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ABSTRACT

The investigation was undertaken to determine the features of
different strains of lactic streptococci (starters) associated
with good or poor flavour development in Cheddar cheese, 4n
attenpt was made to differentiate the roles of the starter
streptococci, other microorganisms and rennet, particularly with
respect to the influence of their relative proteolytic activities
on the acceptability of the cheese and the formation of bitterness,

An improved agar medium was developed for the detection of
proteolytic organisms in total bacterial counts, and used to assess
the bacteriological quality of the milk received for cheesemaking
over two dairying seasons. In spite of wide variations in the
quality of the milk, the proteinases of the raw milk flora had no
significant influence on the development of flavour, or off-flavours
such as bitterness, in cheeses made with specific "non-bitter" or
"ﬂitter" starters,

Starter strains which characteristically made good-flavoured
cheese possessed either one or both of the following features:

(i) low rate of cell division at the temperature of cheesemaking
which resulted in relatively low numbers of cells being produceds
(11) 1low proteolytic activity as determined in pasteurized &kim
milk (PSM) cultures in the presence of 4 or 5% NaCl,

Although the total quantities of free amino acids varied
between cheeses having either good flavour or bitter or 'burnt"
flavour defects, the proportions of individual free amino acids
formed by proteolysis of the casein were very similar in all the
cheeses, This suggested that the specificities of the proteinases_

of the different starter strains used to make these cheeses were
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not markedly different,

A comparison of proteolysis by starter strains and by rennet
in PSM under similar conditions suggests that the starters, and
particularly the more active strains, contribute significantly to
overall proteolysis during cheesemaking and in the young cheesse,
but to a lesser extent in the later stages of cheeseripening,

A possible pathway of casein breakdown is suggested to
explain the roles of rennet and starter in determining whether
or not bitterness will be found in cheese, It is suggested that
rennet proteolysis of the casein forms a pool of predominantly
high MW non-bitter peptides. The extent to which the precursors
are degraded by the starter proteinases determines the level of
bitter peptides in the cheese,

Gooc-flavoured cheese is associated with a low level of
starter proteolysis, whilé more extensive proteolysis by the
"bitter" starters of the non-bitter precursor peptides results
in the formation of bitterness., "Burnt" off-flavours in cheese
associated with the use of certain starter strains probably
reflect a further degree of starter pfoteolysis and the accumula-
tion of relatively high levels of amino acids, The increase in
the intensity of bitterness in cheese when higher levels of
rennet are used presumably results from the production of greater
amounts of precursor peptides available for subsequent degradation
to bitter peptides by the starter proteinases,

The level of starter proteinase in the cheese appears to be
the most important factor determining the development of bitter-
ness, However, it is likely that the salt-in-moisture levels in

the cheese will also exert some control on the development of



(iv)

bitterness since NaCl inhibited proteolysis by both rennet and
starter proteinases,

It is concluded that it should be possible to exert con-
sfderable control on cheese flavour merely by regulating the
maximum population of starter streptococci, and hence the level
of starter proteinase, attained during cheesemaking, Such control
would be important in reducing the incidenge or intensity of

bitterness in Cheddar cheese.
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INTRODUCTION

THE INFLUENCE OF THEZ MICROFLORA ON
CHEDDAR CHEESE FLAVOUR

It has generally been assumed that the only micro—organisﬁs that
make any significant contribution to Cheddar cheese flavour are
those which are present in large numbers in the mature cheese,
The "starter" organisms, predominantly lactic streptococci
(Lancefield group N), tend to die out rapidly and, hence, the
classical approach in earlier studies to determine the contribu-
tion of various organisms to flavour development has been to
inoculate the cheesemilk with non-starter organisms isolated
from cheese of good flavour, ©Such studies have been reported

s

involving lactobacilli (Sherwood, 1939), organisms which
frequently predominate in the flora of mature Cheddar cheese,
and other organisms such as propionibacteria (Harris & Hammer,
1940), Leuconostocs, enterococci (Tittsler, Sanders, Lochry &
Sager, 1948) and micrococci (Alford & Frazier, 1950). However,
many of these earlier investigations were carried out at a time
when adequate control of the bacterial flora, both of the raw
milk and of the starter, was not poésible. The commercial
mixed-strain starters which were formerly widely used generally

included heterofermentative organisms such as Streptococcus

diacetilactis in addition to the essentially homofermentative

S. lactis and S, cremoris.

During the 1930s Whitehead established that the use of
pure single-strain cultures of starter in place of unknown

mixtures resulted in greater reliability of cheesemaking in



terms of both the making process and the gquality of the finished
cheese, Single-strain starters, which most commonly are strains
of S. cremoris, are now used almost exclusively for the manu-
facture of Cheddar cheese in New Zealand and Australia (Robertson,

1966).

The improved raw milk quality and particularly the intro-
duction of pasteurized milk for cheesemaking into New Zealand in
1961 have effected a considerable amount of control on the flora
of the cheesemilk, The possible roles of starter and non-starter
in the formation of cheese flavour can now, therefore, be more

effectively evaluated,

Role of starter streptococci

It became apparent that certain starters were regularly
associated with certain characteristic flavours, Perry (1961),
for ezample, described an unclean or fruity flavour in cheeses

that was attributable to the Streptococcus lactis single-strain

starter used, different strains of S, lactis being associated
with different intensities of the "lactis" flavour., It was also
established that certain pure strains of starter streptococci
were more frequently associated with the development of bitter-
ness than others which regularly gave good-flavoured cheeses

(Emmons, McGugan, Elliott & Morse, 1962a; Lawrence & Pearce, 1968).

The development of the aseptic vat (Mabbitt, Chapman &
Sharpe, 1959; Perry & McGillivray, 1964) afforded a means of
making experimental cheeses under closely controlled conditions
using essentially sterile milk and known strains of bacteria,

It was then possible to determine more precisely the contributions



<hat the various bacteria commonly found in cheese made towards
the development of Cheddar flavour, Cheeses made in the aseptic
vat with sterile milk and gluconic acid lactone (GAL) as the
acid-formirng agent instead of starter were devoid of bacterial
flora, and no typical cheese flavour developed, However,
"aseptic" cheeses made with single strains of starter only,
formed distinct Cheddar flavour, although they lacked the
fullness of flavour of mature Cheddar cheese (Perry & McGillivray,
1964; Reiter et al,, 1967). The characteristic fruity flavour
of S, lactis ML3 and bitterness associated with S, cremoris HP
were detected, so confirming earlier rocports concerning the
flavours associated with these strains in cheeses made under

normal (non—aseptic) conditions (Perry & MecGillivray, 1964).

In the past it was considered that starter influenced
flavour development only indirectly (Sherwood & Whitehead, 1934)
since the activity of non-starter enzymes and of rennet would be
determined by the pH, which is in turn largely controlled by
acid production by the starter., Results obtained not only from

ageptic vat experiments but also from extensive commercial

trials in New Zealand have shown conclusively, however, that
starter organisms do contribute directly to the basic Cheddar

flavour,

Lawrence & Pearce (1968) grouped single-strain starters
into three major groups on the basis of their flavour character-
istics in normal cheeses, viz, those which gave no off-flavours,
those which had a tendency to produce bitterness, and those which
produced varying degrees of fruitiness. It was found that the

intensity of the off-flavours of the starters of the bitter and



fruity groups could be substantially reduced by pairing them

with starters of the first group. Emmons et al. (1962b) had
similarly raported on the ability of "non-bitter" starters to
decrease the intensity of the bitter flavour formed by '"bitter"
starters, In large-scale commercial trials in New Zealand,
Sellars (1969) found that the proportion of unsatisfactorily
flavoured cheeses associated with the use of S, lactis ML8

alone could be decreased substantially if the lactis strain was
pzired with either of two cremoris strains which on their own gave
good-flavoured cheeses, The reduction of bitterness in cheese by
pairing a bitter slarter with a non-bitter starter was explained
ag solely a dilution effect by Creamer, Lawrence, Gilles &
Eumphries (1970) who statistically analyzed the results of flavour

trials of cheeses with combinations of such starters.,

Survival of stariter streptococci

The results of Dawson & Feagan (1957) that strains of
S. lactis used as starter generally attaired higher populations
in the cheese and survived longer than S. cremoris strains were
confirmed by Perry (1961), and later by Perry & MoCillivray (1964)
using the aseptic vat, The latter authors suggested that enhanced
survival of the starters could be associated with stronger Cheddar
flavour, and Perry (1961) considered that the longer survival of
S. lactis could be significant for the development of "lactis"
flavour. Anders & Jago (1964) postulatéd that bitterness in
cheese was associated with poor survival of starter which resulted
in a low level of peptidase activity. The ability of S, lactis

strains to persist longer than stirains of S. cremoris was closely

correlated with the salt tolerances of the strains (Dawson &



Feagan, 1957). However, a more recent report (Anders & Jago,
1970) considers that the early loss of viability by certain
strains may be due to the accumulation in cheese of long chain

fatty acids, in particular oleic acid,

Role of non-starter organisms

Cheese made from pasteurized milk is generally not con-
sidered to develop as mature a flavour as that made from raw
milk (Mabbitt, 1961) and numerous investigations have been
reported on the effect of various non-starter organisms such as
lactobacilli and micrococci on flavour (e.g. Franklin & Sharpe,
1963). Two organisms known to enhance Cheddar flavour, Lacto-

bacillus casei-plantarum 25,2 (Sherwood, 1939) and Micrococcus L1

(Robertson & Perry, 19é1) were investigated by Perry & McGillivray
(1964) for their effects on the flavour of cheeses made in the
aseptic vat. ‘'Aseptic'" cheeses made with GAL and with either the
lactobacillus or the micrococcus were devoid of cheese flavour,
suggesting that these organisms were not alone responsible for
flavour development, However, "aseptic" cheesé made with starter
and either or both of these two non-starter organisms developed

& more intense flavour than the corresponding cheese made with

starter only.

The mechanism by which these non~starter organisms enhance
flavour is unknown., It is possible that they make a direct
contribution towards flavour as suggested by Robertson & Perry
(1961), or that a symbiotic relationship may exist between the
non-starter and starter populations with extended survival of the
starter streptococci in the presence of non-starter organisms

(Perry & McGillivray, 1964). It is also well known that



lzctobacilli have complex growth regquirements and their ability
to grow actively in tae cheese may depend on the supply of
essential growth factors provided as a result of the earlier
metabolic activities of_the starter streptococci. In the
absence of starter, lactﬁbacilli in asoptic GAL cheeses died
out, but the possibility of inhibitory properties cf GAL or its

breakdown products could roi be excluded (Perry & ¥cGillivray,

64).

-
O

Bacteriolosical quality of the milk

It is apparent that, although the starter streptococci are
primarily responsible for the development of basic Cheddar flavour,
the non-starter flora, whether derived from either the raw milk,
baving survived pasteurization, or from the factory environment
as adventitious contarinants (N¥aylor & Sharpe, 1958t} can sometimes
considerably modify the basic flavour. Depending on the particular
strains of micro-organisms involved, the non-starter population
may have either little or no effect on flavour, or enhance it,
or be responsible for the development of undesirable flawvour
gnarastspristics, It is wsll known that the enzymes of many
bacteria are relatively stable at the temperatures commonly used
for pasteurization (Stadhouders, deVries & Mulder, 1959; Kishonti
& Sjostrom, 1970). Hence, although pasteurization may destroy
over 90% of the raw milk flora, such enzymes as proteinases and
lipases generated by the raw milk flora prior to pasteﬁrization
can still be ezxpected to be active.

The lower flavour scores of cheeses made from pasteurized
milk of initial poor bacteriological quality probably reflect

.

the continued enzymatic activity derived from the initial raw



milk flora (Wilson, Hall & Rogers, 1945; Hattowska, 1970).
However, off-flavours have been reported in cheeses made from
pasteurized low count raw milk, the underlying cause being
attributed to the "persistently occurring milk flora'" in
particular micrococci and lactobacilli (Feagan & Dawgon, 1959).
Hence, in any assessment of raw milk quality it may be important
to take account of not only numbers but also the types of

micro-organisms present,

COMPONENT BALANCE THEORY OF CHEESE FLAVOUR

The earliest investigators of the chemical nature of Cheddar
cheese flavour corsidered that a single compourd or group of
compounds was responsible for typical Cheddar flavour (Suzuki,
Hastings & Hart, 1909/10). However, Mulder (1952) and Kosikowski
& Mocquot (1958) suggested that cheese flavour was due to a
mixture of compounds derived from the degradation of fats,
protein and lactose, Although individually these compounds may
have flavour, but not necessarily cheese flavour, it is only
when they are in the appropriate balance that the resultant
flavour is that of typical cheese.

The component balance theory of cheese flavour has been
generally accepted (e.g., see reviews by Harper, 1959; and Nabbitt,
1961) and characteristic flavour development is considered to be
related to the enzymatic processes of glycolysis, lipolysis and
proteolysis which must proceed interdependently at definite rates
for optimum flavour formation, Most work to date on the chemical
composition of cheese flavour has concentrated on the volétile

odour components, although it is likely that the non-volatile



compounds involved in the taste of the cheese are most important,

a2t least to the consumer,

ROLE OF LIPOLYSIS IN CHEDDAR CHEESE FLAVOUR

Although changes in the milk fat probably do contribute to some
of the flavour precursors in Cheddar cheese, a direct relationship
between increased lipolytic activity and the development of
typical flavour has not been proven, With the use of milk of
improved bacteriological gquality and the widespread use of
pasteurization, less importance is now attached to the lipolytic
activity of many of the strongly lipolytic contaminants such as
micrococci and Gram negative organisms, The major flora of
importance in lipolysis in cheese, therefore, are the starter
streptococci and such adventitious organisms as the lactobacilli,
and these have been shown to have definite but weak lipolytic
activity (Fryer, Reiter & Lawrence, 1967; Reiter et al., 1967).
However, the free fatty acid level of the cheese is dependent
also on the initial level in the cheesemilk, and this varies
according to the milking procedure employed and the feeding
regime of the cows (Reiter, Sorokin, Pickering & Hall, 1969).
It is unlikely that the activity of milk lipase, which is greater
than that of the starter organisms, is significant in other than
raw milk cheeses on account of its inactivation by pasteurization.
It seems unlikely that fatty acids are essential flavour
components, as typical Cheddar flavour has been reported in
mature cheeses with widely differing acetic acid content
(Reiter et al., 1967) and in cheeses in which fatty acids with

more than 4 carbon atoms could not be detected (Lawrence, 1967). -



ROLE OF GLYCOLYSIS IN CHEDDAR CHEESE FLAVOUR

The content of acetic éhd propionic acids in.Cheddar cheese is
deperdent on the strain of starter used (Reiter et al,, 1967)
and tkese acids are most commonly derived, alorg with other
compounds such as diacetyl and acetoin, as by-products of the
heterofermentative utilization of carbohydrate (Vedamuthu,
Sandine & Elliker, 1966). These low molecular weight compounds
are likely to play a significant role in the volatile component
of Cheddar flavour and this may be particularly enhanced in the
presence of hydrogen sulphide (Lawrence, 1963). The production
of certain fruity flavours may result from the presence of
esters and alcohols in cheese made with certain strains of

starter (Bills, Morgan, Libbey & Day, 1965).

ROLE OF PROTEQOLYSIS IN CHEESE FLAVOUR

The gradual degradation of casein, principally under the influence
of rennet and bacterial proteinases, results in the formation of
a complex mixture of peptides and amino acids. Vhereas
undenatured proteins appear to have little or no taste (Mulder,
1952) it is considered, howeéver, that the products of casein
breakdown provide a background to cheese flavour (Mébbitt, 1961;

Reiter, Fryer, Sharpe & Lawrence, 1966).

Amino acids

The possibility that free amino acids derived from the
proteolytic breakdown of casein contribute to the taste components
of cheese flavour has been considered by a number of investigators.,

It is well known that different amino acids when tasted alone in )



solution have characteristic flavours such as bitter, sweet or
tasteless (Mulder, 1952). However,'experiments involving the
tasting of mixtures of amino acids, or the addition of amino
acids to fresh cheese curd followed by tasting after ripening,
were generally inconclusive,

abbitt (1955) prepared a mixture of amino acids in a
4.8% ¥aCl solution in concentrations equivalent to those
determined in the aqueous phase of 6-month-cld Cheddar cheeses.
Al<hough the flavour of this mixture could not ve described as
typically Cheddar, it was considered that its '"brothy" taste
provided a most important background flavour to Cheddar cheese,
A similar flavour developed in skim milk Cheddar cheese after
ripening (Mabbitt & Zielinska, 1956).

Xristoffersen & Gould (1960) considered that although a
correlation could not be established between the presence of
individual amino acids and characteristic Cheddar flavour, a
relationship between the intensity of flavour and the total

concentration of free amino acids in the cheese was apparent.,

Compounds formed from amino acids

Decomposition of sulphur-containing amino acids such as
methionine and cysteine can lead to the formation of HQS, and
this may be associated with cheese flavour (Kristoffersen &
Gould, 1960). Lawrencgh(1963) examined Cheddar cheeses made
with single—sfrains of_é. lactis and S, cremoris and found that
altanough there were considerable differences between the cheeses
in intensity of Cheddar flavour, the patterns of H2S production
were very similar, It was, however, considered possible that

H2S could contribute indirectly to the formation of Cheddar
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flavour by combining with some other product of ripening such
as carbonyl and carboxyl groups.

Although present in only trace amounts, methyl disulphide
Znd dimethyl sulpnide were the only volatile compounds con-
sistently detected in nigher concentrations in aseptic and
control Cheddar cheeses made with starter compared to an
"asepiic" cheese made without starter (KcGugan et al., 1968).
The starter organisms, therefore, are implicated in the formation
ol taese sulphur compounds which are probably derived from the

oreakdown of methionine,

Peptides and bvitierness

It is generally agreed that bitterness in cheese is caused
vy bitter peptides formed by proteolytic action on the casein
and much work nas recently been directed at elucidating the
chemical structure of bitter peptides. Both Harwalker & Elliott
(1965) and Raadsveld (1953) reported a high proportion of proline
in trichloroacetic acid-soluble bitter peptides isolated from
Cheddar and Gouda cheeses, respectively. Gordon & Speck (1965a)
found tkhat bitterness in skim milk cultures of S, cremoris
strain HP was associated with a peptide of molecular weight
approximately 2350, possibly possessing acyclic portion, and
comprising 19 amino acid residues, five of which were proline
and four valine., Recently Matoba, Hayashi & Hata (1970) nhave
extensively characterized bitter peptides obtained from the
tryptic hydrolysis of casein., The bitter peptides isolated
contained 6, 12 and 8 amino acid residues and had molecular
weights of 629, 1385 and 980, respectively.

Richardson & Creamer (1970) could find no detectabdle
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differences in the patterns of casein breakdown, as determined
by polyacrylamide gel electrophosesis, between a bitter and a
non-bitter Cheddar cheese made from the same milk, In both
types of cheese (LS1—casein was the only compcnent degraded to
any extent, suprorting similar observations by Ledford,

'Sulliven & Nath (1966). The most bitter fraction of an
extract of the bitter cheese occurred in the low molecular
weight range, a large number of peptides being present,

Although much of the knowledge of the chemical nature of
the bitter peptides derived from casein is still fragmentary
it is apparent, however, that these peptides do have certain
similarities such as a molecular weigat of below 3000, and the
possession of bitter and hydrophobic amino acids.,

Czulakx (1959) postulated a mechanism for the development
of bitterness waich involved the combined action of rennet and
vacterial proteolytic enzymes, Bitter peptides were considered
to be released by reanet action and to be hydrolysed further by
"non-bitter" strains of lactic streptococci. "Bitter" strains
were unable to hydrolyse thess peptides which thus accumulated
to cause the bitter taste; in other words, "bitter" strains
were considered to be relatively non-proteolytic. In general,
Czulak'®s hypothesis has been supported by a number of other
investigators (Emmons e% al., 1962a; Czulak & Shimmin, 1961;
Jago, 1962; Stadhouders, 1962; Sullivan & Jago, 1970a), In
contrast, however, Gordon & Speck (1965b)reported that "bitter"
starters formed bitter compounds from casein in the absence of
rennet, whilst '"non-bitter" starters did not, and concluded that

"bitter" strains exhibited greater proteolysis than '"non-bitter"
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strains, Klimovsky, 2vyagintsev, Guékov & lMedvedeva (1970) nave
also indicated that "bitter'" strains of lactic streptococci are
more proteolytically active than '"non-bitter" strains., EHarwalkar
& Elliott (1971) nave also suggested that bitterness in cheese
cculd be produced by a mechanism that does not reguire the

ection of rennin, and have conclusively shown that proteolysis

9f casein by bacterizal enzymes alone can be a source of bitter
flavour components,

lawrence & Cilles (1969) found that bitterness in Cheddar
cheese is dependent on two main factors, viz, the use of specific
fast acid-producing strains of S, cremoris and S, lactis, and the
level of salt in the moisture of the cheese, The concentration
of salt{ was considered to control the formation of bitterness by
its infiuence on the activity of both the rennet and starter
proteolytic enzymes, Although the rate of acid development in
the vat has been claimed to affect the development of bitterness
(Czulak, 1959), Lawrence & Gilles (1969) considered that the
acidity in the curd infliuences bitterness only indirectly by
determining the gquantity of salt retained and thus the "salt
in moisture'" level of the cheese.,

Sullivan & Jago (1970a) have suggested that bitterness in
cultured dairy procucts may result from the combined action of
rennet and bacterial proteolytic activity on casein giving rise
to a bitter peptide resistant to further proteolysis on account
of the formation of a pyrrolidonyl residue caused by cyclization
of an N-terminal glutamine., The enzyme pyrrolidonyl peptidase
is known to occur in a number of micro-organisms (Doolittle &
Armentrout, 1968; Szewczuk & Mulczyk, 1969) and they consider

the possession of this enzyme by "non-bitter'" strains of lactic
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treptococci would allow the removal of the pyrrolidonyl residue

]

from the bitter peptide 2nd explain the absence of bitterness.

rrolidonyl peptidase activity was subseguently described in

oy

the '"non-bitter" S, cremoris strain ML1 (Sulliven & Jago, 1970b).

ENZY2'ES INVOLVED IN CASEIN DEGRADATION

The activitics of the proteolytic enzymes involved in the
dezradaticn of casein during cheesemaking and cheese-ripening

are obviously important in any consideration of cheese flavour
development., There are taree general sources from which these
enzymeés can be derived - the milk itselif; added rennet; and the
micro-organisms of all or either of the raw milk flora, the

starter streptococci and other adventitious flora.

