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INTRODUCTION
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Cheese i8 a concentrated fermented dairy product. The
quality of the cheese will mainly depend upon the starter culture,
the type of precipitation by rennin action and the type of ripenming,
In fresh Cheddar cheese, about 3.2 fat of the milk is raised to 32%
fat and about 2,3 protein to 237 and the water solulle compounds
leak out with the whey. As a result lactose, soluble protein and
water solutle salts are found in very low proportions than in
original milk,

The fementation pattern in Cheddar cheese is imitiated with
the inoculated starter bacteria and renmin coagulated milk curd,
The development of lactic acid from lactose by streptococcd mtarts
early in the curd during cheddaring. During cheddaring the curd
blocks are piled and repiled over a prolonged period and the
gradual increase in the lactic acid production strip the calcium from
the relatively inert dicalcium para~casein and transfom into
mono-calecium paracasein and free paracasein giving plastic
preoperties to the resulting cheese. At salting, the peak acidity
is reached and the lactic acid fermentation is mostly =topped,

The resultant curd has sufficient substrate for enzyme action
leading to proper flavour and texture develorment during ripening
for 4 to 12 monthe at 2,2° to 15.6°C at B5% relative humidity.



The quality of milk and ekim milk, bacterial starter inoculum,
the type of renmin, the standardized cheddaring time-table, miilking,
salting, and pressing influence the initial coagulation, acid
development and texture of the fresh cheese and the hardeming,
waxing and the period, temperature and humidity during ripeming
influence the microtial and ensymic changes of the resultanmt
Cheddar cheese itas composition and quality,

The milk clotting enzyme, rennet is almost umiversally
employed for the production of different varieties of cheeses,
although pepsin and & coomercial animal rennet under the trade
name of 'Metroclot' have also been employed. The animal rennet is
derived from the abomasum of young suckling calves, which are
sacrificed for ’ﬁu extraction of the enzyme. Attempts have also
been made to find a suitable substitute for amimal rennet., Some
of the factors that have prompted investigations on this subject
are the non-acceptability of cheese made with animal rennet to
the vegetarian populations in certain countries like India ard
Isreal, its accute shortage in traditional rennet- producing
countries, and monavailability of material at competitive

. prices, lence, there is considerable scope for the development
of a suitable remnet substitute of non-animal origin (plants or
microorgamiens). The chief plant materials which have been
1nvuﬁgntd for this purpose include Pigcus cariea, Carica papaya,
ditharda cosgulans, pumpkin ete. Microorgamisms that have been
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investigated for this pumpose includes ; i) Bacteria : Bacillus
subtilis K-26, K=12, etec., 1i) Mold : Absidis ramosa, Endothia

parasitica, Mucor pusillus Lindt, Mucor miehel, Fhisopus oligosporus,
ote. A few commercial preparations derived from microbial sources

are nov available to a limited extent for use in the production of
cheese, Although these preparations ecanmot be claimed to be
entirely satisfactory, they can, to a considerable extent replace
the calf rennet,

In the imitial stages of mamufacture of all kinds of cheeses,
lactic acid formation by starter bacteria is essential., The type of
orgarisms used in the starter is determmined mainly by the heat
treatment given to the curd during mamufacture., If the curd is
heated (cooked) only upto 38% or slightly higher, as in Cheddar
cheese, S. lagiis or S. gcremoris is used. The culture may consist
of single strain, but more often it contains several strains of one
or the other species. The main function of a starter is to produce
acid at a steady rate from the moment it is added to cheese milk,
continuously through the entire cheese making procees and a short
time aftervards until the accumulated acid, lactate ion and salt
prevent further growth of starter organisms,

The number and types of microorgamisms vary to some extent
at different stages of cheese manufacture. The lactic acid bacteria
gTov vell wto the beginming of ripening and are observed in billions/g



gheene in the Ainitial etagen of ripemng., AlVhough rapid
mwultiplication ocours in the press, the highest bacterial onunt

is observed indtially during 2 to 5 days of ripering, 1In Cheddar
cheese the predominant flora is Streptogogcus Jacids forming abtout
99% of the total, This decresses after 5 days. The gmwth of
lactobacilli in Cheddar cheese mostly occur after ecomplete
utilisation of lactonse, However, both streptococd and lactobacilli
have sigrmificant role %o play during ripering. 7The decrease in
pepulation of microorgardisms during ripemins is due to autolysis
of cells, This autolysis helps in the release of inmtracellular
enzymes associated with proteolytiec, lipolytic and btody textural
changes in cheese,

Proteolysis in cheese is catalysed by proteolytic enzymes
present in cheese and results in breaskdown of casein into smaller
peptides, amino acide and amomia. Proteoclytic enzymes include
extracellular and intracell lar or membrane bound proteases from the
starter bacteria, and other bacterial enzymes,milk, coagulating
agent, yeast and nolds., Proteclysis in cheese influences flavour
since free amino acides have typical flavour characteristics and
contributes probably to the cheese flavour. Proteolysis can also
cause certain defects especially btitterness,

Hydrolysis of fat occurs due to the action of lipases

from lactiec acid bacteria and microorgamisms present in cheese.



Due to its action considerabtle amount of free fatty acids
accumulates in cheese which imparts a characteristie flavour.

Excessive hydrolysis of fat results in the development of rancid

flavour in the cheese,

Lactie¢c acid bacteria produce considerabtle amounts of
flavour components such as carbonyl compounds, nu:l.;;‘kur compounds,
ritrogenous compounds, ete., which imparts a good flavour and
aroma to the cheese. The chief flavour compounds in the cheere
include acetoin, diacetyl, acetaldehyde, methyl-ethyl ketone,
hydrogen sulphide, ammonia and free amino acids. For proper flavour

and aroma cheese starter should conmtain flavour producing bacteria

such as Streptogoecus diacetylactia, Leuconostoc etc.

Singe it has been reported that milk - clotting enzyme
from Mueor pusilius Lindt is very much close to that of traditional
calf rennet, an attempt has been made to prepare éheddar cheese

in 110 litres experimental cheese vat wvith Mucor rennet and LP
culture,

The present study includes the following aspects ;
i) Activity of LF- culture,

i1) Milk-clotting and proteolytic activities of mold rennet
(Mucor pusillus Lindt) ;



111) Changes in acldity, pH and lactic acdd bacterial coumt
during cheddaring,

iv) Mieorotlologlical changes during cheese ripeming
Non-lactic, lactic acid bacteria, yeast and mold,

proteolytic and lipolytic bacterial counts,

v) Chemi cal changes during cheese ripening
pHi, titratable acidity, moisture, fat, protein,
non~protein ritrogen, smmoria mitrogen, volatile fatty

aclds, diacetyl, proteolytic and lipolytic activities,

29000095008 9%90
2595990908
2958893
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HISTOFICAL 3

The milk of domestic mammals has formed an important part
of the food of human bedings singce prehistoric times., Since the
milk would sour rspidly in wvarmm climates, crude butter and chee=e
would have been the earliest dairy produets, It was early
recogmised that cheese making is a convemient method of converting
milk constituents into a product that keeps well, is less bulky,

of higher mutritive value and both palatable and readily digestible.

Cheese was included in the offerings of the ancient Greeks
and cheese making was a well establiched craft. The earliest efforts
at cheese making was probabtly made by the Aryans in Central Asia,
Luring the height of the Foman Bmpire, dairying and cheese making
became important industries. From the time of the Foman Fmpire until
about 1600, little advance was made in cheese making a= an industry,
Until about 18350, practically all cheese making appears to have
been made only by individuals and the covperative cheese making
becane based on the Cheddar method due to its easy making,
transportability and keeping quality (Davis, 1963),

The period of 1860 - 1880 saw the introduction of the factory
systen for cheese making. Inspite of advances in cheese making from

1600 onwards there appear to have been no sigmificant advance in cheesre



technology until 1870 when a commercial rennet was prepared by

Hansen in Demmark,

About 190), five outstanding developmente in cheese technology
took place in Britain, U.S.A. and Demmark, These were : 1) The use
of titratable acidity measurements to comtrol acidities in cheese
making 14) Imtroduction of pure starter cultures of lactic
streptococed 14i) The pasteurization of cheese milk to destroy
hamful microorganisms 4iv) Refrigerated ripening of cheece and

v) Development of processed cheese,

Little advance vas made from 1900 to 1945 with the exception
of the discovery of bacteriophage in New Zealand in 1930's as the cause
of starter failures. During the past three decades great advances
have been made and are being made in mechanmiesation of cheese making
processes and new methods of packaging in different countries
(Davis, 1976).

The inerease in milk production available for cheere
making and the concomitant decrease in the availability of calf
rennet has revived inmterest in other milk coagulating enzymes (Green,
1977). The suitabdlity of rennet substitutes of vegetable and
microtial origin for cheese manufacture has been tried (Dewane, 1960 ;
Veringa, 1961 ; Babbar et al., 1965 ; Sardinas, 1969 ; Scott, 1973 ;
Ryu 1974 ; Martens and Naudts, 1976 ; Srimivasan, 1978 and Christensen,



1979). The use of suitable lactic starter cultures is essential for
the development of body, texture and flavour characteristics of
Cheddar cheese. The starter culture characteristices and action in
cheese manufacture have been studied (Marth, 1963; “harpe, 1979;
Chepman and Shaipe, 1981). Microbiological and chemical changes
brought about during ripening of @&eddar cheese are of great
signifiecance for the organocleptic acceptance by the consumers (Marth,
1963 ; Redter and Sharpe, 1971, Sharpe, 1972; Wong 1978; Chapman and
Sharpe, 1981), The synthesis of flavour compounds in @¢heddar cheese
has aleo been reported (liiller and Jago, 1979 ; Law, 1981),

MILK CLOTTING ENZWMES

The digestive enzyme, remin, derived from the stomach of
suckling calves, lambs and goats has been used for many centuries
to coagulate milk for cheese making, Besides, attempts are being
made to prepare several milk clotting enaymes (rennet) of vegetalle
and microtdal origin for the production of satisfactory cheese,

Rennet is a very powerful milk coagulant and its effect
in cheese nmaking takes place in three phases viz,, i) an ensymie,
destabtilising phase, where the protective colloidal nmature of
K=casein is destroyed and para-K-casein is formed wvithin the casein
micells ; the change can proceed at lov temperatures and is the basis
of contimous methods of curd-making (Barridge, 1972); ii) a nron-enaymic
coagulating phase, which can proceed only at high temperature ; and
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1ii) a mainly proteolytic phase vhich takes place around pH 5.2 -
5.8 ; and includes the breakdown of the milk proteins to peptides,
This last phase is essential for cheese ripening, and the peptides
formed are utilised and further degraded by the starter cultures
(Law and Sharmpe, 1978).

Clotting and proteolvtic activities : The important factor
determining the sultability of a coagulant is the ratio of clotting
and proteolytic activities. Most substitutes are more proteclytic
than rennet relative to their clotting activity (Martens and Naudts,
1973). If the proteolytic activity is excessive, the yield of cheese
and retention of fat by the curd may be diminished (Veringa, 1961;
Ritter, 1970). Pig pepsin is exceptional in being less proteolytic
than rennet during ripeming (Green & Foster, 1974) but this also
results in textural defects and slow flavour development (Maragoudakis
ot al,, 1961 Melachouris and Tuckey, 1964), However, imbalance

of clotting and proteolytic activities can some times be corrected
by elight alteration of the mamufacturing conditioms, Clotting

may be aided by the addition of (:d??l.2 or the use of milk at a lower
pH value, and it may be possible to mamipulate factors affecting
ripening by appropriate modifications in temperature and other
technological factors during cheese making or ripening.

Comtaplpating Enzvpes :  Certain coagulants comtain enzymese
other than proteinases that may affect cheese-making or ripening
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of activity, substrate specificity and mode of action. Although
several microbial milk clotting preparations have been tried as
rennet substitutes, only few of them are produced commercially.
The crude preparations exnibdting milk clotting activities are
invariably accompanied by proteolytic ensymes,

Almost all commercial rennet preparation have been claimed
to give cheese of comparable quality. However, the yield of cheese
has been reported to be slightly lowver than the conventional cheese
made using amimal rennet, Protein losses in whey and increase in
soluble nmitrogen content during mamufacture and ripenming have been
reported vith many cheese preparations. (Kikuchi et al., 1968 a, b;
Edeleten ot al., 1969; Hulg, 1969 Kikuchi and Toyoda, 1969; Maubois . d
Mocquot, 1969, Mickelman and Fish, 1970; Sannabhadii et al., 1970;
Thomson et al., 1970; Apola et al., 1973; Srirkman and Dhdven, 1974;
Cartone and Emalon, 1974; Morvai - Taos, 197¢; Feps et al., 1974 a, b;
Stavlund and Kiermmeder, 1974; Reps ot al., 1975).

