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A B S T R A C T 

The investigation was undertaken to determine the features of 

different strains of lactic streptococci (starters ) associated 

;.ri th good or poor flavour development in Cheddar cheese. An 

attempt 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 oheesemaking 

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 
/ 

''bitter" starters. 

Starter strains which characteristically made good-flavoured 

cheese possessed either one or both of the following features: 

(i) lo"t-r rate of cell division at the tempe�ture of oheesemaking 

which resulted in relatively low numbers of cells being produced; 

(ii) low proteolytic activity as determined in pasteurized Skim 

milk (PSM) cultures in the presence of 4 or 5% NaCl. 

Although the total quanti ties of free amino acids varied 

between cheeses having either good flavoul' 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 PS1� under similar conditions suggests that the starters, and 

particularly the more active strains, contribute significantly to 

overall proteolysis during cheesemaking and in the young cheese, 

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 bitterne ss 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. 

Good-flavoured cheese is associated w ith a low level of 

starter proteolysis, while 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 f�th�r degree of starter proteolysis and the accumula

tion of relativel y high levels of amino acids. The increase in 

the intensity o f  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 
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bitterness since NaCl inhibited proteolysis by both rennet and 

starter proteinases. 

It is concluded that it should be possible to exert con-

s{derable 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 incidence or intensity of 

bitterness in Cheddar cheese. 



(v ) 
ACKNOviLEDGEMENTS 

The author is most appreciative of the opportunity and facilities 

:provided by the Neu Zealand Dairy Research Institut e 'to�hich enabled 

this investigation to be undertaken. 

In particular, thanks are extended to: 

Dr R.c. Lawrence �or his invaluaole guidance and criticism 

throughout the course of the work; 

Prof. D.F. Bacon for his continued interest, and criticism 

of the manuscript; 

Mr J. Gilles for cheesemaking; 

1� B.c. Richardson for the amino acid analyses of cheese samples; 

Dr L.K. 9reamer for gel electrophoresis of cheese samples; 

Miss M.A. Humphries an� members of the taste-panel for the 

flavour assessments of the cheeses; 

Dr D.F. N(ni'Stead for statistical a�'lalysis of some of the data; 

Mr R • • T . Lowrie for many useful discussions; 

Mr c. M. Rofe for assistance with the figures; 

my uife, Patricia, for both her patience and encouragement 

during this undertaking, as well as for excellent 

technical assistance. 

The typing was undertaken by Mrs L.M. Foster. 

Publication of material from the Appendices has been made 

as follows: 

"An Improved Agar Medium for the Detection of Proteolytic 

Organisms in Total Bacterial Counts" by F. G. llartley, 

S.R. Jayashankar & R.c.  Lawrence (1970) J. appl. Bact. 

]l, 363. 



(vi ) 

"Typing of Coagulase-Positive StaphyTocooci by Proteolytic 

A.ctivi ty on Buffered Caseinate-Agar, w·i th Special Reference 

to :Bacteriophage Nontypable Strains" by F.G. Martley, 

A. W. Jarvis, D.F. Bacon & R. c. Lawrence (1970) Infec. 

Immun. _g, 439. 

"The Rapid Screening of Milk Samples for Proteolytic and 

Total Bacterial Counts" by R. c. Lawrence, F. G� }lartley, 

Joy G. Tease & D.F. Newstead (1970) N. z. Jl Dairy Sci. 

Technol. ,2, 22. 



(vii ) 

CO NTENTS 

ABSTRACT • • • • • • • • • • • • • • • . . . . . . • • . . ii 

A CKNO 1\'LEDGEMENTS • • • • • • • • • • . . • • • • • • • • • V 

LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . :x:i 

LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . 

INTRODUCTION • • . . . . . . . . . . . . . • • • • 

The influence of the microflora on Cheddar 
cheese flavour 

Role of starter strepto cocci 
Survival o f  starter streptococci 
Role of non-starter o rgan is ms 
Bacteriological quality of th e milk 

Component balance th eory of ch eese flavour 

Role o f  lipolysis in Cheddar cheese flavour 

Role o f  glycolysis in Ch eddar che ese flavour 

Role of proteolysis i n  cheese flavour 
Amino acids 
Compounds formed from amino acids 
Peptides and bitterness 

Enzymes involved in casein degradation 
llilk protease 
Proteinases o f  non-starter organisms 
Proteinases of starter str eptococci 
Rennet 
Effect of pH and NaCl on r ennet activity 
Pho sphatases 

Influence of salt on Ch eddar cheese flavour 

AIMS OF THE PRESENT INVESTIGATION • • • • • • • • • • • • 

EXPERThffiNTAL • • • • • • • • • • • • • • • • • • • • • . . 

I. General procedures • 

Cultures 

• • • . . •· . 