17ilk wnroicase

Lilk protezse is'one of a variety of enzymes found in
normal milk and is preseat in low concentration associated with
tae casein fraction (Shahani, 1966). Little is known of its
importance in cheese-ripening and there is little agreement
regarding its heat stability and the optimum conditions for
activity., However, recent work by Reiter et al. (1969) has
indicated taat milk protease can resist the heat treatment of
pasteurization and is active at the pH of ripening Cheddar

cheese, liberating low amounts of amino acids,

Proteinases of non-starter organisms

The widespread refrigeration of milk and the subsequent
longer periods of holding milk between milking and processing

have focussed attention on the psychrotrophic bacteria, a large



proportion of which are recognized as actively proteolytic
(Witter, 1961). The significance of the heat resistance of their
engzymes nas already been mentiored,

Yicrococei, Gram=-positive spore-forming rods and coryne-
bacteria are the major types of thermoduric organisms which may
be present in the cheesemilk (Thomas, Druce, Peters & Griffiths,
1967) and micrococci appear to predominate under New Zealand
conditions (Twomey & Crawley, 1969).

in comparisor with the psychrotrophs, the proportion of
thermoduric organisms generally reported as proteolytic is low
and the importance of their proteolytic activities will depend
on a number of factors such as the particular strains involved,
their numbers in the milk initially, their ability to survive
in the cheese, and the relative activities of their proteinases
under the conditions of temperature, pH and salt concentration
encountered in the cheese,

As some micrococci had been implicated in fiavour enhance-
ment in Cheddar cheese, M¥cDonald (1964) investigated the
proteinases of three strains of coagulase-~negative staphylococci
which were isolated from Cheddar cheese, Although the enzymes
were most active at an alkaline pH and at high temperatures,
they also had considerable activity at pH 5.5-6.0 and two strains
had considerable activity at 15°C, a temperature close to that
of cheese-ripening. Hence, it was considered that although the
proteinases of these strains were not acting at their optimum
pH or temperature, they'could still contribute to overall protein
hydrolysis during "the ripening process,

The proteolytic activities of the lactobacilli have



attracted the attention of many workers on account of their
frequent predominance particularly in the later stages of cheese-
‘ripening. Considerable guantities of amino acids are formed in
chalk-milk cultures of lactobacilli in which the pH is maintained

at ¢. 5.4. Sharpe & Franklin (1962) isolated strains that were

S|

2S

conditions of cheese-ripening., Altnough the lactobacilli provadly

,
H

carable of producing : rom S~-containing amino acids under the
contridbute 1ittle to proteolytic breakdown in young cheese, their
presence in larze numbers during the later stages of maturation
mey result in a significant contribution to casein breakdown

(Tourneur, 1970).

“roteinases of starter streptococci

The lactic streptococci are generally regarded as exhibiting
only a very low level of proteolytic activity compared to many
otzer organisms, They are, nevertheless, capable of breaking
down casein to small peptides and amino acids (Morgan & Nelson,
1951). Although it has been reported that few, if any, differences
exist between strains of S, cremoris and S. lactis in regard to
their ability to liberate amino acids (¥iller & Kandler, 1967),
it seems likely that differences in proteolytic activity or
specificity do exist between the '"bitter'" and ™on-bitter"
strains of lactic streptococci.

However, most workers have reported little, if any,
proteolytic activity at pH 5. Optimal pH for the activity of
the intracellular proteinases (van der Zant & Nelson, 1954;
Vadehra & Boyd, 1963; Sato & Ohmiya, 1966) and the extracellular
proteinases (Sasaki & Nakae, 1959; Williamson, Tove & Speck,

1964) was in the range pH 6.0-8.5, although Vadehra & Boyd (1963)°
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reported that their strain of S, lactis possessed a second peax
cf activity at pH 5.5.

It is apparent that the presence of very large numbers of
starter streptococci in the early stages of cheesemaking accounts
for a significant level of enzyme activity over a considerabdle
period during ripening and may e responsible for tae formation
of emino acids in the cheese (Yamamoto & Yoshitake, 1962;

Reiter et z1., 1969). There are no reports that the levels of
amino acids in the cheese are dependent on the starter strain
usea,

Investigations into the proteolytic activity of starter and
other lactic acid bacteria in cheese are complicated by the
presence of rennet, Jespersen (1966) supporied a number of
earlier reports that the proteolysis by lactic acid bacteria
was accelerated in the presence of rennet. Amundstad (1950),
hcwever, concluded that although the addition of rennin to
enzyme axiracts from various bacteria increased the amount of
proteolysis beyond that due to the bacterial proteinases alone,

the total amount of proteolysis was the sum of their individual

activities,

Rennet

Although the important contribution made by micro-organisms
to proteolysis in cheese has been stressed by some workers
(Peterson, Johnson & Price, 1948; Ledford et al., 1966), others
have generally considered rennet to be the most significant
proteolytic enzyme involved in cheese-ripening (Sherwood &
Whitehead, 1934; Reiter et al., 1966). The principal use of

rennet in cheesemaking is to rapidly coagulate the milk at its
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normal pH of 6.6 to form a uniform, smooth coagulum., Vhile
rernnin is considered only a weakly broteolytic enzyme (Bang—
Jensen, Foltmann & Rombauts, 1964), it is capable of breaking
casein down extensively during prolonged maturation (Lawrence,
unpublished resalﬁs) and khas been shown to remain active for
lorng periods in curd samples aeld at 10°¢ (Ohmiya & Sato, 1970).

t the degradation of casein to amino

[

dowever, it appears t:r
acids is not likely to be due to rennet (Yamamoto & Yoshitake,

1962; Reiter ct zl,, 1969).

zffect of pH and NaCl on rennet activity

Stadhouders (1962) studied the effect of pH and NaCl on
the proteolytic activity of rennet on paracasein, BRennet activity
increased markedly %o an optimum at a concentration of 3% NaCl
at o€ 5,2, The stimuiating effect of NaCl was atiributed to the
higher solubility of the paracasein making the substrate more
readily available to the enzyme,

In contrast to Stadhouders' work, Amundstad (1950) found
only a sligat enhancement of rennin proteolysis with 2% NaCl at
pHE 5.5, but otherwise activity decreased in proportion to an
increasing NaCl concentration over the range 0.5-10.0%.

Using both standard Kjeldahl analysis to measure low
molecular weight degradation products, and gelhelectrophoresis
to detect high moleculaf‘weight degradation products, Fox (1969)
found that the nature of'the products formed by rennet proteolysis
varied consiaerably depending on the temperature and pH employed,
¥oreover, he suggested that the bitter flavour reported prevalent
in acid cheese could be due to the additional products produced

by rennet at low pH's and not to the inability of the bacterial
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proteinases to further degrade the polypeptides produced by rennet
action as reported by Czulak (1959). Y¥ore recently it was

ted that the inhibitory effect of NaCl on the proteolysis
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of P -casein by rennet might be important in controlling the
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ment of bitterness in Cheddar cheese (Fox & ¥Walley, 1971).

FPhosphatasges

N

It has bSeen posiulated that the degradation of casein, a
phogphoprotein, 1s duc o the combined action of phosphatases
as well as proteinases (Scbormﬁller, 1968). High molecular

1t peptides appeared to be split by bacterial proteinases

(O]

into phosphorus-rich residues with three to four phosphoserine
groups., El-Negoumy (1970) has sugzested that rennin action on
@ - and [-caseins may also yield phosphopeptides. According to
Schormuller, phospnocerine groups exert a protective effeét
towards further proteolytic hydrolysis of the peptide and, hence,
further degradation is dependent on the presence of phosphatases.
‘e phosphatase activity in riperning cheese was, therefore,
considered an important factor in the splitting of peptides.
There is no evidence that either of the two native milk
phosphatases is active in cheese made from pasteurized milk,
Howvever, the acid phosphatase is likely to be more important in
cheese-ripening on account of its greater heat stability during
;gsteurization and its greater activity at the lower pH's
(Bingham & Zittle, 1963) in spite of being present in lower
concentrations than the alkaline phosphatase, Schormiiller
considered that as phosphatases are widely distributed in nature,

it was reasonable to assume that the phosphatase activity of the

micro-organisms involved in cheese-ripening could be significant.’
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However, there are few reports concerning the phosphatase
activity of either the lactic streptococci or lactobaciili.
Taxmer & Olson (1941) considered *he genera important in cheese-

making, Strentococcus, Lactobacillus and Propionibacterium, had

70 phosphaiase activity, but Jacquet, Villette & Richou (1956)
reported that although 2 strain each of 5. cremoris and S. lactis
had comparatively 1little phosphatase activity at alkaline pH's,
the activity at pH 45 was considerable, particularly in the

<

cass of milk culturecs,

INFLULICE OF SALT ON CHEDDAR CHEESZ ITAVOUR

Tae salt added to cheese gerves to aid moisture expulsion, retard
the growia of undesirable organisms, and alsc as a background to

floveour, Mor these rezsons it hos been regarded as one of the

©
(o]

moet imporiant factors controlling the characteristics of the

cacese (Davies, Davis, Dearden & Mattick, 1937) and will thus

do rot exhiltit as great a rate of protein degradation as cheases
containing iess salt (van Slyke & Hart, 1903; Davies et zal,,
19373 Kristoffersen, 1967). Marthermore, lLawrence & Gilles
(1969) found that the bitter flavour in Cheddar cheese
agsociated with specific starter strains developed less
frecuently at higher levels of salt, so substantially con-
firming the earlier report of Tuckey & Ruehe (1940) that
vitterness occurred more freguently in cheeses with lower

levels of salt.

It is thus apparent that KaCl affects the activities of
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the proteolyiic enzymes in the cheese, IMention has already been
made of its effect on rennet, but there appears to be no account
of its effect on the activity of the proteinases of the starter
streptococci, It mey, nevertheless, oe of indirect importance
in increasing the availabili{y of intracellular enzymes
necessary for flavour develorment by affecting the survival

Ol 3 8 - \
of different starier strains (Reiter et al., 1967).
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AI¥YS OF THE PRESINT
7
IXVESTIGATIOTX

It is now well established that single strains of Streptococcus

cremeris and I, laztis used as starters iz Cheddar cheesemaking
arc responsibvle for the development not only of fhe basic Cheddar

-

flavour, but alsc of cdefects such as bitterness, The problem of
bitterness has been accentuated in recent years by the growing

Jazparese market for YNew Zealand Caeddar cheese, The Japanese

differ from persons of predominantly European origir in their

At the present time, the most practical way to control
flavour is by the use of stariter strains known from previous
checsemaking experience to give the desired flavour characteris-—
starter strains, it would be valuable as an alternative to
cheesemaking trials, which are of necessity at least six months
in duretion, to be able t0 identifly quiekly thogse strains wiieh
are associated with either gcod or poor flavour development,
However, nothing is yet known regarding the features of single-
strain starters which may be associated with the development of
either gocod or poor flavours in chesese.

As many of the compounds which play a part in the develop-
ment of cheese flavour are derived from the breakdown of casein,
an attempt was made to determine the importance of the various
proteinases that might be active during cheese-ripening. The

starter streptococci are the predominant flora .in cheese up to



23

e
at lecst two months, They are known to be only weakly proteolytic
organisms, tut their presence in large numbers and the long period

o maturation of the czeesse would bve expected to result in a

encyme activity. As_some of the proteolytic

ct

ernzynes may bte intracelluler aznd liderated cn zutolysis of the

srgenisms in the cheese has a2lso been
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considered significant, although no evidsence exists to support

his hypottesis, It was decided, therefcre, to examine starter
streinc itk known flevour attributes for their proteolyti
celivity and curvival in milk cultures under the conditions of

»E and Wall conceniretion wiich are encounterod in Cheddar cheese,

- e <A . ~ ey S e Eo BN § 4 J ~ = < . ~ S
-2e phosnhatasc zctivity of these starters has also been investi-

was considered possible thzt the prosphatase and protedlytic
activities of the starter sitreptococcil might be related.

Ls this investigation proceeded, differences in proteolytic
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ty, rphospaa ivity and cell populations became
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2ciiv
appareant in milk cultures of the different starter strzins., To
determine whether thece same differences between the starter
strains could also be detecied in cheese, Cheddar cheeses were
made using selected single-strain starters, These cheeses were
cxamined to determine if their differeaces in flavour could be
related to the maximum populations attained by the different
starter strains, their survival, proteolytic and phosphatase
activities in the cheese, and their ability to form free amino
acids during the course of ripening,

There is considerablie disagreement in the literature

regarding the relative contributions of calf rennet and bacterial.
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sroteinzses to the overall proteolysis in cheese during maturation,
An atterpt was made to resolve this point by measuring rennet
prcteclysis under the same conditions of pH and NaCl concentrations
that vere used to determins the proteolytic activities of the

ne activitics of non-starter organisms, derived from the
milkx or as adventitious contaminants, may also consideradly modify
the Zasic Cheddar flavour., To dotermine the incidence of pro-
teolytic organiems in the milk used for chesscmaking, it was
nccessary to have 2 suitable medium for their isolation and

L3 0o

identification, Vhile many investigztors have come to the con-

usion that the hydrolysis of casein in axn cpaque '"milk agar

»2

e
is a suitablec indicator of proteolytic organisms, it is apparen
from the many za2ttempts that have becn made to improve the existing
metacds that 2 satisfactory medium has yet to be devised., An
improved medium for the identification of proteolytic orgarisms
was, therefere, developzd in the present investigation. 4s this
medium was also sultabvle for determining the total counts ia

milk, an ass2ssment could be made of the influence of the milk
quality, described in terms of both total and proteolytic

organisms, on the flavour developed by the cheese.
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iy GENERAL PROCEDURES

strains of Sirsptococcus cremoric and S,

1etis used in this study were obtained from the stock culture
ollection of single-strain Caeddar chsecsce stariers maintained
n ) AT

at the Yew 2ealarnd Jziry Research Institute, Strains were

sclected on the tasis of their ability to consistently give

©

chiicse with wo off-flavours, or wita flavour defects such as

caecscnaking 4rials at the Institute. The different strains can
then be groureld on the basis of the time they tzke Ifrom "setting"
<o Torm 0.65% of acid when used alone at 2% inceculum. Strains
58 ML, and US, are recognized as "slow" strains,
whilst the remainder are comparatively "fast" (Lawrence & Pearce,
1969; Lawrence & Gilles, 1969).

The terms"slow'" and "fast" apply to the rclative acid-
forming activities of differont strains in pasteurized cheesemilk,
in the presence of rennet and at temperatures in the range of
approzinmately 3‘ to 3900. They shouléd be differentiated from
the same terms used by other authors (Jawson & Feagan, 19573
Garvie, 1959; Citti, Sa.pdine & Elliker, 1965) in describing
variants of a particular‘strain. All the strains used in this
investigation when inoculated at the rate of 1% from 18 hr
cultures grovn at 21°C into either sterile or pasteurized skim
milk coagulated the milk within 18 hours at 21°C, and would,

therefore, be termed '"fast" strains according to the definition

of Citti et al., (1965).
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Table I. Strains of starter streptococci used in this
%

investigation, and tae typical flavours of cheese

associated with their usse as descrited in the literature,
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ar 3

Yaintenznce of the osultures. The cultures were maintairnsed

Yty tiuice-weelkly subculture (1% inoculum) in sterile skim millk,

. . . 4,0n ,
with incubation at 22°C for 18 hr and storaze at 4 C betwecn

3

hat the activity and purity of the

ins was naintaired, the cultures were replaced at approxi-
mately S-week intervals with fresh cultures from the Institute's
stock culture collection, These stock cultures in turn were
regularly checked for puriiy ty plating, and for their acid-
ferming activity under simulated cheose conditions by the method
of Pearce & Limsowiin (1585).

21

Skim milk, Tc standzrdize the milk source, skim milk used

tarcughout this study wes reoconstituted in distilled water from

low-heat, spray-dried skim milk powder (Wew Zealand Dairy Board,
Vellington, Nev Ze;land} to 9.5% solids, the average level of

o . a . . - g \
mil¥ solids in fresh skim milk (Dolty, Creamer & Elley, 1959).

or use ian tae routine subculiure of the siock strazins, the

-

. - = E o =~ s
milk wao sterilized by autoclaving at 118°C for 20 mir., V%aen

constituted in sterile distilled water, observing aseplic

precautions as far ag was practicalble, After pasteurization ai
’*O"' Mol ) s <" F ) 3. (o] £ F
63 C for 30 mir the milk was stored at 4°C for not longer than

-

24 nr before use. In this way a low count of <400 organisms/ml,
determined by plating on Standard Meihods agar (Baltimore
Piclogical Laboratories, BBL) with 72 hr incubation at 30°C,
could regularly be attained, The few organisms that survived
would, therefore, reflect the count of thermoduric organisms irn

the milk powder. These orgenisms are comparatively slov-growing

ané inactive in milk (Thomas, Druce, Peters & Griffiths, 1967)
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and their influence on the results of experiments in which com-
peratively lerge populaticns of Tast-growing lactic sirepiococci

;' - e, W e, T NPy B g
re used weuld be negligible,

-" el Rad -, g e -
Zngland) using 1 em glass cells,
I, PLATE COUNTING OF STARTER STREPTCCCCIT
A: VEDIA

It is well kuownm that lactic streptococei, ancd particularly

ot

moris, have complex growth reguirerents and tha
comparatively rich media zre recuired for their successful

cultivaticn (Sharpe & Tryer, 1965). Tae media commonly used are
seldom entirely satisfactory for all strazins and this has led a

nunver of werlers to device more sultable media or o evaluate

. 2 a4 /e e ) =
exicting media (Eiliker, Anderson & Hannesson, 1956; Robertsorn,

As a nunver of strains were to be used in this investiga-
tion, preliminary experiments were undertalzien to select the most
guitatle ager media for use in pour plate counting with incubta-
ticon at EOOC. The media examired included the following:
lactose yeast phosphate ager (Robertson, 1960a); yeast dextrose
agar (YDA) 2nd *omato Qextrose agar (Faylor & Sharpe, 1958a);
the troth of del’an, Rogosa & Sharpe (1960) solidified with 1%

Davis (New Zealand) agar (MRSA); and Trypticase Soy Eroth (3BBL)
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suppicrented with O, Sp east extract (B“L) and solidified with 17

= : / - g
Tavis agar (TSBYA), DS3YA has been used by King & Xoturger (1969)

ith 72 ar incubation, Yany of the cther strains
Srew equaelly well in more than ore but not ir all the media,
Soy Iroth solidified with 1% 5531 supgported
extract caused a
merkxed improvement and exzcellent growith was obiazined with 48 kr

incubaticsz, TSBYA was, therefore, used for plating all strains

cther *than AK1 and le, for wiick YDA and MRSA, respectively,
were used,
The madium of Lowrie & Pearce (1971) which supporis good

srowth of most strains ¢f lacitic streptococci, including AL1 and
C‘S’ became availatle during the later stages cf this invecstige-

tion and was subsezuenntly used in preference to YDA and NRSA,
The composition of this medium (g/l) iz as follows: polypeptone
(BBL), 5.0; phytcne (BBL), 5.0; yeast extract (BBL), 2.5

o . { ~ o N
beef extract (3ZL), 5.0; sodium acetate. 38,0, 2,8; ascorbic
acid, 0,5; 1lactose, 2.0; glucose, 2.0; agar (Davis), 10.0;

pE, 6.8 %o 6.9.

B: PLATE COUNTING AND CHATN LENGTHS OF STREPTOCOCCI

The accurate enumeration of streptococci bty plate counting
tas always been difficult because of the formation of chains and
clumps of cells, Colonies which develop from a chain or clump

cannot te regarded as developing from a single cell,
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Although chains of S, lactis are generally shorter than

o . / .
those of S, cremoris (Ereed, Murray & Smith, 1957), earlier work

has irdicated that the length of lactic streptococcal chains can

vary ccensideratly not only vetween different strains, but also

|6

according to ihe enviromment (Orla-Jensen, 1942; Yorris & Edwerds,

J

the culture (Zammer, 1948), Smith (1965)

\ P ) o
; énd the agse of
alzc xoted that there was a tendency for the chain length of
S. lactic tc increase during the growth of a culture.

4 valild ccmparizon of plate cocunts of different strains in

g-urits (ctu) per ml or per grar may ve made
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if i+ is determined that sireptococcal chzins azre of eguivalent

z (Dawson & Fesgon, 1957; Citii et al,, 1965). The count

of streptococci may also be exzressed as cells per ml or per gram
oy muliiplying the count of cfu obizined from pour plating by the
verage number of cells per chain determined microscopically (Smi il EhY)
7965), However, where large numbers of counts are to be undertzken
oan different strains and at different stages of growth, this
procedure would obviously be very time~consuming and thus
impractical,

Slade & Slamp (1955) ovtained considerably increased plate
counts of 3, faccalis by subjecting the cultures to sonic
oscillation, Yicroscopic examination of the cultures showed
taat the chains of initially from 7.0 to 12.5 cells were
fragmented to smaller units of average length 1.7 to 2.7 éells
after 1 min of treatiment, and that an increase of from 2.0 to 3.4
times in the plate count was obtained, A longer period of treat-
ment resulted in a marked lethal effect, although their data
suggest that even 1 min of oscillation resulted in some cells

being killed.
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Rotertson (1960Cb) obtained an increased plate court of

itation in an Ato-Mix blender, Peedles, Gilliland & Speck

-~ \. - -~ - . . - . - : .
1969, vlerded the initial dilutiorn of S, cremeris culitures in
Ll on

a chilled Wering Blender for 5 min prior to plate counting,

Chaing of lLeuccnostoc citrovorur were found to break up rezxdily

oun vigorous manual skaking to yield a majority of chains possess-
ing four cells cr fewer (Coel & Xarth, 1969). Some tacteriz have
been reportcd to be gsaensitive to shear siresses encountered in

. . . o . \ !
routine pipetiing of dilutions (Postgate, 166G, and Thatcher &

samples pricr to plate counting, "ecxcessive spoed of the cutting

tlades or unduly rrolonged uze of the mixer may cause injury to

microoial cclls, either mechanically or by the heat generated'.

)

In view of this, *thec 5 min btlending used by Peebles ei al. (1559)

Uda

~

seems O be an unnecessarily severc treatment,

It was decided, therefore, to determine firstly the chain
lengths of the sitrains most Ireguently used in this invostigation
at different stages of their growth, and then to determine the
suitatility of mechanical agitation in frazmenting the chains to

equivalent-cized cfu's as an aid to plate counting.

METHODS

Cul turses, The following eight strains were inoculated
(2% v/v) into 100 ml amounts of pasteurized skim milk (PSM) and

incubated at 35°C: AM,, Eg, HP, ML, 1Lg, R, US, and Z.

1? 19 3
The inocula had been transferred twice in PSM with 12 hr incuba-

tion at 30°C from the stock cultures maintained in sterile skim

milk (SS¥),
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during the growth of the different strains, the number of cells in
100 chains was determined by microscopic examination of Gram—
tained srezrs made directly from *he culiures. The results were
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averaged to give the average chaln lengta.

egndins on chaih lensth, At nourly intervals

the different strains, 10 = dilutions, pre-

rTarcd by adding 1 nl of culture to 99 ml of 0.1% peptone diluent,
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ended a* full speed for 20 sec in a chilled (0~ to 4°C)
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ntific Eguipment Ltd, London).
The chain lengths aficr blending were then determined and compared

to the chain lengths in the unblended cultures,

+ of ¥lendina on plate count, Lfter 4 hr growth, when
most strains exkidited thelr meximum chain lengths, five identical
10 dilutiones of ezch culture, prepared as described inr the
previous section, were blended for O (undlended), 15, 30, 60 and
120 sec in a chilled, sterile Ato~Mix blender at full speed.