Kikuchi and Toyoda (1970) prepared Cheddar, Edam and Gouda
cheezes using microbial remnets from Bacillus polymyxa (BR) amd
Mugor pusillus Liodt (ME) and found that the curd coagulant by
ME and BR wvas a softer and more brittle at cutting than that of
calf rennet (CR), However, after eookinz no sigmificant differences
vere observed between the curds. They further found that whey in
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ME and BR vats was slightly turbid in each trial and cheese
yielde were lower than that from calf remnet.

A bitter taste was frequently found in cheeses made
wvith erystalline ensymes. There was no difference in maturity
index between MR and CR cheeses of the Cheddar type., It was
found that the bitter taste in cheeses made vith microtial rennets
wvas not due to action of contaminant pmtmu; but wvas an
inherent characteristic of those enzymes,

It has been reported that cheeses made with Mucor pusillus
Lindt ensyme are virtually identical in all respects to those
made vith calf rennet. (Kyla - Siurcla and Antila, 1970; Cartone et al.,
1974; Fya; 1974 wigley, 1974; Kavano and Arima, 1975 ; Pien, 1976),

Reps ot al,, (1979) observed that milk clotting enzymes
(Promase, Fennilase and Marme) from M, miehel had more dei=ratle
milk-clotting properties than the preparations from Mucor pusillus
and Endothia parasitica, It was also Mndff;moa prepared wvith
Mucor miehel ensymes had a comparatle good quality with that of
cheese vith calf rennet (Wigley, 1974; Carimi, 1977; Birkkjaer and
Thomsen, 1978; Reps et al., 1978), Krishnaswvamy et al., (1976)
observed slightly higher fat loss in vhey in the cheese made wvith
JEhiscopus oligosporus ensyme that of with calf rennet, Both types of
cheese developed mild flavour and aroma in 30 days without marked
differences in body and texture. Fao and Mathur (1979) reported that
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the milk clotiing enzyme prepamation from Bacillus subtilis K-26

can be usead for the mamufacture of Cheddar cheese,

Coagulating ensvmes from plants : Some of the plants studied

for coagulating ensymes include Ficus glomarata, F. religiosa and

F. garica (Krishnamurthy and Subramanyan, 1948, 1949; ihitaker,

1959 ; Zukerman et al., 1961, 1963:Krishnasvany et al., 1961),
Witharia goagulans (Kothavalla and Khubchandami, 1940; Narain and
Singh, 1942; Dastur et al., 1948), Carieca pspaya (Dastur, 1949),
Papain (Windland and Kosikowsky, 1946), Cynara cardunculus (Vieira
and Barbosa, 1970) 2nd pumpkin (Febecca and Leibowlts, 1963),
Although no detailed informmation is available in respect of the
quality of cheese prepared using these enzymes, Wt the cheese

made appear to develop titter taste in varying degrees, titterness
decreasing in 3 - 6 months (Krishnasvamy et al., 1961), Vieira

and Barbosa (1970) reported that the enzyme extract from the flowere
of Cardoon (Cynara gardungulus) is satisfactory for soft bodied
cheeses like Serra and Roquefort, although with the latter it causes
some loss in yield.

STAFTER CULTURE

Lactic acid bacteria are ured as starters in cheese
mamifacture for initially fermenting lactose to mainly lactiec acid.
The lactic starters used in cheese making normally include
streptocoeci, leucomostoes and lactobacilli, Selected strains
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of these genera are used as oonbtined cultures or as single atradn
cultures or as mixtures of single strain cultures (Holsapfel and
Kriel, 1973; Legg, 1973; Preirkyan et al., 1975; Kirov and
Chamskov, 1978; Stevic ot al., 1975 ; Mostert and Husmann, 1976;
Gruev, 1977; Butkus et al., 1978; LUolezlek and Fichterova, 1978;
Limsowtin, 1978; Petterson, 1978; Sharpe, 1979). 7The t)pe of
starters used is respommible for the quality of cheese obtained
(Bijok and Domanska Strsatk~Owska, 1970; Shapovalov et al., 1977;
Dilanyans et al., 1976; Steffen et al., 1978), The importance
of starter culturer and the acid developed by them on the characters
like texture (Belovsov et al., 1976 and Hoglund et al., 1976) and
flavour (Lowrie et al., 1973; Belovsov et al., 1976) have been
extensively etudied.,

The production of lactic acid by starter activity imparts a
fresh acid flavour to curd cheeses, assists in the fomation of
rennet coagulum by causing shrirkage of the curd and moisture
expulsion and promotes characteristic texture ‘ommation during cheese
making, The low pH of fresh cheese curd (5.0 - 5.2) helps to
supprese the growth of pathogenmiec and spoilage bacteria, and thus
preserves the product. Lactic acid bacteria also produce traces
of flavour and aroma compounds and thelr proteolytic and to a
lesser extent, lipolytic activity aids the maturation of cheese.
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In addition growth of lactic acid bacteria produces the low
oxidation-reduction potential (Eh), necessary for the production
of reduced s.ilfur compounds, such as methanthiol, which may

contribute to the aroma of cheddar cheese (Manning et al,, 1976)

In cheddar cheese making the moast rapid increase in mumber
of starter bacteria occurs during curd making. The average count
of S. gremoris (NCDO 924) in 15 Cheddar cheese made over a 12
month period rose from 2 x 10’ ofu/nml in milk 20 mimutes after
inoculation to ¢ x 1()8 efu/g in the curd at maximum scaled
(29%) 2 hrs later, and to 1.4 x 10° efuw/g in the curd at

seperation from vhey 1 hr, 20 min later (Chapmau and Sharpe, 1981),
Agid developpent by starter bacteria i

Addity is one of the major factors ir cheese making,
both in the actual clotting of milk and in the nellowinz of the
curd. The starter organiems contime to grov and produce acld
until the lactose completely is used wp. It is spparent, therefore,
that the final acidity reached in the cheese is detenmined by the
amount of sugar left in the curd during making and this is in turn
regulated by the moisture content.

Brovn and Price (1934) observed an increase in the pH of
Cheddar cheese ripened for about 24 months (5.05 - 5.58). Dolby (1941)
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stated that a change in acidity at removal of uhey produces a
definite change in the quality of the mature cheese. Baron (1947)
stated that the acidity at milling time also affected the properties
of mature cheese, Pimhblett (1962) was of the opimion that varying
the pericd from removal of whey to the milling of curd from 1 hr -
3 hr had 1ittle influence on the final grade scores of cheese,

Fresh curd with excessive molsture will contain too much
lactose and will most likely become sour, Feverse will be the
case vith too dry curd (Csulak et al., 1969). uhen acid development
wvas rarid, the removal of calcium from the curd was sufficient to

effect the physical properties and phosphorous loss was sufficlient
to affect the buffering capacity of cheese.

The acldity in vhey has been shown to inerease as a result
of diffusion from the curd of tuffer ions specifically the phosphate
and citrate (Levis, 1974). The acld development during cheese
mamufacture has been shown to control the initial moisture contents
of cheese. The acidity has also been reported to effect both the
bhardness of the curd and the body of cheese in the course of
ripering. The higher the acidity, the greater will be the
bardness or in other wvords, the lower the moisture content
(Stefanovie, 1974).
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Titratatle acidity of cheese increases due to lactic
fexmentation during early stagee of ripening (Umemoto and
Sate, 1975), El-Kouseay et al., (1977) reported that the higher
the acidity, the greater wvas the reduction in cheese yield. Harvey
ot al,. (1977) reported the lactic acid content of Gheddar cheese of
different ages ranging from 1.03 to 1.62%, and the sugers vis,,
lactose, galactose and glucose contents were 0,07 - 0.48%, trace to
0,124 and trace, respectively. Fao (1978) observed that faster acid
development resulted in the lowver inmitial moisture content of

cheese.

Migrotdal changes during ripeming :

Evans (1918) and Evan et al., (1919) reported that the
nicroflora of rirened Cheddar cheese consisted of i) streptocoed
of the Streptogogcus lagtis type, 4i) lactobacilli of the L. casel
type, 1ii) streptocoeci other than those of the S. lactis tyre and
iv) microcoed.

Hucker (1922) reported the preeence of following orzamiems
in Cheddar cheese : i) Sporeformere, ii) Gram-negitive rods,
411) lactobacllli, iv) S. lactis v) coecel, vi) Strentococel other
than S. lagiis and vii) yeasts,

Sherwood (1939) studied the bacterial flora of New Zealand
Cheddar cheese, wvhich consisted almost exclusively of Lactobacillus

plamtarum, L. gasel , betabacteria, betacocci and other lactic adld
bagteria.
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Alford and Prazier (1950) isolated and identified seven
grows of micrococed on the basis of characteristics inaicative

of potential value in cheese ripening. These orgamisms wvere
Micrococcus {reudenreichii, 4. caseolyticus and M. conglomeratus.

Dawson and Feagan (1957) used a mixed culture of S, lactis
and S, gremoris in Cheddar cheese making. They observed that maximum
sunber of S. lactis vere reached at the half cheddaring stage and
of S. gremoris at milling., The maximum count of 3, lactis vas
retained until the cheese left the press, uhere 5. cremoris count
had already begun to decline. Dluring ripeming a high population
of S. lactis vas mainteined for 8 &k after which a gradual
decline took place. Cells of S. eremoris died out ranidly after
2 Wk and almost completely disappeared by £ Wk, It wvas felt
that the difference between S. lactis and S. gremoris in their
survival in Gheddar cheese might influence growth of other

microorganismes and, hence, affect flavour development in the cheese,

An examination of Famnell (1960) of stained sectinn= of
Cheddar cheese, dexonstrated that streptococcd generally oceured
#ingly and in small groups throughout the cheese, but that their
distribution wvas quite irregular. Bacteria which developed in the

cheese during ripeming generally fomed discrete microcolonies
assoclated mainly wvith curd junotioms,
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The only bacteria found regularly in hich mumbers in Cheddar
cheese were of the S. lactis type (Marth, 1963). These bacteria were
thought to function, primarily, through produetion of lactic adld.

Ajaib Singh et al., (1967) found that the various types of
microorgamisms in bagterial rennet and control cheese appeared to
consist largely of streptococcd and lactobacilli, fol.owed by acid-
forming types, sporefomers, lipolytic and proteolytic bacteria
in order of their predominance. Lactobacilli oeccured in more or
less constant rumbers in all chee=e blocks, Yeasts and molds of
control cheese alvays showed higher number than experimental
blocks,

Cheddar cheeses were mamufactured by conventional commercial
methods except that the starter cultures used (S. cremoris strains
108, 104 and P, and S. lagtis strains Hl and ML8) vere adjusted to
contain different proportions of proteinase-positive and proteinase
-negative variants, Control cheeses were made vith 100% proteinase
positive strains, At esalting cell densities in the curd vere
similar for control and eperimental cheeses and were independent

of the propertions of the two types of cells present (Mills and

Lffect of Salt on growth of Starter cultures :

The effect of salt on acid production in cheese curd by

S. lagtis and 5. gremoris was investigated by Walter et al., (1958),
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S. lactis wvas generally not irhibited by less than 1.6% salt or

not sigmificantly at 1.6% to 2.0f salt, S. cremoris however, vas
ichitited slightly by 1.4%, defimitely by 1.6%, and almost completely
by 2.0% salt. Mixture of cultures appeared to be more unifom in
resistance to sodium chloride than single strains, Lactose
utilisation and lactic acid production by starter orgamisms in Cheddar
cheese were markedly affected by variation in salt-in-moisture (3/M)
levels between 4 and 6% (Turner and Thomas 1980), In cheese with
lov 5/M levels (about 4%), lactose was completely utilized in about
8 days and L-lactate vas the major end product. In contrast,

with high S/M levels (6%), Starter metabolism virtually stopped

8o that lactose concentrations were still high after several

wveeks storage., This residual lactose was utilised by non-starter
bacteria and D-lactate vas a major end product. In most of the
cheese making trials,the non-starter flora comprised mainly

of pediococd (Turner and Thomas, 1980). Gmwth rate of these
orgarisme and rate of lactose utilization inereased when the inmitial
storage temperature of the cheese vas raiced. Starter bacteria
sppeared to play a major role in lactose utilisation in Cheddar
cheese after 1 day, only when the S/M level was low, or vhen

relatively salt tolerant strains were used,

Affect of Milk-glotting epavmes on starter culture : There appears
%o be a direct relationship betveen the available mitrogen and or



proteolytic activity and the lactic acid production by various
miercorganieme (Anderegz =nd Hammer, 1929 ; Harriman and Hammer,
1931; Gorvia and Mabitt, 1956; Stadhouders, 1961 and Citti et al.,
1965).