Maintenance of the cultures 
Skim milk 
Spectrophotometric r eadings 

• • 

I I. Plate counting of starter strepto cocci 

A: Media 

• • • • • • 

• • • • • • 

:x:i i 

1 

1 
2 
4 
5 
6 

7 

8 

9 

9 
9 

10 
11 

14 
14 
14 
16 
17 
18 
1 9  

20 

22 

25 

25 

25 
27 
27. 
28 

28 

28 

B: Plate c ounting and chain lengths of mreptococci 29 
Metho ds 

Cultures 31  
variation o f  chain length during growth 32 
Effect of blending on chain length 32 
Effect o f  blending on plate count 32 
Effect of blending on viability 33 



( viii) 

Paf7'e 

Results 33 
Variation of chain length during growth 33 
Effect of blending on chain length 34 
Effect of blending on viability and 

plate count 36 
Conclusions 38 

III. MeaS'IJ.rement of proteolysis . . . . . . . . . . . . 39 
Proteolytic activity of starter strains determined 

by Hull and Kjeldahl methods of analysis 41 
Methods 41 

Cultures 41 
Proteolysis 41 

Results 42 
Comparison of Hull and Kjeldahl methods 

of analysis 42 
Proteolysis by starter strains 45 

IV. Growth, survival and proteolytic activity 
of starters • • • • • • • • • • • • • •  • • • • 46 

Methods 46 
Proteolysis 47 
Gro;.rth and survival of starter 47 

Results 48 
Populations attained 48 
Effect of CaC03 and Na81 on pH 50 
Starter survival in the absence of NaCl 50 
Starter survival in the presence of 4% NaCl 50 
Starter survival in the presence of 5% NaCl 53 
Proteolysis by the starter strains 55 
Effeot of UaCl on starter proteolysis 55 
Influence of NaCl on starter survival 

and proteolysis 55 

V. Proteolysis by rennet 

A: The effect of NaCl 
Methods 
Results 

• • • • • • • • • • • • • • 

Relative proteolytic activities of 
rennet and starter 

:B: The influence of starter on determining 
rennet concentration in cheese 

60 
60 
60 
61 

64 

65 

VI. Phosphatase activity of starters • • • • • • • • • 69 
Methods 69 

Cultures 69 
Assay 69 

Results 70 
Preliminary experiments 70 
Acid phosphatase of milk cultures and the 

relationship to proteolytic activity 72 

VII. Influenca of milk quality on cheese flavour 

A: :Bacteriological quality of milk 
� . . 74 

74 



(ix ) 

Page 

B: Influence of milk �uality on cheese flavour 77 
Methods 77 

Cheeses 77 
Milk qua.li ty 77 

Results 78 
Bacteriological �uality of the milk 78 
Cheese flavour 79 

Conclusions 84 

VIII. Y�nufacture and analyses of selected cheeses • • • 85 

Methods 85 
Manufacture of cheeses 85 
Counts of starter during cheesemaking 

and maturation 86 
Routine analyses a t  14 days 88 
Proteolysis during maturation 88 
Determination of free amino acids 88 
Determination o f  acid phosphatase 

activity in cheese 89 
Flavour assessments 89 

Results 90 
Manufac��ing and analytical data 90 
Starter populations during cheesemaking 90 
Survival of starter 95 
Acid phosphatase 99 
Proteolysis 1 00 
Amino acid analyses of the cheeses 1 03 
Flavour assessments 109 
Contribution of free amino acids to 

the flavour of the cheeses 1 1 1 

DISCUSSION • • • • • • • • • • • • • • • • • • • • • • • • 1 1 4 

1 1 4  Growth of starters 

Proteolysis by starters 1 1 6 

Specificity of starter proteinases 1 1 7 

Survival of starter in relation to proteolysis 1 1 7 

Bi tterness 1 1 8  

Relationship of starter populations to proteolytic 
activity 1 2 1 

Effect of NaCl on proteolysis and bitterness 1 24 

Relationship of the pH of the cheese to the 
incidence of bitterness 1 25 

Conclusions 1 26 

REFERENCES • 

APPENDIX I • 

• • 

• • 

• • • • • • • 

• • • • • • • 

• • • 

• • • 

• • • 

• • • 

• • • • • • • • 

• • • • • • • • 

An improved medium for the detection of proteolytic 
organisms in total counts 

1 29 

1 38 



APPE1r:DIX II • • • • • • • • • • • • • • • • • • • • • • 

The typing of coagulase-positive staphylococci by 
proteolytic activity on caseinate-agar, with 
special reference to phage nontypable strains 

APPENDIX III • • • • • • • • • • • • • • • • • • • • • • 

Tne rapid screening of milk samples for proteolytic 
and total bacterial counts 

(x) 

1 55 

1 67 



(xi) 

L I S T 0 F F I G U R E S 

1. Increase in chain lengths of starter streptococci 
during growth in pasteurized skim milk 35 

2. The effect of blending on the chain lengths and 

3. 

