic counts of
the cheeses at the end of 4, 6, 9 and 12 months age

are presented in Fig.5D and E,.

At the end of 12 months curing, total viable
counts gradually decreased from an initial level of
about 10 million/g to its one tenth value for cow and
goat milk cheesces. In the buffalo milk cheeses the
decline in count was about 100 fold. However, not much
difference was observed between these threc systems
in a gradual decline of lactic counts to about one

hundredth level at the end of one year curing.

5.4.1.3 Proteolytic changes

Primarily, the state of protein breakdwon
determines the body and t exture qualities of the
cheeses It also influences the flavour characteristics

of checse., The protcolysis in terms of 3N, NPN and
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amino nitrogen was determined for all the 3 cheeses.
The proteplytic count (Appendix-XI) at 4, 6; 9 and 12
months agé was also recorded for these cheeses, The
details of TN, SN, NPN and amino nitrogen values
during ripening are appendixed in XV, XVI, X?II and
XVIII, and the average values are depicted in ’

Fig.6 and 7.

It is evident from Fig.64, that the buffalo
milk cheese had the highest value for TN, These values
for cow and goat milk cheeses were almost similar.

“An increasing trend for these values was obscrwved
throughout the ripening period, This might bp associated
with decrease in moisture contents of the cheeses,
Higher TN values for buffalo cheeses might be because

of the higher protein content in this milk.

Protein brecakdwon was associated with an
increase in the values of SN,NPN and AN expfessed as
per cent of WM. In case of buffalo milk cheeses the
rate of increasc in the values of ripening index (RI i,e,
SN/TN)} was much s8lower than that for cow and goat milk
cheeses (Fig.6B), which exhibited similar trends. The
data indicated that the buffalo checse reached the RI
value of cnly 14.04 per cent at 12 months of age while
the cow and goat milk cheeses attained a value of 38409

and 35.60 per cent, respectively. The slow rate of
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changes in RI for buffalo cheese is consistent with
the slow development of body and texture and flavour

during curing as observed in sec. 5.4.1.1.

Cow and goat milk cheeses exhibited very
similar proteolytic trends in terms of NPN and AN
values (Fig.7), and the rates were much faster than

that observed for buffalo milk system.

The proteoclytic count of the cheeses (Fig.7C)
decreased in a phased manner during ripening. after a
decrease in count between 4 and 6 months ripening,
a more or less stationary period was observed until
9 months, after which counts began to decline again.
The buffalc cheeses had the lowest proteolytic counts.
These counts for cow and goat milk cheeses were almost

similar.,

Differences in the nature of proteolysis
of the cheeses made from cow, buffalo and goat milks
were also reported by Reddy (1982). ®n the basis of
PLGE study, a delayed breakdevam of R-casein component
and a slower breakdown of &Lcasein wag observed in
buffalc milk cheeses, In comparison to the cow milk
systen, goat milk systems also exhibited a slightly
slower proteclytic rcte, These observations are in
general agreement with our determinations of proteolytic

agitivities of these three systems,
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5.4.1 o4 Li EOIIE tic Ch@;}ggﬁ

Flavour characteristics of cheese are largely
influenced by lipolysis, The lipolytic behaviour of
cheeses during ripening was studied in terms of
lipolytic count as well as the level of total volatile
fatty acid (TVFL) and total free fatty acides (FF4). The
data for these values are presented in Appendix XI, XIX,
XXI and XXII, The average values are plotted in Fig.8.
The fat per cent of the cheese sample (Fig.84) incréased
from 33.03 to 36,19, 29.49 to 32.28 and 32.93 to 36.64
during ripening for cow, buffalo and goat milk cheeses,
respectively, The FDM (4ippendix XX) however, remained
constant throughout the ripening period. The increase
in fat per cent could, therefore, be ascribed to a
decrease in the moisture content of the cheeses during
ripening, The goat milk cheeses had the highest FDM

value followed by cow and buffalo cheeses,

The lipolytic counts at 4 months age (Fig.8B)
were in the range of 400 to 600/g for these cheeses,
However, cow milk system had the highest level of
counte. The goat milk system exhibited trends similar
to those of the buffalo milk systems, The counts
gradually decreased during the subsequent period

of ripening.
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FFA was noticed during the ripening period in all the
cheeses, This rate, however, was fastest in goat milk
cheeses, follwed very closely by cow milk cheeses. The
TVFA VALUE{Fig.8C) for buffalo milk cheese at 12 months was
only 7.30 in comparison to 14,17 and 14.14 for goat

ond cow milk cheeses, respectively. Similarly, the lowest
value of 12.37 for FFA (Fig.8B)at 12 months was observed
for buffalo cheeses as against 43,36 and 41.24 for goat
and cow milk cheese, respectively. it is interesting to
note that even though the lipolytic count of goat milk
cheese was aé low a8 that exhibited by the buffalo

milk system, lipolytic aetivity measured in terms of
TVFA and FFA was as high as that observed in cow milk
systems. This may probably be due to the presence of a
large number small diameter globules of fat wich has

a lower melting point in goat milk system,

5¢4¢1.5 ,Quzlgg__ggzag§ ristics gf cow, buffalo
and gozt milk cheeses

Sensory, chemical and nmicrobiclogical evaluations
revealed that cheeses prepared from the pure milk systems
have certain distinct characteristic features,

In general, as euring progressed there was an
increasing development of desirable flavour and 5ody
and texture characteristiecs in all the cheese systems.

Ripening of cheeses is generally characterised by a
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gradual rise in pH, S/M, Fat, TN, RI, NPN, AN, FFA
and TVFA values and a decreaese in moisture content,

total viable, lactic, proteolytic and lipolytic counts,

However, in terms of rate of changes of various
parameters measured during the 12 month ripening period,
goat milk systems closely resembled the developments in
cow milk systems with the exception of lipolytic counts
which were similar 3o those ¢f the buffalo milk systens,
Eventhough, the flavour of goat milk cheeses were not
cxactly identical to that of cow milk cheddar, it was
mild, plceasant and well accepted by the taste panel,

In terms of all indicators of cheese ripening,
buffalo milk system exhibited slowest rate of changes
during curing. The slow curing of buffalo cheese was

associated with a much lew moisture level, a high S/M

value, and a generally lbw level microbiological activities.

5e4.2 CURING BEHAVIOUR OF CHBESES FROM BUFFALO-COW
MILK MILTURES

To study the effect of mixing different
proportions of cow milk to the buffalo milk on the
curing characteristics of cheddar type cheese, batches
of cheese containing different proportions of buffalo
and cow ztlk (sec. 5.1) were prepared in.triplicate.
The curing behaviour of these cheeses ig now presented

in the following section :
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5.4.2,1 Orsganoleptic _changes during ripeging

Data on organoleptic evaluation detailed in
Appendix X and the average values depicted in Fig.9
indiested a consistent increase in the values of all
the organoleptic attributes for all the cheecses
throughout the ripening period. The flavour scores
(Fig.94) increased with the increased proportion of
the cow milk in the system. The system containing
lowest proportion of cow milk (10 per cent) scored
the least in comparison to the systems with higher
proportion of cow milk, However, even 10 per cent
proportion of cow nilk in the system gave higher
values of flavour development as compared to the pure
buffalo milk cheeses. Although, the mixed milk cheeses
with major proportion of cow milk (90 and 75 per cent)
scored slightly less than the pure cow milk cheeses,
these were not criticised for any major difference in
the flavour characteristics in comparison to the pure
cow milk cheeses, The minor differences in the flavour
characteristics could be ascribed to the presence of

buffalo milk in the system.

The flavour intensity (Fig.9B) of the mixed
milk cheeses showcd o pattern similar to that of the

flavour. The cheeses with higher proportion of cow
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milk were very similar to the pure cow milk, The
presence of cow milk in the buffalo milk system improved
the flavour intensity scores as compared to the pure

buffalo milk system with lowest scores,

Body and texture qualities ﬁf the cheeses
(Fig.9C) also improved consistentlylduring the ripeeing
period. The presence of even 10 per cent cow milk '
inmproved the body and texture chagacteristics of the
cheescs as compared to the cheeses from pure buffalo
rilk. However, thce improvement in these attributes were
more discernible when the proportion of cow milk in

the system was 50 per cent and moTe.

The colour scores at zero day {Appendix Xd4)
for all the cheeses were similar. The control buffalo
milk cheeses preparsd by Czulak (1964) method scored
slightly less. This could be because of the faect that
colour was added in all the mixed milk systems and not
iq the control., These colour scores remained constant

| throughout the ripening period.

5+4.2,2 Changes in pHy moisture and salt content

The results for the pH, moisture, salt content
and the total viable counts and lactic counts are
appendixed'at XI.., XII, XIII and X, The average values

recorded for these parameters are presented in Fig.10.
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The zero day pH values (Fig.104) for all the
mixed buffalo-cow milk cheeses were within the range
of 5,03 to 5.25. The system containing only 10 per cent
cow milk had the highest pH value of 5,25, This ofcourse,
was slightly highcr than that of the pure buffalo milk
system with an average value of 5.2..The pH values
increased throughout the ripening period. The increase
in these values with milk systems with 50 per cent and
nore buffalo milk was recorded only upto the 10th month
of the age. Thercafter, an abrupt fall in the pH values
was observed, This was gimilar to the trend for pure
buffalo milk checses. This indicates that the milk
systems with higher proportion of buffalo milk behave

more or less similar to the pure buffalo milk system.