Lactiec streptococcd used as cheese starters require the
activity of surface bound proteolytic enzymes for nomal growth in
sdlk, Strains lacking this activity, called as 'slow varianmt' grow
to a limited extent in milk and do mot procuce sigmificamt amounts
of acld during cheese making. Proteolytic activity thus nlays an
important role in starter activity. Therefore, it is imperative

%0 examine the effect of proteolytic enzymee present in commercial
rennets on the starter activity during cheese making,

Feiter and Oram (1962) observed that the growth of S, lactis
strains which have less rigorous amino acid requirement than
S. gremoris vas stimulated by the presence of proteolytic enzymee
in the commercial rennet preparations, Shovers and Bavisotto (1967)
prepared short-hold Gheddar cheese vith 1009 animal rennet, 100%
PIF (Fementation Derived Fennet from Emdothia parasitics) and
observed no difference in acidity at 'cut' amd at *draw', But
the activities at 'pack' and at 'mill' vere higher in the FDF
cheese, The growth factors produced from the proteolytic activity
of rennet markedly stimulate the acid production of some starters
tut have no effect on others(Pearce, 1969),
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Nelson (1969) compared !Emporase’ (milk-clotting enzyme
from Mucor pusillus Lindt), pepsin blend wvith Veal rennet and
Veal-pepein (Quick set) in the manufacture of American Cheddar
cheese by using 1 level of starter., No differences in whey
acidities at packing or at milling were observed among the
three cheeses, Dolezalek (1973) studied the effect of various
picrobial remnet= on starter activity of lactic acid bacteria and

found thea to be stimulatory to most of the starters tested,

Sannabhadti and Sricmivasan (1976) reported that the acidity
development during cheddaring with Absidia ramosa rennet was
slightly faster than Meito rennet (from Mucor pusillus Lindt)
and similar to animal rennet. Rao (1978) showed that the acid
development was relatively faster in case of cheese made with
crude or purified bacterial milk clotting emsyme (from B. subtilis
K=26) than in animal rennet cheese when used either sirgly or in
comtination with ealf rennet or svine pepsin, Pearce (1779)
reported that aciivity of S. cremoris (20 strains) and S. lactis
(8 strains) was generally stimulated by proteclytic ensymes
present in comercial remnet. The extent of stimulation varied with
source and type of milk, A three-fold increase in rennet
concentration over that nommally used in cheese making did mot
produce any additional stimulation, while 10-fold and 30-fold
increases caused slight inhibition, He further suggested that rennet

clearly has a differential modifying effect on starter add production,



LYSIS IN i CHE

Primary changes in cheese proteins consist of conversion
into protepses, peptones, peptides and finally to amioo acdds,
while the secondary changes consist of further breakdown into
amino acids,

The three main proteolytic agente in Cheddar cheese are :
4) M1k cosgulants 4i) Milk protease and iii) Starter bacterial
enzymes and mon-starter bacterial enazymes (ia aseptically made

Gh..'“) °

The extent of casein proteclysis is characteristic of the
particular cheese variety being studied. In general, casein is
initially hydrolysed to large peptides by milk coagulant and native
milk ensymes, then to smaller peptides by bacterial or mold enzymes
(Creaner, 1978).

i)  PEroteolysis due to milk coagulant :

The most obvious function of a cheese making coagulant is
conversion of the liquid milk to a gel by proteinases,

Mletribytion of repnet in the Cheese curd : The coagulant is partly
incomorated into the curd and survives throughout cheese-making imeo
the ripening period and the residual coagulant contributes to

proteolysis in the cheese during ripening (Lawrence et al., 1972 ;
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Holmes and Ermstyom, 1973; Green and Foster, 1974). liolmes (1975)
observed that at pH 6,6, 315 of rennet occured in curds and 72%

in vhey, while at pH 5.2 reepective values vere 86 and 174,
Distribution of Mugor pusillus protease was independent of pH with
approximately 15§ in the curds and 857 in the whey. During Cheddar
cheere making 7 and 585 of the original renmnet, 6 and 933 of the
ordginal ronnﬁ/pq:tin mix was active in the curds and whey,
rupectﬁdy at dipping. He further reported that after overmight
pressing 6.3 and 4% of the rennet Mucor pusillus protease rennet/

pepsin mix respectively remained active in the cheese,

MNature of proteclysis by milk coagulanmt : While studyirg the
nature of proteclysis by renmin in a large mumber of cheese samples,
Tsugo and Yamucoi (1959) reported that renmin degrades P-casein
only after long incub:stion period., Ledford et al. (1966) observed
that (=~ casein vas much more readily hydrolysed than P-casein

at all pH values from 5.5 to 7.0. Ledford et al. (1968) showed that
renrin degradation of (rcesein is more plii dependent than P-casein
at all pH values in the range S¢S to 7,0. Its degradation at pH 6.0
vas several times more than B-casein,

As the enzymes vary in their activity and specificity the
rate and type of proteclysis and, thus, the development of body and
flavour are dependent on the coagulant used (Naudts, 1969). C resmer

&t al., (1971) showed that three bonds in B-casein are appreciably
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more sensitive, than the others to renmin proteclyeis, and that

these bonds are probably located near the C=termimus of the protein,
Creamer and Fichardson (1974) reported that the degradation of s, -
casein by rennet in Cheddar cheese proceeds via an imitial change of
the phenylalanine - 24-Valine-25 bond by rennet. They isolated two
peptides, which are indistiguishatle by amino acid analysis,

Fenrin was cshown to act on a specific semsitive phenylalanine-
phenylalamine bond in o{, = casein to produce a basic peptide
comtaining reeidues 1 - 23 of the original protein (Hill et al., 1974).
At p 6.4 and 30° the action vas specific and rapid.

Cheddar cheese prepared with a mixture of Noury rennet (NF)
from Mueor pusillus and swine pepsin after ripeming for 43 and 189
days shoved ar increase of o( casein breakdown when NF proportionms
in the coagulant increased as revealed by gel filtration and starch
gel electrophoresis (Green and Stackpole, 1975).

Hofi et al., (1976) ecompared the proteolytic activities in
cheeses made with different milk-clotting enzymee-Mucor miehei (M1),
Endothia parasitica (M2) and Mueor pusillus Lindt (M3). The use
of M3 and M2 in Fas cheese making enmhanced protein break down as
compared with calf remnet (K) or M1 cheeses. Cheese made with M3
showed the highest free amino acid content followed by F cheees,
than M1 and M2 treatments which were almost the same. Mohram et al.
(1976) studied proteclysis in cheese using mixturss of equal parts
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of rennet <+ Mucor miehei (PM1), rennet + Endothia parasitica
protease (FM2) or rennet + Mucor pusillus Lindt protease (FM3)
enhanced protein breakdown more than FMl imparted bitterness to
Fas cheese which persisted until the 4th month and dissppeared
thereafter. Antila and Witting (1978) reported that proteolysies
wvas more rapid and more flavour defecte occured in the cheese made

wvith the mierotial rennets than wvith the amimal rennet,

O'Keefee et al,(1978) showed that milk coagulant vas
primarily responsible for the formation of large peptides, wvhile
small peptides and free amdno acids were produced principally by

the starter possibly from coagulant produced peptides.
11) LZroteolvtig activity of milk protesse :

The existence of nilk protease wvith caseln wvas first
demonstrated by Wharner and Polis (1945). Peterson (1960)
attributed the minor role of proteclytic degradation in cheese
ripening to the ensymes of milk including protease,

Carini and Bossalati (1970) reported that proteolyeis by
natural milk protease involve the reduction of &8 and P—wdm
and formation of products of low electrophoretic mobility, They
reported the tamperature range for milk protease activity to be
5 to 45°%, Noommen (1975) obmerved that both s and P~ casein vere

degraded by milk protease. However, Prcasein wvas degraded faster



than A s-casein. GCeo and Alais (1976) showed that milk protease
hydrolysel B-casein preferentially.

Milk protease survives pasteuriszation and takes part
in protein break down in milk and milk products (Jost et al., 1976).
It is known that./s - I appears cduring the ripening of various
cheeses and the conversion of S - caseln too{S = I is due to the
action of chymosin. However, Kminogav::?ig'm) showed that~(S1- 1
is produced not only by chymosin but by milk acid protease.

As the pHi range in wvhich this ensyme is active overlsps that
of cheese ripening, it is considered that the enzyme may have some
significance in proteolytic breakdown of casein during cheese
ripenirg (Kamarigawa et al., 1978).

i41) PRioteolysis due to starter culture :

Proteolyeis by starter organiems is of paramount
importance during cheese ripening. Investigations on proteolysis
in cheese by starter organisms are complicated by the presence of
rennet and as such conclusive results can not be obtained due to
the lack of control of bacterial flora.

In general, the changes in proteins are believed to be
brought by five main groups of bacterial enzymes namely : i) proteinase "

1i) peptidase, 1ii) transamimase, iv) amino acld decarboxylase and )
deaxinases.



Very little or no difference irn the rate and amount
of proteolysis by strains of S. lagtis and S, cremoris vas observed
by Kelley (1932). According to Allen and Knoweles (1934), starter
streptococci were responsible for protein breakdown during the
imitial stages of cheese ripenming but later on, the lactobacilli
were the predominant microflora ir cheese. The role of lactobacilli
in proteolysis during cheese ripening has been confimed by Hammer
(1935). Davis et al. (1937) showed that there was greater increase
in non~protein mitrogen in skin milk culture of lactie acid bacteria
containing sterile rennet, as compared to similar cultures without
rennet or milk containing rennet alongwith starter.

Peterson et al. (1948) Dbelieved that in ripenirng of Cheddar
cheese, there iz an active protease largely of bacterial origin
and this enzyme enhanced th¢ ripeming process, They demonstrated
that the initial ensyme content of cheese is relaiively low but
it increased steadily as the cheese ripened and this could only
be due to production of ensymes by miercorganmiems growing during the
ripening period, Morgan and Kelson (1951) reported that the
proteclytic ensymeiof 7. lactis liberate simple peptides and
anxino acids from milk protein in amounts which are proportionate

to the gecurrence of such amino acids in the protein.

Baribo and Foster (1952) compared the relative efficlencies of
proteclytic ensymes extracted from one year-old cheese with that

pProduced by S. lactis and concluded that a portion of the protein
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breakdown in cheese miight be due to starter streptococci. Tennet
was thought to provide a part or all the rest of the proteolytic
activity. Vendersanmt and Nelson (1953) showed that protease-
peptone fraction of milk proteins is most suceptible to proteolysis
and casein may not be the most readily hydrolysable protein in
milk by S, lactis. Yamamoto et al. (1953) reported that cheese
made wvith lactobacilli as starters gave a more uniform type of

cheese,

Stadhouders (1961) noted that the time of cheese ripening
could be shortened by the pressnce of excescive amounts of
proteolytic enzymes of streptocoeci. Protein hydrolysis of
streptocmecl depends upon two factors namely, proteolytic activity
per cell and the total number of streptococe presemt in cheese.

To investigate the action of rennet and lactic acid bacteria
in the cheese making process, Yamamoto and Yoshitake (1962) prepared
starter cheeses and cheeses in vhich the starter wvas replaced
by lactic acld. Fifteen amino acids were detected after one month
in the cheese with starter but only three amino aclds were found
in the cheese without the starter thereby iwplying that the amino
acide are formed by the starter and mot by the rennet,

Reports on the cptimum conditions for protealysis by
intracellular and extracellular proteases of starter streptococd

shoved the optimum range of pH for theee enaymes to be 6.0 to 8,5
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(Vedhera and Boyd, 1963; Willamson gt al., 1964; Sato and
Nakashima, 1965; Sato and Ohima, 1966) and very slight or no
activity at pH 5.0 (Sesaki and Nake, 1959), Vedhera and Boyd
(1963) reported that S. lactis possesses a proteinase system with
an optimum activity at pH 5.5, Vedamuthu et al. (1966) eould
find significant differences in the rate of protein degradation
in cheeses made using commercial starters, two of wvhich produced

defective cheese and one produced a nomal cheese,

Enzymic activity and amino acid production in cheese incicated
that proteolysis wvas mainly due to starter enzymes and that it
proceeded at a constant rate through out the cheese ripening
(Dulley, 1974). The residual rennet in the cheese mairmtained
ite clotting activity throughout ripeming. Lee (1974) analysed
640 lbe of Cheddar cheese and reportel that wvater soluble protein
was increased by 6.07, ¢.73, 8,24, 16.80 and 25.34% on the 1st,
2nd, 7th, 30th and 90th day of ripening, respectively.