4. 

6. 

7. 

8. 

plate counts of starter streptococci 37 

Spectrophotometric measurement of tyrosine 

Proteolysis by starter strains measured by 
Kjeldahl and Hull method.s 

Survival of starters in pasteurized skim milk 
in the absence of NaCl 

Survival of starters inyasteurized skim milk 
in the presence of 4% NaCl 

Survival of starters inyasteurized skim milk 
in the presence of 5% NaCl 

Proteolysis by starters in pasteurized skim milk 
in the absence of NaCl 

Proteolysis by starters in pasteurized skim milk 
in the presence of 4% NaCl 

43 

44 

51 

52 

54 

57 

10. Proteolysis by starters in pasteurized skim milk 
in the presence of 5% NaCl 58 

11. Rennet proteolysis in pasteurized skim milk at 
pH 5.2 in the presence of NaCl 62 

12. Influence of NaCl on rennet proteolysis of 
pasteurized skim milk 63 

13. Casein breakdown in Cheddar cheeses measured 
by gel electrophoresis 68 

14. Effect of pH on phosphatase activity of strain us
3 

71 

15. Bacteriological quality of milk used for cheese-
m�fin� dur�p� the 1969�79 dairy�ng season 80 

16. Overall flavour acceptability scores of 6-month
old Cheddar cheeses made during the 1969-70 
season 81 

17. Bitterness scores of 6-month-old Cheddar cheeses 

18. 

19. 

made d uring the 1969-70 dairying season 82 

Starter populations during the making and ripening 
of Cheddar cheeses made with strains ML1, us3, 
z8 and HP 

Starter populations during the making and ripening 
of Cheddar cheeses made with strains ML1, AM2, 
AM1 and HP 

97 



(list of Figures cont. ) 

20. Proteolysis in cheeses made with starter strains 
ML

1, us3, z8 and HP 

21. Chart trace of free amino acids in a 6-month-old 
Cheddar cheese 

22. Comparison betvreen the individual free amino acids 
in 3-month-old Cheddar cheeses and the amino 
acid composition of casein 

23. Comparison between the individual free amino acids 
in .6-month-old Cheddar cheeses and the amino 

(xii ) 

102 

104 

107 

acid composition of casein 108 

24. Role of rennet and starter in the formation of 
bitterness according to the hypothesis of Czulak 119 

25. The suggested major pathv;ays of casein breakdown by 

I. 

II. 

III. 

; 
IV. 

v. 

VI. 

the proteinasas of rennet and starter streptococci 122 

L I S T 0 F TABLES 

Strains of starter streptococci used 

Increase of starter populations during growth 
in pasteurized skim milk 

Proteolysis by starter strains during growth 
in pasteurized skim milk 

Comparison of acid phosphatase and proteolytic 
activities of starter strains 

Manufacturing details for cheeses 

Routine analyses of cheeses at 14 days 

26 

49 

56 

73 

91 

92 

VII. Starter populations during cheesemaking 94 

VIII. Proteolysis in cheese curd samples immediately 
prior to salting 101 

IX. Free ��ino acids in cheeses during the course 
of ripening 105 

X. Flavour scores of the first series of cheeses 110 

XI. Flavour scores of the second series of cheeses 112 



I N T R 0 D U C T I 0 N 

THE INFLUENCE OF THE MICROFLORA ON 

CHEDDAR CHEESE FLAVOUR 

1 

It has generally been assumed that the only micro-organisms 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 
/ 

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 possible. The commercial 

mixed-strain starters which were formerly widely used generally 

included heterofermentative organisms such as Streptococcus 

diacetilactis in addition to the essentially homoferrnentative 

�. lactis and �. 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 
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terms of both the making process and the quality of the f inished 

cheese. Single-strain starters, which most commonly are strains 

of �· 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 example, described an unclean or fruity flavour in cheeses 

that was attributable to the Streptococcus lactis single-strain 

starter used, different strains of �. lactis being associated 

w·i th diff�rent intensi ties 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 contribution� 
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1hat 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-forming agent instead of starter 1-Tere 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). Tne characteristic fruity flavour 

of �. lactis ML3 and bitterness associated with �· cremoris HP 

were detected, so confirming earlier reports concerning the 

flavours associated with these strains in cheeses made under 

normal (non-aseptic ) conditions ( Perry & McGillivray, 1964). 

In the past it was considered that starter influenced 

flavour development only indirectly ( Snerwood & rfuitehead, 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 

a§§�tig Y�t ��§�im�nt§ 9�t �1§9 fro� ��t�n�ive po�§�g!�l 

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 
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fruity groups could be substantially reduced by pairing them 

with starters of the first group. Emmons et al. (1962b) had 

similarly reported 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�. Jactis ML8 

alone could be decreased substantially if the lactis strain was 

paired i'ii th either of two cremoris strains which on their O"''ill gave 

good-flavoured cheeses. The reduction of bitterness in cheese by 

pairing a qi tter starter vd th a non-bitter starter was explained 

as solely a dilution effect by Creamer, Lawrence, Gilles & 

Humphries ( 1970) 'l'lho statistically analyzed the results of flavour 

trials of cheeses w�th combinations of such starters. 