The moisture content (Fig.10B) of all the
buffalo-cow mixed milk cheeses was more or less same
on the zero day with the exception of the system
containing 75 per cent cow and 25 per cent buffalo
milk, These had a slightly low (37.58 per cent ) moisture
content in comparison to the other cheeses, The moisture
content of the other systems was very near to that of
cow milk cheeses and much higher as compared to pure
buffalo milk chcoeses, This implies that the modified

procedure for milk systems containing 50 per cent and
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more buffalo milk certainly improved the moisture
level of the checses, A gradual decrease in the
moisture level was observed for all the cheeses during
the ripening period., All the cheeses lost about 6

per cent moisture in 12 wmonths ripening period. This
wag similar to the moisture loss for the pure cow and

buffalo milk chesses,

Slight differences in the S/M values {Fig.10C)
were observed for all the mixed milk cheeses, In
general, the 3/M values increased alongwith an
increasing proportion of buffalo milk in the system.
However, the cheeses with 25:75 ¥lend of bufifalo~cow
milk had slightly higher S8/M value than the cheeses
with 50:50 and 75325 buffalo-cow milks. This could
be ascribed to the differences in the manufacturing
procedures. The S/M values increased gradually with
the advancement of the ripening period. This was
related to the moisture loss trends. The S/M values
of these cheeses were lower than those obsexved for
the pure buffalo milk cheeses and comparable to

those for the cow milk cheesses,.

Not much variations in the total counts
and lactic counts (Pig., 10D and E) were observed

within the different cheese systems, The nmixed milk



7.
‘.
% 5.
544 3 ;.-
564 - 5 51
T W
a & @
"
3 4
I
g - 294 ——ry . 14 - I
09 2 & & 8 10 12 0 2 &« 6 8 W0 12 0 2 4 & 8 110 12
| RIPENIN G PERI OO (MONTHS)
A. pM VALUES. B. MOISTURE (%). 2. SALT IN MOISTURE :
- A COW -0
0 0 BUFFALD ]
? 3 AVERAGE OF ”.
s * MIXTURES = 7]
EMJ z 'r-a~i;=
2 o
S 554 < §54
> R\ 2 i
S 601 \ - 504
55+ . —_ T DU
9 2 4 & 8 W 12 9 2 & 5 B 0 12

R1 PENING SERLIODD {MONTHS]
& LACTIC COUNTS. £ TITAL JYIABLE COUNTS

Fi6. 10 CHANGES IN pH, MOISTURE, S/M, AND LACTIC AND I0TAL TOUNTS OF IMEEST DURING RIPENING.



149

(buffalo-cow) cheeses had more or less the same
number of organisms per gram of cheese in the
initial stage (4 montha}.Howevgr,_the counts ware
slightly less than thoée observed for the pure cow
milk cheeses with an exception of cheeses made with
90:10 proportion of cow-buffalo milks, These cheeses
had a slightly higher number of total compés, The
counts gradually declined with the ripening period
and reached about one hundredth level at the end of

12 months age,

5.4.2.3 ZProteolytic changes

The proteclytic changes determined in terms
of SN, NPN, and AN and the proteolytic counts at
different ages are appendiXed at XI, XVI,.XVII and
XVIII,. - The average values for these attributes are
presented in Fig.11 and 12, It is evident from the
data that the ™ values (Fig.114) of the cheeses
increased with the increased proportion of buffalo
milk in the system, The mixture containing highest
proportion of buffalec milk had the highest TN percentage
(3.81) at the beginning, which, ofcourse, was 1ess
than that observed for fhe pure buffalo milk, The
increase in the TN values with the increased

proportion of buffalo milk is quite natural because
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of the higher concentration of proteins in this milk
as compared to the cow milk system. TN values
increased throughout the ripening period as the
moisture content decrecased,

Increase in the SN, NPN, and AN was observed
in case of all the cheeses indicating the progress of
proteolysis during the curing of cheesce systems. The
rate of changes in the RI values increased alongwith
an increasing portion of cow milk in the system,
Cheeses with higher proportion of buffalo milk had
the lowest RI value in the beginning of ripening. A
gradual inorease in these values (Pig.11B) was recorded
throughout the ripening period. Cheeses with higher
proportion of buffalo milk had slightly higher RI
values in eomparison to pure buffalo milk cheese,
Proportionate increase in these values with increased
proportion of cow milk in the system was observed
throughout the curing period.
| Buffalo-cow pixzed gyddk cheeses exhibited similar
pattern in respect to NPN and AN values (Fig.12 A4 and B).
Although, the NPN values for milk systems containing
50 per cent and more cow milk were higher than of
pure cow nilk upto the 6 months age, theée ware
surpassed by cow milk systenm towardé the end of 12

months age, Mixtures containing less than 50 per cent



40+
& COW
A BC 10:90 38
n B 2575 %4 r
O BC S0:80
® BC 75:25 34 1
O BC 90:10
x BUFFALO 37
4
46 30- .
s
L3-3 2 284
‘// | 3
44 /r/ 26- f
s |
¥ x 2%
%
‘24/ ’ o, 260 N :
Ly 10 :
/ @ : { .
40 ;w /
| oo 4 _.;'(}
3 39 ;154 ; " /
— A E ﬂ
38 W 144 R g x
xr .
— / I"'/ /
I 124 <8 . x
1/ '
364 . 104 ¥ /o/ /
e o
354 8 e
- »
» P
34 L] / 'd
g / _
33 2 /e

3.2 W L4 T T v * 4 r Y v .4 ¥ L

0 2 4 ¢ & W W0 0 2 & & 8 W 0
RIPENING PERLIOD (MONTHS)

A. TOTAL NITROGEN, - B RIPENING INDEX.

FIGAT CHANGES (N TN AND RI (SN/TN) OF CHEESE DURING RITENING



T IRES

L.
i - e -
oo My ’
QIR o 5a2 - /
L SRRERLE e
P
ovuee @2 e
>0 omm m Doy
AARNDO Oxe _ :
f.-«"'f‘ l - ,-/
’-""—-“ x )
T e Ly X e
-¥ L] D FY-
~d rdy ::: Lot ] o l"é(g .1
6, INNOT 0N

\;\ . “\}\ "\_\

“Q"hl\\*\ \

™~

G

M\“‘: N e
_: R T iw X
Tt Sy~
vl '&l YR n
. S — AR e T T T YMN |
ﬁ 3-. ﬁ R - ..w — - - ey " s A
{*4) N1/ NV

L A A g 2 & 2 =]
() N1/ NdN

[ B

[

A HCN PROTIEN M}

UNT

2QOTESL ¢

-

GEN,

L

=1y

CLVWM -~

F16.12 CHANGES IN N2% AN AN(



153

cow milk had lower NPN values than the pure cow milk
cheeses, but still these valugs were higher than
those for ihe pure huffale milk system. AN values
for the buffalo~cow mixed milk systems were
proportionate to the increased proportion of cow

milk in the system.

The proteolytic count of the cheese (Fig.12 C)
élso followed a similar sowt of pattern. At four
menths age although, the mixed milk cheeses had a
lover proteolytic count, the mumber decreased with
corresponding increase in the proportion of buffalo
milk, The count remained almost static at 6 and 9
menths of age with the exception of cheese systems
containing 90 and 7% per cent of cuw milk where it
showed a slight increase at 9 months age, The number

of proteolytic organisms decreased at 12 months age.

5.4.2,4 Lipolytic changes

The data for fat per cent, TVFA and FFA
for mixed buffalo-~cew pilk cheeses are presented in
Appendix XIX, XXI and XXII. The average values detailed
in Appendix XIX indicated a gradual increase in the
fat percentage of the cheeses with the increased
propertion of cow milk in the system. Barring 90:10
mixture of buffalo-cow milk a11 other chee¢ses had a
higher fat percentage than the pure buffalo milk
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cheeses at zero day age. It gradually increased
throughout the ripening period with decrease in

the moisture content of the cheeses, However, the
FIM values indicated a proportionate pattern with
the proportionate increase in these values with
increasing percentage of cow milk in the system,
Eventhouéh, the fat losses in whey for cheeses

made by.modified method were much higher than those
recorded for pﬁre buffalo milk cheeses, phe FIM
values (Appendix-XX) for these were higher than it.

The lypolytic counts {Fig. 13C) for the
buffalo-cow mixed milk cheeses were lower than those
recorded for pure cow and buffalo milk cheese, The
counts werse more or less equal for all the cheeses
and did not indicate any pattern in this regard.
Slight gradual decrease in the counts was observed

during the subsequent period of curing.