Af%ter blending, samples were taken to determine chain lengths ty
microscopic examiration, and the blended 10—2 dilutions were then
further diluted decimally according to standard procedures
(Postgate, 1969). 4 vortex mixer (Scientific Industries Inc.,

New York) was used *o mix successive dilutions and 1 ml of the
approrrizte dilutions were pour plated in triplicate with molten
TSBYA tempered to 4400. The plates were incubated at 3OOC for

A8 hr and the colonies counted with the aid of an illuminated

colory counter (Gallenkamp, London).
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nstead of covering the annuli witz coverslins to prevent dryin
during incubation, it wes found convenieant to place the slides in
2n airtight box containing moistened blotiing paper. Incubation
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gxamination of smears m
<4 33 X - o T\ oy M -,
that the nunber of cells per chain for 2ll strains examined was

alimost always =z multiple of 2, confirming the well-known diplococcal

ooy S B0 JO] CAT Pl doren 0 a5
neture of this group of organisms, However, beiween strains there
~Iepores i SR P S b S T - - m, W 4 s 7 -+ of
wore cazracteristic differences., The main features are illustrated

=

in the resultis presented for four sirains - Mla, US,, HP and XL
(?ig. 1), Tuese results represent the average of two separate

dcterminations on euch

Q]

train, Altkough S. cremoris strains are
generally recognized as having longer chains than S, lactis strains,
strains U3, {co wor15) and 1 m~8 (lactis) closely resemblgd each
otaer, both being short-chained and showing only slight increases
in chain lengths to maxima of 3,7 and 4.5 cells per chain,

respectively, during fhe-exponential growth phase., However,

otaer strains of 3, cremoris were longer, attaining maximum



cverage lengtas of approximately six cells p hain Tor sirains

r = 1, -~ =

“iy and Zg, elght for Eg, 12 for R,, 13 for P, and 38 for ML,.
[ (=

Tme relavively shorit-chained nature of some

o

L . . e = e s o< AL = LS . rL -4 -~ ~ A
ight be releted 1o their growih at the higher temperatures use

&y

Zere compared to other investigations (Morris & Ldwards, 1947;
Dawson & Feagan, 1957).

Tuere was consideradle variation in the range of chain
lengths obsorveld, particularly at the times when the maxirmunm
average lengths were greatest and with the longer-chained strains,

Crezins of strain MLB vere predominantly (89%) 2— and 4~-celled,; ancd

~f - . . = 37
11% were greater than 4, with a maximum leangth of 10 cells, With
o Sy oy s \’7( COl oy~ n= o TraTe ~
strain US,, T3% ¢f tae chains were 2- and 4-celled and 27% were

-

and é-celled chains forming 15% of the totzl. Twanty-six per cant

[0

of the chains wers S-celled, 4 7 in the range 10 to 20, and 11%
had »20 cclls, The longest chain comprised 42 .cells. Variation
tz of ¥L, was most marked, ranging from thae
occasional diplococcus to a few very long chains of »100 cells,
Ten per cent of the chains had ¢10 cells, €5% were in the range

10 to 40 cells, and 25% had >40 cells.

=)

Lffect of blending on chain length. The chain lengths

obtained after 30 sec blending of 10—2 dilutions were compared
with the corresponding values from unblended cultures of two
short-chained strains (MLB and US ), one strain of intermediate
chain length { P) and a long-chained strain (ML ) at intervals

during their growth in PSM at 35 © (Fig. 1). Although the



Mg, 1. Increase in chain lengths of starter streptococci
during growth in PSM at 35°C, and the effect of 30 seo
blending on chain lengths, The chain lengths were
determined by microscopic examination of smears made

from undiluted culture (O), and from 10~2 ailutions
blended for 30 sec (.). Note: vertical scale for strain

M]’..1 is half that for the other s_igrains.
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average length of the streptococcal chains in a culture depended

on the strain, and also varied within the strain depending on the
age of the culture, 30 sec blending was effective in reducing the
average chain lengths of all the strains to an essentially constant
value of between two and three cells, On average, 68% of these
chains occurred as diplococci, 271% in fours, and 4% had between

four and eight cells,

Effect of blending on viability and plate count, For all

strains examined, viability as determined by the slide-culture
technique was unaffected by blending for up to 120 sec, In these
experiments the use of a chilled blehder and sample ensured that
excessive warming during blending did not occur, and the final
temperature of the samples did not exceed 30°C, If this precaution
was not taken, significant warming of the sample to >40°C occurred
with 120 sec blending, and the viability of some strains, such as
AM2, appeared to be adversely affected,
As the blending treatments did not affect viability, it
could be expected, therefore, that a decrease in chain length
obtained on blending would be proportional to an inorease in
plate count, The data obtained indeed showed such a relationship,
The averages of duplicate determinations of chain length and
plate count after blending 10-2 dilutions of 4 hr 35°C PSM cultures
for 0, 15, 30, 60 and 120 sec are presented for the same four
strains described in the previous section (Fig, 2). Results for
the other strains examined indicated essentially the same features,
With the two short-chained strains ML8 and US}, blending
brought about comparatively slight increases in plate count and

correspondingly slight decreases in the average chain lengths,



Fig, 2. The effect of blending on the chain lengths and
plate counts of starter streptococci, The cultures were
grown for 4 hr in PSM at 35°C. Strains MLB and US3 were

'8

typically short-chained, HP had chains of intermediate

length, and ML, had long chains, Chain lengths were

1
determined by microscopic examination of smears made
from 10™2 dilutions, Plate counts were determined by

pour plating the appropriate dilutions,
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With 30 sec blending, the plate count of ML8 increased 1.4-~fold
from 4.5 x 108 (unblended) to 6.5 x 108 cfu/ml, and the average
chain length decreased 1,3-fold from 3,0 (unblended) to 2.3 cells,
The corresponding figures for US3 were a 1,7=fold increase in
plate count from 1,3 x 108 (unblended) to 2.2 x 108 cfu/ml, and

a 1,6-=fold decrease in the average chain length from 4,2
(unblended) to 2.6 cells.

The effect of blending on the longer-chained strains HP and
ML1 was more marked, Thirty sec blending of HP increased the
plate count 2,8-fold from 3,3 x 107 (unblended) to 9.4 x 107
cfu/ml, while the average chain length decreased 2,6-fold from
7.8 (unblended) to 3,0 cells, With strain ML1, the values were
a T.7-fold increase in the plate count from 1.3 x 107 (unbl ended)
to 1.0 x 108 cfu/ml, and a 5.9-fold decrease in the average chain
length from 19,0 (undlended) to 3.2 cells,

Chain lengths in unblended 10"2 dilutions tended to be lower
than the chain lengths determined directly on undiluted cultures,
particularly for the longer-chained strains, For example, the
average chain length determined on an undiluted 4 hr PSM culture
of ML1 was 37,0 cells (Fig. 1), whereas in the unblended 10-2
dilution an average value of 19,0 cells per chain was obtained
(Fig. 2). This probably reflects a certain amount of fragmenta—
tion of the streptococcal chains caused by agitation involved in

preparing and mixing the dilution. A similar effect was noted by

Goel & Marth (1969).

CONCLUSIONS

It is apparent that the lengths:of the streptococcal chains
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vary widely depending on the strain and stage of growth,
Difficulties in plate counting attributable to varying cfu sizes
(chain lengths) can largely be overcome by appropriate blending
which reduces the chain lengths of all the strains examined at
different stages of growth to the equivalent sizes, The greatest
amount of fragmentation of the chains is brought about during the
first 15 sec of blending., Prolonging the blending period beyond
30 sec results in only a very slight further increase in the plate
count and decrease in chain length., Unnecessarily prolonged
Blending also carries an attendant risk of heat damage to sensitive
strains unless adequately chilled equipment is used,

Consequent to these findings, a 30 sec period of blending of
100 ml amounts of 10-2 dilutions was adopted as a routine, practical
and consistent aid in the plate counting of cultures of starter

streptococci,

I1I. MEASUREMENT OF PROTEOLYSIS

Proteolysis can be determined as the increase in the non-
protein fraction that remains after undenatured protein has been
precipitated by a protein precipitant, such as trichloroacetic
acid (TCA). The amount of non-protein material may be measured
either in terms of nitrogen (non-protein nitrogen, NPN) by a
standard Kjeldahl procedure, or by the method of Hull (1947) in
which tyrosine and tryptophan residues react with the phenol
reagent of Folin & Ciocalteu (1927) to form a blue colour,
Kjeldahl analysis has been used to determine rennet proteolysis

(e.g. Stadhouders, 1962) and proteolysis in maturing cheese 2
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te.g. Reiter et al., 1969). Silverman & Kosikowski (1955) con-
sidered that total tyrosine liberated in maturing cheese was a
more sensitive criterion of ripening than soluble protein content,
This was largely substantiated by Valkeri§ & Price (1959) who
reported a good correlation between solubie tyrosine of cheese
extracts, meaéured by absorption at 280 nm, and soluble nitrogen
determined by Kjeldahl analysis,

Kjeldahl analysis has also been used to determine the
proteolytic activities of starter streptococci, especially in
relation to the development of bitterness in cheese (Czulak &
Shimmin, 1961; Jago, 1962; Emmons et al,, 1962a; Gordon & Speck,
1965a).

The report of van der Zant & Nelson (1953) appears to be
the only one in which the proteolytic activity of milk cultures
of S, lactis was determined using both Kjeldahl and Hull methods
of analysis, Results obtained with the two methods differed,
particularly in the first 10 to 12 hr of incubation, Marked
increases in tyrosine and tryptophan determined by the Hull
method were found when the production of soluble nitrogen as
determined by Kjeldahl analysis was still negligible., This led
these authors to consider that either two proteinase systems
were involved, or that the liberation of compoundé giving tyrosine
and tryptophan reactions with the Folin & Ciocalteu reagent was
an early phase of proteolysis, Although they calculated from
their results that the amount of tyrosine and tryptophan liberated
was closely related to the amount of soluble nitrogen, the
relative closeness of these figures was considered fortuitous,
rather than indicative that equivalent amounts of proteolysis

had in fact been measursad,
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The Hull method offers considerable advantages over the
Kjeldahl method of analysis, which is laborious and time-consuming
especially when large numbers of samples are involved, It was,
therefore, selected as the method for carrying out routine determina-
tions of proteolysis, However, trials comparing the Hull and
Kjeldahl methods of analysis were carried out to allow a comparison
of the present work with earlier reports on starter proteolytic

activity measured by Kjeldahl procedures,

PROTEOLYTIC ACTIVITY OF STARTER STRAINS DETERMINED
BY HULL AND KJELDAHL METHODS OF ANALYSIS

NETHODS
Cultures. Nine strains of S. cremoris (AM1, AY,, C,q, Eg,
HP, ML,, R,, US, and ZB) and one strain of S, lactis (MLB) were

grown in PSM from 1% inocula for 18 hr at 22° and 35°C. The lower
temperature has been used in a number of investigations of
proteolysis (e.g. Gordon & Speck, 1965a), The higher temperature
was included as it was in the range of 31° to 39°C normally used

during Cheddar cheesemaking.

Proteolysis, The amount of casein breakdown in the cultures
was measured by both the method of Hull (1947) and Kjeldahl analysis,
In the Hull procedure, all samples and reagents were routinely kept
at 35°C, since low ambient temperatures interfere with the test .
(Citti, Sandine & Elliker, 1963). Protein in 1 volume of culture
was precipitated with 2 volumes of 12% TCA, The blue colour that

developed on the reaction of the Folin-Ciocalteu reagent (BDH)

with available tyrosine and tryptophan residues in the 8% TCA
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filtrates was measured colourimetrically at 650 nm against a
reagent blank in which distilled water had been substituted for
culture, The OD reading obtained was converted to an eguivalent
value of tyrosine by reference to a standard graph (Fig. 3).
Separate graphs were prepared for different batches of Folin-
Ciocalteu reagent,

Nitrogen in 1C ml lots of the same 8% TCA filtrates as used
in the Hull procedure was determined by tge semi-micro Kjeldahl
method of Rowlands (1938). CuSO4 was used as the catalyst and

methyl red as indicator,

RESULTS

Comparison of Hull and Kjeldahl methods of analysis. In

general, the trend of results obtained by Kjeldahl analysis was
similar to that obtained by the Hull method (Fig. 4). The results
are averages of duplicate experiments with duplicate determinations
on all samples, With both methods of analysis, the average error
in individual determinations was .32%. With the Kjeldahl method,
however, this error was large relative to the small increases of
NPXN being measured, particularly with the less proteolytic strains,
NPN determined by Kjeldahl analysis increased, from an average
value of 0,042 g nitrogen/100 ml culture at the time of inocula-
tion, by 25% for strains 308 ML1 and R1, with an average increase
for all strains of 17%, after 18 hr incubation at 35°C. Strain
US3, however, showed no increase, ZEy contrast, the levels of
"tyrosine" determined by the Hull method increased from 35%

for the least proteolytic strains (AM1, Eg, and US3) to 200%

for the most proteolytic strains (ML1 and 013) from an initial
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Fig, 3, Spectrophotometric measurement of the

concentration of tyrosine using Folin-Ciocalteu reagent,



Pig. 4. Proteolysis by different starter strains grown
in PSM for 18 hr at 22°C and 35°C from 1% inocula.
Proteolysis was measured both by Kjeldahl analysis
(g NPN/100 ml culture) and by the method of Full (1947)

(mg tyrosine/B ml TCA filtrate).
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level equivalent to 0,054 mg tyrosine/s ml TCA filtrate. The
average increase for all strains was 130%. The results at paRE
were similar but with a tendency for slightly less proteolysis
than at 35°C.

Poth methods of analysis gave substantially equivalént
results and graded the relative proteolytic activities of the
starters in almost the same order (Fig. 4). The Hull method,
however, has the advantage of speed over Kjeldahl analysis, and
a much greater sensitivity which is especially wvaluable in
measuring the comparatively low levels of proteolytic activity

of some starter strains,

Proteoclysis by starter strains., At both 22° and 35°C the

were less proteolytic than

Ynon-bitter" strains AM E8 and US

1? 3
the "bitter" strains, such as HP and Zg (Fig. 4). However, other
"non-bitter" strains, such as AM2 and ML1, were as much or more
proteolytic than some of the '"bitter" strains. Thus the finding
of Gordon & Speck (1965a) that a "bitter"vstrain was more
proteolytic than a '"non-bitter" strain in milk culture grown at
either 22° or 32°C was confirmed in the presert investigation

for strains HP and E8, but could not be substantiated as a general

feature of all "bitter" and '"non-bitter'" strains.
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IV. GROWTH, SURVIVAL AND PROTEQLYTIC ACTIVITY
OF STARTERS

The death rate of starter bacteria in cheese has been con-
sidered by some authors to influence cheeseripening and flavour
development as a2 result of the lihefation of intracellular
enzymes (Trarklin & Sharpe, 1962; Reiter et al,, 1967) or the
limitation of the levels of enzyme formed (Anders & Jago, 1964),

™e extended survival of certain strains in the cheese and their

continued metabolic activities have also been implicated in the

L
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q
2iey

-~ -~ i < -
developmend of [lavour defects (Perry, 1961; Vedamuthu
s 17 )

\
1965,

An investigation was, therefore, undertaken of the growth,

5>

survival and proteolytic activity of starter strains in conditions

walcn were desigred to simulate some of those encountered in
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METHODS

Tae following starters were used: 3. cremoris strains AM1,

AL, 013, Ty, 77, ML,, Ry, US3 and Zo; and S. lactis strains i
and MLS' The flavour characteristics of cheese made with these
strains have been detailed in Table I,

Stock sterile skim milk cultures were transferred twice
through pasteurized skim milk (PSM) with 12 hr incubation at
30°C before being used as inocula, Prewarmed PSM (1,0QO ml) was
inoculated with 2% (v/y) of these starter cultures and incubated
at 35°C until the pH'redched 5.2, the pH at which Cheddar cheese

curd is normaily salted;' At this point, 250.ml amounts of the

culture were aseptically transferred to 3 sterile flasks. The )
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first flask conteined 2.5 g CaCO3 only, the second flask 2.5 g
Call, and 10 g ¥all, and the third flask 2.5 g CaCOs and 12.5 g
TaZl, Thus all the cultures transferred to these {lasks con-
tained 1% {(u/v) CaCOB, wvhile cultures in tae second and third
sks contained in addition 4 and 5% (w/v) YaCl respectively.

220, held the pi consiant at close 1o the approzimate pd

of cheese, and the levels of Lall employed were of the order of

/- ~e
cheeses (lawrence & 5Silles, 1969).
, On .
The cultures were then cooled to 13°C in a water bath and

neld for 14 days at this temperature, In commercial practice in

-

. . e e \ o
Yew Zealand, Cheddar cheese is initially kept at 13°C for 14 da

Sy

A i o)
followed by subsequent maturing at 7 C,

The course of proteolysis of the cultures was

followed by the method of Tull (1947) as described earlier (p.41).
Samples, approximately 10 ml, were taken at the time of inocula-
tion, again at the stage when the cultures reached pid 5.2 (i.e.
immediately before the additicn of {'all and CaCOB}, and at
intervals during the subsequent period at 13°C. Undissolved
CaCO1 in the samples was removed by centrifugation, and protein

-

n a 5 nl sample of the supernatant culture was precipitated by

(=]

the addition of 10 ml of 127 TCA,

Growth and survival of starter. The increase in cell

numoers was determined by blending and pour plating as described
earlier (see sections on Media and Plate counting, p. 23 and 29)
at the time of inoculation and again at the stage when the

cultures had reached pd 5.2. The survival of these strains in
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ol sence of afl and CalC, during *heir subsezuent incubation

o
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©
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H
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&% 1370 was similarly determined., Although FaCl alone effected
ntation of thae long chains of streptococci, as shown

zes of the colony-

(B

by microscopic sxamiration, comnsisiency in s

-

~units was ensured by the 230 sec period of blending. This

Jlowed valid comparisons to be made both between the control
culiures without Nall and the culiures containing 4 and 5% Nafll,
ard bvetween the different strains. Blending did not adversely

b AT .

affect the recovery of the Yall-treated cultures.

ained, Plate counts on the culitures madie at

the time of incculation and at the stage when th Il had reached
g P

2 are presented in Tadle II, The results represent the averages

of threc separate determinations on each strain,

=xcept for ML1, the initial counts of the strains were very
. N / -~ . 8 .
similar, The‘g. lactis strains \H1 and MLS) had slightly higher

\

Azl .
’ - o 3 .
counts (1.8 Z 10! cfu/ml) than the other (3. cremoris, strains

Q
. . g / . O \ 2
by ithe Z. lactis stirains (average 8.9 X 10 cfu/ml; after under-

going 8.7 % 108 cell divisions (range 8.4 to 9.0 X 108) correspond—
ing to 5.55 (range 5.5 o 5.6) doublings of the populations during
éfowth to pI 5.2. The populations of the 5. cremoris strains at
pH 5,2 varied consideradbly between strains from 1.9 X 1O8 cfu/ml
for ML1 o 6.2 X 108 cfu/ml for Zgy with the average for all

S, cremoris strains 4.0 X 108 cfu/ml. This represented an average

of 3.8 X 108 cell divisions (range 1.8 to 5.1 X 108) during growth,

corresponding to an average of 4.3 population doublings (range 4.2
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Table IT, Increase of starter popalations during growth in

,xA
at 35 C from 2% inocula to p¥ 5,2

Populations of cultures Yo, of Fo, of
) (Cfu'x.1o-8/mljx* cell population
~irains initially o attain- divisigns doublings
ing pf 5.2 (X 107°)

\"7 0.17 4, B Aol oo
A, 0.15 3.0 2.9 4.2
13 [ + 3 1 4 ?
Zq 0.13 4.2 4e1 5.0

HP 0.1 3.9 3.8 4.8
L, 0.06 1.9 1.8 4.8
11g @. 18 9.2 9.0 5.6
31 0.17 4.4 L 4.6
Us 0.15 3.8 T 4.6

Q]
[3)
o
L]
-3
>
(@AY
L]
~
(e)Y w
L]
-
wm
L]
N

o
¥ TInocula were 12 hr 30 C PSN cultures.

** Determined by plate counting as described in text,
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to §,4). Strains Lg1, ANQ and USS’ waich are all regarded as
5 . o \
"slow" startors in cheesemaking (Lawrence & Pearce, 1958/,

undervent fewer cell divisions during growth to pi 5.2, and it
1s thus readily apparent that the production of acid per cell

division with thesc strains is high relative io the other "fast"

strains such as 1L, and Z,.
S ~
Effect of €209, and ¥aCl on pH, After the addition of
-
8220, alone, or both 2all, and NaCl to the cultures at pi 5.2,
3 3

the pZ continued to fall to between 5.0 and 4.2 by 24 hr.
Taereafter it remained fairly constant or increased slowly by

C.1 to 0,2 unit during the next 13 days,

Starder scurvival in the absence of Tell. The starter

. . : : - . : o)
populations continued to rise slightily during incubation at 13°C

after the addition of Calld,, The maximum populations were reached
bvetween the first and third days, and thereafter the populations
of most strains declined only slightly (€ 2-r014a) (Fig. 5). The

1 ATF A T

exceptions were the '"non-bitter" strains AV, Ally and LSB waich

declined 2.5-, 5- 2nd 8-fold respectively fror their maxima,

K3 . - !‘f AT .
Starter survival in the presence of 4% FaCl, The population

of 3. lactis strain H1 continued to rise slightly even in the

presence of 47 ¥afl and the maximum population of 1.2 X 109 cfu/ml

was attained at 2 days (Fig., 6). This was almost identical to
its behaviour in the absence of Y¥afl, Thereafter the population
declined slowly c. 3-fold to 5 X 108 cfu/ml by 14 days. The
addition of nLall checked further increase in cell numbers of fhe
other strains, The population of S, lactis ML8 also declined
slowly from its initial level of 9 X 10° cfu/ml to 2 X 10° cfu/ml’

at 14 days,
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S. cremoris strains apart from Eq and Zp evhibited very
rapid rates of decline initially, particularly over the first 24

hr, with the populations generally decreasing S-fold, Thereafter

the strzins did not decline so rapidly. Strain C,, exhibvited
1 J
ty Tar the greatest decline in population, decreasing to

: Anr

107 cfu/ml in 14 deys, and was followed in order by strains A0y

P
rr - - 2 o o]
TP R L ALT and US which reached levels between 107 and

Strains Zp and I, did not decline as ruapidly as the other
strains, either initially or subsequently. Aifter 14 days the Z8
. . 8
population had declined about 6~Fold to 10 fu/ml and the E8

population 14-fold to 2 X 107 cfu/ml.