Survival of starter streptococci 

The results of Davison & Feagan ( 1957) that strains of 

�. lactis used as starter generally attained higher populations 

in the cheese and survived longer than �· cremoris strains were 

confi:rmed by Pe:r:ty (1961), and later b;r Per:ry & MoOillivray (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) postulat�d that bitterness in 

cheese was associated vii th poor survival of starter which resulted 

in a low level of peptidase activity. The ability of�. lactis 

strains to persist longer than strains of �· cremoris was closely 

correlated vri th the salt tolerances of the strains (Dawson & 



Feagan, 1957 ). Ho�;ever, 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 
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milk (W"abbitt, 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 kno�m to enhance Cheddar flavour, Lacto

bacillus casei--olantarum 25. 2  (Sherwood, 1 939) and Micrococcus L1 

(Robertson & Perry, 1961)  were investigated by Perry & NcGillivray 

( 1964) for their effects on the flavour of cheeses made in the 

aseptic vat. "Aseptic" cheeses made �ri th 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" cheese made with starter 

and either or both of these two non-starter organisms developed 

a 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 

(1 961 ),  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 
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lactobacilli have complex growth requirements and their ability 

to grov< actively in tne cheese may depend on the supply of 

essential groi·rth factors provided as a result of the earlier 

metabolic activiti es of the starter streptococci. In the 

absence of starte�, lactobacilli in aseptic GAL cheeses died 

out, but the possibility of inhibitory properties of GAL or its 

breakdown products could not be excluded (Perry & McGillivray, 

1964). 

Bacteriolo�ical quality of the milk 

It is apparent that, although the starter streptococci are 

p�imarily responsible for the development of basic Cheddar flavour, 

the !iOn-starter flora, whether cierived from either the rartT milk, 

having survived pasteurization, or from the factory environment 

as adventitious conta�inants (Raylor & Sharpe, 1958b}can sometimes 

considerably modify the basic flavour. Depending on the particula� 

strains of micro-organim�s involved, the non-starter population 

may have either little or no effect on flavour, or enhance it, 

or be responsible for the deYelopment of undesirable flavour 

aha.re.Qt§I'i§tiae- It :i§ 't!sU kmnm 'tl±e.t th§ @n�;yTn§§ gf me,cy 

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 fl�ra, such enzymes as proteinases and 

lipases generated by the raw milk flora prior to pasteurization 

can still be expected to be active. 

The lo-vrer flavour scores of cheeses made from pasteurized 

milk of initial poor bacteriological quality probably reflect 

the continued enzymatic activity derived from the initial raw 



7 

milk flora. (l'hlson, Hall & Rogers, 1945; Ha.ttowska., 1 970 ). 

However, off-flavours have been reported in cheeses made from 

pasteurized. low count ra>> milk, the underlying cause being 

attributed to the "persistently occurring milk flora" in 

pa�ticular micrococci and lactobacill i (Feaga.n & Da.wson, 1959). 

Hence, in any assessment of ra>v milk quality it may be important 

to take account of not only numbers but also the types of 

micro-organisms present. 

Co:11'P01.JENT BALANCE THEORY OF CHEESE FLAVOUR 

The earliest investigators of the chemical nature of Cheddar 

cheese flavour considered that a single compound or group of 

compounds was responsible for typical Cheddar flavour ( Suzuki, 

Hastings & Hart, 1909/10). However, Mulder ( 1952) and Kosikowski 

& :ltocquot ( 1 958) 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 

w4@n they ��e in th� �pp�op���te ��J�ng� t�Qt th� ��§YltQnt 

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 Mabbitt, 

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 volatile 

odour components, although it is likely that the non-volatile 
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compounds involved in the taste of the cheese are most important, 

at 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 quality 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 

impor tance 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 ha s been reported in 

mature cheeses with widely differing acetic acid content 

(Rei ter et al·. , 1967) and in cheeses in which fatty acids with 

more than 4 carbon atoms could not be detected (Lawrence, 1967). 
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ROLE OF GLYCOLYSIS IN CHEDDAR CHEESE FLAVOUR 