Green and Foster (1974) claimed the behaviour of bacterial
proteinases in cheese to be similar to that of remmet. On contrary
Gripon et al. (1977) reported that ensymes of lactic acid bacteria
produce mainly free amino acids unlike rennet that only produces
peptides, Visser (1977) showed that the proteolytie action of
recnet must stimulate the starter bacteria sigmificantly to liberate
anino aclds in cheese. In normal asceptic cheeses prepared with
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rennet and starter, far higher levels of amino acid mitrogen

vere acamulated than in corresponding asceptic rennet free cheese
(AFF), Another interesting obeervation was that in AFF cheese,
distinet amounts of soluble nitrogen were produced giving

evidence that starter bacteria are capable of attackirg paracasein
in cheese and converting it to solutle products, independently of

the breakdown products of rennet action,

M euwoudt (1977) felt that total scluble mitrogen comtent can
be used t0 assess the ripeness of cheddar cheese, lie further reported
that escluble nitrogen and free tyrosine contents increased logarithmi-
cally vith ripeming time (up to 8 months) and were greater at 16°C than
at 8%, Park & al. (1978) observed total mitrogen comtent in cheese
immediately after mamifacture ami in vaxed and unvaxed cheeses after

6 months ripeming was 22,10, 26,00 and 35,52%, respectively.

Deaninases, transaminases, and decarboxylases degrade or modify
amino acids of peptides (Desmazeud, 1978)., Thompson (1980) observed
a greater degree of protein hydrolysis in cheddar cheese made with
S. gremoris AICC 1436S,
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' 8 IN CH I CHEESE

Hydrolysis of milk fat catalyzed by ensymes was earlier
considered as a major problem in Dairy Industry because of the
production of rancid flavour. This defect in milk, cream
and other dairy products has been applied in recent years as a
useful, contyolled process for the development of deeiratle
flavours in various dairy products. The role of free fatly acids
in imparting characteristic flavour to various dairy products
gradually became apparent as technologists evaluated and studied
the chemistry of several food flavours,

Free fatiy aclde as one of the chemical compounds are also
responsible, in part, for the flavour in cheddar cheese. These
fatty a'ides may arise through activity of lipase indigemous to milk
(if not destroyed), microbial lipase, or lipases from other sources
introduced into milk at the time of cheese mamufacture,

Limited studie= have been carried out on the use of lipolytic
microorgamiems in Cheddar cheese mamufacture, Mattick and Hiscox
(1939) ascribed high levels of fatty acids present in cheese to
the presence of large numbers of non-lactic bacteria., Hammer (1940)
reported that rancid flavour dissppeared from cheeses made from
milk to wvhich butyric acid had been added, Disappearance of flavour

resulted from the activity of the miervorganisms which can attack
sodiwa butyrate.



Babel and Hammer (1945) found an inerease in vater-soluhble
and water-insoluhle volatile aclds a= well as cheese fat acidities
to rav milk cheese than in pasteurized milk cheese. Petcorson et al.
(1948) reported that cheese lipase which is active at pH 5.0 become
prozinant a’ter 5 = 20 days of ripening and resulted from tacterial
activity. They further reported that volatile fatty acids
particularly acetic, butyric acids were substantially higher in
yav milk than in pasteurised milk cheese. The presence of free
butyrie, caproic, caprylic ami capric acids in aged cheese has
been attributed to the action of imtracellular bacterial lipase
in cheese fat, Hammer (1948) indicated that the orgamism
metabolising sodium butyrate may be a varient of Strep {»esucus

dactis,

Tests by Tuckey ot al. (1948) demon=irated that rancid cheese
reculted from the use of Geotrighum gandidum in combination with
lactic starter culture. Studies by Hood et al. (1949 a, b)
showed that cheese became rancid when milk wvas inoculated with
lipolytic bacteria at a higher rate of imoculum, Peterson and
Johneon (1949) reported that the lactobacilli cultures isclated
from normal ¢heddar cheese produced intracellular lipases which @re
active at pii 5.0 and 6.0. These ensymes hydrolysed butter fat and
liberated n-butyrie, caproic amd caprylic aclde. Kannan and Basu
(1957) have indicated that lipase vith an optimum pH of 8,6 showed
1little initial acldity in cheese, but the ensyme activity declined



after 110 days. Lipase activity has been found to be more

vigorous at all stages of ripening.

Harper (1959) has attributed % the development of flavour
in aged cheese to free fatty acids. Ohren aml Tuckey (1964) recorted
that Cheddar cheese flavour vas related to a balance of free fatty
aclides and acetate,

Fryer st al. (1967) have shown that some lactic acdd bacteria
are lipolytic in nature. Such observations have also been confimed
by using asceptic vat techmique in the cheese making process
by Felter et al, (1967). Chander et al. (1973) al=o found the
lipolytic nature of some lactic cultures, Stadhouders and
Vering (1973) studied the importance of starter bacteria for fat
hydrolysis during cheese ripening, Starter bacteria or thelr
diesterases hydrolyse txiglye:ﬂdu to liberate lower chain fatty
acids for improved flavour, These are capable of hydrolyzing
fairly rapidly to mono and diglycerides. Iwask and Kosikowski
(1973) reviewed the potential of microbial lipases to the increased
quantities of free fatty acids and the final flavour of cheese.
Armold et al. (1975) noted the relationship between lipolysis and
flavour vhich involves mierobial lipase and esterases. Umemoto and
Sato (1975) obtained inoreased amount of free fatty acld during
different stages of cheese ripening. On the contrary, Leeth and
Fitserald (1975) noted inverse relation between level of lipolysis
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and flavour score. The flavour score attributatle to the
inereasel amounts of free-fatty acids was re=ponsible for down

grading of some local cheeses,

Jaunsyns (1976) determined the fatty acids chromatographically
in Cheddar and Dutch cheeses, The contents of low-molecular weight
volatile fatty acide (C, - cm) were 6,6% for the former and 5,98
for the latter cheese and those of polyunsaturated fatiy aclds were
0.74 - 4,0%. No correlation wvas found between comtemte of free

fatty acids and taste or flavour of the cheese (Kowaleswska, 1977).

Paulson et al. (1979) observed that fatty acide with

chain lergth c‘ were released in all cheeses containing

Propionibacteriun shermanii and L. bulgaricus, The orgamisms used

in the cheese production had relatively little influence on the
neutral volatiles that were produced,

Effect of Milk Coagulant on Microtial lipases :

The wlk ecoagulant used for cheese preparation will af‘ect the
activity of the starter lipases, Brandl (1970) found that amimal
rennet and Endothia parasitica rennet caused no inhitition of butter
fat hydrolyeis in a staphylococcal ec:lture, but the Mucor pusillus
did. A% pH 5.5 and 6.5, subtilisin and B. subtilis crude proteinase
resulted in a defimite inhibition of lipase activity, He reported

that Mugor pusillus rennet showed a lipolytic activity at pH 5.5 to
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8.1, wvhere as no lipolytic activity was observed in ealf rennet

and Endothia parasitica rennmet,

FLAVOUR DEVELOPMENT DUFING RIPENING OF CHEDDAF CHEESE 3

Plavour changes in @¢heddar cheese are brought by the
biochemical activity of microflora present in cheese during various
stages of ripenming. A mumber of chemiecal compounds are released
during such changes and the relative vapofftiom of cheese compounds
are importamt in imparting the desired flavour characteristics to the
cheese, The various flavour-contributing components in cheeee
can be broadly grouped as follows : i) carbonyl compounds, ii)
ritrogemous compounds 1ii) sulphur compounde iv) fatty acids
and thelr derivatiee and v) other flavour compounds,

Cartonyl gompounds

The carbonyl compounds presert in Cheddar cheese can be further
classified into acidic and neutral-cerbonyls. Acidic carbonyl
compounds that are present in Cheddar cheese are oxaloacetic;
oxalosuccimie, glyoxylie, o/- ketoisoecsproie pyruvie, o -
ketoglutarie, o/ - acetolactic acddd ( Brandsauter and Kelron, 1956 ;
Bassette and Harmer, 1958 ; Kristofferson and Gould, 1959;

Harvey and Walker (1959) i,



The neutral carbonyl compounds present in cheese are
considered to be degradation products of acidic compounds, The
cartonyl eompounds belonging to this category in Gheddar cheese
include ;: diacetyl (Calbert and Price, 1948; Bassetle and Hamer,
1958; Lay and Keeney, 1958; Patton et al., 1958 ; Bassette et al.,
1967) butyraldehyde (Dacre, 1955); acetaldehyde and acetone (Bassette
and Harper, 1958; Lay and Kenney, 1958; Patton et al., 1958 ;
Kristofferson and Gould, 1959; Harvey and Walker, 1959, 1960; Day
ot al,, 1960 Lindsay and Day, 1965); acetyl methyl carbtimol
(Bassette and Hamer, 1958; Lay and Kenney.,, 1958; Harvey and “alker,
1959; Harvey., 1960; Keenan et al,, 1967) methyl ethyl ketone
(Scarpellino and Kosikowski, 1958; Scarellino, 1961); 3-hydroxy
tut-s{none (Patton et al., 1958) ; butanone-2 (Day and Kenney,
1958; Patton et al., 1958; Day et al. 1960; Harvey and valker,
1959, 1960); Pentanone~2 ; heptanone-2 ; Undecanone-2 and
nonanone~2 (Day and Kemney, 1958; Harvey and Walker, 1959, 1960;
Day et al 1960 ); tridecanone-2 (Day and Xenney, 1958; Harvey and
Walker, 1959); fomaldehyde (lay and Kemney, 1958; Kristofferson
and Gould, 1989; and Lay et al., 1960); 3-methyl thiopropancl and
S-methyl butamol (Day and Keeney, 1958; Day ot al., 1960).
propionaldehyde (Day et al., 1960); ethamol (Keenan et al., 1966;
Baszette ot al., 1967),
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Galbert and Price (1948) showed that the threshold value
for diacetyl in cheese is about 1.5 ppm, which impartas the typiecal
flavour and aroma to Gheddar cheese. Calbert and Price (1949)
found diacetyl in all lots and kinds of cheese examined. The
majority of the lots contained less than 0,05 mg of diacetyl per
100 g of cheese., The diacetyl content of Cheddar cheese ranved
from 0,016 to 0.335 mg per 100 g of cheere. A small quantity
of diacetyl probably contributes to the typical flawour of Cheddar
cheese, They reported that the majority of lots of Cheddar
cheese with an excellent flavour had a diacetyl content of
leses thac 0,05 mg per 100 g. Larger smounts of dlacetyl than

this frequently appear to be associated with flavour defects,

Kristofferson and Qould (1959) could not establish a defimite
relationship between flavour and amounts of the individual carbonyl
compounds although samples of cheese with greatest fluctuations in
the level of carbonyl ecompounds during ripeming showed higheet
intensity of the desirable flavour., According to Kosikowrki
(1959) and wolin (1961), some of the carbonyl compounds in ripened
cheese are said to be derived from casein,

Harper (1965) reported that other compounds produced by

the growth of S. lactis in skim milk were glyoxylate, succinate,
alpha - acetolactate, oxalosuccinate, oxaloacetate and glutamate,
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greater fluctuation during riperming (6 ug were found in a 4 months

and a 10 months old sample, 170 ug in an 8 months old sample).
Fatty acide and thelr derivatives :

Susuki et al.(1910) observed that volatile fatty acids were
formed increasing amounte during the ripeming period ; acetic and
propionic aclds developed after lactose disappeared and reached
thed r maximum level at three months, after vhich a decrease vas
noted, wvhereas butyric acld and esproic acid concentrations
contimially increased; formic acid was detected in cheese only after
it vas five and one-half monmths old and valeric acid was never
observed, IV was concluded by these investigators that lactates

probably were the principal sources of acetic and propionic aclds,

Matiick and Hiscax (1939) related levels of fatty acids
in cheese to its microflora and concluded that higher wvolatile
add comtent wvas associated wvith the presence of high mmbders
of monlactic bacteria,

Sheuring and Tuckey (1947) while studying fat constants
of milk fat from ripening Gheddar cheese moted a rise in acid mmber
during ripeming. It was an indication of fat hydrolysis,

Other flavour compounds :

Several other compounds have been isclated which may comtritute
to flavour directly or through fomation of differemt compounds,
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Examples are ethyl and secondary Butyl alcohols (Dacre, 1383,
Patton et al., 1958), Kristoffersen (1967) demonstrated that
uriec aclid va® presemt in and influenced the bodiy of Cheddar
cheete. In ripened cheese ethaml varied in concemtration in an
unsystematic vay (Manmiog, 1978),

Hucker and Marguart (1976) obeserved that addition of
large mnbers of °. lagtis cells to milk before cheese making
had no effect on subsequent flavour develooment, Kelley (19X)
while conducting similar experimemte, concluded that &, gremorie
produced more flavour and aroma in cheese during early atages of
ripening, Tests by Perry (1960) indicate\that flavour differences in
finished cheese-&re, in part, determined by whether 5. lagtis or
S. gremoris @A used as a starter,

AJit Sirgh ot al. (1976) showed that the mmber and typee of
bagteria present in cheese influesnce the fomation of flavour
compounds, Lawv and Shampe (1977) reported that starter enaymes
are mot directly responsible for formation of flavour compounds,
but that flavour compounds are formed by mon-ensymic (or atleast
non-ui crotial) reactions which take place only in cheeses containing
starter; conditions necessary for flavour development are a suply

of flavour precursors (from ensymic breakdown of lactose, protein
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Cheese starter culture, lactic Perzenmti (1-964) vas
oteined from Hansen'es Laboratory, Lemmark., “ennets used veTe,
Pungal remnet from Yucor pusillus Linct, from Mourty Lab, Holland
(B, ko, 0,A, 4521); liansen rennet or animal remnet from Zansen's
Latoratory, Lemmark and Bacterial recnet from Bacillus subtilis
K~26 and Psgudomonas fragi from .3, Civision, XK, .%.I., Karmal,
Cov i1k and skinm milk used for cheddar cheese mamfacture vere
obtaired from Ixperimental Dairy, K.0.F.I., Karral, Chemicals
used were of analytical zrade obtained from Sizma,Sarabthai M,
Cherd cals, B,D,H, and Polyphama.