~ . . - - “
<tarter survival in the presence of 5% IalCl, any of the

features of survival in the presence of 47 YalCl were also obtained
in the preseuce of 57 Yall (Fig, 7). The raies of populaiion
cdecline were of tihe same order for most strains, but there were
rnotable exceptions, Strains IP and 31 exhibited markedly better
survival in the presence of 5% Tall, declining to populations of

P
- . s 5. |
G &% 107 cfu/ml at 14 days, compared to ¢, 3 £ 107 in the presence

ot 4%-3301. Strain HVO also survived better in the presence of

L,
57 NaCl, declining to a population of 4 X 10° at 14 days, than

in the presence of 47 ¥acCl (9 X 105 cfu/ml). The only strains to
decrease to significantly lower levels on the presence of 57

compared to 4% NaCl was AN1, the counts at 14 days being 8 X 105

and 107 cfu/ml respectively.
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Proteolysis Yy the starter sirains,

and TP effected zhout 10 times more proteolysis than strains LS3

L Xd . 3 N o
and iuj during their growth in D51 at 25°C to pl 5.2 {Table III),
The order obitained by grouping the strains Trom least to greatest
preteolytic activity was similar to that obtained earlier with

Effect of .Yall on.siarter.protsolysis. The effect on

further proteolysis by starters at 13°C when Call, and ¥aCl were
<

9 and 10, In the control cul+tures

i
—
O
U
yae
=]
¥
|2

(e
#]

added is detai

-

7 = \ .
without ¥all (Fig. &), strain ?IT exaibited the greatest amount

teolysis was exhibited by strains TS,, £y and Fq.
) o

n th Pz ie] 2 a (1(/’ Wadn (B3a 0) LanTarad e wawdd AT anla

In the presence of 47 Yall (Fig, 9), protedlysis, particularly

by the more active strains was restricted to zhout half the values
obiained in the control culitures. The level of "iyrosine" for
's in the abszence of MaCl was 0.37 mg compared to

RS ST

0.2 g in the presence of 4% ¥afl., The comparable values for

s*rains 25 and 11, were reduced from c, 0.24 to 0.11. Proteolysis

)

4]

by the less active strains, USB’ AV1 and Eq, was practically
unaflected ty ﬁ”-* 1, and the values at 14 days were in the
range of 0.04 %o 0.0T7 mg "tyrosine',

The effect of 57 Yall was to inhibit starter proteolysis .
slightly more than ¢&id 4,5 NalCl (Fig. 10). The more proteolytic

strains were again greatly affected, whereas the activity of the

less proteolytic sitrains was only slightly inhibited,

nfluence of ¥aCl on stariter survival and nroteclysis. Tt

is apparent that ¥aCl markedly influences the survival and i
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s Strair
T3, 0.005

b)
L 0.C05

i, c.017
i

Zo C.0z39
U

AN, 0.040
<

S, s 0.055
(o]
il 0.055
P
% c.cs2

- L

*  Troteolysis waos measured by the methol of Iull (1547
23 *he increzxse in mg tyrosine/5 ml TCA filtrate from

the time of incculation until the culture attained pI 5.2,



. . On .
Mg, S. Proteolysis by starterc in PSM at 137°C ir the
PRESeRCE of 17, €200, anad Oﬂ MaCl, Proteolysis was determined
J
by the method of Hull (1947). Valuesz at day "O" correspond
to the amounts of proteolysis effected by the cultures during
. . 0
their growth in PN at 35 C to pd 5.2 {Table IIT). Tor the

sake of clarity, the individual points have been omitied from

the gsraphs and tadbulated hereunder:

3
Proteolysis at day

S+rain 1 2 3 5 7 10 14
AW, C.0C7  0.005 0.010 (.C22 (€.040 0.045 0,0%R
AW ¢,04% €.077 0.C71 0.123 0.450 (.170 0.160
oy, 0.125  0.146  0.1%1  ©.211 0,222  0.257 0.306
To” 0.C0R  ©.077 ©.034 0.031 0.08 0.071 C.072
B 0,031 0.064 0.079 0,100 0.121 0.124  0.157
7o C.028 0,135 0.192 ..0.194 0.208 0.257  C,2R3
VL, 0,114 C.17%  0.128 0,251 0.245 0.319 C.374
Mg .069 0,097 ©0.126 0.150 0,174 0,201 0,278
R, 0.430 0.150 0,161 0.20C 0,208 0.250 0,280
Us, ¢.008 0©.014 0,013 0.023 ©.025 0.027 0.045
zg 0.07% 0.419 0.158 0.181 0.204 0.199 ©.254
*

Tncrease of mg tyrosine/s ml TCAL filtrate from the

time of inoculzation.
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2

tabulated hereunder:

M 2% 25°C to p¥ 5.2 (Tadle TIT),

© 4 = 0 5
SO0 Le0.LYsS1SsS OF

Proteolysis was measured by the methed of Hull

Talues at day "O" correcpond to the amounts of

. On
starters in PS¥ at 1377 in the

2y . o .
presence of 17'03303 and either A7 Nafl (Tig. 9) or 5% Yall

eolysis effected by the cultures during their growth in
Tor the sake of clarity,

the individuzl poirts have been omitted from the graphs and

Proteolysis at day
1 2 J 5 T 10 14
C.015 0.017 0.026 0.028 0.032° 0,047 0.045
0.032 049 0.C53 0,057 0.0E5 0.065 0.057
0.075 0.CO4 0.094 0,022 0.119 0.115 0.149
0,022 0,022 n.033 C,C€E0 0.059 0.064 0.077
0,037 ¢.030 0.042 0,040 0.043 0.055 0,064
0.076 c.0%2 0.02 0.129 0.121 0.149 0.179
C.C1 n.165 0.106 C.134 0.120 0.170 0.129
0.060 0.057 0.C61 0.021 ORCEN 0.091 0.113
0.098 0.114 C.111 0,142 (o IFe) 0. 154 0.1€8
0.005 0,c12 0,011 0.021 0,025 0.025 0.042
0.044 0,054 0.293 0.077 0.082 {d.092 c.110
Proteolysis at day
2 3 7 10 14
n.017 0.020 0.629 0,032 0,051
0,060 0,052 0.054 0.05° 0.059
0.091 0.020 0,094 C.103 0.122
0.031 0.034 0.05% 0,062 0,066
0.029 0.022 0.044 0.041 0.057
C.058 0.086 0.1C0 0.10% 0.126
QL& 0.0923 0,114 0.138 0.170
0.059 0.060 0.068 0.082 0.092
0,103 0.099 0.113 0.126 0,137
0.C10 0.0c8 0.023 0,018 0.028
0.050 0.072 0.08 0.085 0,093




Proteolysis (increase in mg tyrosine/ 5 ml TCA filtrate)
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zroteclytic activity of the various starter strains to different
crtents., As was to be expected in view of previous reporis (Perry
e (PO eyt \ o i
& YeCillivray, 1954,, the strains of S, lactis, g, and M,
. . . 7
survived wunrh beitter in the presence of either 4 or 5% Mall than

i o) = 3 EX 2 N e ~nS <4
tho -, crercris sitrains, Amongst these latter strains, the

survival in the presence of lall varied concideradly bhetween
straing, and even within one sirain a2t the +two levels of Tafll.
™e enhanced survival of some strains such as EP at the higher
level of Yafl is difficult to explain, but it could possitly be
attridbuted to slight variations in pH close to 5.0 which are

novn to markedly alter the soludbility of the casein (Lawrence

Compared *to the walues obilained ir the atsence of Xall when
S 1. - - i S b 0y
¥ in the presernce of 4w and by slightily more irn the
presence of 57t Xall, This occurred wkether the strains survived
= ~ s -+ . A i
well or dield out very rapidly \e.g..C13>. It would
appear, ‘herelore, that the survival of 'the starier is not

1 Fo] BB mos h Daad
5 and that the death

[ N
Q
£

o
Eug
e
<
9]
{c(‘f'

zolyt

@

necessary for continued pro
of the cells does rot enhance proteolysis as the result of
literation of intracelluiar enszymes,
Zowever, good survival of the startersz muy nevertheless bve
important for the continualion of other melabolic aciivities
vhich may be responsible for the production ef the "fruity"

flavour defect in cheese typically associated with strains of

-

T, al., 1966; Lawrence

. /7
Se lactis such as and MLg (Vedamuthu e+
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Wo ROTEOLYSTS BY REXTYET
At THE EFTECT OF NaCl

Fy

.{‘I‘ ~ 4 ~ et . =) - - - LS -~
ifficult 1o assess 1ae relative contrituticns ©

4. - ™ - a | 4 1 we - 1 ol o
tae starter oteinases and rennet to the overall proteclysis
2 AT oapno M oy oo oy myids g il 1 R— I WO LT i o

in cneece, ILhe sturter sirepiococci exhibit delectabdle pro-
don T mrdd o gmdid wed Luy fa v e oy PR | 1le Soa DO 4 20 A
wEOLYL1C 2CLIVI LY alier a L1ev hours STOVIL I Jea 8T 2D vy,

e

corresperding to ihe period of cheesemaking, =né subsetuent
proteclysis is mifceted by Kall, It was desmirable, therefore, %o
< 4=y

gain come xnovwledge of the proteolylic activity of renrnet alone

L

milay conditions. -

rTmTTA T O

sk o it et bk

Renret proteclysis of ISN was

- = ) R T T ol Y SN B S T S S T - 4

c Sy 4 2ZnQ Oy \WSfV, ~del ALG Gv oLenperacures

o~ ~ =Y L 4‘*0-"‘ My A~ | Dl MNP e = g 2 9 oy T 00 L)

of 35°C and 13 C, The levels of Jall were chusen to include those
) Al

levels used in the stuly of the effect of Iall on proteolyiic

activity and survival of the starter sireplococci, as well as

)

b

the levels whichk 3Jtachouders (19 2} 5

@

poriecd as being optimal
for rcnnet proteclysis,

PN was prepured in 1C00 w1l lots, adjusted to pE 5.2 with
1OM lactic acid (approximately 20 ml), and solid ¥afl added to
the levels rejuired. MNerthiolate {Elanco Products Co.,

Indianapolis, U,S.A.) was added (25 mg/l) to prevent the growth

of the few thermoduric bacteria in the PSM, Rennet was then

I

adéed at the rate of 10 ml of a 1/50th dilution in distilled
water of commercial rennet extract to 1000 ml of FSYM, This is
equivalent to 22 ml rennet/100 1 milk (32 fluid o0z./100 gal), a

level commonly used in comrercial cheesemaking practice in this



- < e + -
rejuired temperatures

+h

9 s o) NG P A i ) -
ollowed Uy the Iull method
f e o \ e R R ¥ | i S = Pt . TR I
\1547 ), observing the precautions recomrended by

Pl \ $ = Ao 2 ~ a3
\1y63f, by sampling 2%t O hr (immediately alter adding the rennet)

= 3 v ™ e @ bl SR
exd at 1, 2, 2, 5, 7, 10 and 14 dzys, Tae rennet coagulated ihe
halas B4 . Qe Jlomien o ~ = S~ — - g -
T containing up to I7% +afll, and when sampling these milks to

oy L Qlsaa . TS 3 o
min blending in en Ato-Vix blender.,

3 . ;"' .« - I T~e (/4
Protein in 5 g of sample was then precipitated by 10 ml of 12%

The proteclysis of PCU by remnet proceeded
time up to 14 days at &ll corncentrations of

when incubated at either 35

i

protenliysis proceeded more slowly at the lower temperat
Increasing levels of Xall decreased the rate of protleolysis, and,
moreover, the relationziip between the amount of proteolytic
breakdowrn that had occurred at any given stage of incubatior up
to 14 days and the level of IaCl was linear (Fig. 12). In these
experiments, therefore, the decreaszed proteolysis of casein by
rennet was in direct proportion to an increased level of Tall,

These resultis generally substantiate the findings of Amunstad
(1950} that the rate of cagein degradation decreases as the

concentration of IaCl is increased, IZowever, they are in contrast

to the reports by Stadhouders (16562) and Tox & Walley (1971) that-
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Proteolysis (increase in mg tyrosine 7 5ml TCA filtrate)

Time (days)

11, Rennet proteolysis in PSM at p¥ 5.2 in the presence of

at 350C and 1306‘. The level of rennet used was 0,2 'hl/l of

Proteolysis was measured by the method of Hull (1947).

concentrations: O%, (o)

9

1%, @

9

2%963

9

3%, &

’

4%, 0 3 5%, ® .
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Proteolysis (increase in mg tyrosine 7 5ml TCA filtrate)
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Fig., 12, Influence of FaCl on rennet proteolysis of PSM at pH 5,2
at various stages during incubation for up to 14 days at either
35°C or 13°C. The level of rennet used was 0.2 m1/1 of DSV,
Proteolysis was measured by the method of Hull (1947}. Stage of
incubation (days): a, O 3 b, 3 ;3 ¢, 53 d, 7 ; e, 10; £, 14,
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L 3]

rernet proteciysis was enhanced in the presence of afl due to the

3

greater solubility of the substrate, e differerces between the

¥

esul ts might be atiributadble to the fact that the Ievel of

rernnet used in

pa—— - = = el B AR . - = )
used ry the latter authors ty 50~ and 5-T01d respectively. At

3 i ~ i I d 3 @ 5N 2 & N = ~EE
this JTowser level of rerwet the adventage of & wore rTeadidy avail-

te negligitle and, hence, only the inhidbitory effect of ¥all on

rennet proteolysis would e apparcsat,

n d3arn - . REE BR 13- 22 I o < 2 4 2.
Relative proteolytiec.activiiies of renrer and starter.

Trom Fig. 11 it can be cesitimated that & hr of renret proteolysis

- 5 o s = \ :
of PSIT a4t pI 5,2 and 35 C (in the absence of FaCl) brought about
an increase of :zpproximately 0.C72 mg tyrosine /5 ml TCA filtrate,

~ L

Tt 45 well recogniszed that general proteolysis by rernnet proceeds

” 7 . .
pilk of c. 6.7 (Fox, 1965). ZSince *the rennet would be acting at
a suboptimal pH during the first 5 to 6 hr of cheesemeking as the
pZ shifts downwards from 6.7 to 5.2, and as some loss of rernet

in the whey might also be expected, the acitual amount of pro-

-

teolysis brought about by rennet during this period is probably
much less than the value given above,

Proteolysis by cultures of the various starters grown (in
about 6 hr) in P8 to pd 5.2 brought a2bout increases of between
0.006 and 0.07 mg tyrosine/5 ml TCA filtrate (Table IIT),
Comparison of these results with those for rennet suggests that
in the first 5 to 6 hr of cheesemzking the rate of breakdown of
casein to TCA-soluble fragments is substantially due to the

starter, FSubsequent proteolysis in the cheese would depend on
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the relative influence on the proteinases of boith starter and

rennet of temperature, pid and Nall found during cheeseripening.

After 14 days in the presence of 4

,4/

or 5 F¥all and at 1’ g,

woee as proteolytic as cultures of 1lane least proteolytic

/ . \ . . Q ~ S
\'mon-titter", starter sirains maintazined under similar ccnditions

(compare Tigs 9, 10 and 11). Zowever, proteclysi

These rezults suggest that starters, and particularly the

rmore active strains, will contribuie relatively mcre than the

rennet to overall proteclysis duri

(¢]

ung cheeze, but not in the later stage

<3

POOY Jak il <ia

|t

3 )
o1
o3
(@]
r
o
(&)
()
4]
o
~

0]

ing ard in the

: THE TNFLUENCE OF STARTER ON DETERVINING

4%

RENUET CONCENTRATION I CHEESE

S+adhouders (1 F? considered that the rate at which a starter

forred acid during cheesemaking influenced the amount of rennet

retained in the curé of the cheese and thus was a factor in

determining the level of bitter peptides formed by rennet action.

A fast rate of acid production was considered i6 be associatad

with a higher concentration of rernet in the cheese,

The typically '"non-bitter" strains

ATF
<hae o’

[

such as AY1 ard

gre recognized as forming acid more slowly than the "bitter"

strains such as HP, V1g and Zg (Lawrence & Pearce, 1968). The

possibility of these strains influencing the amount of rennet

retained in the curd during cheesemaking

was examined in two ways.
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fultures grovnm in PIY containing renntet were assayed for rennet

D) &)

loct in *he vhey by the time the cultures had rcached pH 5.2,

Lceses made with the same remnet levels tut with

3
o
o
o)
2]
[
()

e.4

!

-

)

different stoarters were examined for evidence cf different levels
of remned prolcclysis YLy gel electrophorascis,
Fy — . . . o
To 1CC =1 D57 contained in & beaker and prewarmed to 35°C

was added 1 m! of a 1/50%th diluiion of rennet. This represents

a 2 X 10-4 dilution of remnet and corresponds to the level used
in cheesemaking, The milk was then inoculated wita 27 starter as
described earlier (p. 43) and incubated at 3500. The starter
strains used were +two 'mon-bitter" strains f£?1 and a:}

soft coagulum that had formed due to rernet action was cut into

four pieces wiith a siterile wire %o 2llow vhey to be expelled more

readily, and the incubation continued until the pd reached 5.2.

The rennet concentration in *the whey was then assayed by
s . 2R -
the sensitive method of lLawrence £ Sanderson (1649). In tais

by

metiod C.003 ml of enzyme is placed in a 2 mm diameter well cut
in a thin laryer of caceinate-agzar on a microscope slide. The

diameter of the white precipitation zone formed around the well

(R

s the result of proteolysis during incubation is related to the

concentration of the enzyme. In the precent investigation it

wags established that the minimum concentration of rennet detect-
. . . o

able by *this method after 18 hr incubation at 37 C corresponded
> N . .

to a 5 7 10 © dilution. Assays on the wheys from the different

starter cultures at p7 5.2 indicated rennet levels corresponding

. . ~4 .
to dilutions of 1 to 2 ¥ 10 7 for all s*arter strains, There was

no tendency for the '"bitter" strains IP, NLB and Zg to lose less
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rernnet in the whey, and thus to retain rore in the curd, than
AA 7

the "ron-bitter" sitrains AV, and AV, grown to the same pi,

Protein breakdown in three non-titter 19-weck-0ld cheeces

I3

. . - /
ade witha AM, starter and with rennct levels of 6.6, 22 \normal),

N

and 65 m1/100 1 milk werc examined by the disc gel electrophoretic
L) ’ s - - . 3
rmethod of Crearmer (1970). A similar series of "bitter" HP cheeses

made with remnct levels of 6.6, 13.2 and 22 ml rernet/100 1 milk

was also examined, Tn both series of cheeses differences could

readily be detected in the patterns of casein breakdown between
rennet levels differing Yy as little as 2-fold (Fig. 12),

However, an examination of a bitter TP and a ron-bitter
Al 19-week-o0ld cheese made using the same milk-'and the same

rennet levels (22 m1/1OO 2 milk) showed that the patterns of

I

protein Bbreakdown were indistinguishatle. (Ffig. 13). This suggests
that the rerne® levels in the two cheeses, 1f not identical, must
differ less thar 2-fold. The similariiy between the gel eleciro-
thoresis patterns of the cheeses made with TP and AV2 al so
sugsests that the protéinases of both sitrains of starter have
similar specificities towards the various casein fractions,

The average make times were S hr 15 min for the P cheeses,
arnd 6 hr 00 min for the AVé cheeses, indicating that the relative
rates at vhich the slow or fast starters form acid during cheese-
makingare not likely 1o influence the concentration of rennet
retained in the curd, This confirms the report of Lawrence &
Gilles (1969) that the rate at which acid is formed during

cheeseraking is not important in determining the development

of bitterness.



Fig, 13. Casein breakdown measured by disc gel electro-
phoresis in 19-week-o0ld Cheddar cheeses made with '"non-
bitter" (AMz) and "bitter" (HP) starterc and different

foo
levels of rennet (expressed as ml%} of milk).
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4 VI. PIOSPHATASE ACTIVITY OF STARTERS

In view of the importance atiached to phozphataces in the
degradation of casein during cheeseripening (Schormflller, 1968),
strepiococci with comparatively low and high
and including btoth
"hitter" and "non-hitter" sirains {Table T), were examined for

their ability o produce phosphatase in conditions similar <o

those encourtered in cheesemaking.

bilanlaais e Rk
iv s b e

Cul tures, ™e following strains were grown in PIL at
<=0 ol T2 s L Aaonnilal angp]dor ( 26\ ;s AN M B
3576w to pid 5,2 as deseribed earlier (p., 46,: AJ.-.1, Nas u13,
[
E,, TP, 111, Mg, 31, U3, and Z4, After removing a sample for
C k| o

plate counting, the growth of the cells in 100 ml of culiure was

N A . -
topped by the addition of 1 ml of o 2% solution of merthiolate

and the culture assayeda for phosphatase activity.

ASSay. Prelimizary experimenis to determine the optimum
pil for the assay [or phosphatase :ctiviiy were carried out on the
rains grown in broth for 12 hr at 3OOC, and adjusted to eguival-
ent cell densities, The phosphate-free broth of Lowrie & Tearce
(1971) was selected to minimize any innibitory effect of phos-
phates on the production and activily of phosphatases, since

this is ¥nown to occur with some other bacterial phosphatases
(Torriani, 1960). The cul*ures were assayed for phosphatase
activity between pi 4 and 9.5, following the assay procedure of
Malveaux & San Clemente (1969) except that citrate buffer (0.1 M)

was used from pI 4 to 7.5, and Tris buffer (0.1 I) from.pH 7.5 to-



9.5. The subsiitution of the acetute buffer (0.1 M, pH 5.2) used

b == = 0 T .- Jo TN RS | vy - 2 .
esc authors by citrate puffer ut the same pi caused no loss

& 3 e BN o R T L o S e -~y < L] THORS o e r
& similar method was then used to asicy Lle I~i. culures Sor

. SR P~ RN LS i 1 MY o X 1 - ot ey o . 7 3 - ",
PROSPLGLEGEe LCVIVIiYe. i€ Ireacvio 1 X VATe contained in a total
e ~e O l P s | Falls) 2 I . AR § SO o)
volume of 2.0 nl, consisted of 2.8 ml of 0.1 ¥ acebate vulfer

2.C 1l of the PIN culture at p¥ 5.2, and 1.2 ml of
3% famreN Sa moweas \
Pybed) as substrate, is
& conirol, 2o with meriiiolate was substituted for culture,

C, the reaction was

standing for i min at room temperature, the solution was {iltered

e

L

L%y s ) o0 S s vy | R DG TR ™ KXy n L+ ey ¢y vAn
through "nztran o, 1 filier paper. The filtirutie was ma

sa |

allzaline with 2-L a0l to develop thc yeilow colour resulting
2=

. /-
N e - g R o = N 7 V3 +
ciatEion off p~-ni o OpLLG;‘Ol \fal) 1Trom the substira IS,

rocipitate formed on adding tze NalHd, the

L.
€N
£
[
(o]
-

o]
oy
ct
18]
=2
O
(@]
(@]
S
(]
(s}
»
C"
o]

samples were centrifuged for 5 min at 2000 g belore being read 2t
ACO nm azainst tas control set at zero 0D, The 0D realings of the
samples were then converited o the eqjuivalent concentration of

PYP by reference to a siandard graph.

TTQTTT TS

alasns ol ds

Preliminary experiments. The phospnatase activity of all

ol 7}

the strains was optimal at c, pX 5.2 and very low at pHs > 8, A

typical pH¥-zctivity curve is shown for strain US. (Fig. 14).