The content of acetic and propionic acids in.Cheddar cheese is 

dependent on the strain of starter uoe d  (Reiter e t  al . ,  1967) 

and these acids are mos t commonly derived, along with o ther 

compounds such as diacetyl and ace toin, as by-�ro ducts 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 Cheadar flavour and this may be particularly enhanced in the 

presence of hydrogen sulphide (Lawrence, 1963). The production 

of certain fruity flavours rr.ay result from the presence of 

esters and alcohols in cheese made with certain s trains of 

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

ROI,E OF PROTEOLYSIS IN CHEESE FLAVOUR 

The gradual degradation of casein, principally under the influence 

of rennet and bacterial pro teinases, results in the formati on of 

a complex mixture of peptides and amino acids. Whereas 

undenatured  proteins appear to have littl e  or no taste (Mulder, 

1952) it is considered, how�ver, that the products of casein 

breakdown provide a background to cheese flavour (1fubbitt, 196 1; 

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 (1.�ulder, 1952) . Hovrever, experiments involving the 

tasting of mixtures of amino acids, or the addition of amino 

acids to fresh cheese curd follm·red by tasting after ripening, 

were generally inconclusive • 
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.�..�abbitt (1955) prepared a mixture of amino acids in a 

4.8% NaCl solution in concentrations eQuivalent to those 

determined in the aQueous phase of 6-month-cld Cheddar cheeses. 

Although the flavour of this mixture could not be described as 

typically Cheddar, it tias 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) . 

Kristoffersen & 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. 

Com�ounds formed from amino acids 

Decomposition of sulphur-containing amino acids such as 

methionine and cysteine can lead to the formation of H2s, and 

this may be associated with cheese flavour (Kristoffersen & 

Gould, 1960) . Lawrence 
.
(1963) examined Cheddar cheeses made 

with single-strains of �. lactis and �· crem6ris and found that 

although there were considerable differences between the cheeses 

in intensity of Cheddar flavour, the patterns of H2s production 

vrere very similar. It was, however,· considered possible that 

H2s could contribute indirectly to the formation of Cheddar 



flavour by combining with some other product of ripening such 

as carbonyl and carboxyl groups. 
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Although present in only trace amounts, methyl disulphide 

znd dime t�l sulphide were the only volatile compounds con

sistently detected in higher concentrations in aseptic and 

control Che ddar cheeses made with starter compared to an 

"aseptic" cheese made 1vithout starter (11�cGugan et a1., 1968). 

The starter organisms, therefore, are implicated in the formation 

of these sulphur compounds which are probably derived from the 

breakdown of methionine. 

Peptides and bitterness 

It is generally aereed that bitterness in cheese is caused 

by bitter peptides formed by proteolytic action on the casein 

anci r.mch work ha3 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. Cordon & Speck (1965a) 

found that bitterness in skim milk cultures of �e cremoris 

strain HP was associated with a peptide of molecular weight 

approximately 2350, possibly possessing a cyclic portion, and 

comprising 19 amino acid residues, five of which were proline 

and four valine. Recently Matoba, Hayashi & Hata (1970) have 

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 detectable 



differences in the patterns of casein breakdown, as determined 

by polyac�Jla�ide gel electrophosesis, between a bitter and a 

non-bitter Cheddar cheese made from the same milk. In both 

types of cheese a, 1 -casein was the only component degraded to . s 

any extent, supporting similar observations by Ledford, 

O'Sullivan & Xath (1966) . Tne 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 i s  still fragmentary 

it is apparent, hoi·rever, that these peptides do have certain 

similarities such as a molecular weight of below 3000, and the 

possession of bitter and hydrophobic amino acids. 

Czulak (1959) pos��lated a mechanism for the development 

of bitterness which involved the combined action of rennet and 
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bacterial proteolytic enzymes. Bitter peptides were considered 

to be released by rennet action and to be hydrolysed further by 

"non-bitter" strains of lactic streptococci. "Bitter" strains 

>·rere unable to hydrolyse these peptides which thus accumulated 

to cause the bitter taste; in other �Tords, "bitter" strains 

-vrere considered to be relatively non-proteolytic. In general, 

Czulak's hypothesis has been supported by a number of other 

investigators (Emmons � 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-bi tter" starters did no t, and concluded that 

''bitter" strains exhibited greater proteolysis than "non-bitter" 
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strains . Klimovsky, Zvyagin tsev, Gudk ov & Me dve de va ( 1 970 ) h ave 

al so indicated that "bitte r" strains of lac tic stre ptoc occ i  are 

more p rote olytic ally ac tive than "non-bitte r" strains. HarvTalkar 

& Elliott ( 1 97 1 )  have als o  sugge ste d  th at bi tte rne ss in chee se 

could be produce d  by a mech anism that doe s not require the 

ac tion of rennin,  and. h ave conc lusive ly sh own th at prote olysis 

9f c ase in by bac te rial enz ymes alone c an be a source of bitte r 

flavour c om ponents. 