Meary L3
1.0 t '-cul tu
1.1  Purty of P-culture :

The LF culture was grown in yeast dextrose agar tubes
and 24 hys old culture va® observed for its Gram reaction and

moyphology. (APHA, 1967),
.2 Aud P"Oduc@.:':m 5

1.2 Acid production by LF - culture was tested according to
the method of Horral - Elldicker (1947).

Heagents
1) N9 sedium hydroxide (NacH)
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44) Phenolphthalein solution (0.1% in alcohol)
Erogecure :

Three nl of 18 -« 24 hrs olé culture was transferred to
100 =l of sterilized milk, and incubated at 37°C for 33 hre. Ten

o
nl of the abtove culture vas transferred to a 50 ml Morkutntod

against N/9 HaCH to the phemolphthalein end poimt, Activity

of the culture wvas expressed as percentage of lactic acid using
the folloving formula,

lactic acld(%) Volume of N/9 Kad0H x 100 x 0.09 x l
Volume of sample

Activity of the starter wvas graded according to Horrat
Ellicker (1947) as follows ;

Tityatable acidity Grade

More than 0.4% Active

0.3 - 0.4% Satisfactory
Less than 0.3% Inactive

L3  Zeet for flaveur production by starter culture :

Reagents
1) 403 Potassium hydroxide (XOH)
11) Creatine powder.
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(e Ugit of activity : The milk clotting activity vas
expressed in temes of units, where a unit is defined as the amount
of enzyme required to clot 10 ml of the reconstituted skim milk
at 30% in 60 sis (60/t, where 't! is the clotting time in sds).

2.2 Exoteolytic agtivity :

Proteclytic activity was determined by the method of Keay
and wWildie (1970).

(a) Substrate : Casein vas used as suistrate for the

assay of proteolytic activity, It vas prepared from fresh raw

cov skinm milk by isoelectric precipitation at pH 4.5 wvith acetic
acid, The precipitated cas<in wvas aeperated from the aclid

vhey by passing through muslin cloth, thorouchly mixed with
sufficient acetone in a mixer and filtered through a Buchner funnel
using suction, The process was repeated twice wvith acetone and
finally vith ether, the solvent being removed under vacuum, The
caseln thus obtained was dried over calcium chloride at room

tamperature and stored in a stoppered glas® bottle in a cool and
dry place until wse,

One per cent solution of the casein vas prepared, by
dissolvirg 2.5 g 4in miniwum amount of 0,1N NadH using a magnetic

stirrer, After adjusting the reaction to pH 6.0 wvith Q,1X HC1l, the
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firal volume wvas made upto 250 ml wvith 0,2 M phosphate buffer,
(pH 6.)). wWhen mot used fresh, the solution was kept im

refrigerator (4 - 6°) vith a thin layer of toluene on top to act

as preservative,

To 1,0 ml of the above filtrate, 5.0 ml of sodium carbtonate
solution was added, followed by 1.0 =l of Folin's reazent (1.0 K).
After rixing thoroughly the tubes were incubated at X7% for 20 min
and the intensity of blue colour developed was measured at 660 mm.
i® an Elieo Spectrocol colorimeter model (L-23, Proteolytic activity

of the rennet vas expressed in units (mz tyrosine released ner ml
11 rennet solution).

Standard curve for tyroeine :

A stock solution of L-tyroeine (Sizma) was prepared by
dissolving 100 mg 40 20 ml 0, 1N Raffi and making wp the volume
to 100 ml wvith distilled vater, thus getting a concenmtration of
1000 ug per ml. A series of dilutions were accurately prepared

from the above stock solution to 7ive Ay tyrosine concemtmations,
ranging from 20 to 200 ug/ml,

One ml of aliquots of the different concentration of tyrosine

solutions were assayed for proteclytic activity as dercribed earlier.
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The standard curve was drawvn by plotting the optical denrity
values ageinst the tyrosine concentration (Mig. 1).

3.0  Effect of renret on Mpolv¥ic activity of Pasuddomonan fragd
Pare culiure of Pseudomonss fragi was usel an the tlest

orgarden for compaing the extemt of lipolysis in tributyrin sgar,
in the presence of 50 ppm coneemtration of mold, bacterial and amimal

rennets and £o remnet (contml) Tributyrin agar was dietributed in

19 =l quantities {ic test tubes and sterilized, Aifter coolirg to

48°%, Ope xl of the required concentration of the rennet and one
=l of d¢iluted cell suspension of P, fragi were adced, thoroughly

mixed and plated immedistely, 7The plates were incubated at %

for 24 hrs, The ciameter of the lipolytic zones around irolated

colomies vere meacured in om,

ixibatyrip AgaI :

? e tone 5.0 ¢
Jeast extract 3.0¢
Ixbatyrin 2.0z
Agar 15.0 g
Dstilled water 1000 =l

-2 1.5
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4.0 Cheese maldng schedule

Standardization of milk : Cow milk was teeted for fat and casein
contents (ISI, 1960) and was standardized with ckim wiik to the
casein/fat ratio of 0.7 to reduce fat losses in vhey and to

get maximum yield of cheese. The standardized cov milk consisted
of 96 litres cow milk and 14 litres of skim milk,

Pasteurigzation of milk : One hundred and ten litres of the
standardised cow milk was pasteurized at 65 for 20 min, and cooled
to 30% in an experimental cheese vat,

Fipering of milk : To the cooled pasteurized milk (at 30°%) in

a cheese Vat, 1.5% of 18 hrs old LP culture vas added, vith
thorough mixing,

Setting the milk ; ifter the starter action for 15 min 1.2 g of
the Koury rennet as 10f solution in distilled water was added and
mixed throughly to clot the milk in 30 min,

Cutting the gurd : After checking the curd wvith thermometer, curd
vas cut into cubes, using wider wire cheese krmivee. The cut ocurd

vas stirred at a low speed for 5 min for separation of vhey,

Cooking the curd : Using stean in the cheese vat jacket, cooking

vas started, to inecrease the temperature gradually to peak temperature

of 89'(‘. in one hr, wvith steady agitation,
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Draining the vhey : At the emd of cooking, azitation vas stopped

to permit the curds to settle. Then the eurds were pushed through
the whey to the end of the vat with a curd rake, After inmserting
the strainer, the valve vas opened to drain off the whey. During

run-off, part of the jacket was filled wvith warm wvater to keep
the vat wvarm for cheddaring,

The whey and curd samples were collected periodieally
for analysis of pH titratable acidity, lactic acld bacterial
ocount and residual rennet activity.

Cheddariog the gurd when the curd appeared to be about one ineh
below the surface of the whey, they vere trenched over the length of
the vat. Trenched curd va: pemmitted to mat for 15 min following
complete vhey removal. The two trenched curd columns were cut
longtitudinally down the widdle of curd columns with a large bread
kmife and then horsontally at approximately 10 inches intervals,
Curd blocke were left undisturbed for 15 min at one inch spart from
eagh other, Then the blocks were turned over, This wvas repeated
twice at 15 win intervals, Then the indivicual tlocks were piled,
and doutile blocks were turned for every 15 min until the end of
cheddaring peried 20 that new surfaces were exposed.

The titratatle acldity of the clear whey, as it flowed from
the vat gate exit at the htxl%w. middle and end of the cheddaring

\

“2\"\o\

“hies
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period or at different time intervals was determined. When a
titratle acidity of about 0,38% in the clear whey reached,
the cheese blocks were removed for milling,

Milling the gurd slabs 1 The flattened out curd slabe
vere fed into a mllirg machine that was suspemied over the cheese

vat, and chopped into pieces. The curds wvere turned and spread vith
a stainless steel hand fork cduring milling.

Salting the curd : Common salt (NaCl) at ¥ concentra¢iion vas

sprirkled over the curd. Salt was applied in three lote, allowing
thea for uniform mixing.

Hogping apnd pressing : At the bottom of the mctal moulc or hoop,
one muslin cap cloth wvas placed. Then salted curd cubes were filled
in the metal hoop and was covered with the cloth., The steel rim wvas
fitted into the metal mould. The mould was inserted for pre=sing

at 20 p.s.i. gauge pressure and pressed over might.

Drying the cheese ; Cheese Utlock was properly labelled and
kept at 60 per cent relative humidity for 2 days,

Curing 3 The whole cheese block was paraffined at 245‘? (118.3°c)
for 6 sds, and placed in curing room at 85% relative humidity for

ripening for 10 momths, During ripeming cheese samples vere collected
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and analysed for microtial counte, chemical paramsters and
ensyme activities,

5.0 Ylcrobisl analysis of cheese

Sampling of Cheddar cheese and determinpation of its

microbial contents was done according to the methods of APHA (1960).
31 Lagtic acid bagterial count

Sultatle dilutions of cheddar cnees: homozenate= were rlated

out using yeast dextrose agar,

Jeast dextrose agar

Yeast extract 0.5%
peptone 0.5%
Lextrose 1.0%
Agar 2.
PH 6.8

5.2 Non=lagtic bagterial count :

Suitatle dilutions were plated with nutrient agar and
ineubated at 37°C for 24 - 48 hre.

Surtient agar

Peptone 0.5%
Beef extract 0. 3%



Agar 2,08
pH 7.0

5.3 Broteolytic bacterds : Sterile skim nilk (107) wvas
added to mitrient agar, and used for plating, Colomies producing
a clear sone due to proteclysis were counted.

5.4 Jipolytic bacterig : The lipolytic bacteria vere counted

by plating on tribtutyrin agar according to the procedure of
Frarklin and “hampe (1963),

5.5 Jeast and mold ocount 1 Potato dextrose agar wvas used
for enumeration of yeasts and moldes (APHA - 1960). The plates
vere incubated at 22°C for 5 to Tdag.

Eotato dextreee agar

Extract from 200 g Potato 500 ml

Glucose 20.0 g
Agar Agar 20.0 g
Distilled Water 500 ml
pH 3.5

pH adjustment ; One ml of sterile 10¥ ta¥tauric acld wvas
added to 100 ml of PDA before pouring into the plates,

6.0  Chemical analysis of cheese



6.1 pi 3 Ten grams of cheese sample wvas ground with 10 ml
of distilled water in a mortar with a pestle, p: of the cheese

paste vas measured using the Global digital pH meter (ISI, 1960).
6.2  Iitratatle scidity

Ten gram of Cheddar cheese sample was ground with 20 ml of
distilled water in a mortor with a pestle, Then this slurry ves
titrated against N/9 Nadli to the phemolphthaleir end point. The
titratatle acidity vas expressed as percentage lactic acid
(Is1, 1960).

6.3 Mojsture i

One gram of cheese sample was taken in a moisture dish
and kept in an oven at 100°C for 24 hrs and weighed for constant

veight, Then the moisture percentage was calculated (ISI, 1960).
6.4 Pat ;

Three grams of ground cheese vas taken, in a cheese cup and
inserted in cheese butyrometer. Ten ml of 95 concentrated Sulphurie
acdd vas added to the butyrometer and the contents wvere mixed well,
For proper mixing, the butyrometer was kept in hot water for 20 min,
One nl of amyl alocohol wvas added to the btutyrometer and butyrometer
was closed wvith rubber bunmg and thoroughly mixed. The butyrometer
vas placed in a cemtrifuge and gentrifuged for 5 min at maxiwum



speed, and the fat per cemt wvas moted (ISI, 1977).