(
3
Altaough the optimum p¥ for phosphatase activiiy of all strains
was practically identical, the total amounts of activity at any

one pi varied greatly with the various strains. ¢
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culture was grown in broth for 12 ur at 207 and adjusted to

(1

\
OD5PO 1,0, T™e assay procedure of Malveaux & San Tlemente 969,
was

followed using either 0,1 M citrate buffer ( O ) or 0,1 ¥
Tris buffer ( o ). 1 unit of activity liberated 0,001 micromole

p-ni tr0phen01/m1 of culture per hr under the conditions of assay,
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Loid-plogphatuzge of FEM culdures and -ihe relationship do
o 3lvtic antivity m™ M 1 - - - 22 far -
proteclytic activity. e acid phosphatase activity of the

variel widely

R
Sraling

m™.

e

vaen {fhe -2ullures reached pa 5,2 were pr
-7 ~ 'b annl = s o nrrac g oo
veiues obtained earlier in the inves v1ga
s 1. 2 - e 2 /' m -\
activity of the sirains (Table II,, Tau

ve made between proteolytic and phosphut
svrains,

Wien the strains are arranged in o
phosphatase activity and compared with their
it is apparent that pliosphnatase activity

/ -
teolyiic activity (Table IV,

& St AINE = 1. BN .
and £, 211 had high le

proteolytic activity;

- T 3§
’luO’ n

nd C all exhitited relatively high 1le

J13

activity out varied wicdely paatas

the basis of

.

the starter phospha
in proteolysis.

There was 2o

apparent tendency for
of phosphatuase activity 1o be as
(such as P, VLo, 2, and Z5,. However,
starters (AM1, AY,, Ip and 034, had Tel
activity, this relationship may be only

nunber of strains examined.

Tor exampl

similarly, sirains

these results, therefore,

sociated

atively

for &P

to L 1.0 unit/ml
populztions of the stre

actically identical to tze

C ornparl 500 can

tase activities of the

rder ol greatest to least

is not related to pro-

e, strains HF,

tivity but differed

3€ &4cC

iR

1..L.

R,,

vels of proteolytic

19

e activity.
there scems little
a significant

ases play

either low or high levels

w#ith the "bitter" starters
although the "non-bitter"

high phosphatase

coincidental in view of

proteolytic activities,
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WplelN. INPLUENCE OF NILY QUALITY ON CHEESE FLAVOUR

A PACTERIOLOGICAL QUALITY OF MILK

~

In assessing the bacteriological 2uality of milk, it is

necessary to italre into acccunt not only the total numbers dut

-

also the types of orgunisms present., Proteinases and some othe

on.zymes produced by lhe vacteria in the rew milk may survive the
. . 4 ~ -

heat treztment of pasteurization (Stadhouders el al., 1959;

. . - .1 " - . - ) .
Kichonti & Sidstrum, 1970) and give rise to flavour defects in

£ assessing rilk quality
by counting both %oial numders and itypes of dacteria growing in a

hin film of undiluted milk sample athering to a plain water-agar

base, In prolimirnary trials with this method, considerable
difficulay vEs encounterced iIn distinguishing the three fypes of

cones formed by proteolytic, acidoproteolytic and acid-forming

of the crowding of the colories on the plates

Q

crganisms, becaus
waich occcurred even in the case of comparatively good-quality milk
Most investigaters have corcluded that the hydrolysis of
casein in an opajue Ir agar'' affords the best method of
deteciing protcolytic organisms (Jruce & Thomas, 1959; Yillis &

dobbs, 1359; Irown, fandvik, Scherer & Dose, 1267; Zazadhof &

O

Terplan, 1967). Zowever, it is apparent from the many attempts
that have been made to improve the existing methods that a
satisfactory medium has yet to be devised.

The American Public Health Association (1967) recomménds
the addition of 107 (v/v) of sterile skim milk to Sitandard

Yethods agar, yet it has long been known that acid-forming
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o’

asteria can produce zones of clearing on such mediza, Two

! . ” . -~ \
surveys \frazier & Rupp, 1522; Lightbody, 1961 ) showed tha* 37
to 457 of *he zones of clearing on milk 2gar were not due to

proteolysis, The most serious disadvantage, therefore, associated

and not caused by acid formed by the ocrganisms as t

iR
2}
O
-+
(0]
O
]
()
'
@]
xS
8]

result of susar Termentation.
N " . . ' . - / - . " e
these difficulties, Tramier & Rupp (1929, devised an opalue

carvehydrate-ree casein agar medium to eliminate clearing due

to acid production., The limitation of this mediurm for organisms

micro-technisuc for the cuantitative estimation of proteinases.

A orall well cut in the caseinate agar was filled with the enzyme

5

solution which then diffused outwards, breaking down the caseinate

Fae

to form a white precipitate which consists initizally mainly of
para-il-casein, together with small amounts of high MW degradation
products of Q4= anG —caseing, With highly active pfoteinases,
subsequent brezkdown ol . the white precipitate occurred to yield
soludle fractions; with *he Formation of 2 white ring of pre-
cipitation and an inner clear area surrounding the well,

A more sensitive agar medium for the deteciion of proteolytic
rganisms using this principle was, therefore, developed in this
investigation by adding caseinate (17 % v), ci%rate (0.015 M) and

Ca2+ (0,02 M) to Standard Yethods agar (BEL). Jetails of this
medium (Stancdard Yethods caseinate agar (a224)) are given in
Appendix I, Tts greater sensitivity compared with existing milk

.

agar media is related to its ability to detect the first stage of



ein brozkdown as shiown by the formation of 2 white zone of

O
)
9]
(0]

3 1 A3 LP A - = Baviprd Yyades b, - PR o
jcant Lliierence WaS Iouni vewieen vota.L coun

te used for the simultaneous deterrmination
of boti fotal and proteolytic counts in milk used for cheesemaking.

mmioue of inoculating ZNTA plates by flooding with a

4]
1&]
[$)
4]

scribed by Taylor

A4 3 r - o - 3 I ~
diluted milk sample and decanting the exce

’ - . .
(1967) proved very satisfactory when applied o SMCA, A quantita-

(=)

tive determination of wilk quality in *terms of koth total count

obtained and was of value in screening the mil¥s from indiwvidual

suppliers for hacterioclogical quality. Turther details of this
procedure are given in Appendix IIT.

o~ . . - /=~

Staphylococei and micrococci (3rown et al.,.1967; TForbes,

1962) arc a common sause of mastitis in dairy cattle, which remains

a serilous cause of losc of milk production btoth in Yew Zealand and
other countries. Tre principal method used in differentiating
strains of pathogenic staphylococcl in epidemiological studies
of their incidence ir milk has teen phage typing, although

+o 307 of isolates may be phage nontypable ( ‘allmark & Finland,
1961; %ohen & Srith, 1964; Marandon & Ceding, 1966). T+ is not
surprising, therefore, that attempis have been wade to develop
more cormprehensive methods of differentiating strains of
staphylococei and micrococci by such means as the serological

typing of *heir proteolytic enzymes (Sandvik & Fossum, 1965;

Prown et 27 1067 ). i
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T™c findine that the pattern of white precipitation zone(s)
forrmed or SVMCA due o proteolysis appeared to be specific for a
rariicular sirzain of organism, prompied an investigation into

typing staphylococei, including the pfhage nontypadle strains, dy

&

< i~ LS el A SoA M o S e -] aa
their proteclytic activity on BMCA, This is reported in detail

B3 INPLUZEYNCE OF MILX QUALITY ON CHEESE FLAVOUR

Tue influence on the Tlavour of cueeczes of variations in

the cheesemilik, with particular

reference %o the incidence of proteolytic organisms, was investi-
gated at frejuent intervaels over twe dairying seasons.

A . ~E e o Sa a4 s+i Yo Tainampcas gy

wIkCICEiem o viaCe@es Were rssde &t LA W8Tl TUuve S JTrocelsing
AT o L — 4o ~d. AT P 5 ED 3 AT ~ae )
Hall using single-sirain siarters AV, and L7, and All, and G5, on

[ -
/

= i o) Mo 1 4 ey s en 3 ey Ay ) 4 ams 4
alternate weeks throughoul ithe spring to wutumn (Scplember Lo

, period, Tae cheeses were made from pasteurized milk (T1°C
= \ . ~ - N . ~ .
for 15 sec, using normal Cheddar chessemaking procedures, which

sre not aliered throughou’y 1lhe course of the scason. Tae

0

. 3 A 0 -

‘temperatire of setting and cooking were 32 and 38 C respectively,
and 22 ml rennet/100 1 wilk was used.

The flavour of lhe cheeses wus assessed alter six months by

4.

a panel of § to 10 experienced tastere.

M1k quality, The milk used for cheesemaking was obtained

from a commercial deiry compeny and came from cows of predom-

inantly Jersey breed. The individual suppliers' milks wuere



The bacteriologiczal quality of the mill was determined boih
befere and ulter pasteuriszztion by surface plate couniing oan SHCA
&g Ceccriled in Appendix I, in terms of the total ané proteclytic
countis, <ounts were made av approximately fortnightly iniervals

41, . o LT et
throughout the seascrn,

NTeTTT Ao
Odbwcm o &

et e Y T o on T N S e =2 Sy <~ Tar 41 T atd o 04

\(L‘, SAT1i8& 3 a L‘.chl..k w1Chn 2 C b,.\ il UA]_L‘/ Q1 =—Rne .acvuver s on.
by = e e, g e vy < Sy £ A Mt T e I | - FA
dactericlogical cuality of the milk, wgdie roesults of the

4 i~ ~ = - & S - =] - el e - = Tl e - 47 My

0Ll cOounvs on e raw ana p:—ilveul‘.L Z2ed T —afly wdlle ud @ COUNves Of

o - .- 3 - - M 9 - - a2 = 4 NS -

rotcoly tie ungerieme in the zaw miFis z2re devailed in fig. 15,

+a svya o = £ 31 2NV S ] e ean o T e M
tal counis of the raw milks varied considerably from week to

o it Eh.vo2 B IS NmAy O ~ ~r ~ L \ s . =
wegk Huring e season From 2.5 £ 407 to 1€’ cnganisms per mi.
m, 2 rpa. o LT - R P 1% Y minile St + =
fais erratic variation of counts probably reflects, in part at

L} L L s e A % o L . = ] s ¥
1e lack of refrigeration on the farm and the effect of

variations in ambient tenperatures. The totzl countis of ta
23d not vary so greatly

S | '\.. crmoauric on ganiSre

from week %o wecih, tut increaced steadily as the ceason progresse

o

Ie) , ) : (‘I *r - 3 -
from an initial level of 10" to 2 X 10” orgunisms per ml, A

[N

sirilar increace cf thermcduric organisms was found in the pre-

is increase probatly refleched tha progressive

(¢}
Q
(%]
1
3
[sfe}
¢}
o
©
Lf\
[«]
&3
.
.
[

tuild-up ol milk-stone in the milking eauipment during lhe season.
At iimes, especially towards the end of the season, the thermo-
£

duric organisms comprised a high proportion, freduently )-50%, f

the to*al count,
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~ Ty abe = Fa BN R B e ) =T 27 ey = 23 Al

e proporiion of the total raw milk flora determined on
remp A s e - 4 a /. e 7\ ™
SI’CA as proteclytic varied from 7 to 94% laveraze 41%,. The

R -y L = o O e o ~ 5 EY s vy 2 ~ve ot - a 4~ T ~ . £ ~
trend of counls of profeolytic organisms per ml tended to follow

= i i \ .
v 4 ~" ~a 4 . £ o T T e oy Sy o = “ oo . -
tae total gounts ofraw wilk (Fig. 15). The proportioa of pro-

~y + 8 e T YN o B N i BT ' o) il " - -y g L X
_ = - ) AR W, . T (7T e
evlytic orgarisms of the thermoduric count was gernerally much

A ST Gk gL o I LA G e Aty Moy . e
lower, ranging from 1 to 24/ \average Gj¢/. .hus, the actual
SRS ATIS IR o~ g et e i Spters v 3w Bt - Q< A2 ernTar Wt o
nurmbers of pivueslytic bacteriz in raw rillk were pelavively high

o -

that pastourization freguently destroyed >90% o

-

(8

the actively

. <+ R 4 s & R . 2" m TR T 0~ ) -
proteolytic bacleria in the raw milk, The influernce of thesze

opreriunity they have for growll in milk pricr to pasteurization
ritunity they ha Fuowtd dn milk pad i ization,

- Y p PRSP K W PG, e R .3 ;) S % : I, T o
and the heat stakility of the enzymes whick had been formed.
rm. e L T ., ~ e ~ R I o &5 ~r -~ NN
Taeese flavour. Cheeses were scored for the overall accept-

PN N, P R - ) g . . ) a7
@od lity of ~.G&Vour, &4 MEAouUTL oL coulurer pre.crence, on a scaie

\ 4 . a
14). On this scale o cheese with very serious

exceplionally good flavour 9. The intensity of bitterness in the
cceeses wos scored on a 1 to 5 scale (Tig. 17) 2 fcllows:

1, flavour abvsent; 2, possibly present; 3, definitely present;
L, predcminant flavour; 5, very intensely flavoured. Tae results

from individual tasters weroe averaged for each cheese,
The overall flavour score of the cheeses made with AU1

averaged 6.23 for the whole season (range 7.4 %o 5.8) and they

3 : 't
udged to be rnon-bitter (average score 1.02, range

C.n

\ & S qol o
1.0 1o 1.1,. Caeesss rade with Asz were very gimilar o A}’1’
- 14
scoring an average of 6.44 \range 7.3 %o 5.2) for overall flavour,

and 1.1 (range 1.0 %0 1.4) for bitterness over the whole season.
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[

ig. 15. ZIacteriological auality of milk used for cheese-
making during the 1969-70 dairying ceason. Total and
proteolytic counts were determined using Stancdard Methods
Caseirate Azar (to*al count of raw milk, O ; total count

of pasteurized milk, @ ; proteolytic count of raw milk, O ).
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o, 16. Overall flavour acceptability scores of 5-month-ol2

Theddar cheeses made during the 1969-T0 dairying season using
single-strain starters ¥P { O ) C (@) AY_ (o) and
== - L =28 e\ 9 13 \ /s “‘? \ /
. 2
AY, (&), Overall flavour acceptability was sco-ed on a

3
S

scale of 1 to 9., Caceses with very serious flavour defec

nally desirarle flavour

Hy
®
’k_l
(@
K3
(=
!
o

scored 1, and checses O

scored 9,
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VIII, MANUZXACTURE AND ANALYSES OF SELECTED CHEZSES

Barlier results showed considerable differences between
starter strains with regard to their growth in.PSM, subsequent
survival in the presence of NaCl, aand in their proteolytic and
phosphatase activities, To ascortain the extent to which these
foatures influence cheese flavour, checses were made from strains
that consistently gave good-flavoured cheese (AM1, AM2 and US3)
or bitter cheese (§P and 28). Cheeses were also made with strain
ML, which has generally been regarded as a '"non-bitter" starter

1

(Emmons et al., 1962a),

METHCLS

Manufacture of cheeses, The bacteriolcgical quality of the

milk both before and after pasteurization was routinely assessed
by plate counting on SHCA, The total counts of the raw milk were
Ce 102 organisms/ml (30% proteolytic) and c. 2 X 104 (1% proteolytic)
in the pasteurized milk, These ccunts were within the rengs found |
during the 1969-70 season to have no influence on the development
of cheese flavour,

A preliminary series of cheeses was made using starters USB’
B, ML1 and Zg. Following analysis of these cheeses, a further
series was made using starters AM1, AM2, HP and ML1.

The amount of starter used to inoculate the cheesemilk was
varied according to the starter strain used, A greater amount
of the "slow" (AM1, AM,, UL, and USB) compared to the "fast"
starters (EP and 88) was used, For the first series of cheeses,

rennet was added at the level of 22 ml per 100 1 milk, but in



86

the second series of cheeses the level was reduced to 18 ml per
100 1 milk according to the recommendations of Lawrence & Gilles
(1970).

After overnight pressing the chesses were film-wrapred and
masured at 13°C for 14 days, and then subsequently at 7°C. This

corresponds to standard practice in Few Zealand,

Counts of starter during cheesemzking end maturation, During

the making process, starter counts were determined in the cheese-
milk immediately after inoculation, in the curd at "draining'" and
immediately prior to "salting'". Counts in the cheese were
determined after overnight pressing and at intervals during the
subsequent maturation up to 16 weeks,

The count in the cheesemilk immedia+tely after inoculation
with starter was determined as for the plate counting of milk
cultures described earlier (seo o) § 39), blendiné for 30 sec, A
2 min period of blending was necessary to adequately homogenize
20 g samples of curd or cheese in 80 ml of 2% sodium citrate
golution for plate counting, To prevent undue warming of these
sampies during blending, the blender and citrate were chilled
to between O to 4°C. A;1:1 dilution of this homogenate was then
made in 0,1% peptone diluent to give a 1071 dilution, and
subsejquent dilutions were made decimally in peptone. One ml
amounts of suitable dilutions were plated in triplicate to two
series of plates, One series was poured witk agar in the usual
way to give counts of total populations,

Counts of non-starter organisms were found from the second
series of plates using a slight modification of the bacterio-

phage method of Robertson (1960a), Agar and broth media are
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normally supplemented with ca*™ ions to ensure adequate phage
infection of the bacterial cells, and is commonly supplied as
CaClz. However, Ca is liable to precipitate in the presence of
cations such as phosphate, resulting in cloudy media., To over-
come this Das & Marshall (4967) used calcium borogluconate
(CaBG) as the sourcs of Ca.++ ions in their media for stapaylo-
coccal phagzes, Preliminary expsriments here indicated its value
with lactic streptococcal phage systems, Consejuently, 100 ml
amounts of agar for pouring the second series of plates, each
containing 1 ml of chesse dilution and 0,25 ml of the appropriate
phage preparation, were tempered to 44°C and supplemented with

1 ml of sterile 1.0 M solution of CaBG (Fay & Paker, veterinary
grade).

Phages specific for startser strains used in cheesemaking were
prepared according to the method of Vaitehead & Bush (1957) and
were routinely checked by plating to ensure freedom from bacteria,
The phage titres of the preparations were determined by the
metnod of Lowrie & Pearce (1971) and the effectiveness of the
preparations in specifically preventing tae growth of the
homologous bacterial strain routinely checked by plating pure
broth cultures, one series with and a second series without the
phage preparation,

The counts of the.starter streptococci in the curd and
cheese samples were détérmined as the difference between the
total counts obtained from the first series of plates, and the
counts of non-starter bacteria obtained from the second series

of plates which had been treated with phage.
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Routine analysss at 14 days, The cheeses were examined at

14 days to determine the moisture, NaCl and fat contents, and the

pE according to standard procedures (British Standards Institution,

1963),

Proteolysis during maturation, The course of proteolysis

during the maturation of the cheeses was foliowed in terms of
tae increase of '"tyrosine'" by the use of Folin-Ciocalteu reagent,
Protein in 5 ml of the one-fifth dilution of cheese homogenate
prepared for plate counting was precipitated with 10 ml of 12%
TCA, Tyrosine in 5 ml of the TCA filtrate was determined, as
described previcusly, by the Hull method, observing the pre-

cautions of Citti et 2l. (1963).

Dotermination of free amino acids, The cheeses were

examined at intervals during maturation {o determine the quantities
of free amino acids present, TCA filtrates of the cheeses, pre-
pared as described in the preceding section, were deep-frozen at
-15°C until it was convenient to have all the samples analyzed
at once, Ten ml of TCA filtrate was extracted wiih an equal
volume of ether to remove TCA, and evaporated to dryness on a
rotary evaporator, The dry material was then redissolved in a
small measured volume of distilled water, the precise Qolume
being chosen so that conveniently measurable peaks were obtained
on the chart 6f the amino acid analyser when.a 0.1 ml samples
was used for the analysis,

Identification and quantitative measurement of amino acids
was obtained using a Beckman 120 C Automatic Amino Acid Analyzer

with Beckman custom spherical ion exchange resin, The short
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column for basic amino acids contained resin type P4 35 to a
height of & cm. The elution buffer pH was 5,25, The long column
for acidic and neutral amino acids contained resin type UR 30 to
a height of 58 cm., Buffer, pH 3,25, was used as eluant, being
replaced after 90 min by a second buffer at pH 4.30., Tae flow
rate Ffor all buffers was 68 mi/hr, and the flow rate for
ninhydrin was 34 ml/hr. Calidbration constants for the amino
acids were obitained from calibration runs using a stan@ard amino
acid mixiure (Pierce Chemical Co,, Illinois, U,S,A,). Peaks
obtained from the cheese samples were identified from standard
elution itimes, and quantitated by the height-widta method of
measurement, Amino z2cids can be estimated this way with an

accuracy of + 3% for ihe major peaks (Moore & Stein, 1963).

Detormination of acid phosphatzace activity in cheese, The

levels of zcid phosphatase in cheesses made with single-strain
starters were determined using tae assay procedure described
before (p. 70). Tae cample consisted of a blended one-fifth
dilution of cheese sample, prepared as for plate counting, with
the addition of mertaiolate to a final concentration of 0.03%

to prevent bacterial growth, Since nothing was known about
suitable inactivating treatments for the phnosphatases of the
starter strains, it was not possible to include a control cheese
sample in which phosphatase activity had been inactivated., Hence,
ag a control for the assay, 2.0 ml of distilled water was sub-

stituted for the cheese sample,

Flavour assessments, A panel of 6 to 10 experienced judges

assessed the cheeses for Cheddar flavour and such off-flavours as
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bitterness, asitringency, fruitiness and sharpness. Tae intensi-
ties of thesec flavours verse scored on a scale of 1 to 5, and the
desirability of the overzll cheese flavour on a scale of 1 to 9

as described previously (see . 79).

Tanufacturing and analyticel daza, The manufacturing and

analytical date for the cheesss have bgen included (Tables V and
VI) since it is difficult to assess the significance of bacteri-
ological findings unless these data are known.

-3 -]

The sali-in-moisturse values of the first series of cheeses

(I) varied from 3.55% for ML, %o 4.25% for T2, Taus the effect

-t

bs’

of TaCl on the survival of the steriter organisms and proteolysis
in the cheese might not be sirictly comperable Leiween ths
different checses., 4 second series of cheeses (II) was made,
keeping the making of the cheeses as constant as possible., The
salt-in-moisture values of this series of cheoses were all
similar (Table VI) and close to the average value of 4,5%

obtained in commercial cheeses,

Starter populations durine cheesemaking, To compensate

for the fact that the moisture contents of the milk and curd
differ from that of the cheese after "pressing", the actual
counts obtained as per ml of milk or per gram of cheese curd
have been expressed as per gram of curd having a moisture
content equal to that of the finished cheese. The factor used
to adjust the counts was obtained from determination of the

moisture contents of the milk, the curd at "draining'", and



Table V,

Vanufacturing details for chesses,

Cheesemaking series

Staerter sirain
% starter inoculun
Rennet (m1/100 1 milk)
Time (hr:min) Set to Dry
n Dyy to Salt
Total maeke time (hr:min)
Acidity (%) at Run
i " Dpy
" 1 hr after Dry
. at Salt
% salt added to curd
Temperature (°C) Set
| " Cool:
% moisture of curd, at Dry

at Salt

B i
HP

51,6
40,2

i

3:00
3:10
6110
0.14
0.15
0.21

0.63

32
37
53.7
42.3

561
41.3

51.3
40.5

56,2
4201

51.4
41,3

5T+5
40. 4

L6



Table VI,

Routine analysss of checsos at 14 days,

Chessemaking series

Starter strain

Moisture %

Fat %
NaCl %
pH

Salt—in-moisture %

I

HP

33.8

375

1.44

4.92

4.25

ML

%)
N
.