Lawrence & Gille s ( 1969 ) found th at bitte rnes s  in Che ddar 

cheese is dependent on tw· o main factors, viz . the use of specific 

fast ac id-pr oduc ing strain s of �. crem oris and �. lac ti s ,  an d the 

level of sal t in the m oisture of the che e se .  The c oncen trati on 

of salt >>as c onside re d to c ontrol the formation of bitte rne ss by 

its influence on the ac tivity of both the renne t and starte r 

prote olytic enzymes.  A lth ough the rate of ac id de velopment in 

the vat h as been c laime d  to affec t  the de ve lopment of bi tte rne ss 

(Czulak, 1959 ), Lawrence & Gilles ( 1 969 ) c onside re d th at the 

ac idi �J i n  the curd influences bi tte rne s s  only indirec tly by 

de termining the qu antity of sal t  re ta. ine d and thus the " salt 

in m oistu re "  level of the chee se .  

Sulli van & J ago (197 0 a) have sugge ste d that bi tte rne ss in 

culture d dairy products may re sult from the combine d ac ti on of 

renne t and bacte ri al pr ote olyti c ac ti vi ty on casein giving l'i se 

to a bi tter pe pti de re si stant to furthe r prote olysi s on ac count 

of the f ormation of a pyrroli donyl re si due cause d by cyclizati on 

of an N-terminal glutamine . The enzyme pyrrolidonyl pepti dase 

is  known to occur in a numbe r of mic ro-organi sm s  (Dooli ttle & 

Arrnentrout, 1 968; Szewczu k & 1fulczyk, 1969 )  and the y  consi der 

the p osse ssi on of this  enzyme by "non-bi tter" strains of lacti c 
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s treptococci 110uld all01., the removal of  the pyrroli donyl residue 

from the bitter peptide and explain the absence of bitterness . 

Pyrrolidonyl pepti dase activity >'las subsequently described in 

the "non-bi t ter " �. cremoris strain ML 1  (Sullivan & Jago , 1970b). 

El-TZYi.'ES IXVOLVED IN CAS EIN DEGRADATION 

?ne ac tivities  of the pro teolytic enzyme s  involved in the 

degradation o f  casein during chees emaking and cheese-ripening 

are obviou sly important in any consideration of cheese flavour 

development. There are three general sources from which these 

enzymes can be derived - the milk i tself ; added renne t; and the 

micro-organisms of all or ei ther o f  the raw milk flora, the 

s tar ter strep toc occi and o ther adventi tious flora . 

1Eilk ur o t ease 

Milk protease is one of  a. varie ty of en zymes found in 

normal milk and is present in lo•r concentration associated with 

the casein  frac tion ( Shahani, 1966). Little is known of i ts 

importance in cheese-ripening and there is little agreement 

regarding its heat stability and the optimum conditions for 

activity. However , r e c en t  lvork by Rei ter � al. ( 1969 ) has 

indicated  tnat milk protease can resist the heat treatment of  

pasteurization and is active at the pH of  ripening Che ddar 

cheese, liberating low amounts o f  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 psychro trophic bacteria , a large 
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proportion o f  which are re cogni z e d  a s  a c t �vely pro teoly t i c  

(1\i tter , 1 96 1  ) . Th e  s i gn i fi c ance o f  the hea t  resi s ta�c e o f  their 

enzymes has already b e e n  mentioned. 

1:icro cocci , Gram-:posi ti ve spor e-forming rods and coryne

bact eri a are the major types of thermodur i c  organi sms -vrh i ch may 

b e  pre sent i n  the chee s emilk ( Thomas , Dru c e , Pe ters & Griffi ths , 

1967 ) and mi cro c o c c i  appear to pre dominate under New Zeal and 

condi tions (T\-romey & Crawley , 1969 ) .  

:in co:i!parison i<Ti th th e p sychro troph s , the propo r ti on o f  

th ermo dur i c  organi sms generally r epor t e d  a s  pro teoly t i c  i s  l ow 

and the importance of their proteolytic activities will depend 

on a number of fac tors such as the par ti cular strains involved, 

their nlli�bers in the milk ini tially, th eir abili ty to survive 

in the ch ee se , and the relative activi ties of the i r  pro te i na s e s  

under t h e  condi tions of temp erature , pH a n d  s a l t  conc entra tion 

encountered in the chee s e .  

A s  some mi cro c o c c i  had been impl i c a t e d  i n  fl avour enhance

ment in Ch e ddar ch e e s e ,  McDonald (1964 ) i nves tiga t e d  th e 

proteinases of three strains of coagulase-negative s taphyl o c o c c i  

whi ch were i solated from Che ddar che e s e .  Al though the en zyme s 

were mo s t  ac tive a t  an alkal ine pH and at h i gh tempera tur e s ,  

they al so had consi derable a c t ivi ty a t  pH 5 . 5-6.0 and two s train s  

had consi derable a c tivi ty a t  15°C ,  a temperature c l o s e  t o  th a t  

o f  chees e-ripeni ng. Henc e ,  i t  wa s c on si de r e d  that al though th e 

pro t e inas e s  o f  the s e  s trai n s  were no t a c t i ng a t  th eir optimum 

pH or t emperatur e , they c oul d s ti l l  c ontribut e  to overall pro tein 

hydro lys i s  during ·· the ripening pro c e s s .  