6.5 Exoteclytic dezradation o cheese :

The proteolytdc breakdown in cheese was measured following
the method of Vekaliers and Price (1957).

Reagents 1

a, 0.5 M Sodium citrate,
b, 1.41 N HCl,
Exogedure

Ten grams of cheese wvas blended with 40 ml of 0.5 M Sodium
citrate solution and about 40 ml of distilled wvater in a wvaring
blencer for T min at high speed. The total volume of the above
solution wvas made Wpto 250 ml with distilled water. One hundred ml
of the above solution was adjusted to pH 4.5 wvith 1,41 N HCl, The
total volume of the solution vas. then made wpto 125 ml, filtered
and the filtrate was subsequently used for the eestimation of
proteclytic activity as described earlier (2.2).

6.5.2 Zotal mitrogen :

The cheese sample vas taken in 0.8 g lot and digested with
congentrated sulphuriec acld, sodium sulphate and copper rulphate and
then the nitrogen was detemined by alkaline distillation, (Miero-
Kjeldahl methed) (ISI, 1960).



6.5.3. lop-proteln Mtrogep

Pive grams cheese wvas taken arl a paste was made with 10 ml
distilled water (40%) in a pestle and mortar. To this, 25 ml of
5% trichloro acetic acld salution vas added, Total volume was
made Wpto 50 ml and filtered. Two ml of filtrate was taken for
ritrogen detemination (ISI, 1960).

6.5.4. [Frotelo mitrogen :

It is calculated by the difference of total mitrogen amd
non-p rotein mitrogen,

6.5.5. Free smporis

Two grame of cheese vas dissolved in 25 ml of distilled
water (40°%), filtered and the filtrate vas mixed with 40% XaOH
and directly diestilled (ISI, 1960).

6.6.0 Jdpolytic activity

Lipolytic activity of the cheese was determined according
to the modified copper-sosp method of Shipe et al., (1980).

Heagents
i) fooper reagent :

Five nl of trietharcl aaine vas mixed with 10 nl of 1M

aqueous Cu (IO,)’. 80, This mixture vas dilyted to 100 ml with



ssturated sodius chloride solution., Then the ph of this solution
vas adjusted to pH 8,3 vith 1K sodius hydroxide. Then the
mixture wvas stored 4o dark at room temperature for use.

i1) Colour reagent

Sodiur diethyl dithio carbomate solution (0.5%) in
p-butanol.

111)  Solvent @

Mixture of chloroform, heptane and methanol in the
ratdo of 50:49:1 (V/V/V).

Exogsdure ;

In a glass stoppered tube, 0.25 g cheese vas taken and mixed
vith 0.25 nl of distilled water vith the help of glass rod. Then

0.1 ml of 0.7 N hydroehloric acid wvas added and contents were mixed
in a Vortex shaker. Then 2 ml of copper reagent was added and
contents vere again mixed in a Vortex shaker. Then 6.0 nl of
solvert mixture was added and the sample vas shaken for 30 win in a
rotary Ebubach shaker at 240 mpm. The contents were centrifuged
for 10 min at 3800 ~ 3900 1mpm in an International cemtrifuge. Then
3.5 nl of the solvert layer wvas transferred to a test tube
containing 0.1 =l colour resgemt. Contemts were mixed and the
inotensity of colour developed (Yellow colour) was measured at 440 ma
in a spectrocol colorimeter.
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Ersparatdon of the standard curve

Weighed quantity of palmitic acid was dissrolved in
chloroform-heptone-methancl (CH1) solvent mixture and volume was
made wto 250 ml. Then 1.0, 2.0, 3.0, 4.0 and 5,0 ml lots of the
solution wvas made upto 100 ml with CHY solvent, The tlark control

vas used constituting 0.5 ml of skim milk, The standard solution

vith the tlark was used for lipolytic standard curve (Wig. 2).
6.7.1. Yolatile acidity

VYolatile acidity of Cheddar cheese wvas estimated by the
method of Hemperiens and Liska (1968),

Fifty grams of the cheese sample was ground with 10 ml
distilled vater and transferred to a 200 nl Kjeldahl flask and
3,0 ml of 1K sulpburic acid vas added. The flask wvas closed wvith a
rubber cork with the wvash bottle type of fitting. The longer tube
dipping inmto the sample was eonnected to the coundeneor, Then
100 ml of the distillate wvas collected and titrated against 0.1 N
NaOH and the volatile acldity is expressed as nl of 0.1 N FalH per
50 g of the cheese.

6.7.2. M ]

idacetyl contemt in cheese vas estimated according to the
method of Pack ¢t al. (1964).
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Reagents 1
1) Buffered hydroxylamine hydrochloride i

(a) 33.0 g of EpHPO, was dissolved in 100 ml of
distilled water.

(b) 11.0 g of hydmxylamine hydrochloride was dissolved
in 250 ml of distilled water,

(e) 35.0 g of sodium acetate wvas dissolved in 100 ml
of distilled water.

Solutions, a, » and ¢ vere mixed in the ratio of
2411,

2) Acetone phosphate ;

29.0 g of K PO, was dissolved in cistilled vater and 40 ml
of pure acetone vas added. The 20lution was made wpto 200 ml wvith

distilled vater and stored in a coloured tottle and kept in the
refrigerator.

3) Alkaline tartarate solution i

Saturated potassium sodium tartarate (100 g/100 ml of

distilled vater ) vas mixed vith concentrated m‘cn in the matio
of 22 ; 3.
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4) FeS0, TH)0 salution

5.0 g of Pe S0,. 7TH,0 vas dissclved in 100 nl of 1%

H,%0 .
’) Tween - 80,
Erogedure :

Twenty grams of the cheese was transferred to a test tube
fitted wvith a trap conmtaining 1 ml of buffered hydroxylamine, The
test tube was immersed in a water bath at 65°C and flushed wdth
nitrogen gas for 14 hrs. The hydroxylamine trap was then
disconnected and the tip of the cornecting tube was rinsed into the
trap, with a few drope of 33% Ky EPO‘.

Then, 2 - 3 ml of Tween - 80 wvas added to check frothing
during mitrogen flushing.

The hydroxylamine tyap was then immersed in a water bath at
75°%. After 10 min. 0.5 ml of acetone phosphate vas added. The
mixture wvas cooled and 1.5 ml of alkaline tartarate and 0.1 ml
of FeS0, solution were added. The comtemts were thoroughly mixed
at each stage. The fimal volume was made wpto 5.0 ml with the
addition of 33% l, HPO‘. Pink colour wvas developed and it was
measured at 530 mu in the Spectrocol Colorimeter.
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The concentration of diacetyl was determined by
conparison vith a standard curve of dimethyl glyoxime or
diacetyl., Blarks used to Zero the colorimeter vere sterile,
uncultured non fat milk treated exactly as the samples being
tested for diacetyl. The solution of glyoxime or diacetyl
was prepared to give 100 ug diacetyl per milliliter. Different
concentrations of diacetyl solutions vere treated as sample

and standard curve was plotted (Pig. 3).
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RESULTS

THRE GG

1.0 t guct —cult :

Microscopic examination of 24 hrs old LF-culture smear

stained for Gram reaction, showved gram positive coeci arranged

in chains,

1.1 Activity :

When LF culture was imoculated in skim milk and incubated
at 37° for 3} hre, it produced 0.37% lactic acid. The grade of

activity of the culture was found to be satisfactory,
1.2  TFlavour productiop :

When the LF - culture was tenrted for flavour nroduction
for 30 min at room temperature, a slightly pirk coloured rirg

formation was observed on the top of the liquid eolumn indicating

thereby, slight flavour production,
2,0 Mk - olotting and proteolytig activities of renmnet :

The milk - clotting and proteclytic activities of loury

rennet from Mucor pusilius Lindt, Hansen's amimal rennet and

bacterial rennet from Bacillus subtilis K-26 are presented in

Table - 1.
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activitiesz as compared to that of animal and bacterial rennets,
3.0 Ziffect of remuet op lipolvtic agtivity of Pseudomonas frazi :

The effect of remnet on the lipolytic activity of Pseudomonas
SLragi is shown in Pig,4. The extent of lipolysies with the
icucorporation of 50 ppm rennet was of the same order with both
mold and bacterial rennet, wherein the lipolysis Zome had a diameter
of 1.2 ¢m and comparable to control, In the case of anmi~al rennet
the lipolysis sone with 50 ppm rennet incomoration was 1,8 em. Hence,
it vas moticed that both mold and bacterial rennet had inhivitory

offect on the lipolytic activity of the bacteria and on the extemt
of lipolysis,.

4.0 (Cheddar cheese making Schedule :

The schedule of Cheddar cheese preparation using
standardized cow milk, 1.5% starter culture (LF) and Mucor pusillus
rennet , the cheddarirg time-table and ripening are presented in
Table - 2, One hundired and ten litres of standardized milk yielded
13.8 kg of green cheese, and after milling, salting and pressing
the Cheese yleld vas 11.4 kg. The time taken for cheddaring wvas
S hrs and a titratatle acidity of 0,38% lactic acid and pH of 5,36
vere noted in the vhey at the end of cheddaring,
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Effect of rennet on lipolytic activity of Pseudomonas fragi,
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Tabtle - 2 Cheddar cheese mamifacturing time-table.
S.No. Processing step Time Period
From To hr. ein,
1. P”t“n"ﬁcn Of 100 00AM 100 30“ 0 - 30
Standardized milk ;
(63,5°C).
30°.
3. Starter action (1.5%) 11, 00AM 11, 15 0 - 15
4. Fennet action 11, 15AM 11.45M o - 30
S. COQking 11.45\M 12,45 lloon 1 - 20
6. Cheddaring 12,45 Noon 5.45 P™M 5 -« 0
7. Milling & Salting 5, 45PM 6.00 PM 0 - 15
(Yield of green cheese
vas 13,8 kg and salt
added was 414 g).
8. Pressing - - 24 -
(Presned cheese wt.
11,4 kg).
9, Hardening (at 8%) - - 8 - 00
10, Ripening (at 8%) - - (10 months),

(110 1itres of standardized milk comprising of 96 lites of cow milk

and 14 litres of skim milk was used to maintain casein/fat matio
to 0.7).
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FIG.6. INCIDENCE OF PROTEOLYTIC, LIPOLYTIC AND LACTIC ACID BACTERIA DURING
CHEESE RIPENING.
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count of Cheddar cheese during ripeming dia mot show much
2
variation and ranged from 1.2 to 6.0 x 10 cfu/g cheese (Fig. 7).

7.0  Chemical analysis of cheese :

7.1 pi : Cheddar cheese had a pi of 5.30 at the beginming of
ripening, after which the pi decreased to 5,06 durirg the first five
months of rinening, In the later five months of ripeming, @heddar
cheese showed a gradual increase in the pH to 5.3) (Table - 3).
Cheddar cheese prepared with furngal rennet showed a pH of 5,30

at 10 months of fipeming, whereas cheese with animal rennet showed
slightly higher pH i.,e., 5.43 at same stage of ripening (Table - 7),

7.2  Iitratabtle acidity :

The titratatle acidity during rinening of Cheddar chee=e
increased from 0,9% lactic acid at the beginning to 2,034 lactie
acid at 10 mounths of ripening (Tatle-=3). Animal rennet cheese had
a titratable acidity of 2.10f lactic acid at 10 months of ripening
(Table = 7).

7.3 Moisture

As the perioc¢ of ripenirg progreseed, the mcisture content
of fungal renuet cheese decreased from the initial 37.75Y¢ to that of

34.0% at 10 months ripening(Table-3). Animal reannet cheese had a
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slightly hizh moisture countent (36.07%) at 10 months ripeming stage
than that of fungal rennet cheese (Tatle-7).

Table - 3 Chemiecal composition of Cheddar cheese during
ripening.
\gefMonths  Moisture  pH  TitrataWe Tt
(%) acidity(%) (%)
0 37.78 5. 30 0.9 34,2
&5 37.50 5.25 1.08 3d.1
1 36,80 5. 24 1.20 34,0
2 36.70 5.20 1,28 33.8
3 36,50 5. 17 1.3 33,5
L] 36,50 5.10 1.40 33.2
5 36, 50 5.06 1.50 33,1
6 36.00 5.12 1,63 33.1
7 35.60 5.25 1.78 33.1
8 35,00 5.3 1.82 33.0
9 34,60 5. 38 1,95 33.0
10 34.00 S.40 2,03 32.9
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7.4 Fat Content

Fat content of cheese during ripeming alightly decreased
from initial value of 34,2% to 32,9% at 10 mortha riperdng (Table-3),

7.5 PEroteolytic dezradation in cheess !

$.5.1 The proteclytic activity of cheese at different stages of
ripening is presented in Table-4, Cheddar cheese prepared wvith
fungal rennet had 0,850 mg tyrosine per g cheese at the beginming
of ripening, which increased appreciably to 5.720 mg tyrosine per g
cheese at 10 months riperming (Table=4). Tn animal rennet cheese

5.0 mg tyrosine per g cheese wvas obmerved at 10 months ripeming
(Table-7).