N

35.5

1630

4.92

3.55

3,75

34.0
37.0
1639
4.94

4,08

5.01

4,73

1T

AM

4.1

35.0

1.55

4,98

4.55

HP

33.9

4,96

4.78

37.8

4.92

4,72

g6
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immediately pricr to salting (Table V), and irc moisture contents

b D)

of the finishoed cheeses (Tadbie VI), The moisiure contents of

2

13 .- . /.
tho milk used for all cheeses was 87% (i.e. so0lids content 13%)
at the %time of inoculation, In this way a *rue indication of

the increase of starier numbers can be obitained, rather than an

increase due 1o a conconiration effect as moisture is progress—

With all strains, the maximum populations were attained
during checsemaking (Figs 18 and 19)., Tawson & Teagan (1957)
similarly founa that maeximum populations of sterier were attained
during making. dowevor, considerable differences were found in
the pepulation itrends of the starters durirng the cheecsemaking
206 greatest increase in cell numbers
cccurred during the firsi 25 to 3 hr of choes emeking to the
tor lhe whey had veen Tun of?f (“Dr”"), Turing tkis

8

pericd, the starter populations underwent from 1.1 X 107 cell

divisicns for stirain - (= representing 0,55 doublings of the

~

population) to 9,8 X 107 cell divisions (representing 3.77

population doubliings) for sirain s (Table VII), During the

rext 2% t0 3 hr of cheesemaking to the time immediately prior

to the addition of salt to the curd ("Salt"), totzl viable

starter populations in the cheeses made with strains AMQ, Al%

and ML, (series II) dropped Ly 84, 25 and 21% respectively, In
spite of this, however, acid production continued, In the other
cheeses, cell division continued although generally not as rapidly
as during the earlier part of cheesemaking, representing up to
1.15 more cdoublings of the populations,

The extent of acid production in all the cheeses at '"Dry"
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Table VII, Starter populations during cheesamaking .
Counts X 10“8 )

Cheeso~- ¢ - N Tio, of population doublings
Star?er maf?ng igtmilk in curd in curd 001l divisions X 10"8 P % —
SRR .. et Dry  at Salt . . . 0-D D_.S 0 to maxi-

tion (0) (D) () 0~D D~S 0.5 U L

n 11 2.0 3.1 2,2 101 = f.1 - . 0455 - 0.55
me N II 1.2 2,9 0047 1.7 bl 1.7 1-17 bl 1.17
HP I 0.72 4.3 is° 3.6 3.6 Te2 2649 1095 3. 37
HP II 0,63 4.4 6.6 3.8 ColC 6,0 2,75 0651 3. 29
ML1 I 1.3 T.4 13,2 6ot S8 11.9 2.42 0,78 3. 27
N‘L.' II 1-3 11¢O 807 9&7 — 907 3»09 o 3-09
US3 T 1.5 5.7 6.9 4.2 1.2 5.4 195 0,21 2.18
z8 I 0.75 10.6 18.9 9.8 8.3 18,1 3.1 0,78 4.59

* . 3
The differing moisture contents of milk and curd samples have besn takon into eccount; and
all counts expresssd in terms of colony-forming units/g of curd having a moisture content

equal to trhat of the finished che=sa,



95

tnai tae streins differed markedly cduring cheese—
making in ihe cuartities of acid produccd per ccli division,

In contrast, the differences between the st
e . N o N .cO . n
their prowth to pd 5,2 in P8l at 35°C were lecs then during their
growia in cihecsemaking to the time vhen tae curd was salted at
co DE 5,2, In P3¥ they underwent from 1,86 X 4G cell divisions

o . k Y d - D
(4,8 population doubllngs) for strzini¥L,6, o €.1 X 10° cell
’

divisions (3.4 pozulaition doutliings for strain Z (Tabvle II A

Xing temperatures
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of up to 387C zre atove ithe optima For ccll diviszion of most of

- 14 m o - o 2 B = O o e S Pyt
the starter straine, ©F tho.strains used in these cheesemaking

©

trials, 28 appearsd t0 b ne least affected by the higher
temperatures cf cheescomeking, and tae throe strains consistently
giving gocd-Ciavoured cheece (47 g Auz and TS ) the most markedly
affected, This is also concgistent with the heat seasitivity of
observed ecarlier (see v, 36).

Dorn & Rakn (1939) heve vointed out that the rate of lactose
fermentation (production of lactic acid) by laciic streptococci
may be greatest atv a temperature above the optimum for cell
division., Thus, the differences vetween the starters in the
amcunts of acid formed per cell division particularly during

cheesemaking probably also reflect the relative sensitivities

of the strains to the temperatures of cheesemaking,

Survival of siarter. Since the salt-in-moisture levels in

the first seriez of cheeses were low, a direct comparison of the
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starter survivael in *he two 3eries of checses must be made

autiously, In the Iirst seriss of choceses, populations of

Q

strains HP, ML, and 28 ail declined at similar and approximetely
exponeniial rates, a=nd werc still presont in relatively high

s 2 ( g ) -3 -‘ . - Y e 45 = o

rumbers (¢, 107 efu/g) at 16 weoks (Fig, 18), 3y conmirast,

strain US. decreased at nearly twice the ratse to ‘<7OD ctu/g

1

. 3 - . - . o
a2t cpproximately comparable rates to betwsen 3 and 7 X 10 cfu/g

In tho second series of cheescs, strains ¥, and E? declined
r

higher ccoking temperature (38 >

-t

C) used in the ALY, and iM_ cheeses
compared with the U53 chcese (37GC) should ve noted,

In the investigation ¢f the survival of the starters in PSM
in conditions simulating some of those in cheese, strains AM?, AL2
and U33 tended to decresse more in 14 d2ys *thaan the other strains
tested, even in tho absence of Nall (see p, 50). In the presence
of Nall, strains AM1 and AM2 also survived relatively poorly.
Such labvoratory experiments are, therefore, able to give a
general indication of the ability of the starter strains to
survive in the chesse,

The non-starter counts of +the chesses at 2 weeks were in

the range 105 to 106 crganisms per gram, and showed little



Pig, 18. Starter popuiatioﬁs during the making and ripening
of Ch@ddar.cheeses made with ML, (o), U83 (o), Zg (o)
and HP ( & ). To account for differing moisturs contents
during the making précess, the counts in the milk in the vat
at the time of inoculation (V), and in the curd a2t Bun (R)

and immediately prior to the addition of salt (S) have been
expressad in terms of colony-forming-units (cfu)/g of curd
having a moisture content equal to that of the finished chesse,
'P' corresponds to the time a1 which the chesses were removed

from the press approximately 24 hr after 'V’',
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tendency *o incrsase beyond ¢, 5 X 10 at 16 weszks, Thus, the

non-ctarter organisms predocminated the microfiora of the Al

)
<

inr < YR P - - N B ey 3
an ady cheeses after 2 10 4 weeks, and after about & weeks in
‘
3 . - EAN £ =~ ~ e EA L <
the: US, cheese, In the oiher cheeses the starter sirepiococci
) Pl
vy B T P VL i Vo T omem me ey o mle
reémallliel TICUOMiInany IMRci LONger until 12 to ':5 ICDI\.S,
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activity at 0, 16 and 26 weeks, The greatest levels of activity
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activity (87, 92 and 167 units/
of activity liveraied 0.C01 micromole P2 /ar under the conditions
of assay, )

e = ) - .
In the P3Y culturcs growa at 35°C tc pI 35,2, the greatest

level of acid phosphatase activity wes exnibited by strain HP,

N

t0 3 times that of sirains US. and XL In

3 1°
contrast, sirzin 28 had practicalliy no acid phosphatase activity.

end +this levsl was

Although the differsnces between the levels of acid phosphatase
in cheesss made with these four starters werse not as great as

in PSH, there was nevér%heless a tendency for acid phosphatase
activity in the chesse to reflect the starter strain used in
cheesemeking., The lesser differences of activity in the cheeses
compared to the PSH cultures could rsfiect dif?erences in the

maximum populations attazined (compare Tables IV and VII), and,
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Fig, 21, Chart trace from the Amino Acid Analyzer of the free amino acids in a 6-month-o0ld Cheddar cheese

made with starter strain US;, Abbreviations: Iys, lysine; His, histidine; Arg, arginine; WMet-SO3H, =
methionine sulphoxidesy Asp, aspartic acid; Thr, threonine; Ser, serinej Glu, glutamic acidy Pro, prolines 2
Gly, glycinesy Ala, alaniney Val, valinej; Met, methionine; Ile, isoleucine; Leu, leucine; Tyr, tyrosine;

Phe, phenylalanines BC, buffer change; P, probadbly low MW peptides,



Table IX, Free emino acide in cheeses during the courcs of xipeaing., ‘The choeses wers rade with

the single-strain starters HP, };TLﬂ U'S3 axnd 28’ or with gluconic acid lactone (GAL) inzicad of
starter, The concentraticns of the frse anwino acids arc exproosed aae/xgj-:/g of chaeue,

Loz of chisene
rd Ip—hianiie % P LY
24 hr 3 monthe 6 monihe
yl el N S - o Y

Anmino,, 8 N ’ ’ - :
soids GAL BP qu US3 CAL HP 7, US3 Lo Ly _HL1 . Us3
Lys 3.3 45.3 55%.3 13219 T12.4 144 1030 431 154 435 911 290
His - 19.5 23.6 - 416 154 e - 4.9 4567 43,8
Arg 4,2 29,6 43,6 2.7 6.7 80.T 137 164 G244 &8, 4 521 €94
VetS05H = = - - = 39.7 292 61.8 99,6 59,5 166 114
Asp = 17.4 17.0  17.3 - 3.4 210 109 28,8 S4e6 25/, 128
Thr - - - 6,7 - 8.1 - - 33,7 69.2 255 106
Ser 1.3 17,0 5.3 13.8 €5.3 92 A4 62.3 251 1100 257
Clu 1.4 T3.3 107 68,0 t1,2 206 2250 €54 234 T4/ 2540 779
Pro - 37.8 43,1 17,5 - 69.6 204 -~ - 125 1771 -
Cly 0.6 5.6 1.9 1.8 8.4 25. 4 118 50,6 20,1 Gh.? 169 1G4
Ala 0.6 9,9 11.9 S 11,4 34,2 286 €7.5 36,8 105 342 107
Val - 10,0 14,6 5.1 11.0 63.1 574 139 TT1.4° 200 555 215
Yot - = - = - 13.4  d42 27.3 0.4 364 241 50, 2
Ile - 2.6 2.5 3.0 - 13.3 624 54,0 1163 5.6 154 99.
Leu 5.0 28,3 37.0 16.3 146 198 1660 656 13 €19 2210 €85
Tyr - 21,5 30,5 4.7 1.7 65.¢ 217 120 43.4 144 504 169
Phe 6,7 19.2 31.4 20,0 112 164 1250 396 125 406 1240 365
Totals: 23 337 435 215 421 1378 9591 4132 1220 3543 10927 3972

GOt

. ¥ Abbreviations: ses Fig. 21,
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the relatively non-spseific proteolysis by the sizrter proteinases

proportions of leucine and

chaeese made with

at 3, 4, 5 and € montias

corsistentiy pos=sSsssed a

greater level of typical Cheddar flavcur than the other cheeses,

Off-flavours such as bitterness and asiringency were absent at

Cheeses made wvit: IP and Z, were similar in mary respects,
A
Both were definitely bitter at 3 meonths; and the intensity of
titterness increased only slightly during furthsr maturation,

The scores for Cheddar flavour, aand particularly the overall
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Katoba et al. (1570) reporicd that the threshold for detect-
ing tho oititor flavouwr of tae biticr emino acids was a concentra-

4ion of 0. 1% in pure solution, However, it is likely that the

thresholde would e higher in cheezo on account ¢f tho presence

of such other compounds as tke fat and casein. The total con-
centraticns of the bitter amino acide in the HP,HL1, and U33
cheeses at 6 months wers O,14, 0.47 and 0.45% (sifv) respectively,
and at 3 montks 0.03, 0,38 and 0.14% (w/w) respectively, and
0.05% ir. the 28 checese, At these levels the contribution of

the bitter-tasting amino acids to bitterness in cheese seems
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DISCUSSION

There is little doubt that the starter streptococci used in Cheddar
cheesemaking are responsible for the development of typical cheese

flavour and for specific flavour defects such as bitterness,

Good-flavoured cheese is always produced when S, cremoris strains

Ay, AN, or US,

and lower consumer acceptability are almost always produced when

are used, and cheeses characterized by bitterness

such strains as HP and Z8 are used, Tais investigation was under-

taken to determine the features of starter strains associated with

good or poor flavour development in the cheese, An attempt was

also made to differentiate the roles of starter streptococci,

other micro-organisms and rennet, particularly with regard to

the possible influence of their relative proteolytic activities

on the acceptability of the cheese and the formation of bitterness.
The present investigation has demonstrated that good-flavoured

cheese is characteristically made when starters are used which

possess either one or both of the following features: (i) low

rate of cell division at the temperature of cheesemaking which

results in relatively low numbers of cells being produced; {11)

low proteolytic activity as determined in PSM containing 4 to 5%

NaCl.

Growth of starters, The starter strains exhibited charact-

eristic differences in the populations they attained and the
number of doublings of the populations that occurred during
cheesemaking, Populations of the '"non-bitter" strains AM1,.AM2
and US, doubled between 0,6 to 2 times compared to between 3,3

3

to 4.6 times for the "bitter" strains HP and ZS. Cell division
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of all strains proceeded more rapidly during the first 2%'to 3 hr
of cheesemaking, During the next 25 to 3 hr of cheesemaking,
after the maximum temperature had been attained, the populations
of strains AM1 and AM2 declined up to 10-fold, and the population
of US3 remained virtually stationary. In spite of this, acid
production by these strains continued. In contrast, cells of the
"pitter" strains HP and Zg continued to divide, although at a
slightly lower rate, during the latter stages of cheesemaking.

Since the rate of cell division will 1limit the extent of
bacteriophage replication, these differences between the '"bitter"
and "non-bitter" starters in their rates of cell division during
cheesemaking may explain the earlier report by Lawrence & Pearce
(1968) that the former strains tended to be more sensitive to
bacteriophage infection than the latter strains,

Similar differences were also found in the populations
attained and the number of cell divisions undergone by the "non-
bitter" and "bitter" strains grown to pH 5.2 in PSM at 35°C, but
these differences were not as marked as those found during cheese-
making., The number of population doublings varied between 4,2
for AM2 to 5.4 for 28. The differences in populations cannot be
attributed to variations in chain lengths between different
strains as the chains were reduced to approximately eQual-=sized
colony-forming-units by blending of the cultures prior to
standard pour plate counting. The difference between the growth
of the starters in PSM and during cheesemaking emphasizes the
important effect that raising the temperature from 35 to 3800,
the maximum temperature reached during cheesemaking, has on the

growth of the "non-bitter'" starters, such as AM2, which are

particularly heat-sensitive,
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Proteolysis by starters, Proteolytic breakdown in skim milk

cultures varied considerably according to the strain., Gordon &
Speck (19653) considered that '"non-bitter" strains of cheese
starters were less profeolytic in skim milk cultures than the
"pitter" strains,” In ‘this investigation, proteolysis by three
"non-bitter" strains, AM1, E8 and US3’ during growth to pH 5.2
in PS¥ at 35°C was relatively low compared to the "bitter"
starters, but this was not true of three other "non-bitter"
strains, AMé, 1°
The addition of 4 or 5% NaCl, levels commonly found in the

ML1 and R

moisture of cheese, to PSM cultures had practically no effect on
the amount of proteolysis effected by the least proteolytic
strains, AM1, E8 and US3, but the amount of proteolysis by the
more active strains was markedly reduced on extended incubation
at 13°C. Thus proteolysis by the '"non-bitter" strain AM2 was
reduced in the presence of NaCl to a level similar to that of
the other '"non-bitter" strains, AM1, E8 and US3,

The '"non-bitter" strain ML1 was highly proteolytic, even
in the presence of NaCl, Although cheese made with this strain
has generally been described as non-bitter (Emmons.gﬁ al,, 196%a;
Jago, 1962), cheeses made with ML, at this Institute have
frequently been judged by the taste-panels to be slightly bitter.
More particularly, however, an off-flavour variously described
as "burnt" or '"caramel" is éiso reported (Lawrence & Pearce, 1972).
This seems to be a characteristic off-flavour associated with
cheese made with this strain, and for this reason it is unwise
10 regard strain NL1 as a typical "non-bitter" starter.

Although strain R, has also been considered to be a "non-

1
bitter" starter (Czulak & Shimmin, 1961; Emmons et al., 1962a),
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its similarity in many respects to HP in the present investigation
suggested that it should be a "bitter" strain., This has in fact
teen confirmed in recent trials at+ the Institute where R1 cheeses
vere found 4o be consisfently bitter.

Cne conclusion that follows from these results could be of
importance in the manufacture of lactic acidlcasein. By using only
those starter sirains with low proteolytic activity, the potential
yield losses due to proteolysis during the coagulation period

would be reduced to a minimum,

Specificity of starter proteirnases, Amino acid analyses

of a good-flavoured cheese and cheeses having either bitter or
"burnt'" off-flavours indicated that a wide range of free amino
acids was liberated due to proteolysis., Although the total
quantities of free amino acids varied between the cheeses, the
proportions which the individual free amino acids formed of the
totals were similar in all the cheeses, This indicates clearly
that the proteinases of the starter strains used for making these
cheeses differing ir flavour exhibited practically no differences
with regard to the peptide bonds cleaved, Other investigators
have also shown that although lactic streptococci may differ
between strains in the Quantities of amino acids formed in milk
cultures they could not be distinguished on the basis of

specificity (DoleZdlek, 1966; Miller & Kandler, 1967).

Survival of starter in relation to proteclysis. Proteolysis

in the PSM cultures in the simulated cheese environment systems
continued vhether the starters died out rapidly (strain C13) or
survived well (strain MLB)‘ Moreover, although the survival of

HP was better in the presence of 5 than 4% NaCl, proteolysis was
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slightly less at the higher NaCl level., This evidence, although
not conclusive, does not support the suggestion by Anders & Jago
(1964) that the rapid death of the starter during cheeseripening
is responsible for limiting peptidase activity which in turn
would thus enhance the development of bitterness. On the con-
trary, those starters such as AM1, AM2 and US3 which died out

rapidly in the cheese were those which characteristically pro-

duced the least levels of bitterness.,

Pitterness. At the start of this investigation it was
considered possible that thg—bacteriological quality of the
cheesemilk, particularly with regard to the incidence of
proteolytic organisms, might have some influence on the develop-
ment particularly of off-flavours such as bitterness, Feagan &
Tawson (1959), for example, attributed bitterness in some
Australian Cheddar cheeses to the influence of certain types of
bacteria which predominated in the milk supply. However, under
normal New Zealand conditions the proteinases of fhe milk flora
have been shown in this investigation to play an insignificant
role in influencing flavour development.

Czulak (1959) postulated that bitterness in cheese resulted
from the accumulation of bitter peptideé due to the action of
rennet, and the use of starters with low or impaired proteolytic
activity which were unable to further degrade these peptides
(Fig.'24). If this hypothesis were correct, one would expect

that the "non-bitter'" strains such as AM AM2 or US, would

1 3
either be more proteolytic or be highly specific in their ability
to degrade bitter peptides, However, in the present investigation

the "non-bitter" starters were found to be less proteolytic than
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Fig. 24. Role of rennet and starter in the formation of

bitterness according to the hypothesis of Czulak (1959).
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the "bitter" starters, and the specificity of casein breakdown
in cheese made with Both the "bitter" and "non-bitter" starters
was very similar,

Although Stadhouders (1962) also considered that the ability
of the starters to break down rennet peptides was a specific one,
he considered that the rate of acid production by the starter
during cheesemaking could also influence the development of
bitterness by determining the amount of rennet retained in the
curd, since bitterness was frequently associated with high con-
centrations of rennet, However, no differences could be found
in this investigation tetween the electrophoresis patterns of
casein breakdown in a bitter cheese made with HP, and a non-
bitter cheese made with AMZ' This suggested that the level of
rennet retained in the curd of cheeses made with these different
starters must have been essentially the same.

Schormyller (1968) considered that the phosphatase activities
of the organisms important in cheesemaking were essential for
the degradation of the phosphopeptides derived from the pro-
teolysis of casein, One might expect, therefore, that the

/proteolytic and phosphatase activities of the starters would be
related, but this was not found in the present investigation,

Lawrence & Gilles (1970) found that cheese made with high
levels of rennet exhibited a greater intensity of bitterness when
"bitter" starters were used in cheesemaking, However, with three

"non-bitter" starters, AM AM2 and US3, a 3-fold increase in

1
the normal amount to 66 m1/100 1 of milk did not affect the level
of bitterness, The fact that bitterness was not detected under

these circumstances suggested that either the rennet peptides

were not bitter or that if they were they were rapidly degraded
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by the proteinases of the starter streptococci. This latter
alternative, however, would not be consistent with the rélatively
low proteolytic activity or the absence of specificity of the
proteinases of these "non-bitter" strains,

The following scheme, outlined in Tig, 25 is, therefore,
suggested to explain the role of rennet and the different starter
strains in determining whether or not bitterness is formed in
cheese, The first stage of rennet proteolysis results in the
formation of high MW, predominantly non-bitter, peptides.
:Non-bitter" starters with low proteolytic activity do not degrade
these precursor high MW peptides at a fast enough rate for the
concentration of lower MW peptides including bitter peptides to
exceed the threshold at which bitterness can be detected. Hence,
increasing the quantity of precursor high "MW peptides by employing
higher levels of rennet has no effect on the level of bitterness
in cheeses made with these starters, With the "bitter" starters,
which have relatively more proteolytic activity, the precursor
high MW peptides are broken down mofe rapidly and a greater
accumulation of bitter peptides results., Increasing the rennet
level increases the supply of these precursors and proteolysis
by these "bitter" starters will lead to an increased level of
bitter peptides being formed. Stafters such as ML1, having
greater proteolytic activity, probably degrade both the precursors
and the bitter peptides more extensively. The characteristic
"burnt" flavour associated with this strain may be due to the

relatively large amount of free amino acids formed.,

Relationship of starter populations to proteolytic activity.