A consistent increase in the concentration »f
TVFA and FFA (Fig. 134 and B) was recorded for all
the cheeses. The increase was proportionate to the
increase in the amount of cow milk in the mixed

milk system.
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5«4.3 CURING BEHAVIOUR OF CHEESES FROM
: BUFFALO GOAT MIIK MIXTURES

To study the effsct of mixing different
proportions of goat milk to the buffalo milk on the
curing characteristics of cheddar type cheeses,
baﬁches of cheese were prepared from the milk systems
as 6utlined in Sec,5,1, The curing Eehavioui of

these cheeses is presented in this section,

5¢4.3.1 Qrganoleptic changes during ripéning
L '. Data on organoleptic evaluation are
appendixed at X and the average values are presented
in Fig. 14.

The average flavour scores (Fig.144)
indicated a continual increase in these values from
4 months age to the end of curing period fof all the
cheese prepared from mixture of buffalo and goat milks.
The flavour scores indicated a proportionate increase
with the increased amount of goat milk in the milk
system., Cheeses containing more than 50 per cent
goat milk were very much similar to the pure goat
milk cheeses in the flavour characteristics, Mixed
milk cheeses scored higher thaw the pure buffalo milk
cheeses at all ages, fhe data indicated that even a

small proportion (10 per cent) of‘géat milk improved
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the flavour charscteristics of the cheeses, The
improvement in this attribute progressed somewhat
with the increased amount of goat milk in the buffalo
milk system.

The flavour intensity scores of the mixed
milk cheese followed a similar patterm to that of
flavour scores during ripening (Fig.14B). The cheeses
containing 10 pexr cent.geat and 90 per.cent buffalo
milk were very similar to pure buffalo milk cheeses,
The other mixed milk cheeses scored more than the
pure buffalo milk cheeses for the flavour intensity
depending upon the extent of goat milk in the system.

Consistent increase in the body and texture
scores (Fig.14C) was noticed for all cheeses
throughout the ripening period. The cheeses with
higher proportion of buffalo milk scored the least
and were criticised for hard and tough body and texture,
Appreciable improvement in the body and texture was
noticed when the proportion of goat milk in the
mixture was 50 per cent or more. These proportions
yielded the cheeses with smooth, waxy and mellow body
and texture. The appearance of fat droplets on the
surface of the cheese as observed in pure goat milk
cheese was not noticed in these samples except the

oneg with 90 per cent proportion of goat milk.



Lh-

43 9, -
42 'y /)‘g
i / 'EI‘D
3] x 7,
3 v o
D9 = /
4
4 : /rr / g //
-84 z .
f; o /‘
19y 3 ]
36 < ‘
w
54
344 e e+ ey y . - "
L 3 10 12 ¢ 10 12
RIPENI] N 6 PERIOD (MONTHS)
A, FILAVOUR SCORFS. B, FLAVOQUR INTENSITY,
30
294 ,/"‘
v Pt
[TH) -
[+ 4
L
)
[¥))
w
x
=
-
»
tu
—
o A GOAT
5 A BG6G10:30
> B BG 2575
b 0 B6 5050
o & BGT725
0 B869%0:10
a1 x BUFFAL®
20 ‘ y
4 10 12

6 8
RIPENING PERIOD (MONTHS)
C. BODY AND TEXTURE SCORES:

F16.14 CHANGES IN F1 AVOUR, F! AVOUR INTENSHY AND BODY AND TEXTURE - .
OF CHEFSF DURING RIPENING : .



159

The colour scores {Appendix Xd) for all
the mixed milk cheeses were identical and remained
cons tant throughout the ripening period. These cheeses
gcored slightly more than that by pure buffalo cheeses.
This ofcourse, could be due to the fact that colour

was added in the mixed milk systems.

5.4.,1,2 Changes in pH, moisture and salt content

The observations recorded for pH, moisture
and salt and the microbiological analysis in terms of
total viable counts and lactic counts are presen ted
in Appendix XI, XTI, XIII and XIV, The average
values obtained for these parametes are plotted in

Fig.15.

- The zero day pH values (Fig.154) for all the
mixed (buffalo-goat) milk cheeses were within the
range of 4.93 to 5.2. The cheeses with 90:10 and
75:25 mixture of goat and buffalo milk had the
highest pH values of 5.2 which was similar to that
observed for pure buffalo milk. The 50:50 milk
mixture cheeses had the average pH value of 4.93,
Gradual increase in the pH values was observed upto
the 10th month of ripening for all the cheeses. The
increase was upto the level of 5.70 to 5,78 pH. After

this sudden decrease in the pH at 12 months age was
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observed for all the mixed milk cheeses except the
one containing 90:10 mixture of goat and buffalo milk.
The pH increase was slightly less than that observed
for pure buffalo milk cheeses but the drop followed
mure or less the similar pattern indicated by the
pure buffalo milk cheese,

The initial moisture content of the cheeses
(Pig.15B) was higher in comparison to buffalo milk
cheeses, However, the cheeses with higher proportion
of goat milk in the mixture had slightly low moisture
content than the other cheeses, This might be associated
with the difference in the manufacturing procedure for
these systems and also the increasing proportion of
buffalo milk in the mixture. A gradual decrease in the
moisture content of all the cheeses was observed
during the subseguent period of ripening. At 12 months
age, the cheeses lost about 6-7 per cent moisture. This
was quite similar to their counterparts made either
from pure buffalo or pure goat milk.

The S/M values (Fig.15C) for the mixed goat
and buffalo milk cheeses were within the renge of 3.31
to 3.58 per cent at zero day. These values did not
follow any pattern in relation to the proportion of two
- milks in the mixture, Howevwur, the wvalues were much

lower than those observed for pure buffalo milk
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cheeses which had the highest S/M values throughout
the ripening period. This was related to the moisture
loss trends, Slightly higher S/M values for cheeses
-with higher proportion of buffale milk might be
responsible for a slow development of flavour
characteristics in these cheeses,

Total viable counts and lactic counts of the
cheeses at 4, 6, 9 and 12 months age are plotted in
Fig, 15D and E.

The initiél total counts for the cheeses were
more or less similar, Tie values were slightly less
than those observed for pure goat milk cheeses. The
presence of either more goat or more buffalo milk in
the system had no pronounced effect on the total counts.
The number decreased as the ripening period advanced
and finally came down to about one hundreth of the mnitial
level in all the cheeses, The cheeses did not vary
much in the lactic counts at the 4 months age. The
decrease in these counts during ripening was more
or’less gimilar for all the cheeses,

5.4.3.3 Proteolytic changes

The proteolytic breakdown in terms of SN,
NPN, and AN and the proteolytic count at 4, 6, 9, and
12 months age were determined for all the mixed buffalo

goat milk cheeses, The details of these values are
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appendixed at XI, XVI, XVII and XVIII. The average
values are presented in Fig.16 and 17.

It is clear from Fig,16A that the mixed
milk cheese containing higher proportion of buffalo
milk had the higher TN values{Appendix-XV). The cheeses
with only 10 per cent buffalo milk had the TN values
similar to those obtained for pure goat milk cheeses,
These valueg for all the samples increased during
ripening. This increase was asgociated with the decrease
in the moisture content with the advancement of the
curing period.

Protein breakdown was determined in terms of
SN, NPN, and AN and expressed asper cent of TN. The
initial RI (Fig.16B) values for the cheeses differed
cosiderably. These were higher in comparison to the
pure buffalo milk cheeses but slightly lower than the
pure goat cheeses, Systews containing higher proportion
of buffalo milk had lower RI values and vice~versa,
The increase in the RI for all the cheeses during the
ripening period was in =2 more or less linear fashion.
However, the minimum increase was observed where the
buffalo milk proportion was maximum. The 90:10 buffalo
goat mixed milk cheeses at 12 months could attain the
RI value of only 16.82 in comparison to 10:90 buffalo
goat milk which attained the value of 34,64 at the
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same age, This slow rate of increase in the Rl was
also reflected by the slow development of body and
texture characteristies of these cheeses,

The NPN and AN values (Fig.17) also indicated
the similar pattern as observed in case of RL. The
initial values did not indicate any pattern hased on
the higher proﬁortion of either goat or buffalo milk
but the later increase in these values were related
to the proportion of goat milk in the mixture. The
presence of even 10 per cent goat milk in the system
gave higher values of NPN and AN in comparison to
the values for pure buffalo milk,

The proteolytic counts (Fig.17C) of the
cheeses varied slightly depending upon the milk system,
The count for all the cheeses was slightly more than
that was observed for pure buffalo milk cheeses,
However, it was less than that recorded for th2 pure
goat milk cheeses. The number decreased at 6 months
~age in all the samples. It remained more or less
constant at 9 months age and then declined at 12 months
age, The counts for 90:10 guat:buffalo milk cheeses
vere almost sSimilar %o that for the pure goat milk

cheoeses.
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The data on the fat percentage, FIH,
lipolytic counts and lipolytic changes determined in
terms of TVFA and FFA are detailed in Appendix XI,
XIX, XX, XXI and XXII. The average values for TVFA
FFA and lipolytic count are depicted in Fig.18.