7.5.2 The changes in different mitrogen compounds durin: riperng

of Cheddar cheese are presented in Tatile-8, Total nitrogen of cheese
remained more or less constant throughout the ripenming peried 1, e,

6.28 to 6,467, though there vas a slight increase during 10 monthe
ripeming. As the ripeming time advanced, there was a decrease

in protein nitrogen and a steady incresase of non-protein and

ammorda nitrogen, At the end of 10 monthes ripening the nonprotein
and ammonia rdtrogen comtents of dieese vere 1,80 ana 1,424 as eompared
t0 0.12 and 0.18% at the beginring of ripening, respectively, Cheddar
cheese manufactured vith calfl rennet had 1,275 mon-proteln mirogen ad
0.260% smonrda rmitrogen, vhich were slightly lesser then thet of
fungal rennet cheese (Talile-7),



Table-4 Proteolytic and lipolytic activities of
Cheddar cheese during ripeming.
AgoMonths Proteclytie mctivity  Lipolytic activity
(mg tyrosine/g cheese) (uz palmitic acid/g cheese)
0 0.8%0 38.0
3 0.950 40.2
1 1.520 45.20
2 2,450 50.25
3 2,875 55.60
4 3.620 65.00
] 3.85 78.56
6 4.044 98,62
7 5. 000 109.68
8 5.437 123,44
9 5.625 131.00
10 5.720 137.12

e’ et e Bt Rt Rt Bt Rt et Rt Bt k. Rt et el Rk k. Bt Bt Bt Tt hat Bt ek Rt et 2kt et Bt 2t Rt Bt Tenk 2at Nt
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7.6 olytic activity :

There wvas increase in the lipolytic activity of the chee=e
during ripeming from 38 to 137.12 ug palmitic acid per g cheese at
the beginming and end of ripening, respectively (Table-4). it the
end of 10 months ripening calf rennet cheese showed a lipolytie
ectivity of 960 ug palmitic acid per g cheese, which was seven fold
higher than Mucor rennet cheese (Table-7).

T.7 Flavour compounds

TeTel acetyl ; The diacetyl content of fresh chee=e at the
beginmdng of ripening was 0,85 ppm which decreased to 0.25 ppm at
the end of 10 months ripening (Tatle-6). There was marked decrease
in the dlacetyl content wp to 2nd month of ripeming, after vhich
there vas only a =light decrease, The clacetyl content of amimal
rennet cheese and fungal rennet cheese at the end of 10 months

ripering was more or less similar (Table-7).

7.7.2 tile acidity : The volatile acid content of cheese during
ripering is presented in Tatle-8. The volatile acidity increased from
2,10 to 7.42 nl of §/10 NaOH per 50 g cheese during initial and final
stages of ripening. The volatile acidity of 10 momths ripened animal
rennet cheese was 8,05 as compared to 7.42 ml of N/10 NadH per 50 g
mold rennet cheese (Table-7),
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Table~6 Flavour constituents of Cheddar cheese
during ripening.

Wionthe Myl Velileadatty

(ppm) nl of N/10 Ra0H/50g cheese
0 0.850 2.10
4 2.700 2.75
b § 0. 550 3.60
2 0.450 3.90
3 0.300 4.15
% 0.280 4.40
5 0.280 4.75
6 0.275 5.60
7 0.275 5.90
8 0.2758 6.60
9 0.260 7.25
10 0.250 T.42
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Tatile-7 Comparison of chemical composition, ename activitly and
organoleptic score of Cheddar cheese made by using mald
(% pusillus Lindt) and calf reanet, (10 months ripened)

B T e e T T e T T A N T A N T N A T A N R R G R R G R R R L R L R R L Tt E T AT et et

Constituent Mold rennet Calf rennet
B e o e e et et e e et e et T Bt b o o B i R B S
Moisture(%) .00 3, o7
pH 5.40 5.43
Titratatle acidity (%) 2,03 2.10
Pat (%) 32,90 30,60
Total mitrogen (%) 6.46 6.01
Protein nitrogen (%) .M 4.7
Non=p rotein nmitrogen (%) 1.5 1.49
Ammoria nitrogen (%) 0.42 0.7
Proteolytic activity 5.72 8.00
(mg tyrosine/g cheese)
lipolytic activity 137,12 960,00
(ug palmitic acld/g cheese)
IHacetyl (ppm) 0.280 0,248
Volatile acldity 7.42 ",08
(ml of /10 Kac/80 g cheers)
Organoleptic Score
Flavour (45) n.n ¥ .80
Body & Texture(30) 28,76 27,20
Picish (15) 18,00 18,90
Colour (10) 2.0 "»"
Total (100) #7.49 5,18

Py Ty G GG G gy G Gy G G G P P G G G gy Wy Wy Wy,



7.8  Qrzanoleptic evalustion of Cheddar cheesg :

The Cheddar cheese made from both mucor rennet and
calf remet was  compared after 10 months ripeming, The body,
texture and flavour of both the cheeses were comparable and
organcleptically acceptable., There was no bittermess or rancidity
in the cheeses. The organoleptic score of the mold and calf
rennet cheeses are given in Tatle~7. ’'‘old and calf rennet cheeses
had a total organcleptic score of 87.49% (ranged 84 - 90%) and
89.12% (ranged 86 to 90.5%), respectively.

“HI
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DISCUSSION

{2222 222 2 2 )

Mamufacture of a good quality Cheddar cheese from cow milk
depends on the use of an active starter culture, suitatle rennet,
appropriate cheddaring time-table and desirable changes during
controlled ripening. The starter bacteria used in Cheddar cheese
nomally include single or mixed strains of streptocoedd or
LF culture, which have the ability to produce lactic acid slowly
and steadily from the lactose substrate, Eventhough, the calf
rennet has been wvidely used as the coagulating enzyme for cheese
in many countries, attempts have also been made to find rennet
substitutes of microbtial and plant origin( Fyu, 1974; Christensen,
1979). The cheddaring time table has to be standardised for
appropriate acid production,formation of a good body and texture
and extent of green curd recovery, The cheese after salting,
pressing, hardenming and waxing ie kept for ripeming in the cold
store (8°C) over a period of 8 to 10 monthe for the development of
desirable chemical and microbiological changes, so that the
ripened cheese is organoleptically acceptalle, Hence, in the
present study the Cheddar cheese was prepared by using LF culture,
Muecor pusillus rennet and the microbial and chemical changes
during cheddaring and ripening have been reported.

Microscopic examination of LP-culture after gram staining
indicated the presence of gram positive coccl, arranged in chaine,
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The LP-culture appeared to be a mixed culture of Streptococcus spp.,
on the basis of cell size, arrangement and chain length., Single
etrain culture or mixture of single strains of “treptococcus

lactis, S, eremoris and S. lactis sub sp, diacetylactis bhave been
used for satisfactory production of cheese (Dutta et al., 1971 ;
Holzapfal and Kriel, 1973; Legg, 1973; Frzinkyan et al., 1975;

Kirov and Chamakov, 1975; Stevic et al., 1975; ‘ostert and Husmann,
1976 ; Gruev, 1977; Butkus et al., 1978; Lolesalek and Fichtervoa,
1978 ; limsowtin, 1978; Petterson, 1978; Sharpe, 1979).

The LP-culture was found to be satisfactorily active with
the production of 0.37T% lactic acid as per the grading of Horral
and Ellicker (1947). Hence, it is evident that the culture tested
ecan produce sufficient lactic acid during cheese manufacture and

ripening, vhich is of a paramount importance in cheese production.

Lactic acid bacteria produce traces of flavour and aroma
compounds, apart from the production of lactic acid (Manming et al.,
1976). A slightly pink coloured ring formation by the culture
in the flavour production test, suggests the presence of low
level of flavour campounds in the culture, These flavour
compounds nommally include diacetyl, acetoin, acetaldenyde, ete,

The presence of flavour compounds in low concentration in the culture

indiecate that these compounds might be produced by the LF culture,
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¥lk-clotting and proteclytio activities of Nugay pusilive
rennet, Hansen's animal rennet and tmoterial venved (B 2ubtills
K=26) have been compared and it war noted that Vhe haaterial vennst
showed high milk-clotting and proteclytie activities Mallawed Wy
fungal and animal renneta (Tatle=l), Fao amd “athur (1079)
attributed the milk-qlotting activity of bacterial renned Frum
B. subtilis K-26 to the enmyme like rennmin or Wmeberial jrmbenns
present in the erude ensyme preparation, Khan g\ gl. (W0'79)
demonstrated the presence of two major aeld preteasss In rennet Frum
Mugor pusillus Lindt, one of which had signi Maarh venwsd nelike
activity, whilet the other lased 1V, Vilk-dlaWing aeMivivy of
Noury remnet can be attributed 1o the presenss of Wis yenml iiibe
enzyme, "dlk-glotting aetivily of Yhese remste san he oW/l b ad
to the destruetion of phenylalem ne-netilyiine bynd 16 b sandn,
and the destruction of the slaMiining saMian of bosendl i susl 1t
precipitetion, Though, theee thres wiii-giaMny wmaynen AN iley
io thelr wili~cloWWing astivily, Yhey ere Melloved Y Mow Sone
pedific action o8 k-emels (Tv 2§ gl , 10N,

Protesl yVia saViviVies of Uhe Thies 1omeia Laled s W
Siritel o e prevenes of pgaviansen, ‘o san Vet | WY
merited We ywiesl Ms saiviYy o Smdorids st 'y he
preseies vf yrAenses La e SHAS yAWOIwhan, The y i /4 a4
sativiny of Bowry resnet ses Sn WA LIS by e yre s o
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2 %0 4 acid proteases (Green and Stackpoole, 1975; Edelsten
and Jensen, 1970; Khan et al., 1979).

"Hlk-clotting and proteolytic activities of Mucor pusillus

Lindt protease were 3,324 units and 120 ug tyrosine, respectively,
and vere reportedly closer to the values obtained by Iwa=aki et al.
(1967). Mucor protease and bacterial rennet were found to be more

proteolytic than that of calf rennet (Mickelsen and Fish, 1970,
Fao and Mathur, 1979).

The ratio of milk-clotting to pmteclytic activity of Mucor

rennet is nearer to that of calf rennet than bacterial rennet,
Ivasaki (1967) also found that Mucor rernet had closer milk-clotting
to proteolytic activity ratio to that of calf remnet. As the Noury
rennet showed closer milk-clotting to proteclytic activity ratio

to that of calf rennet, it may be expected that the yield of cheese
and retention of fat by the curd may be more or less similar to that
of calf rennet. If the proteclytic activity of rennet is more or
milk-clotting to proteclytic activity ratio #8 less than that of
calf rennet, the yield of cheese and retenmtion of fat by the curd
may be diminished (Veringa, 1961; Feitter, 1970). But the bacterial
rennet exhibtitel excessive proteclytic activity and less ratio of
milk-clotting to protealytic activity than calf remnet,



The bacterial and mold rennet caused inlihition of lipolytie
activity of Pseudomonas fragi in tributyrin agar, whereas the
calf rennet did rot show any such inhibition. Brandl (1970)
reported that the amimal rennet and Endothia parasitica: rennet
caused no inhibition of butter fat hydrolysis in a staphylococcal
culture, but the Mucor pusillus rennet did snd at pH 5.5 and 6.5,
Bagillus subtilis crude proteinases resulted in a defimite
inhibition of lipase activity. The action of the rennet on the
extent of lipolysis might infl.ence the butter fat hydroly=is
during the ripeming of the gheddar cheese.

The yield of cheddar @heese manufactured wvith Mucor pusillus
Lindt remnet is 10,36%, vhich is closer to that of 10 - 11¢ yield
with calf rennet, <This can be attributed to the similar milk-

clotting to proteolytic activity ratio of Mucor and calf rennets.

After 15 min LF-culture activity (1.5f) in pasteurized milk,
the titratable acidity of milk increased from 0,17% to 0.19% lactie
acld and the pH decreased from 6,57 to 6,40. This increa=e in
titratable acidity is possibly due to the growth of LF-culture in
the milk and lactic acid in the imoculum, It is a well known fact
that the starter bacteria utilize lactose and produce lactic add.