The pro teolyti c a c tivi t i e s  o f  the lac tobacilli have 
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attrac ted the attention o f  many vrorkers o n  account o f  their 

frequent pre dominance particularly in th e later stages o f  chee se

ripeni ng� Considerabl e quantities of amino acids are formed in 

chalk-milk cul tur o s  of lactobacilli in ''hich the pH is maintained 

at £• 5. 4. Sharpe & Franklin ( 1 9 6 2 )  isolated strains tha t were 

cap�ble o f  pro duc i ng R2s from S-containing amino acids under the 

conditions of che ese-ripening. Although the lactobacilli probably 

contribute little to pro teolytic breakdown in young c h e e se, their 

pres enc e in lar�e numbers duri ng the later stages of ma turation 

�ay r e sul t in a significant contribution to casein breakdown 

( Tourneur , i 970 ). 

�ro teina s e s  o f  s tar ter s trepto c o c c i  

Tne la ctic strepto c o c ci are generally regarded a s  exhibiting 

only a very lovr level of proteolytic activity c ompared to many 

o ther organisms. Tney are, neverthele ss, capable of bre aking 

down casein to smal l peptides and amino acids (Morgan & Nelson, 

1951). Although i t  has _ be en reported tha t few, if any, difference s  

e xist b etvreen strains of ..§.. cremor i s  and ..§.. lacti s i n  r e gar d to 

their abili�J to liberate amino ac ids (Miller & Kandle r, 1967), 

it seems likely that difference s  in proteolytic activity or 

spe cifici ty do e xist betvreen the "bitter " and "non-bi t t e r " 

strains of lactic streptoc o cci. 

However, most workers have r eported little , if any, 

proteolytic activi�J at pH 5. Optimal pH for the activity o f  

the intracellular proteinases (van der Zant & Nel son , 1954; 

Vadehra & Boyd , 1963 ;  Sato & Ohmiya, 1966) and the extrac ellular 

proteinase s ( Sasaki & Nakae, 1959 ; �lilliamson ,  Tove & Spe c k ,  

1964) was i n  the range p H  6 .0-8.5 ,  although Vadehra & Boyd ( 1963 ) . 
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repor t e d  that the ir strain of �· l ac ti s  p ossessed  a se cond peak 

o f  ac tivi ty at pH 5. 5.  

It i s  apparent that the pre sence o f  ve ry large numbe r s  o f  

s tar ter s trepto c o c c i  in the early s tage s o f  chee semaking ac c ount s  

for a significant l evel o f  enzyme ac tivi ty ove r  a c ons i de rabl e 

peri od during ripening and may be responsible for the format i o n  

o f  amino ac i ds in the ch e e se (Yamamo to & Yo shi take , 1962 ;  

Rei ter e t  al. , 1 969 ) .  There are no repor t s  that the leve l s  o f  

amino a c i ds i n  the ch e e s e  are dependen t  o n  th e s tarte r  s trai n  

used. 

Inve s ti gati ons into the pro teoly t i c  ac tivi ty o f  s tarte r  and 

o ther lac ti c  ac i d  bac teria in che e s e  are c omplicated by the 

presence o f  renne t . J e spersen ( 1966) supported a number of 

earl ier r epor ts that th e pro teoly s i s  by lac tic a c i d  bac teria 

·Ha s ac c e l era t e d  in the pre sence of rennet .  Amundstad ( 1950) , 

ho;rever , c o ncluded tha t al though th e a ddi t ion o f  renni n  to 

e nzyme extrac t s  from vari ous bac teria i ncreased the amount o f  

pro teolys i s  beyond that  due to the bacterial proteinase s al one ,  

the total amoun t o f  pro teoly s i s  was the sum of their indivi dual 

activi ti e s .  

Renne t  

Al though the im portant contribution made by micro- organisms 

to prote ol ysis i n  che ese has been s tresse d  by s ome workers 

(Pete rs on, Johns on & Pri ce,  1948 ; Ledford e t  al . , 1966) , others 

have gene rally consi de red  renne t to be the most significant 

prote ol yti c enzyme i nvolve d in cheese-ri pening (She rwood & 

ifui te head, 1934;  Reite r  e t  al . ,  1966 ) .  The principal use of 

renne t in cheesemaking is  to rapidly coagulate the milk at its 



normal pH of 6 . 6  to form a uniform , smooth coagulum . vfui l e  

rennin i s  considered only a weakly pro teolytic e nzyme (Bang

Jensen, Fol tmann & Rombaut s ,  1964 ) ,  i t  i s  capable o f  breaking 

casein down extensively duri ng prolonge d maturati on (Lawrenc e ,  

unpubl i shed re sul t s ) and has been shown to remain ac tive for 

long periods in curd samp l e s  held at 10°
C (Ohmiya & Sato , 1970 ) .  