The initial fat percentage (Appendix-XIX) of
the buffalo-~goat mixed milk cheeses ranged hetween
29.50 per cent to 31.41 per cent. It showed an
increasing trend with the increasing proportion of
goat milk in the mixed milk system. The values were
slightly higher than those observed for pure buffalo
milk cheeses with only 29.49 per cent fat, These were
somewhat lower in Comparison to the pure goat milk
cheeses which had an average fat per cent of 32,93,

The FIM values {4ppendix-XX) for the mixed
buffalo-goat milk cheeses were initially higher than
those observed for the pure buffalo milk cheeses with
an average value of 45,71. As the proportion of
goat milk increased in the blend these values increased
from 47.62 to 50.20 per cent in systems containing 10
to 90 per cent of goat milk. The values however, were
less than those observed for pure goat milk cheeses
with average FIM value of 53.52 per cent. The fat

percentage of the mixed buffalo-goat milk cheeses
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increased with the detrease in the moisture during
ripening. As expected, the FIM remained more or less
constant throughout ripening.

The lipolytic counts (Fig.18b) of the mixed
buffalo-goat milk cheeses ranged between 300 to 400/g
cheese, The counts wefe low in comparison to the pure
goat milk cheeses with 450 organisms per gram cheese.:
These were equivalent to buffalo milk cheeses in case
of the blend containing 10:90 proportion of buffalc
goat milk, Other blends had even a slightly less
lipolytic counts than the buffalo milk cheeses. A
gradual decrease in the lipolytic counts was observed
with the advancement of the curing period.

The TVFA and FFA values (Fig.184 and B)
exhibited an increasing trend during the ripening period.
The initial TVFA values at zero day for thke mixed
milk cheeses were higher than those observed for the
pure buffalo milk., These values increased with the
increased proportion of goat milk in the mixture,
Similar paitern was exhibited by the FFA values, At
the end of ripening, the difference in the TVFA values
among the cheeses with lowest and highest pfoportion
of goat milk in the mixture was upto the extent of
one and a half times. The difference in these systems

in terms of FFA valuss was three times, Although,
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the lipolytic counts exhibited a pattern wery similar
to that of pure buffalo milk cheese, the TVFA and FFA
values increased with increased proportion of goat

milk in the system.
5.4.4 CURINGICHARACTERISTICS OF MIXED MILK CHEESES

Cheddar cheese making studies with pure cow,
buffalo and goat milk has revealed that in a sharp
contrast to buffalo milk, cow and goat milk systems
exhibited very similar curing behaviour and organoleptic
groperties. Even though the lipolytic count of goat
milk cheeses was more similar to that observed for
buffalo milk, these cheeses exhibited a very high
lipolytic activity. The over all effect of maiking
these two milks with the buffalo milk system has been
to bring improvement in the curing characteristics
and the product guality of the mixed milk cheeses.

The extent of improvement increased as the proportion

of cow or goat milk increased in buffalo milk containing
systen. A8 the proportion of sither covw or goat milk
increased in the system, it increasingly assumed the
characteristics of pure cow or goat milk syétem. This

is evident from the fact that during ripening the
organcoleptic and analytical values remained within

the two gxtreme sets of results exhibited by the

buffalo milk on one hand, and cow or goat milk on

the other,’
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Effect of incorporating cow milk even %o
the extent of 10 per cent appeared to have a more
dramatic effect in quicker curing of the mixed milk
cheeses, Similar effect was also observed in the
systeme containing buffalo and goat milk mixtures,
Basic benefit of mixing oow or goat milk with buffalo
milk appeared to be the improvement of moisture
retention power and correspondingly, lower levels of
3/M. These in turn, promoted a more favourable
environment for microorganisms to bring in curing.
This has been reflected in the nature of proteolytic
and lipolytic activity of the mixed milk cheeses., As
these cheeses had higher proteclytic and lipolytic
activities measured in terms of RI, NPN, AN and TVFA

and FF4i, respectigely,

5.5 PROCESSED CHEESE MAKING WITH PURE AND
MIXED MILE S YSTENS

In general, the cheddar cheese menufactured

on large scale is converted into processed cheese.
This aids to extend the keeping quality of the produot
and provides scope for utilizing cheese lots of
different ages. The suitability of various chceses
made from pure milk systems and milk admiXivures was,
therefore, studied in limited laboratory trails.
Minced samples (about 1) of various cheeses

were taken and to these emulsifier trisodium citrate
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@ 2,5 per cent was added. Some water was also added

to keep the final moisture level of the samples aroung
43 to 44 per cent. These were then melted at 7590

for 5 min. and then packed in pre-sterilized 240 g
ting for storage at 5 3 1°C.

The sensory evaluaftion of the samples was
done by a panel of 5 expert judges. The data presented
in Table-24 indicated that the pure cow and goat milk
processed cheeses were ranked highest., The pure
buffalo milk processed cheeses ranked lowest and were
criticized for having mild flavour and tough body and
texture qualitis. Processed cheeses made with mixed
milk cheese either buffalo-cow or buffalo-goat milk
mixtures were ranked according to the proportion of
one milk into the other. The processed cheeses
eontaining higher progortions of buffalo milk . ..
obtained scores similar to that of pure buffalo milk
processed cheeses, The processed cheeses with
increasing proportion of either cow or goat milk
scored more and more with the increased proportion
of either of the wilk in buffalo milk, No difference
was observed for the processed cheeses containing
similar proportion of either cow or goat milk.

The results obtained with these limited
trials on the manufacturing of.processed cheeses

indicated that the mixed milk cheeses can be
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utilized for the purpose without any major difficulty.

However, large scale trials with different blends

would be necessary to confirm the results.

Table 24 : Organoleptic quality of processed cheese
made from different milk systens.

(Average of 3 trials)

Tvpe of cheese __Attribute

Buffalo milk Flavour  Body Colour e
content (%) and Criticism

texture

Buffalo-cow milk mixtures
100 38.5 25.5 8 Mild flavour,

tough body

90 38.5 25,5 9 Mild flavour,
tough bedy

75 38.8 26.0 9 S1lightly mild

, flavour

50 41.3 275, 9 Normal

25 _ 42.0 28,5 9 HNHormal

10 43,3 29.2 9 Normal

0 43.5 29,5 9 Normal

Buffalo-goat milk mixXtures

190 38.7 2546 9 Mild flavour
™ 39,1 25.9 9 Normal
50 41.5 27.6 9 Normal
25 42,5 28.4 9 Normal
10 43,4 29.3 9 Normal
0 43.5 29.5 9 Normal
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5.6 DISCUSS TON

The major portion of the milk received by
the organised sector of daﬂyindustry in this country
is of buffalo milk. However, many timesamall poriions
¢f cow or goat milks are also mixed with this. The
technology of cheddar cheese preparation from cow
milk has been well established since long (Davis,1965:
Kosikowski,1966). Attempts have also been made to
manufacture cheddar cheese from pure buffalo milk
(Czuiak, 1964; Godbersen, 1964; Burde and Srinivasan,
1967), This study attempted to observe the effect
of using mixed milks (buffalo-cow and buffalo-goat)
for cheddar cheese, This in#estigation further aimed
to establish suitable technology of cheddar cheese
manufacture with various milk mixtures,

Since no method was available for the
manufacture of cheddar cheese from goat milk, development
of technique for this milk had to be undertaken as
the first step., One of the most encouraging outcome
of this work has been the development of a
manufacturing technique for cheddar cheese from
pure goat milk, The cheeses prepared from goat milk
by the technique developed were very much similar

to those prepared from cow milk. These resembled
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very clogely cow milk cheddar in terms of the curing
behaviour and organoleptic qualities,

Oneof the distinct characteristics of goat
milk cheeses appeared to be related to its lipid
systemu, Due to the low melting point of goat milk
fat, the appearance of oilyness on the cheese surface
at room temperature may become a cause of concern.
However, the presence of large number of small
diameter fat globules (Jenness, 1980) appears to
be very conducive to lipolytic changes essential
for the development of typical flavour of cheddar
cheese (Harper, 1959; Lawrence, 1967; Ohren and
Tuckey, 1969),

Although it was apprehended that goat milk
fat being higher in capriec and caproic acids, might
be associated with a "tangy" flavour defect, However,
upto a 12 months curing period no such flavour defect
was observed in goat milk cheeses,

In India approximately 3 per cent of the
total milk .production is obtained from goats, The
large quantity of this milk is produced by the nomadic
tribes, This milk either left unsold or fetches very
less price, On the basis of this investigation it
should now be possible to develop cheddar type cheese

from goat milk on a ccmmercial scale. This will be
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particularly suitable under Indian conditions where,
mild flavoured cheese varieties appear to be more
popular.

Although there has been some work on cheese
meking using & mixture of cow and goat milks (Delforno,
1977}, no attempts were made in this study to use
fuch a mizxed milk system for cheddar cheese making.
On the basis of curing behaviour and organocleptic
properties of cow and goat milk chedlar cheeses very
little difficulty would be anticipated in preparing
cheese from a mixture of cow and goat milks, However,
this can only be confirmed on the basis of additional
experimentation.