During cheddaring, increase in titratable acidity is positively
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correlated wvith the miltiplication of starter bacteria (Fige, 0 ),
2)e

The moisture vas removed gradually in the cocked ourd
initially from 47,95 to 38,50% at the end of cheddaring, 7he
increase in acidity of cheese curd results in Lhe resoval of vhey
or moisture from the curd during cheddaring, 17 the add produsVion
is faster, the removal of wiey ir faster, widh rerui\e 10 Lhe
yield of hard cieese (Dolby, 1941). 7The tire teken for ahaddsrirg
vas five hrs with a titratable aclcity ie vhey of 0,29 lasis
acid in the cheese prepared vith "oury remcet, 7Tnis add4
procuction was gradual during 5 hrs e, e, Yhe lral
quality of cheese obtained war not Nard, ratier 1% had #uf 7] of ot
nodsture (38.5%) to Zive proper ndy wd Lexriurs Vs Yhe * hetdar

- sheese.

Starter cdlture (LF) midviglies is e Sewms o8 o &
rapid rate, Witidin 2 bre 45 mis, e"ler Livoietion, wd Tees
attaineg a stationary phare Tillowet W) Cedise ghmss, 7The Secrenss
is musber of starter tucteris ot Vie Letfer slags 5 O w pueei oy
due to Teduciion 15 tie Level of Lactone, & remiliy ewed . sde

mtriest, recuciics ic We sulsters snterl of Saese oo, o

N the e of Seldaring, desss ol Gl Aeriic oy WRery
taxture., 1os dartie prmperiy o e Sewrs ool ond W ALt



to the presence of monocalcium paneu'innto. Carein is

eaid to exist in rennet curd as diacalcium p.nmﬁlmto. WWhen
lactic acid is formed by the starter bacteria, it reacts with
disalciun paracasfignate to give moro calcium paracesfigpate amd
subsequently free paracasein, which imparts elastic properties
to the cheese curd (Toster et al., 1955).

During ripening, the lactic acdd bacteria initielly
increased in mumbers upto Ird mounth, after which a decline in
pumber was observed (Pig. 7). During the course of cheese ripening,
the lactic acld content in cheese alro increared, The poeaibtle
factors attributable to the decline of growth of lactic aclid bacteria
are reduction in the level of lactose and increase of lactic acid
production (1.50 to 2,03%). The lactic acid produced by the starter
bacteria in the initial stages of cheese ripening affected the
growth of those bacteria in the latjer period of cheese ripening
(Davis, 1965), Dawson and Feagen (1957) reported that the S, lactis
grev to maximum level in first P weeks of ripening, after vhich
it shoved a gradual docline in the growth,

Sinee the Noury rennet (Mucor pusillus Lindt) shoved
considerably higher proteolytic activity(120 ug tyrosine) , this milk
coagulant might have csused some proteclysis of cheese, Temnet
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hydrolysed proteins primarily to smaller peptides, which
undervent further breakdown to free amino acid level by starter
bacteria (Lee, 1974, O'Keefee et al., 1978),

Proteclytic bacterial count increased imitially up to 5 months
of ripening and further showed no increase in mumber. The bacteria
having proteolytic activity can utilisze protein as main nutrient

in the cheese and degrade them into water soluble nitrogem campounds
like free tyrosine and ammonia.

The breakdown of protein or increase in the amount of
breakdown products can be correlated with the growth of proteclytic
bacteria, The proteolytic bacteria possess intracellular ard
extragellular proteases which bring about proteolytic degradation
in cheese (Vadhera and Boyd, 1963; Dulley, 1974). Proteolytic
bacteria releases extracellular proteases during the first five
months of ripening and intracellular proteases due to autolysis
of cells in the later stage of cheese ripening. These extracellular
and intragellular proteases act on the partially degraded peptides
formed due to the renvet action (Peterson et al,, 1948; Vadhera
and Boyd, 1963; william=on eb al., 1964). It can alsc be stated
that these enzymes can directly degrade the milk protein imto smaller
compounds (Visser, 1977 ).

The decrease in proteln mitrogen of Cheddar cheese ean be
attrituted to the proteolytic breakdown by rennet, starter btacteria amx

other proteclytic organisms, The increase in mon-protein mitrogen,



tyrosine and ammonia can be correlated with the hydrolytic
activity of the rennet, extracellular and intracellular proteases
during cheese ripening,

Accumulation of ammonia i= possibly due to deamination of
free amino acids by deaminases produced by starter bacteria (Lesmazeud,
1978). The decrease in the pii from 5.30 to 5.06, i= atiributable
to the production of lactic acid, whereas, the increase ir pi from

5.06 to 5,40 to the accumulation of ammonia in the Cheddar cheese,

Due to the action of deaminasee on free amino acids, ammonia
and free fatty acide are said to be liberated (Desmazeud, 1978),
The increase in the volatile acids can be partially attributed to the
release of these free fatty acids by the action of deaminases,

Mold rennet cheese showed comparable levels of non-protein
nitrogen, tyrosine and ammomie with that of animal rennet cheese,
High levels of non-protein nitrogen (1.507), tyrosine (5.720 mg/g
cheese) and ammoria (0.420%) in mold rennet cheese than that of
animal rennet cheese (1.22%, 5.0 mg per g and 0,268%, respectively),
indicates much greater proteclytic breakdown in mold renmnet cheese
vith LP- culture than that of animal rennet cheese,

Lipolysis in cheese is said to be brought about by starter
bacteria. The lipolytic bacteria in cheese showed greater ingrease in
number in first five months of cheese ripening and later they did
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not grow much, Bacterial lipase hydrolyze the fat in cheese only
after 15 - 30 days or so of ripening (Davis, 1965; Petarson et al.,
1948), The decline in the growth of lipolytiec bacteria in the
second half of the cheese ripening period can be attributed to the
lactic acid production and to the fact that lactic starter or
lipolytic bacteria can not proliferate much when free fattiy acids,

especially lower chain fatty acide, are present in suffielently

high concentrations.

As a rerult of bacterial lipase action, free fatty acids are
released continuously throughout the ripening period, from 38,0 to
137,12 ug of palwdtic acid per g cheese, Lipolytic bacteria could
hydrolyze milk fat, during ripering from tr:lalycorl.doc to di-and
monoglycerides and further to free fatty acids(~tadhouders and
Veringa, 1973). Increase in volatile acide® in cheese can be
attributed to the release of short chain fatty acides by microbial

lipases (Iwasaki and Kosikowski, 1973; Umemoto and Sato, 1975).

Mold rennet cheese at 10 monthe rinening stage showed the
lipolytic activity of 137.12 ug palmitic acid per g cheese, vhereas,
aniral rennet cheese showed qui te high lipolytiec activity (960.00 ug
palmitic acld per g cheese). Low lipolytie activity of fungal remnet
chee=e can be attributed to the inhibtitory effect of this rennet
on microbial lipase, as shown in Fig,4. Ais it vas noted that 28,8%

of renuet is present in cheese, a considerable effect on microtial
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lipase is expected. Brandl (1970) reported that rennet from
Mucor pusillus Linét could show inhibitory action on microbial
lipase, spart from its low lipolytic activity.

Iiacetyl is one of the major flavour component= in both
animal and fungal rennet cheeses (Calbert and Price, 1948 ; Bassette
and Harper, 1958; Day and Keeney, 1958; Patton et al., 1958).
Calbert and Price (1948) reported that 0.5 ppm of diacetyl is the
threshold in Cheddar cheese to give proper flavour, In fungal and
animal rennet cheeses, almost comparable quantities of diacetyl i.e.
0250 ppm and 0.225 ppm in cheese respectively, were observed at
the end of 10 months ripening. The diacetyl might have contributed
to the Cheddar cheese flavour, A decrease in the diacetyl content
fyom 0.85 ppm to C.30 ppm in first three months of ripening might be
due to reduction of diacetyl to acetyl methyl carhinol by starter
bacteria, Dlacetyl in the fungal rennet cheese might have been
produced by the starter inoculum,

Volatile acidity in the cheese was 2,10 ml of N/10 Sodium
hydroxide/50 g cheese at the start of ripening, which inereased
gradually to 7.42 ml of N/10 Na(li/50 g cheese at 10 months of ripeming.
The volatile aclds are produced by proteclysis (deamination)
(Desmaseud, 197€), lipolysis (Harper, 1959; Stadhouders and Veringa,
1973) and lactose metabolism (Susuki et al., 1910) by starter bacteria.



Both animal and fungal rennet cheeses had comparabtle
volatile acidity contents (8.05 and 7.42 ml, respectively).
Since the lipolytiec activity of fungal remnet cheese is vewy
much less, the volatile acide might have been produced by
protealysis i,e. due to deamination of free amino acids. Consider-
abtly high proteolytic activity and high amounts of ammomia in
fungal rennet cheese suggest that sufficiently high amount of free

fatty acids wight have been produced due to proteoly=is in fungal

rennet cheese.

The yeast and mold count was low in cheese during ripening
2
(1.2 to 6.0 x 10 cells/g). The fungal population also might have

contributed partly to the proteoclytic and lipolytic breakdown in
Cheddar cheese during ripening,

The non - lactic acid bacteria occurred in appreciably high
nunbers in Cheddar cheese during the first four months of ripening
ani decreased further., Mattick and Hiscox (1939) ascribed high
levels of fatty acids present in cheese to the presence of large
nunbers of non-lactic bacteria. Alford and Prasier (1950)
emphasised that non-lactic bacteria, especially microcoeci might
be involved in the ripening of cheese.
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The organocleptic evaluation of the mold rennet cheese
ripened for 10 months was comparable to that of calf rennet
cheese, The mold rennet cheese did not show any rancidity or
bitterness. The cheeses made wvith Mucor pusillus rennet have
been reported to be identiecal in all respects to those made
vith calf rennet (wigley, 1974; Pien, 1976). lience, it is
concluded that a good quality cheddar cheese can be mamufactured
using Mucor pusilius rennet and LP - culture with standardised
techniques of cheddaring and ripeming.
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SUMMARY
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Cheddar cheese was prepared using LP-culture and lNoury rennet
from Mucor pusillus Lindt and ripened for 1) months, The mold
rennet had the milk-clotiing and proteolytic activities of 3.234 unite
and 120 ug tyrosine/ml of 1% rennet solution, respectively. The LP
culture produced 0,37% lactic acid in skin milk, It was found that
during cheddaring, 28,87 of the total rennet adced to standardired
milk wvas trapped in curd and the rest ic vhey. 7The mold rennet

exhibited innibitory effect on lipase of 'seudomonas Cragi,

During the first two hours of cheddaring, the lactic acid
bacteria multiplied in logarithnde rate reaching a population of
3.2 x 1011 ullq/g curd, and 0,387 lactic acid was produced in the
cheese curd during 5 hre of cheddaring, The moisture expulsion in
the curd was gradual after cooking and the salted curd had a moisture
content of 3E,32%.

During ripening, the lactic acid bacteria increased in

number initially for 15 days and showed a further decline in the
growth, Lactic acid wva® produced gradually throughout the ripenming
period from 0,90 -~ 2,034. The number of proteolytic and lipolytie
bacteria increased appreciably during 5 months of ripening of Cheddar
cheere and further slightly decreased. Jkon-lactic bacteria rhowed
appreciable growth in first four months of ripening after uich Lhey
decrease«l in mumber, Yeast and mold count was less and dic oot

inecrease much in mumber during ripening of cheese.



There was gradual inerease in the proteolytic activity during
ripening wvhich ranged from 0.850 to 5.720 mg tyrosine/z chaeese. Mold
remet cheese showed high amount of proteolytic breakdown than that
of calf rennet cheese after 10 months of ripening, Mold remret cheese
showed 70od extent of protein breakdown, with the accumulation of
non-protein mitrogen and ammonia in the cheese, which was higher than
that of animal rennet cheese. Mold rennet cheese at 10 months ripening
had a lipolytic activity of 137,12 ug palmitic acid/g, a= compared
to 960.00 ug palmitic acid/g animal remnet cheese.

Both mold and calf rennet cheeses chowed similar amount
of volatile aclds and diacetyl after 1) months ripenming, As the
riperming period advanced, volatile acids content increased in mold
rennet cheese, which ranged from 2,10 to 7.42 ml of }N/10 Na®i/50 g
cheese, The mold remnet cheese after 10 months ripening had a
comparable body, texture and flavour to that of calf rennet cheese,

It did not show any off-flavours like bittemess or rancidity.

It is concluded that Cheddar cheese can be prepared
satisfactorily with the microbial rennet from Mucor pusillus Lindt
with 10 months ripening period and the ripened cheese was
organocleptically acceptatle and comparatle to calf rennet cheese.
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