As the "non-bitter" and "bitter" starter strains appear to differ’
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Casein
-~ Ty
] rennet |
I (starter) |
| |
| J/ |
I |
| High MW | NON-BITTER
' 3 I ol
| non-:?zter : CHEESE (e,g.
peptides i S
: : AM1, AM2, U 3)
I / \ 1
: starter starter :
¢ (rennet) (rennet) ¢
Low MW Low ¥W BITTER CHEESE
non-bitter |¢—e—-=-—-—- - — — | Dbitter (e.g. HP, 28)
peptides peptides
starter starter
/ CHEESE WITH
Amino acids "BURNT" OFF-
FLAVOUR
(e.g. ML,)

Mg. 25, The suggested major pathways of casein breakdown by
the proteinases of rennet and starter streptococci that lead to
the formation of flavours in Cheddar cheese associated with the
use of specific starter strains, Proteinases in parentheses
probably play a relatively minor role, Dotted lines: possibly

minor pathways by either rennet or starter,
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in their proteolytic activities only in the quantity of breakdown
products formed and not in the nature of the products formed, it
is likely that the level of starter proteinases formed during

cheesemaking could be important,

Bacterial enzymes.can generally be described either as
extracellular or cell-bound., The cell-bound enzymes can be
further classed as truly intracellular (cytOplasmic) or surface
(membrane)-bound. Of 30 strains of starter streptococci grown
on Standard lethods caseinate agar (see Appendix I), only two
strains, which are infrequently used in cheesemaking, consistently
formed white zones due to proteolysis extending beyond the colony,
indicative of a diffusable extracellular proteinase, Some of
the other strains formed traces of zones due to proteolysis, but
only directly beneath the colony, This tends to indicate that
the proteinases of the commonly-used cheese starter strains are
cell-bound rather than extracellular, in agreocment with the find-

ings of Baribo & Foster (1952).

As cell-bound enzymes increase synchronously with the cells
as they divide, the maximum level of enzyme formed in a culture
is likely to be closely related to the maximum cell population,
It is most likely, therefore, that the level of starter
proteinases formed in cheese is determined by a combination
of two factors: (i) the maximum number of cells formeq during
cheesemaking, and (ii) the relative proteolytic activity of

the specific starter strain used.

The role of the proteolytic activities of starter in

influencing the overall acceptability of flavour, and the intensity
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of flavour defects such as bitterness, leads one to postulate
that a considerable amount of control can be exerted on cheese
flavour merely by regulating the population and, hence, the level
of proteinase attained during cheesemaking, A decrease in the
populations of '"bitter" strains such as HP and Z8 during cheese-
making should reduce the level of proteinase, and consequently
decrease the tendency to bitterness in cheese, However, increas-
ing the populations of typically "non-bitter" strains with low
proteolytic activity per cell (e.g. AM1 and US3) might not affect
flavour significantly, as the level of proteinase might still not
be sufficient to induce bitterness,

The reduction in the intensity of bitterness in cheese made
using a "non-bitter" starter in association with a "bitter" starter
is well established (Smmons et al., 1962b; Lawrence & Pearce, 1968).
In this situation the maximum level of "bitter" starter attained
during cheesemaking would be reduced on account of the presence
of the "non-bitter" starter, Consequently the level of proteinase
derived from the "bitter" strain would be correspondingly reduced,
thereby reducing the intensity of bitterness in the cheese.

It might also be expected that increasing the populations
of typically "non-bitter" starters having a higher level of pro-
teolytic activity per cell (e.g. AM2) may lead to enough enzyme

being formed to bring about bitterness.,

Effect of NaCl on proteolysis and bitterness, Lawrence &

Gilles (1969) considered that the development of bitterness in
cheese made with specific "bitter" starters was determined by the
salt-in-moisture level and, to a lesser extent, upon the pH of

the cheese at 14 days. Almost without exception they found that ~
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bitterness occurred in cheese made with HP when the salt-in-
moisture level was‘<4.3%, but was generally absent when the

sal t-in-moisture level was )4.9%. This would be consistent with
the findings in the present investigation that proteolysis by
both rernet and starter is inhibited by NaCl, Although the
overall proteolysis in cheeses was also related to their salt-
in-moisture levels, it seems unlikely that the comparatively
small variations of salt-in-moisture levels from <4.3 to > 4.9%
would affect the development of bitterness, as much as, for
example, one more doubling of the starter population during
cheesemaking with a corresponding doubling in the level of

starter proteinase.

Relationchip of the pld of the cheesoe *o the incidence of

oitterness, There have been conflicting reports on the significance
of the relationsiaip of the pd of the cheese to the incidence of
bitterness, Czulak (1959 found that bitterness occurred most
frejuently in cheese having a pd<5.0 in the first week, but
Dawson & Feagan (1960) failed to find any correlation between pH
and bitterness. Zmmons et al., (1962a) showed that some "bitter"
starter strains were more significantly affected by pH than others.
Lawrence & Gilles (1969) found that the'pH of cheeses made with
"bitter" HP starter was only of importance in influencing the
bitterness of the cheese when the salt—in—moistﬁre levels were
within the range 4.3 to 4.9%.

& likely explanation of these conflicting reports can be
made in terms of the population and associated enzyme levels of
the starters., With the '"fast" starters a significant amount of

cell division takes place during the formation of acid in chesse-
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making. Since the final pid of the cheese depeunds on the pH
attained during chessemaking (Dolby, 1941) it is likely that a
more acid caecese at 14 days would indicate that a higher popula-
tion of starter had been attained during cheesemaking, With the
associated higher level of starter proteinase, bitterness or a
greater intensity of bitterness would be more likely to develop,
Tae '"mon-bitter'" starters practically cease dividing in the-
latter half of cheesemaking, although acid production continues,
Hence, a relatively low pH of a cheese made with a "non-bitter"
starter would not necessarily indicate that a high population of
starter had been attained during cheesemalting., In this situation
one would thus not expect a relationship between the pH of the

cheese and the incidence of bitterness.

Conclusions. The development of good flavour and the
absence of flavour defects such as bitterness in Cheddar cheese
gre largely determined by the starter strain and the amount and
type of rennet used, Variations in the bacteriological quality
of the milk normally have no detectable influence on cheese flavour,

The determination of the precise blend of components which
makes up typical Cheddar flavour is likel; to prove extremely
difficult., However, the present investigation indicates that
differences in the typical flavours associated with the use of
specific starter strains can be explained very largely in terms
of quantitative differences in proteolytic activity rather than
in differences in specificity of proteolytic breakdown of casein
or cassin degradation products,

Good-flavoured cheese is associated with a low level of

starter proteolysis and this in turn may be associated with
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relatively low numbers in the curd, More extensive proteolysis
by starter results in the production of bitterness, while 'burnt"
flavours probably reflect a further degree of proteolytic
degradation and the accumulation of high levels of amino acids.,
The increase in intensity of bitterness in cheesses made using
"itter" starters and high levels of rennet may result from the
production of greater amounts of precursors by the rennet.

Yall inhibits proteolysis by both starter and rennet, and
high salt-in-moisture levels in the cheese may, to a limited
extent, control the development of bitterness.

Tae level of starter proteinase in the cheese appears to
be the most important factor determining the intensity of bitter-
ness in the cheese, This level is determined by a combination
of two factors: (i) the amount of proteinase per cell; and (ii)
the maximum starter population attained during cheesemaking, which
appears to be a reflection of the ability of the starter to
divide at the temperatures used in cheesemaking, The temperature
in turn might.also partiy govern the survival characteristics
of the starter, but it is unlikely that the rate at which the
starter die per se is important in determining the rate of
proteolysis.,

The decreased bitterness in cheese associated with tae
pairing of "bitter'" and '"non-bitter" starters probably reflects
a reduced population of the "bitter" strain. However, it should
also be practicable to reduce the populations of the "bitter"
starters by employing higher temperatures during cheesemaking to
retard cell division and, to a lesser extent, by salting the

curd at an earlier stage of cheesemaking,
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m

Taus, limiting excessive cell division of the starter during
cheesemaking has important practical implications in reducing

the incidence or intensity of bitterness in Cheddar cheese,
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APPENDIX I

AN INPROVED MEDIU¥ FOR THE DETECTIOXN OF
PROTEOLYTIC ORGANISH'S IN TOTAL COUNTS

SWI'ARY  An improved medium for the detection of proteolytic
crganisms has been developed by the addition of caseinate
17 w/v), citrate (0,015 M) and calcium ions (0,02 m\ to
d Its greater sensitivity compared with
existing milk agar media is relzted toc its ability to detect
= casein breakdown as saown hy the formation
ne of precipitation, This results from the

o
deposi of insoluble para-caseins, mainly para-K-casein,

n
which is readily detected in the transparent medium. The
extent of proteclysis exhibited by an organism is reflected

J (5]
voth by the size and type of precipitation zone forming round
the colony.
counts cf raw milk samples measured on the new m

e
Standard Methois Agar, The new medium can thus be used for

+

the simultaneous determination of proteolytic and total

bacterial counts.,

INTRODUCTION

Yost investigators have come to the conclusion that the

hydrolysis of casein in an opalue '"'milk agar'" is the most suitable

indicator of proteolytic organisms (Druce & Thomas, 1959; Willis
& Hobbs, 19593 Brown, Sandvik, Scherer & Rose, 1967; Zaadhof &
Terplan, 1967). However, it is apparent from the many attempts
that have been made to improve the existing methods that a

satisfactory medium has yet to be devised,
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. 4 \
2lth Association (4967) recommends

the addition of 10% (v/v) of sterile skim milk to Standard Methods

Agar, yet it has long been known that acid-forming bacteria can
produce zores of clearing on such media, Two surveys (Frazier &

1981) showed t

were not cue

erious disadvantage, therefore, associzted with the milk

method is

o conlirm that zones of clearing are
caus y acid formed by the organism

fermentation., In an attempt-

Prazier & Rupp (1928

agar medium to eliminate clearing due
limitatior of this medium for organism

has prevented its general adoption,

Lawrence & Sanderson (19

an
[

ane

small well cut in the

gsolution wnich +hen

down the caseirate o form

initially mainly of para—f—ca»eln, together with small

nat 2T to A,p of

the need to flcod the medium

¢iffuses outw

a wnite precipitate

the zones
to proteolysis, The most
agar
with a protein precipitant
due to proteolysis and not

as a result of sugar

to overcome some of these difficulties,

) devised an opaque caritohydrate~free casein

to a2cidé production. The

s not reduiring carvohydrate

59) recently described a caseinate

ative cstimation of

cagseinate

weich consists

amounts

of high molecular weight degradation producis of Qgy= and

B ~caseins,

of the white precipitate may occur to

with the formation of a white ring of

clear area surroundirg the well, The

adaptation of this principle to an agar medium for the

%With highly active proteinases, subsequent treakdown

yield soluble fractions,
precipitation and an irnner

present work describes the

determination of both total and proteolytic counts of milk samples,

simul taneous
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It is more semsitive than tke milk lagar wmethod and has the further
-, - - oY B - S A N 3 P I E =
advantage that, as the addition of a prctein procipiiant is
! = . g = I 2 g 2 > o SO R g - : ), P
unnecescary, colonies can be picked off for Turther investigaiions,
A MTT * i Xanliiad
MYRERTALS AND WETZODS

L TP NS . [P 12 L - F e o R R AU I e B e o ey

standard methods ceseinzte arsar, Standexrd Pedthods -5.(._)?....

\Z2ltimore Jiological Laboratory Tnc., Beltimore, ¥Md., U,S.A,) was

rroteolysis, The compcsition of lhe medium (g/l) was: Stancdard
“'sJ'«O(’n caavw (ON2y ) Ny = [y argE e P = e 0
~CLLOGS AGal \mail,, 36D \DANCTEETLC Gligesy o ~CasElrl, 5.

\ . .
yeast extract, 2.5; gluccse, 1.0; agar, 15.0); sodium caseinrate,

10.0; hydrated trisodium citrate, 4,4%; CaClg. HEO, 4,138, ne
godium cacseinale was dispersed in half the 0.015 M sodium citrate
sclution using & Polyiron blender (Kinematica Cmth., Lucerne,
Switzerland) and added to the SEA, which kad been rehydrated in
the bvalance of the sodium citrate solution, before autoclaving

at 121°C for 15 min. Tinally 20 ml of sterile Catl, (1.0 )
solution was added ‘o the molten agar. The complete medium

(p= 5.6), Standard Methods caseirate igar (SNCA), was mixed
thoroughly by gentle agitation before teing dispensed in 12 ml
amounts in flat—bottoméd, 8.7 cm diam Petri dishes to form a
layer 2 mm tﬁick'ﬁhich'became transparent on cooling and
solidifyirg. The plates were held at 30°C for 48 hr and stored .,

at 5°C urtil resuired,
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solution of the milk samples wers spreald on the curfaces SMCA

tes were allowed to

plating on 10% mill az2r (MA) prepared accerding to the Awmerican

Q

[o))

ali

Dutlic Zealil Association (198
inoculated zs for SMCA,
(¢) motal ccuris. SMA was uscd in the rour plate metho

(Arerican Fublic Health Association, 196?) and tbe surface plate

O

methcd, In the pour plate method, 12 ml of SNA was melted and

cocled to.45

. . o
A1) plates were examined after 24, 48 and 72 hr at 30°C.

Interpretation of zones, Only organisms which formed white

or off-vaite precipitates around the colony on SMCA were considered
to e proteolytic, M\ plates were floodced with acidified mercuric

)

chloride colution to checck that scores of clearing were cue to
rroteolysis, Only those zones that rerained clear were read as
positive for proteclysis (Earrigan & cCance, 1966; American Pudblic
Healtah issociation, 1967). On scme occasions after flooding plates

with acid HgCl, sclutiorn, zones that were initially clear became

2
opague but rot as derse as the background (Table I). Tae
Cifficulity of interpreting whether such zones are the result

of proteolysis has been emphasized by Lightbody (1961),
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Sif fect 0F celiciun lion lcencentraition), The precipitetion of

Q
0
C’\
o
FJ
s
%]
=
5
o
)
¥
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N ++
general depencent on Ca

the vhite zone of para- S

ion concentration. This was illustrated (Fig.‘1) ty Pseudomonas

- v - . o >~
(ACDC 752), i gorococcus freulenreichii (ICDC 1223} and

3l R s e e e A0
Lla MATcescens growm &t 3y

for 48 Lr on SMZA without

i+
R

added Caz ', and with the cation added at levels of 0,015 M and

0,02 M, ¥, freudenrcichii formed a2 distinct white precipitate

in the absence of added Ta’' ', S, marcescens and

++

H

equired Ca ~ a2t concentrations of 0,C15 and C,02 ¥, respectively,

before the para-caseins were precipitated., Increasing the catt
corcentration generally resulted in zones of precipitation becom-
ing larger and mcre intence, but at concentrations >0,025 M the
medium tended to become opzyue, Ilooding the casecinate agar

. L .
no added Cz with a 0.1 =oclution of Ca.Cl2

medium containin
resulted in the immediate precipitation around the colony of a
white mone cf a size and type compare®ble to that formed on
caseinate agar contzining at the cutset 0.02 ¥ CaCl,. This

+not+nd 4+ 41 Feand SBESL0 At 3 ] +
demonstrated that the effect of additional Ca was to precipitate
the para-caseins formed as a result of proteolysis and rot to
increase the rroteclytic activity of the organisms. The optimum

++ . : : ; :
amourt of Ca  required in SMCA for routine use varied slightly

with each batch of caseinate, and needed to be predetermined.

Tffect of temperature,  SMCA could be incubated at tempera-

tures up to 4500. At higher temperatures the medium became cpaque
presumably as a result of the decreased solubility of calcium

salts,



Tig, 1. Influence of Ca++ on the precipitation of para-

caseins, On each plate of SMCA, Micrococcus freudenreichii

is at the top with Serratia marcescens lower left, and

Pseudomonas fragi lower right. The medium contained:

(A) no adaitional ca**; (B) 0.015 ¥ ca**; (c) 0,02 ¥

ca**. Incubation, 48 hr/30°C.
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Proteolytic reactions of Xnown organisms, Laboratory stock

cul tures were indivicdually spot-iroculated with a platinum wire
from Trypticase Soy Broth (BIL) cultures on SMCA and MA, Pigure 2

¢ the changes in SMCA due to the proteoclytic action of

i e IO < + -

L Eiskesante il

Lo 2 - = P B - - T Do A

Sareinz lutea, Staphylococcus zurcus and Pz, fragi, and the effect

ctk

hat these orcanismcs hzd on YA Yefore and after flocding with acid
() (&)

HEgCl, solution, Tae zone of clearing that formed within the ring

2

of precipitztion arcuand ithe colosy of Sarc, lutez on SMCA indicate:

-

8 B o ., 3 2 ey o Il e e S oob N | o e
talzen place, The strongly protedlytic unature of this urgaanism

- ol A AFA 1 b R T Ao oy L + £ ~ ~
was confirmed on VMA vwhere the clear zone was not lost when flooded

On SLCA, howvever, a definite white

. ) 3 QU At e L e an - ) —~~ <
zone of precipitetion wes Iormed and it had a caaractexistic

S o ~ i Ao A . T ) J p
intsnse inner region of precipitation adjoining ize colory Ps.
o il WA ad o P N e - 43 2ars T 4 (p s, |
fragi showed considerasle proteolytic activity butl, like Siaph,
=Lead

=5 > e e = 31 5 TR b o
the para-caseins were not further degruaded to give an

R o]
e »—ul-a’

ianer clear was considered more active

than Staph. larger zones of precipitation.

Jowever, although the zone of precipitation formed Ty Sarc. lutea

Ly

was siightly smaller than that formed by Ps. fragi, the inner clear

zone of the former showed that more extensive degradation of the
para-caseins had taken placs.
Zven weakly proteolytic organisms such as the lactic strept—
ococci could form small white zones on SMCA, Three out of 30
<+

strains of cheese '"starter" sitreptococci gave zones afiter 3 days,

. . A o
and a further & strains after 10 days, at 30°C



Mg, 2, Zones due to proteolysis formad on (A) SMCA

by Stavhylococcus aureus (above), Sarcina lutez (lower left)

and Pseudomonas fragi (lower right), and the effect of these

organisms on Milk Agar (B) befors, and (C) after flooding

with acidified Hgll, solution. Incubation, 60 hr/30°C,
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R T i A e o i X . R PR SR . Ly
roteolvtic rencstions of isoletes from raw

midls, Pure culiures of organiszms isolated

c:'\fn; P ] 'I"i qer‘

3 = T e e e 25 2 r o
noculated on =SUUA and LA Wa5 mMore sSeunsielive than ,-.A io7T

LY . C A PR T C i s T T e ]
thie proteolyvic achtivity of orgznisms from raw and

< - + 43 ~
gerorneiraiing
T = e (M. T\ i . 44 — 3 3 s
jel=qe vauTrl1z Ll E Viadle L, a1 Yavy 1:iX5 condaliled & algoer

5 3 o G e e % R ) R tad
proportion of relatively fast growing mesophiles that exkibited
m—yr A ch o el sy Ay -~ 4 T~rt+3 A aptisyy + SrON 43 13 &
more rapid a6 Gruensive p*O CEOLY ULLC QCTLIVITY On w~a.vwit TOLLGN AIG

PR W g L~ 3 T Al - -y L -1
isolates forming clear zones not precipitzted
i S = - P X oo B v N
KA (Yaole _), On =ECL; 37 of the 27 cleazxmed ta

o s S - T i [ S & o -
the white precipiiate, The remaining 6 resemb

forming uniform zones of precipilation oxn SUCA, Jlear cones on

oA 2 9 -~ ~ s s e - -~ = ~ -V a4 - - S g -~

YA thzt Tecame opatue agein either completely or partially on the
P S '..' n - - - -

additisn of acid iugll 5 solution were formed ty 129 organicsms

CIArma

psychrotrophs, caused precipitation in SMCA at 30°C. 411 of the
35 isolates vhich were confirmed proteolytic on MA, and all but
one of the 52 isolates that were enitirely unreactive on NA were
confirmed proteclytic on SNCA The results obiained at 22°C
wvere essentially the same as those descrited above, although
some organisms took >3 days to form zZones of precipitation on
SVCA.

o
At 5°C, 55 of the 60 psychrotirophs had formed zones of

precipitation on SMCA by 10 days., The zones at this temperature
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tended 1o be rather faint but holding at 3?03 for 1 hr intensified
the precipitates. Iniconirast, onlf 25 of the §C psychrotrophs
ratre contirmad ocloar Tones v ML -4 =%c

Save CcOoniiTmeld CLléar ZOones oI - avl Lis

Suitability of SMCA for toctal plate counts and the
sirmul taneous snumeration of proteolviic orzanisms. The results
obtained from surface plate counting with SMCA of 15 raw milk
sarples received at thae ITnstitute during 1968-69 were compared
with thoss obtained on SMA, aud those in pour plzie counts on
SMA (Tzble TII). Tac cerrcelation of counts between the two
technigues and vetween the two media wers good, the correlation
coefficienis in eash case being 0,98,

The suitability of SMCA in enumerating boih the total and
proteclytic nmicroorsanisms in wilk samples wes iimited Ty ths
density of the colonies on the plate, Up to 80 oclonies/plate
could be read for proieclytic and nonproteclyiic organisms (Fig, 3
Merging of the zongs of precipitation made it difficult to count

gspecially after incutation for
72 hr, VWaen determining the incidence of proteolyiic organisms
in crowded plates, it was found useful to do an initial count at
48 hr, with slower developing proteolyiic colonies, again after a
furtaer period of incubation.

The recognition

easier than

usaed to determine

samples conf

proteolytic

L

zones of proteolysi

on MA nla ues. A arison of t

total and

comp

the proteolytic

irmed that SMCA detectad 2 much

organisms the total

g in

count than

N

g on SMCA was much
hese two media when
counts of 10 raw milk
greater proportion of

¥A (Tavle IV),

N~



Fig, 3. Proteolytic (P) and nonproteslytic (NP) colonies
clearly differentiated on a SMCA plate used to determine
the total and proteolytic count of raw milk., Incubation,

48 nr/30°C.
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counts of raw milk samples obtained on SMA and SMCA, The level
of citrate (0.015 M) in SMCA is well below the 10 mg/ml which
YcDonz1d (1957) found to cause inhibition of the caseolytic
activity of lactic streptococci.