The manufacture of cheddar cheese involvesa
the formation of a desirable coagulum, controlled
expulsion of moisture from it, and curing under
suitable conditions of temperatures and humidity.
Coagulum formmtion and the moisture expulsion can
be controlled by bringing some modifications in the
manufacturing process, However, the curing depends
largely upon the type of milk, coagulating enzyme,
and the microflora existing in the cheese mass, The
final quality of cheese depends upon the various
chemical, physico-chemical, and biochemical changes

which occur during ripening. The processes can also
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be influenced by bringing gome changes in the
manufacturing procedures, This basic approach was
used in this study to develop suitable techniques of
cheddar cheese manufacture for the various milk
mixtures containing various proportions of cow,
buffalo, and goat milks.

Some other workers had used the 1:1 proportion
of buffalo—cbw mixed milk for cheddar cheese
manufacture (Nejim, 1959; Nofal ¢% al., 1977).
However, these workers made cheddar cheese according
to the cow milk procedure, using skim milk powder
for increasing the T.S8. level of the mixed nilk.

Our study revealed that the cheddar cheese manufacturing
nmethods applicable to pure cow or buffalo milk systems
can not be applied as such to the mixed milk systems.
The investigation has demonstrated that the problem
of manufaecturing cheddar cheese from mixed milks

can be handled in a relatively simple manner. The
bagic guide lines should be to use modified
manufacturing technique (sec. 5.3.3.3) for mixed

milk systems where buffalo milk is the major portion
i.€e upto a level of 50 per cent or higher. The

study has also indicated that the manufacturing
methods applicable for pure cow (Kosikowski, 1966)

and goat milk systems (see. 5.3.2) appears to be
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satisfactory for the remaining mixed milk systems
where the proportion of buffalo milk is less than
25 per cent.

The blending of buffalo-cow, buffalo-goat
milks indicated that although adjusted at a particular
C/F ratio (0.70 or 0.65) the blends contained different
levels of fat and casein. The resultant FIM in the
cheese also did not remain ths same., Bven-though,
the blends with higher proportion of buffalo milk had
the higher initial values of fat, these contained low
FIM in the final product, This indicated higher fat
losses in blends with more proportion of buffalo milk.

Czudsk (1964) method of cheddar cheese
nanufacture was chosen as standard for buffalo milk
on the basis of the published work. However, the
product obtained was not of satisfactory quality.

The modified method for mixtures showed considerable
improvements in the analytical parameters, various
reaction rates measuring ripening, and ultimately
the quality of ripened cheese, It will, therefore,

be worth to apply these modifications to pure buffalo
milk system also. The problems such as lower moisture
retention, higher pH values, higher S/M and slow
ripening in buffalo milk cheeses could possibly be

overcome by the modified procedure,
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The buffalo milk cheeses and the products
containing higher proportion of buffalo milk in the
blends exhibited a typical pH increase during ripening.
The pH in chesse systems increased upto the 10th month
age and then a sudden drop was noticed. The reason for
this was not ~ . explored during this study. The
microbial activity was gererally at the lowest levels
in the buffalo milk systems. The growth of lipolytic
organisms in goat wmilk cheeses was similar to that
for buffalo milk cheeses, The starters generally proven
useful for cow milk systems, have been used in all
the different milks used in these studies, Some
starter organisms may not act similarly in different
milk systems. This ¢ould be one of the factors
contributing to the low mimrobial activity. Performanee
of various starters requires to be tested for use

with buffalo and geat milk systems.and for their blends.

In the curd forming studies also the blends
exhibited properties more similar to the system to
whieh they were closer, As had been seen, the RCT
of cow milk was highest and that of goat milk the
lowest, Buffalo milk had the RCT slightly higher than
the goat milk, Aas fhe proportion ¢f one milk into
the other (either cow or goat milk in buffalo) increased
or decreased the RCT followed the increasing or
decreasing pattern for a particular milk. Remnet

clotting time could form the basis of determining typPecfmilk.
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SUMMARY

1. In India, major portion of the milk collected
by the organised dairy scctor is of buffalo milk. At
times small guantities of cow and goat milks are

also mixed with buffalo milk.

2. - Experiences with cheddar cheese, a variety of
hard cheese popular in India, made from cow and buffalo
milk had indicated that manufacturing steps recormended
for one nilk system are not applicable to the other,
becguse of the compositional differences between the
milk systems. The technology for manufacturing cheddar
cheese from mixed milk is not available., The studies
were ,therefore, taken up to develop suitable
manufacturing procedure for buffalo milk admixed with

different proportions of cow or goat milks.,

e The studies were carried out in three phases,
In the first phase curd forming properties of the cow, .

buffalo, and goat milks and buffalo milk: admixtures
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with cow and goat milks were studied in terms of
clotting time, curd Strength and protein loss in

whey., In the second phase,.cheese making procedureg

for goat milk and buffalo milk admixtures with cow

and goat milks were developed. The curing characteristics
of cheeses from various milk systems were studied

in the third phase., Limited trials on suitability of
various cheeses for processed cheese making were

also undertaken.

4. The raw cow milk had the highest clotting
time (75 sec.,) followed by tuffalo wilk (41 sec.) and
goat milk (38 sec;). Pasteurization (63°C/30 min.)
slightly inereased the clotting time of“all'the milk
systems, Addition of CaCl, (8.08/100 L) to cov and
goat milks decreased the clotting time to the level of
56 and 3! seconds, respectively, The raw buffalo milk
exhibited the highest curd strength followed by raw
cow and goat milks. While the heat treatment decreascd
the curd strength, addition of Ca012 increased it.
Protein loss in whey was highest (1.08%) in buffalo
milk systems followed by cow (0.647%) and goat milks
(0.86%). addition of Gacl2 or pasteurization did not

have appreciable effect on protein loss in whey,
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Se Clotting time of buffalo and cow milk mixtures
increased with increasing proportion of cow milk in
the system. The reverse trends were observed for the
buffalo and goat milk mixtures. Buffalo milk admixtures
exhibited a decrsasing curd strength with increasing
proportion of cow and geoat milks in the system. The
protein loss in whey also decreased with increased

proportion of cow and goat milke in the system.

6, The goat milk cheese made with s tandard procedure
exhibited slow rate of acid development during
processing, lower meisture retention and dry body
and texture, .

A modified procedure involving the .
(a) adjustement of the C/F ratio to 0.65 (b) elimination
of Ca(Cl, addition (c) starter addition @ 1,25 per cent,
and (4) lowering the cooking temperature to 38°C

resulted in good gquality cheddar cheese from goat milk.

Te The cheeses made from buffalo-~cow and buffalo
goat milk admixtures by Kosikowski (1966) method (for
buffalo cow milk mixtures } and by method developed

for goat milk (for buffalo-goat milk mixtures) indicated
suitability of these methods only when the buffalo

milk admixture contained upto 25 per cent portion of

cow or goat milk in the system. Applying these methods
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to equal proportion nmixture of buffalo-cow or
buffalo-goat milks resulted in cheeses with poor

flavour and body and texture characteristics,.

8. For milk mixtures containing 50 per cent or
more buffale milk, Czulak (1964) method proved more
satisfactory in comparison to the method of Kosikowslki
(1966) or the one developed for goat milk, However,
overall quality of cheeses obtained from mixtures
containing 50 per cent or more buffalo milk was
somewhat inferior,

Pasteurigation of milk mixtures at 65°C/30 min.,
addition of 1% salt in milk prior to renneting;
addition of starter @2.5%, reducing the setting
temperature to 28°C and shortening the cooking period
to 50 min. yielde& a better quality cheddar cheese
from mixtures containing %0 per cent or more

buffalo milk.

9. During curing upto 12 months at 1000 and 75
per cent RH, the goat milk cheeses resembleé very
closely the developments in cow milk systems with
the exception of lipolytic aounts which weres lower.
Goat milk cheeses had a mild , pleasant, and well
accepted flavour and waxy, smooth and mellow body and

texture characteristics. These had the chemical and
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microbiological activities similar to the cow milk
cheeses, In terms of all indicators cf cheese ripening,
buffalo milk exhibited slowest rate of changes during
ripening. This was associated with a lower level of
woisture, a high 3/ value, and a generally low

level microbiological activities.

10. The overall effect of mixing cow or goat milk
with buffalo milk system was in terms$ of improvement in
the cuwring characteristics and the product quality of
mixed milk cheeses. The extent of improvement increased
as the proporticn of cow or goat milk increased in
buffalo milk containing systems, The organoleptic and
analytical values remained within the two extreme sets
exhibited by the buffalo milk on one hand and cow or
goat milk on the other, Incowporation of even 10 per cent
of cow or goat milk with buffalo milk had a guicker
curing effect on the mixed milk cheeses, MixXing cow or
goat milk to buffalo milk improved the moisture
retention power of the cheeses and decreased the

S/M levels in mixed milk cheeses, These cheeses had
higher proteolytic and lipolytic activities in
comparison to pure buffale milk cheeses,

1. Limited trial for processed cheese making
indicated that mixed milk cheeses can be used for

this purpose without any major difficulty.
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APPENDIX~II

Bffect of mixing cow and goat milk on the curd forming
properties of buffalo milk systems*,

(average of 3 trials)

Buffalo milk

Clotting time

Curd strength Protein loss

content in whey
(%) (min.) (g) (%)
Cow milk containing systems

100 46,66 22,80 1.09
(46.,00-47.00) {22.14=23.57) (1.06-1.12)

P 47,66 22.71 0.97

75 49,00 19.77 0.94
(48.00-50.00) (19.08-20,11) (0.90-1.02)
50 52.66 17.36 0.91
(52.00-55,00) {17.02-18,05) (0.89-0.94)

25 60.66 17.00 0.81
(59,00-62.00) (16.00-18,00) (0.80~0.82)

10 85.00 16,88 0.70
(84.00-86,00) (16.80-16,96) (0,69-0.71)

0 95.00 16.67 0.66
(94,00-96,00) {15, 99-17 02) (0,65~0.67)

Goat milk containing systems

30 47.66 22,77 1.00
(47.00-48,00) (22.17-23.20) (0. 94-1.08)

75 44,66 19.42 0.99
' (44,00-45.00)  (19.08-20.11) (0.94-7.08)

50 43.00 16.77 0.96
(42.00-44,00) (15.99-17.02} (0.94~0.97)

25 42,00 15.54 0,91

10 41.33 15.10 0.90
(41.00-42,00) (15.00-15,20) (0.89-0.91)

0 41.00 14,62 0.88

* 211 milk systems at 0.7 C/F ratio.



APPENDIX~II

Bffect of mixing cow and goat milk on the curd forming
properties of buffalo milk systems*,

(average of 3 trials)

Buffalo milk

Clotting time

Curd strength Protein loss

content in whey
(%) (min.) (g) (%)
Cow milk containing systems

100 46,66 22,80 1.09
(46.,00-47.00) {22.14=23.57) (1.06-1.12)

P 47,66 22.71 0.97

75 49,00 19.77 0.94
(48.00-50.00) (19.08-20,11) (0.90-1.02)
50 52.66 17.36 0.91
(52.00-55,00) {17.02-18,05) (0.89-0.94)

25 60.66 17.00 0.81
(59,00-62.00) (16.00-18,00) (0.80~0.82)

10 85.00 16,88 0.70
(84.00-86,00) (16.80-16,96) (0,69-0.71)

0 95.00 16.67 0.66
(94,00-96,00) {15, 99-17 02) (0,65~0.67)

Goat milk containing systems

30 47.66 22,77 1.00
(47.00-48,00) (22.17-23.20) (0. 94-1.08)

75 44,66 19.42 0.99
' (44,00-45.00)  (19.08-20.11) (0.94-7.08)

50 43.00 16.77 0.96
(42.00-44,00) (15.99-17.02} (0.94~0.97)

25 42,00 15.54 0,91

10 41.33 15.10 0.90
(41.00-42,00) (15.00-15,20) (0.89-0.91)

0 41.00 14,62 0.88

* 211 milk systems at 0.7 C/F ratio.



APPENDIX-~-TII
Cheddar cheese making trials with cow and goat milks,

Particulars o . Milk systems

Tow? Goat! Goat<

Quantity of milk(ke) 110 110 115
C/F ratio 0.7 0.7 0.65
Pasteurization temp./
time{°C/min.) 63/30 63/30 63/30
Acidity of milk(#LAa) 0.162 0.135 0.135
Setting temp.{°C) 30 30 30
Quantity of CaCl,(g) 8.8 8.8 -
Starter addition{%) 1.0 1.0 1.25
Colour {(ml) - - 55
Ripening tTme {min.)} 45 70 45
Quantity of rennet(g) 2.75 2,75 2.875
Renneting acidity(%LA) 0,180 0.153 0.153
Setting time (min.) 30 30 30
Whey acidity at
cutting(%L4 0.108 0,090 0.10
Maximum cooking )
temp.(°C) 39 39 38
%3Ig%)000klng time 60 60 60
Draining whey
acidity (%La) 0.126. 0,108 0.126
Fat loss in whey(%) 0.30 0.20 0.20
Protein loss in whey(%) 0.66 0.88 0.87
TS in whey(%) 6.45 6.74 6.69
Cheddaring time{min.) 180 210 180
Milling acidity(%LA)  0.49 0.47 0.495
Quantity of green
curd(lkg) 13.10 12.60 12.40
Rate cof salt addition -
(%) 3 3 3
Mellowing time{min.) 15 - 15 15
0 day yield/100k - - _
milk(kg 9.3 9.7 9.7

day yield on 18 |
asis(ky) 5.71 5.86 5«95
Remarks Normal Slow acid Normal

development

1. Kosikowski ({1968) method
2. Experimental.



APPENDIX -IV

Cheese making trials with buffalo cow milk mixtures
containing upto 50 per cent cow milk¥®,

Particulars Proportion of cow milk in the
mixture (%) -
100 90 13 50
Quantity of milk(lg) 110 400 100 90
¢/F ratio 0.7 07 0.7 0.7
Pasteurization temp./time .
(°0/min.) 63/3% 63/30 63/30 63/30
Acidity of milk{%LA4) 0.162 0.153 0,162 04153
Setting temp.(°C) 30 30 30 30
Quantity of GaClz(g) 8.8 - - -
Starter addition(#) 1.0 1.0 1,0 1.0
Colour(ml) - 23 28 35
Ripening time(min,) 45 45 45 70
Quantity of remnet(g) 2.5 2.50 2,50 2¢25
Renneting acidity(%L4) - 0.180 0.170 0,180 0.170
Setting time{min.) .30 30 30 30
Whey acidity at cutting(#Li) 0,108 0.108 0,117 0.117
Maximum cooking temp.(°C) 39 39 39 39
Total mooking time(min,) 60 60 60 60
Draining whey acidity(%LA) 0.126 0.126 0.135 0.135
Fat loss in whey(%) 0.25 0.25 0.25 0.30
Protein loss in whey(%) 0.67 0.82 0,92 0.89
TS in vhey(%) 6.47 6.77 6,96 7.18
Cheddaring time{min) 180 180 180 210
Milling acidity(%L4) 0.490 0.500 0,495 0.470
Quantity of green curd(k) 13.10 12.20 12.40 12,90
Rate of salt addition(%) 3 3 3 3
Mellowing time(min.) 15 15 15 15
0 day yield/100kg milk{kg) 9.3 10.4 10.8 10.8
0 day yield on TS basis(lg) 5072 6.39 6,64 6.70
Remarks Normal Normal Normal Slow
acid deve
elopment,
poor chee-
daring,

* Kosikowski (1966) method,



APPENDIX -V

Cheese making trials with buffalo goat milk mixtures
containing upto 50 per cent goat milk*.

Particulars Proportion of goat milk in the
mixture .
0.8] 90 b 50
Quantity of milk{lkg) 115 100 100 90
C/F ratio 0.65 0.65 0.67 0,67
Pasteurization temp./time ‘
(oC/min.) 63/30 63/30 63/30 63/30
Acidity of milk(%LA) 0.135 Ce135 04144 0,153
Setting temp,.(°C) 20 30 30 30
Starter addition(%) 1.25 1.25 1.25 1.25
Colour{ml) 55 50 50 45
Ripening time(min.) | 45 45 45 70
Quantity of rennet(g) 2.875 2,5 245 2.25
Renne ting acidity (#LA) 0.153  0.153 0.162 0,170
Setting time(min,) 30 30 30 30
Whey acidity at cutting(#LA) 0.10 0.10 0.0 0.117
Maximum cooking temp,(°C) 38 38 38 38
Total cooking time(min.) 60 60 60 60
Draining whey acidity(%L4) 0,126 0.126 0.126 0.135
Fat loss in whey(%) 0.20 0.20 0420 0430
Protein loss in whey(%) 0.88 0.79 0,91  0.96
TS in whey(%) 6,70 6.58 6,81 7.24
Cheddaring ti’ .i(min.) 180 180 180 210
Milling acidity(%L4) 0.495 0.495 0.495 0.470
Quantity of green ¢ rd(k) t2.40 11.80 13,00 12,50
Rate of salt addition(%) 3 3 3 3
Mellowing time(min.) 15 15 15 15
0 day yield/100k milk (kg) 9.7 9,6 1.0 11.6
0 day yield on I8 basis(ig) 5.89  5.84 6.67 7.03
Remarks Normal Normal Normal Slow acid
- develop-
ment,poor
cheddaris
ng.

* As per method developed in Sec. 5.3.2.



APPENDIX-VI
Cheese making trials with buffalo cow milk mixtures

containing 50 per cent or more buffalo milk¥*.

Particulars

g

Proportion of cow milk in the

Quantity of milk(lg)
G/F ratio

Pasteurization temp./tinme
(°C/min,)

Acidity of milk(%LA)
Setting temp.(°C)
Starter addition(%)
Colour(ml)

Quantity of remnet{g)
Renneting acidity(%LA4)
Setting time(nmin.)