The difference in patterns of the white zones obtained on
SNCA with different microbial proteinases appears to be due
mainly to the relative sensitivity to precipitation by calcium
ions of the high molecular weight products formed in the initial
stages of the caseinate breakdown. This is in agreement with
the observations of Lawrence & Sanderson (1969). The relative
areas of the outer white and inner transparent zones give an
indication of the ability of the proteinase not only to carry
out the initial breakdown of the caseins to para-caseins but
also to further degrade these products. The pattern of zones
obtained on SMCA appears to have considerable potential as a
means of differentiating species and strains of staphylococci
(nppendix I1I). This is of particular interest in view of the
recent attempt.s to use proveolytic &ctivity as an aid to

taxonomy (Sad&ik & Fossum, 1965; Brown et al., 1967) «

Taylor (1967) proposed a method of assessing raw milk
quality by counting the bacteria growing in a thin film of
milk sample adhering to a plain water-agar base., The crowding
of colonies on the plates which occurs even in the case of
comparatively good quality milk samples, makes it difficult, in
pur experience, to distinguish the three types of zones formed
by proteolytic, acid-proteolytic and acid-forming organisms,

However, the technique of inoculating plates by flooding with a
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milk sample and decanting the excess as described by Taylor
can be satisfactorily applied to SMCA plates (Appendix III),
and it gives a good indication of milk quality in terms of the

proportion of proteolytic organisms of the total flora,

PUPESWI o)
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APPENDTIX 1T

TEZ TYPIXNG OF COAGULASE-POSITIVE STAPHYLOCOCCI BY
ROTEQLYTIC ACTIVITY ON CASEINATE-AGAR, WITH
SPECTAL REFERENCE TO PHAGE NONTYPABLE STRAINS

L5

SUEVARY T™e specificities of the proteinases produced by 1236
s*rains of coagulase-positive staphylococci on a buffered
caseinato-zagar medium at 37°C were investigated. Tive well-
defined groups of staphylococci could be differertiated by the
patiterns of precipitation zones ottained as a result of pro-

i rsis, Within these five groups, slight variatiors in zone
types were obtserved., The type of zone produced by any one
sirain was, however, highly reproducible, suggesting that the
proieinases procduced by staphylococci are strain-specific,
S4rains could be further differentiated ty the patterns of
precipitation cttained at 3OCC. The differences in zone types
on caceinate-agar can be used as an adjunct to standard typing
procedures, being particularly valuable in epidemiological
investigations and in the differentiation of phage '"nontypable"
strains., In *his survey, 63 of the strains investigated could
rot be typed by the international set of typing phages tut -
cculd Te readily differertiated in terms of their proteolytic
activities at 37 and 3000. Yo correlation was found between
proteolytic activity, phage type, origin of the strains or

ithe production of enterotoxins 4, B or C,

INTRODUCTION

Tpidemiological studies of staphylococci require methods
for identifying and associating strains, The principal method
used is phage typing, although as many as 15 to 30% of isolates

may be nontypable by phage at routine test dilutions., In certain

™
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ervironments, still larger percentages of phage nontypable strains
have bheen reported (Cohen & Smith, 1964). Tberefora, it is not
surprising that attempts have been made to develop more com-—
prehensive methods of differentiating strains of staphylococci

and micrococci by such means as the serological typing of their
proteolytic enzymes (Erown, Sandvik, Scherer &lRose, 19675

Sandvik & Fossum, 1965)., After the finding that the pattern

of precipitation zono(s) ob*ained on buffered caseinate-agar
medium appeared to be specific for a particular strain of

orgarism (Appendix I), 136 strains of coagulase-positive

taphylococci, including 63 phage nontypadle strains, were

4]

exzmined on caseinate-agar to determine if they could be readily
differentiated in this marner. The types of precipitation zones
produced fell into five well-defined groups, and these have been
corpared with phage types, the adility of the strains to produce
enterotoxins, and the source of the staphylococci,

ATERTALS AND 'ETHODS

e lin

Strains, One hundred and thirty-six strains of coagulase-~
positive staphylococci comprising 83 clinical, 25 phage-
propagating, 25 bovine isolates and 3 strains obtained from M.S.
Bergdoll were maintained as slope cultures on Trypticase Soy
Agar (BBL). Details of 89 of the strains have been reported
previously (Jarvis & Lawrence, 1970), and the remaining 47 were

phage nontypable strains of clinical origin.

Proteolytic activity, Standard methods caseinate agar

(SMCA) plates were prepared as previously described (see Appendix

I). Stock cultures of the strains were streaked onto Trypticase
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Soy Agar and incubated at 37°C for 24 nr. 32y using a straight
wire, a single colony of each sitrain was then picked off and
pinpoint inoculated onto each of two SMC4A plates. One plate was
ircubated at 37°C and the duplicate plate at 30°C. The size and
type of zone formed due to proteolysis was examined after 48 and
72 hr of incutation,

o

Tharce tyoe and enterotoxigenicity. The strains were

phage-4yped by the method of Blair and Williams (1961). Eigaty-
rire rerresentative strains were cultured by a cellophane-over-
agar tecknique as previously described (Jarvis & Lawrence, 1970).
The supecrnatants were tested for enterotoxins A, B and C using

a microslide gel diffusion technigue described by Zehren and

Zehren (1968).,

TCOTIT M
RESULTS

Types and sizes of zones due 1o proteolysis. Al11 the 136

strains of staphylococci studied grew well on SMCA and to
approximately the same extent as judged by colony diameters.
The types of precipitation zones produced by the strains after
48 hr at 37°C could be grouped, as shown in Table I, into four
general groups (groups A to D correspond to Figs 1A-1D respectively).
A further classification, group E (Fig. 1E), was necessary for 11
strains, 4 of which produced no proteolysis at all and 7 of which
formed small zones so close to the colony as to be immeasurable.
YWithin each of groups A to D, the type of precipitation
zone(s) varied slightly. The type of zone produced by any one
strain, however, was highly reproduciblé, These zones result

from the precipitation of para-caseins, mainly para-=K-casein
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Source and phage type of 1356 sirains of coagulase-
staphylococci in relation to proteolytic activity
as zone diameter and zone itype on Standard Iethods
1

\
e Agar .

Yo, of strains No, of strazins with
with proteolgtic . trpes
Source Phage activity- zone types
group s ~ R e R
High Yedium Low A B € D E
IIT 16 1 2 o 16 2
Dovine uc 3 1 2 1
KT 0 1 1 0
T 4 0 0 0 2 1 1 0
1T 3 1 0 0 0 3 1 0
Clinical I1T 1 2 0 0 1 1 1 0
Iv 3 B 0 0 1 2 3 0
BT 1 4 0 0 0 4 1 0
IR 0 15 16 4 20 13 20 4
i 2 1 1 0 0 2 1 1
11 4 1 0 0 1. 2 2 0
Thage TTI 6 4 2 0 o 4 6 2
Fropa- s 0 0 1 0 O 0 © 1
gating
s 2 0 0 0 2 0 0 0
Misc 1 0 0 0 0 0 1 0
oS, 5L 1 0 1 0
) 7 -
Bergdoll N 1 0 1. 0 0
1 Tncubation was at 37°C for 48 hr.
- Abbreviations: UC, unclassifiable:; NT, not phage typable,
3 Diameter of zones: low activity, O to 9.9 mm; medium
activity, 10 to 14.9 mm; high activity, $15.0 mm.
4

See Fig. 1.



Fig, 1. Proteolytic zone_types A to E formed on Standard
Methods Caseinate Agar by different strains of coagulase-
positive staphylococci. The plates were incubated at 37°C

for 48 hr,
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(Lawrence & Sanderson, 1969), and *he differences in patterns of
precipitation occur presumably because the para-~caseins formed
by different sirains differ slightly both in their solﬁbility in
the rresence of B i iép and in their relative rates of further
decradation (Lawvrence & Creamer, 1969), Tis variation between

sirains in the came group was most marked for those in groups

@
>3
o,
—
=

The proteolytic activities of the strains were arbitrarily
classified into three categories - low, medium and high - on the
basis of the diameter of the zone of precipitation that formed
round the colony afier 48 hr at 37°C (Table I). Tiis, however,
does not take into account the specificity of some proteinases
to break down further the initial precipitate of para-caseins to
soluble comporents with the formaiion of an inner transparent
zone and an outer white ring (Tig. 1A). Only the small number of
strains (4 of 136) assigned to group A4 were active in this respect,
however, and it is interesting to note that these strains were

only weakly coagulase-positive. Szrcina lutea, a coagulase-

regative micrococcus, has previously been reported to form a
similar type of zone, but another cocagulase-negative strain,

Micrococcus freudenreichii, did not form a group A zone on SMCA

(see Appendix I)., The types of precipitatior zones obtained were
related in general to the diameters., The average diameters of
the precipitation zones we£§-23.2, 20.5, 14.2 and 12.8.mm for
groups A, B, C and D respectively, although there was consider-

able overlap.

Relationchit between proteolytic activity and the source of

the strains. For ty-two (51%) of the 83 clinical strains showed .
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high proteolytic activity, 25 (30%) medium, and 16 {19%) low
activity (Table I). Apart from 4 strains that were assigned to
gcoup A and another 4 to group E, the frequency with which the
rerzining 75 clinical sitrains were classified into groups B, C
and D was approxirately the same. There was thus no tendency for
clinical strains to be related to any specific pattern of pro-
teolytic activity, either in terms of the type or tae diameter of
the proteolytic zones. Turthermore, the phage typss into which
the clinical stirains could be classified were not related to
their proteolytic activity (Table I).

Tue phage-typable bLovine strains examined tended to- possess
nigh proteolytic activity and to classify in group B (Table T).
his tendency may be more apparent than real, however, since 13
of 47 highly proteolyiic bovine sirains and 13 of 18 group B
sirains were Isolated from the same herd and were found to possess
identical prhage iypes. <f these 13 bovine strains were identical,

the above findings would empaasize how readily staphylococcal

strains can be typed on caseingte~agar to trace a common origin.

Iffect of temperature. While sirains assigned to groups

rd
A and B at 37°C usuzally produced zones of a similar type at BOOC,

strains from groups C and D, and to a lesser extent those from
group I, usually produced zones of a different type. Group A and
D strains generally formed larger zones a% 37 than BOOC. About
half of the group B strains formed only marginally larger zones
at 37 than 30°C, the remainder producing approximately egquivalent
sized zones at both temperatures. Group C strains were more
variable in their activities at 37 and 30°C, about half forming

consideradbly bigger zones at 30°C. Growth was slow at 22°C and .



zongs of precipitation were faint, presumably because of the
higher solubility of calcium salits at lower temperatures,
Zowever, the mones could Ye intensified by incubating the plates
It is apparent that comparison of the proteolytic activity
Q

5 . . N ) P
of =z strain at 37 C and its activity at 20°C affords a most

Hh

vaiuadle means of further erentiating strains, especially

Fal 4.7
4

or <hose sitrains assigned to proteolytic groups C, D and E,

bl 3
Bite

t.of répeated suboul ture, To check that the iype of

zone due to proteolysis formed by 2 strain on SMCA was a stable

-

feature, a single-colony isolate made from each of

-

2 strains was
- . ; ) . :

subcultured daily in Fuirient Broth at 30 C for 21 days, The

cultures were inoculated cnto SMCA plates on the first day, and

. ) R
incubated at 30 and 37 C for

v
ia

p_\
o))

sudsequently every third day,
48 ar. o significant change was observed in the proteolytic
activities of any of the strains, either in terms of the size

or tune type of zone producei,

Tariation of proteolytic activity betweon colonies from

-

a pinele strain, Stock cultures of 12 differont slrains were

streaked on Trypticase Soy Agar and 10 colonies of each strain
were isolated, Their proteolytic activities were determined by
pinpoint inoculation onto JTICA plates and incubation at 3Q and
37°C. Te types of 2zones formed after 48 hr incubation by the

10 single-colony isolates of each strain were compared, Yo
significant variation was detected witain each group of isolates.
This would indicate that proteinase activity is a comparatively
stable characteristic of staphylococcal strains, in contrast to

the reported inter-colony variations within a single strain in
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A

SMCA

ns, the routine purification of isolates on SMC!

presumptive differentiation of strains prior to
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Taoe finding that some
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ing similar zones at 37 C could often be distinguished
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Table IT, GIEnterotoxigenicity of 89 sirains of coasulase-positive
stapiaylococei in rcla
1

ion to proteolytic activity measured as
Caseinate Agar .

i
wone diameter and zmone type on Standard Methods

Intero- To., of sirains e, of strains with
O it mmatesnTirdts o
“O 1 S EORNEN 0L JoR oteolyvic zone -type3
Bormer. activity
- o ~ r ~ -
High Yedium Low A B c D E
A 1 3 2 0 1 1 1 1
AR 3 1 o) o) 0 B 1 0
& 6 3 1 C 2 5 3 0
BiC 1 0 0 0 1 0 0 0
c 2 2 0 0 1 2 o) 0
. 3. e .L+
Total ent
I 13 7 B 0 5 12 5 1
.;:\.u. u.*’(‘.g \4 p ( \ / \
(23) (57)% (30) (13) (22) (52) (22) (4)

Total ent”

- 37 21 e 0 23 17 20
strains 7 J\ ‘\ L -
LN\ {cr /- \ 4 {nr
(65) (55} (32) (12) (25) (25} (30) (9]

ik . . 0
Tncubation was at 17 for 48 hr.

s in Table 1.

3See Pig, 1.

A

Yumbers in parentheses represent percentages.
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differentiation,
The typing of coagulase-positive staphylococci in this way

is especially useful in differentiating the phage nontypable

suck straine into subgroups according to the antigenic response

£ their proteinazses, Ve have shown taat the use of buffered

case te-azar i3 2 much simpler techrique for differentiating
rroteinases and that all of 63 phrage rnontypatle sirains could

be classified into five distinct proteolytic groups. The

pinpoint technigque of inoculation used is highly reproducible,

and different isolates from the same strain form almost identical
zones, toth in size and Iype. Irom the eﬁidemiological standpoint,
tyrping by rroteinase activity on SMCA may e atle to resolve some
of the questions left unanswered by phage typirz. There is no
doubt that the use of both typing systems would result in a

better definition of epidemiological relationships.
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THE RAPID SCREENTNG OF MILX SAMPLES
TOR PROTECLYTIC A!"D TOTAL BACTERIAL COUNTS
SUMIAARY A technique has been decveloped which allows milk

samples from individual suppliers to be scresned rapidly but

- 3 4 43 - - 3 ~ 3 - - ~
quzntitat vely for both protecolytic organisms and 2 totz

citrate (0.015 M) and

The excess

=
)
<
o)
o’
©
Iol
o]
¢
o,
cu
o
£

4

iluted milk i1s drained off and the plates iacudbated at
o . - :

for 24 hr. A highly significant correlation (r = 0.87)
en the counts cbizined in this way after 24 hr

tal plate counts carried out by standard

INTRODUCTION

There are two aspects of the bvacieriological Quality of
raw millk as received at the factory: (1) its bacterial content
as a reflection of milk production methods and handling pro-
cedures hetween production and receipt, and (2) its bacterial
content as a determinant of the suitability of the milk for
processing., The increasing use of refrigerated vats on farms,
alternate-day collection, transportation of raw milk over long
distances, and bulk storage at factories has recently shifted
the emphasis to groups of organisms such as the psychotrophs,
which are capable of growing at refrigeration temperatures.

Q \ g o . -
Twomey, Crawley & Derrick (1969) have confirmed in Yew Zealand
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is of Thomas, Druce, Davies & Bear (1965) and many other

worners, wac sinowed thol modern developments in dairy procedure

no lecwmger have thcir originad significence for discrimination
between milk samples of verious cualitiez. DPsychotrophic

~

~ e o TR Ny oarss DES P - e - 2 ara 5 ]
ocrgenicns may caow 1ittle or no reducing activiiy vowards

- S ARl . ) S & < S oy P
methylere blue but most sirainse are highly protesliytic (sce

\ . d \ - . r A ~a . A= SR 33 on o
Appendix I,. It iz not generally zppreciazted thet difficulty

cfolem =i ~e, ; TESRN0 /L RS o o o » I 9 SR
processing milk may result if large numbers of proteclytic
4%

e " . e G IR TR ~ ORI Tl B o) ~
organisms are present in the raw millkt (Jranklin, 1959, or that

yicld losszes in the whey due to solubilization cf proiein before

on

h - ~ N d -4 P
processing may be subetantial,

erzgmes produced by bvacteriz in the ras kmilk are 2lso

s st B S e L o T - S & SO o) S g S LR o
survive nect treciment and thus may give rise to flavour defecis

drnce 3t is litely that noust proteclyiic organisms found in
Taylor, 1967) their rumbers in
raw milk have teen used by Taylor and in this laboratory as an
index of nygienic production. Tae develcpment of a bulfered
caceinate medium for detecting proiecly*ic organisms (4ppendix I)
2llows the cetermination not only of a -tctzl plate count by
standard microbiological techriques but also gives the proportion
of the *otal count taat is proteolytic. The present investigation
descrites how this medium cen be used as a rapid but quantiiative
screening test of milk supplies Yo give both an index of farm

hygiere and of potential harmful effects on the processing and

storage quzliity of dairy products,
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mtc by standerd surface plate {SSP)

el 3 .. 3 o d b LB, ~ 4 PR R i o ~
e Eod, suplicate CGo1 ml camples of 30-ola dilutionz in guarter
i A Tincer's
SiI aagy, wld e, e o
. Y - e . W e, I - .. o ey vty B i £ fag LEaW \ .
suriaces ol SLancerd L.eT804s Laselrnaw b=t '\'“-'A- sk ) Ha
A A A Bar B SRTERS Rann  FheaectSl aiE . [Pasd SavatemEeE T ) sty et s
Prepired oo Lellrrlceld previousty (sée appenclix </, Wil seerille

ass spreaders, The plates were allcowed to dry

. . . NG .
A1l plates were incubated at 20°C for 48 Lir.

1:1000 dilution of mill sample was made by adding 0.7 ml milk to

- 5 365 S a LA 4. At 23 an e ! N..43 - P 3 e
100 ml sterile guarter sirength Ringer's solution and the mixture

then saaken thoroughly. The dilutled mple wap poureld over the
surface of the SMCA, ,ﬁi the exzcess decanted, The plate was
replaced upside down in.its 1id, in whieh & cirecle of clean
filter paper hadld been closely fitied, Any further excess sample

. . e}
he plates were incubated at 30°C
. Proteolytic crgoniasms could be Cifferentiated bty white

zorgs 0of precipitztion round the colonies and thus determined

;7 25 a proportiorn of ithe totzl count,

e In preliminary work, 22 milk

samplies Jrom a local commercial factory were examined for total
and proteolytic counts using the flocding technique and the SSP
method, TFach sample was examined ir duplicate by each method.
The variation in counts betweer duplicates of the same sample
using the {looding technijue was no greater than the variation

between duplicates using the SSP method.
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o s ~ 2. ~~3 ~ S0 - = o¥ y
One @spect of the flocding tecknigue which could not ve
completely standardized was the variation in the volume of diluted

¢ of the plate after the

PR By (RO SR | FEg, o = 47
mill sample which remained on the sur

e A -~ A s ymdn m, P = o e N EAN . 3
excecs el Lebn decanted. The volume adscrved on the plates using
- NS L ! i [P R - ] e ) ol v £ a7 oo ] - - +omnm S - 3
O different diluted samples hac 2 mean of 0,27 with a standard
e T (e Iy o~ noe be) Kl T gEL o s e~

deviztion of 0.085, Zarl of the variation cculé, however, Le

= + -3 £ e s 32 o0 R T . PR R B L 3
acceounted IoIr Oj L.le Qlllerlng amourts Ol samplie that remzained
4 e (i B o R ) - f g T e e +E -
on tae 2_.4-.".._ viC Tri 0L Tile Clsa, N LNy c&Se uials variztiion waS

B s PR 3 e de - A -  THDTIMESCAR Mg e W oy N e R
piclogical tests and, as shown below, the correlation Ttetween
e Sdvmoe +anhininatn 2wmad 4+ TOD 4 SR ’ o 3

the floocding %echnisgue and the =EP method was very good.

= i T b e am A 3 -~ AR o [, gy g T e s 3
incubation periods of 24 and 4¢ hr respectively, The esitimates

SEP metikod after 48 hr incubation and the flooding technique after
o 4 e \

AN - -~ p d 3 ., B 3 - i
24 ar and after 48 ar were respeciively 0.87 and 0.8%9 (sece Tig. 1).

plates

(47

Tnuc clthougly more ceolonies were detected on the flooded
after 42 hr, ithe difference teiween the correlation coefficients
ificant a2t the 10% pro%ability level. The regression

& 3 m o ’ '
of the SSP counts on the flooding techrique (FT) counts, shown by

-

2
= {12 +61.1 X ‘Vcour.t (FT) )",
Trom Iig, 1, values were arbitrarily selected to give suit-
able standards, Ten-fold differences in counts on plates using

the flooding techrnigue were chosen since Tavis (1969) has argued

convincingly that only suck differences in plate counts are .
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of 350 jon the P count. The dodted Limes indicete
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sarples was 98,
significant shen grading milks. Less than 1C cclonies and greater

onies on & Nocced plate correspond to counts of

4 3 - . -
rilk sample (Pig. 1). Tollowing the initial 1,0CC-fold dilution
. “ . - a . /
the flooding technique was used to grade milks as Tinest K10

- \
countis;,
7
In practice most milks could be graded at 2 glance (Fig. 2) and

only very rarely was it necessary to count colonies. TFor a border-

line case of a flooded plate containing exactly 10 colories, for

[
8 ]
0]
ct+
©
e
9]
(¢]
(¢}
b
ct+

can be estimated that there was a 1% only chance that
the milk was in fact Second grade milk and a 50% chance that it

was First grade, Similarly, as the count increased above 100,



172

the chance of grading s good-quzlity milk as Second grade became
negligitles It is also posesible o caloulate the Dro¥edle errors
in grading milks in the 10-100 range. Thuz there was a2 107 chance
thaet milk ziving a flooded plate cournt of 45 was really Tinest

and 2 207 chunce 4hat the milk was really Second grade. Such
errors, hcowover, are ro worse than if the SSEP method were to Ye

the total counts, the proportion of orgarnisms
that were proteolytic could zlso Gbe determined since these FTormed
waite zones of precipitation: round the colonies, ALl but two of
the colonies in Tig, 24 and 211 Lut one in Tig, 23 were proteolyiic,

) “wn i & < - NP R P - 3 v 33 45 - ) - i
~de pavuer or ZOonesS OO tzined Save an 1nalcavion 0L Tnoge Crganlilims

which were extensively proteolytic since these can further oreak

I L% e £~ e Am L %) - . 5 <43
c¢ovn the precipitate of para-caseins to soluble components with
S BN s stcom e avsasd s e | - - S 2 - - ~ - -
the formation round the colony of an inner transparent zone and an
o i L O ~ 107g)
ouser NCE o« wanuerion, 1J0J e
5 o

DISCUSSION

A 4 B R ] LS~ - i R N e R T Lo E - 3 )

Llthough zgurs containing milx powders were proposed in the

1920s in America for the detecticn of proteolytic, bacteria, the
media were trourlescme to prepare and so the presence of pro-
teolytic organisrs 2s an indication of hygiene never gained
pepularity, Tayloxr (1967) returned, however, to this concept
of assessing raw milk gquality by counting the bacteria growing
in a thin film of undiluted milk sample achering to a plain
water-agar base, The considerable crowding of colonies on the
plates which occurs even in the case of comparztively good-

quality milk samples makes it difficult, in our experience, to



Fig, 2. Milk quality determined on SMCA plates, The
plates demonstrate milks which were graded on a total
count basis (4) as Pinest (< 10 counts), (B) as First
grade (10 to 100 counts), and (C) as Second grade

(> 100 counts) by the flooding technique. Proteolytic
colonies are surrounded by a white zone, The plates

were incubated at 30°C for 24 hr,
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