Whey acidity at cutting(%LA)

Maximum cooking temp,(9¢)

Time interval between cutting
and half whey draining(min.) 50

Quantity of saltig)

Total cooking time{min.}
Draining whey acidity(¥LA)
Fat loss in whey(%)
Protein loss in whey (%)

TS in whey (%)

Cheddaring time(min.)
Milling acidity(%#L4)
Quantity of green curd(ly)
Rate of salt addition(%)
Mellowing time(min.)

0 day yileld/100k milk(ig)

O day yield on TS basis(kg)
Remarks

'Egéigze(%Jio 0
90 90 90 30
Ou7 Ou7 0s7 0.7
63/30 63/30 63/30 83/30
0.153 0.162 0.162 0.160
30 30 30 30
1.5 1.5 1.5 145
35 38 40 45
2.25 2,25 2.25 2.25
0.153 0.162 0.162 0.160
30 30 30 30
0.108 0.108 0.117 0.108
37.8 37.8 37.8 37.8
50 50 20
900 900 900 300
70 70 70 70
0.126 0.126 0,137 0.126
0.30 0,30 0.30 0.30
0,88 0.9 0,95  1.08
Te54 T.77 8.20 8.44
220 220 230 - 240
0.47 0.47 = 0.47 - 0.47
12,5 13.3 12,9 13.10
2 2 2 2
15 15 15 15
10.9 11.8 12,0 12.5
6.76 Te32 Ted4 7475

Slow acid development and
poor cheddaring in all the
systems.

* Czulak {1964) method,



APPENDIX-VII

cheess making trials with buffalo goat milk mixtures
containing 50 per cent or more buffalo milk¥*,

Particulars Proportion of goat milk in the

. mixture(%)

50 22 0
Quantity of milk(kg) 90 90 90 90
C/F ratio 0.7 0.7 0.7 0.7
Pasteurization temp./time '
(eC/min.) 63/30 63/30 63/30 63/30
Acidity of milk(%L4a) 0.153 0.162 0,162 0,160
Setting temp.(°C) 30, 30 30 30
Starter addition(%) 1.5 1.5 1.5 1.5
Colour{ml) 45 45 45 45
Quantity of remmnet(g) 2.25 2,25 2,2% 2.25
Renneting acidity(%LA) 0.153 0.162 0.162 0.160
Setting time(min.) 30 30 30 30
Whey acidity at cutting(%La) 0.108 0.108 0.117 0.108
Maximam cooking temp.(°C) 37.8 37.8 37.8 37.8
Time interval between cutting
and half whey draining(min.) 50 50 50 50
Quantity of salt(g) 900 900 900 900
Total cooking time(min.) 70 70 70 70
Drainipng whey acidity(%LA) 0.126 0.126 0,137 0.126
Fat loss in whey(%) 0430 0.30 0,30 0.30
Protein 1loss in whey(%) 0.91% 0.9 0,98 1.05
TS in whey (%) 7.20 7.69 8.12 8.35
Cheddaring time(min,) 220 220 230 240
Milling acidity(%LA4) 0.47 047 0447 0447
Quantity of green curd(ig) 12.4 13,2  13.1 13.10
Rate of salt addition(%) 2 2 2 2
Mellowing time(min.) 15 15 15 15
0 day yield/100kg milk{lg) 10.7 11,6 12,2 12,5
Q0 day yield on T8 basis(kg) 6.73 7:30 7.68  7.87

Remarks

Slow acid development and
poor cheddaring in all the
system.,

* Qzulak (1964) method.



APPENDIX-VIII

Cheese making trails with buffalo-cow milk mixtures
containing 50 per cent or more buffalo milk¥*,

Particulars Proportion of cow milk in the
- mixture (%)

hQ L2 .10
Quantity of milk(lg) 90 90 90
6/F ratio 0.7 0.7 0.7
Pasteurization temp./time
(°C/min.) 65/30 65/30 65/30
Acidity of milk(ALA) 0.153 0.162 0,153
Setting temp.(°C) 28 28 28
Quantity of salt in milk(g) 900 900 300
Starter addition(%) 2.5 2.5 2.5
Colour(ml) 35 38 40
Quantity of remnet(g) 2.25 2.25 2.25
Renneting acidity(%LA) 0.153 0.162 0.153
Setting time(min,) 70 65 65
Whey acidity at cutting(#La) 0.126 0.126 0.126
Maximum cooking temp.(°(Y 37 37 37
Total cooking time(min,)’ 50 50 50
Draining whey acidity(#LA) 0.144 0.144 0.144
Fat loss in whey(%) 0.50 0.50 0.50
Protein loss in whey(%) Q,91 0.94 0,98
78 in whey(%) 8.21 8453 8,69
Cheddaring time(min,) 180 180 180
Milling acidity(%L4) 0.50 0.50 0.50
Quantity of green curd(lkg) 11.70 12,80 12.50
Rate of salt addition(®) 2 2 2
Mellowing time{min.) 15 15 15
0 day yield/1qg@ milk{kg) 10.93 11448 11.96
Q0 day yield on T8 basis(i) 6,70 7.09 Te44

Remarks Normal Normal Normal

* As per method developed in Sec. 5.3.3.3.



APPENDIX ~IX

Cheese making triels with buffalo goat milk mizxtijres
econtaining 50 per cent or more buffalo milk.*

Particulars Proportion of goat milk in the
- mixture(%)

25 10
Quantity of miik(kg) S0 90 90
C/F ratio 0.67 0.68 0.69
Pasteurization temp./
time(°C/min,) 65/30 65/30  65/30
Acidity of milk(%LA) 0.162 0.1  0.170
Setting temp.(°C) 28 28 28
Quantity of salt in milk(g) 900 300 900
Starter addition(%) 2.5 2.5 2.5
Colour{ml) 45 45 45
Quantity of rennet(g) 2.25 2.25 2,25
Renneting acidity(%LA) 0.162 0.1 0.170
Setting time(min.) 60 60 65
Whey acidity at cutting(%LA) 0.126 0.126 0.126
Maximum cocking temp.{°C) 37 37 37
Total cooking time(min,) 50 50 50
Draining whey acidity(%LA) 0.144 0.144 0.144
Fat loss in whey(%) 0450 0,50 0450
Protein loss in whey(%) 0.96 0.97 0.96
TS in whey(%) 8.68 8.63 8.74
Cheddaring time{min.) 180 180 180
Milling acidity(%LA) - 0.495 0.495 0.504
Quentity of green curd(k) 13,20 12,60 12,80
Kate of salt addition(%) 2 2 2
Mellowing time{min,) i5 15 15
0 day yield/100k milk(kg) 11.50 11,80 12,10
0 day yield on TS basis(k) 7.05 7.29 Te53
Remarks Normal Normal ©Nomal

* As per method developed in Sec.5.3.3.3.



APPENDIX-X
Organoleptic evaluation of cheeses during ripening.

(a) Flavour(maximum score:45)

ﬁ;lk r . EipsnigssgeslgéLgeg%ﬁﬁ) v
Pure milk systems

Cow 38.6 40 41,4 42,3 43,4
(38.5-38.8)(40.3 -40 6)(41, 2-41 .8) (42.1=42,5) (43.2243.6)

Buffalo 34,3 35. 36. 377 38.9
(34.1=34.6)(35. 2—35 4)(36. 4—36 5) (374737 48) (3848=39.1)

Goat 38,5 39,7 41.0 4241 43,2
(38,5~3846) (39.7~39.8) (41.0~41 .0) (41 ,9-42, 2)(43. 22433)

BM:CM Mixed buffale cow milk systems

90:10 34,5 3547 36.9 38,0 39,1

(34.4-34,6)(35. 6-35 8)(36.9 35 9)(38.0-38.1)(39.0~39.2)

75: 25 35,2 36. 37.2 38.5 39,5
(35. 2238.3)(56. 2-36 43 {37.1=37. 3)(38. 5-38,6)(39. 5-396)

50: 50 36,7 37.8 39.9 0.9 42.2
(364 7=36.8)(37. 8-37 9)(39.9-40,0) ( 40. 8-41.0)(42 2-424)

25: 75 37.8 38, 40 .0 4143 42,8
: (37.6-37.9) (38, 7-39 0) (40, 0-40 1)(41. 3-41 5)(42,8-429)

10: 90 38,3 39, 0.9 42. 43.1
(38.2-38.4)(39. 9—39.9)(40.7-41.0)(42 0-42.1)(43-0-43d)

BM:GM Mixed buffalo goat milk systems

90:10 34,7 35.7 36.8 37.9 38,9
(34¢7=34.7) (35 7=35.7) (36.T=36.8) {37, 9—38.0)(38.9—38.9)

75: 25 35,2 36,2 37.1 38,4 39.4
(35.2=35.2)(36. 1-36 2)(37.0-37.2) (38,3~ 38 43(39,4~395)

50: 50 36.6 37. 39.8 40. 42,0
(36.5-36.7)(37.5 37 8)(39.8~39.9) (40, 7-40 8) (41,9-42.0)

25: 75 38 2 39,5 40.7 41 1 42.8
| (38.2-38,2) (39.5~39.5) (40.7=20.7) (41 e1-41.,2) (42,7-42.9)

10:90 38.4 39.8 41, 42,0 43,0
(38,3-38.4)(39.8~39, 9)(41.0-41.05(41 9-42.0)(43.0-43%1)

BM-buffalo milk; CM-cow milk; GM-goat milk,
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{b) Flavour intensity{(maximum score:9)

Milk Ripening period(months)
system 4 3 8 = L'QQ‘TO 12
Pure nilk systems
Cow 086 084 79 7 5
(3, 75—3 95)(5. aa-s 85) (6.78=6.80) (7. 65-7 70) (8450-8.67)
Buffalo 0.00 47 2,22 3 .26 5.41
(0.00~0.00) (1. 42-1 50)(2.,15-2,35)(3.24=-3. 30)(5 35 5450)
Goat 3,86 571 6.66 7.6 8.40
(3. 85-3 87)(5.,69-5,75)(6.60-6.79)(7. 60-7.68)(8 35-8 45)
BM:CM Mixed bu:ffalo cow milk systems
90: 10 0.00 1.79 2,63 3.5 5,81
(0,00-0,00) (1,75~1.82)(2,54-2.69) (3.49-3, 54)(5 75-5.89)
75:25 1.05 2.24 34 TT 4,30 5493

(1.00 1.15)(2,22-2, 25)(3 69 3.87) (4. 25~4 35)(5.90-5, 95)

50: 50 2,54 3,6 4,92 97 7.5
(2.5o~2,58)(3.65—3.70)(4.90-4.95)(5.95-5.98)(7.50-7.55)

25: 75 3.50 4,93 5.94 6.61 7,90
(3.445-3.55){4.,90-4.95)(5.90-5,98) (6.59-6.65) (7. 85 7.95)

10: 90 3.78 5.1 6.67 T.53 19
(3.75-3.80) (5. 69—5 74)(6.65~6469) (7.50~7.55) (8. 15-8 22)

BM:GM Mixed buffalp goat milk systems

90:10 0.00 79 63 5.8
(0,00-0,00) (1. 75- 81)(2. 61-2 65) (3. 58—3.60)(5 81-5.83)

75:25 1.12 2.28 3.79 4,37 5.98
(1.00~1,20)(2,25=2,30)(3.71=3.85)(4:23=4.45) (5,956, oo)

50250 2,57 3.69. 4,94 6,03 Te5
(2.54-2, 51)(3 68-3.71)(4.90-4.97)(5. 95—6 15)(7.55~7, 60)

25:75 346 4.95 5.94 6.75 793
(3060‘3065)(4093_4098)(5091“5097)(6.71“6.80)(7090'7'95)

10390 3081 5.65 6.71 7052 8.12

{3.80-3.82)(5.63-5.67)(6.70-6.74)(7.50-7.55)(8.,10-8.15)

BM-buffalo milk; Cli—cow milk; GM-goat milk,



APPENDIX~-X

(¢} Body and texture(maximum score:30)

Milk %1pegigg period{months)
system 4 ; 8 10 | T2
Pure milk systems
Cow 25.1 26.2 Te3 28,2 29,2
(25,1225,2)(26.,1-26.2)(27. 3-27 3)(28., 2—28.2)(29 0-29.3)
Buffalo 20.3 o2 243 23.4 25.5
(20.2-20.4)(21. 2-21 2)(22. 3-22 3){(23.4-23.4)(25.,4-25.5)
Goat 25.1 26, 27.3. 28.1 29,2
(25 0-25.1) (26, 1-26 2)(27.3-27.3) (28, 1-28.2)(29. 0=29,3)
BM:CM Mixed buffalo cow milk systems
90:10 0.6 22.9 25.9
(20. 6-20 7)(21, 7-21.9)(22 8-22.9)(23. 9-24.0)(25 9-26,0)
75325 21,2 2.3 2%.6 25,0 26,1
(21, 2-21, 3)(22, 3-22 4){23, -23 6)(24.9-25.0)(26 1-26 1)

(23.7-23 8) (24.4~24.5)(25. 5-25 6) (26.4-26.5)(27 . 5-27 5)

25: 175 24,3 25,5 ° 26 .5 27.7 28.4
(24.2~24.4)(25.4-25,5) (26, 5-26 6)(27.6-27.7)(28.4-28.5)

10:90 24.9 25.9 .9 2%.8 28,9
(24,.,8~24,9)(25,8-25.9)(26, 9-27 0){(27.7=27.8)(28.8-29,1)

BM:GM Mixed buffalo goat milk systems

90:;10 20.5 21,5 22.7 23,8 25,8
(20.5-20.6) (21, 5-21.5)(22 6-22.7)(23.7-24.0)(25,7-25,9)

T5: 25 21.2 22,2 23,3 24, 8 . 26,0
(21, 2-21.2)(22.2-22, 3)(23.1-23.5)(24.7-24.9) (26 ,0-26.1)

50: 50 23.7 24,4 25.5 2644 274

(23.7-23.8)(24.4-24.5)(25.5-25.5)(26.4-26.4)(27.4-27.4)

25375 24,3 25,4 26.4 27.5 28,6
(24.3-24,3) (25, 3-25 4)(26.4-26,4)(27.5~27.5)(28.5-28.6)

10: 90 24 .8 26,8 27.9 28,8
(24, 8-24.8)(25.8 25 9) (26.,8-26.9)(27,8-27.9) (28.8+28.8)

BM-buffalo milk; CM-cow milk; GM-goat millk,



APPENDIX X

(d) Colour (maximum score:10)

Milk Ripening period(months)

BYys tem 4 6 8 10 12

Fure milk systems

Cow 9,00 9.30 9,00 9.00  9.00
Buffalo 8,50 8,50 8.50 8450 8.50
Goat .00 9.00 9.00 9.00 9.00
BM:CM Mixed buffalo cow milk systems

g0:10 9.00 2.00 9.00 9.00 9.00
75:25 9.00 9.00 9.00 9,00 9.00
50: 50 9.00 9.00 9.00 9,00 9.00
25:75 9.00 9.00 9.00 9.00 9.00
10: 90 9.00 3.00 9.00 9.00  9.00
BM:GM Mixed buffalo goat milklsystems

90:10 9.00 9.00 9.00 2.00 9.00
75: 25 9,00 9.00 9.00 9.00 9.00
50:50 9.00 9.00 9.00 9.00 9.00
25: 75 9.00 9.00 9.00 9.00 9.00

10:90 9.00 9.00 2.00 9.00 9.00

BM~buffaln miik; CM~cow milk; GM~goat milk.



APPENDIX-XI

Microbial changes in cheddar cheese during ripening.

Ripening Pure ;lk systems __BM:CM Mixtures BM:GM Mixtures

eriod M M 90: 10 75:25 50:50 25: 75 103 90 90:10 75:25 50:50 25:75 10:9(
Zmonths)
a. WEQ_UN_@LLEJ
4 495 355 430 360 355 360 360 410 345 350 370 355 385
6 335 . 200 265 215 217 230 235 275 245 255 260 272 282
9 85.0 19.5 57.5 = 21.0 21.5 23.5 23.0 37.5 25.0 20.5 23.5 25.0 24.0
12 65.0 4.0 40,0 5.0 545 7.5 6.0 5.0 7.0 6.5 8.5 55  Ta5
b, LACTIC_COUNT ( x 10°)
4 400 300 360 300 310 320 355 350 300 320 320 320 365
6 170 130 155 135 135 . 140 147 160 120 125 132 137 145
9 Te5 55 Te5 545 5¢5 De5 TS5 .5 6.5 7.0 Te5  Tu5 Te5
12 6.0 3.5 6.0 2.0 2.0 3.0 5.0 5.0 4.0 4.0 4.0 5.0 5.5
c. LIPOLYTIC COUNT( x 10?%
4 6.0 4.0 4.5 3.0 3.0 3.0 2.5 3.5 3.0 3 3.5 3.0 4.0
6 3.5 3.0 3.5 2.5 2.5 3.0 4.5 3.5 3.0 240 3.0 3.5 3.5
9 4.5 3.0 4.0 3.0 2.5 3.0 3.0 25 2.0 3.5 2.5 3.0 2.5
12 3.5 2.5 3a5 2.5 2.5 2.0 2.5 3.0 245 340 3.0 345 3.0
d, PROTEQLYTIC COUNT( x 10%)
4 28.0 16,5 26,5  17.5 20.5 20.0 28.5 25.0 19.5 21.5 23.5 23,5 27.0
6 17.5 13,0 16,0 14,0 15.5 15.5 12,5 15,5 12,5 13.5 14,5 14,5 15.5
9 17.5 13,5 17.5 14,0 15.0 15,5 17.0 17.0 13.5 14.0 14.0 15.0 15.5
12 12,5 8.5  13.5 9.5 10.0 10.5 11.5 12,0 8.5 11.0 12.5 12.0 12.5

BM-buffalo milk; CM-cow milk; GM-goat milk,