Ho·::ever , i t  appear s  that the degradation o f  casein to amino 

a c i d s  is no t l ikely to be due to renne t (Yamamo to & Yoshi take , 

1 962 ;  Re i ter � al . ,  1 969 ) .  

Effe c t  o:f pH and Na Cl on renne t ac tivi ty 

Stadhouder s ( 1 9 62 )  s tudied the effe c t  o f  pH and NaCl on 

the pro teolytic ac tivi ty o f  renne t on paraca sein. Renn e t  ac tivi ty 

increased markedly to an optimum at a concentration o f  3% NaCl 

at pH 5. 2 o  T'ne s tinulating effe c t  o f  Na Cl was attributed t o  the 

higher s o lubil i ty o f  the paracasein making the sub s trata more 

readi ly available to the enzyme . 

In co ntrast to Stadhouders ' work , Amundstad (1950 ) found 

only a s l i ght enhanceme nt o f  rennin pro teoly s i s  wi th 2% NaCl at 

pH 5. 5 ,  but otherwi se ac t ivi ty decreased in propor tion to an 

increa sing NaCl concentra ti on over the range 0. 5-10. 0%. 

Usi ng both s tandard K j e l dahl analys i s  to measure low 

mole cular weigh t  degradation pro duc t s ,  and gel el e c trophore s i s  

to de t e c t  hig� mol e cula; · weight degradation produc t s ,  Fox (1969)  

found that the nature of . the pro ducts forme d · by rennet pro teolysis 

var i e d  consi derably depending on th e temperature and pH employed. 

Moreover , he sugge sted that the bi tter flavour reported prevalent 

in acid chee se c ould be due to the addi tional pro ducts pro duced 

by renne t at low pH ' s  and no t to the inabili ty_ o f  the bac terial 
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pro teina s e s to further de grade the polyp e p t i de s  pro duc e d  by renne t 

action as repo r t e d  by C zulak ( 1959 ). More recently it was 

sugge s t e d  tha t the inhibi tory e ffe c t  o f  Na Cl on the pro te oly si s 

o f  p -casein by rennet  m i gh t  be impor tant in control l ing th e 

developr::ent of bi t terne s s  in Che ddar cheese ( Fox: & ltlalley, 1 97 1 ) .  

I t  ha s oeen p o s tulated that the degradation o f  c ase in , a 

pho s�hop� o t e i n 1  i s  du e to the c ombine d a c t i o n  of phosphatases 

as vie ll o.s pro teina s e s  ( Schormul ler , 1968 ) .  High molecular 

�·;eigh t  pep t i d e s  appeare d  to be spl i t  by bac terial pro te i nases 

into ph o sphorus-ri ch re s i dues l'l'i th three to four phosph oserine 

group s .  El-1-Tegoumy ( 1 970 ) has sugge s t e d  that �ennin action on 

a - and P-c a s e ins may al so yield phosphopeptides. According to s 
Schormul l er , pho spho serine group s exert a pro t e c tive e ffe c t  

toT,;ards further proteoly t i c  hydroly sis o f  the peptide and , hence , 

fur ther de gradation is dependent on the presence o f  phosphatase s. 

?ne pho spha tase ac tivi ty in ripening cheese was , therefore, 

c o ns i de r e d  an impor tan t factor in the splitting of peptides. 

There is no evidence that ei ther of the two native milk 

phosphatases i s  active in che e s e  made from pasteurized milk. 

However, the acid phosphatase is l ikely to be more important in 

cheese-ripening on account of its  greater heat stability during 
/ 

pasteurization and its greater activi t.y at the lower pH ' s  

(Bingham & Zittle , 1963 ) in spite of being present in lower 

concentrations than the alkaline pho sphatase . Schormuller 

considered that as phosphatases are widely distributed in nature, 

i t  was reasonable to assume that  the pho sphatase activity of the 

micro-organi sms involved in chee se-ripening could be significant. 
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Ho1;ever , there are fe·,T repor t s  concerning the pho spha tase 

ac tivi ty o f  e i the _ the l a c t i c  s treptoc o c c i  or lactobac illi . 

Eaxffier & Ol so n  ( 1 941 ) cons i dere d the genera important in chee se

Daking � S trGuto c o c cu s ,  Lac toba c i l l u s  and Pr opi onibac terium , had 

no pho sphatase activi ty , but J acquet ,  Vil l e t tc & Ri chou ( 1956 ) 

rvported that al though a strain each of �· cremoris  and �· lac ti s 

had c omp�ra tively l i t tl e  pho sphatase a c tivity at alkaline pH ' s, 

the activi ty at pH 4-5 �·ra s considerab l e , particillarly in the 

c a s e  of milk cul ·ur c s .  

DTFLLJE!JCE O F  SALT ON CHEDDAR CHEESE FLAVOUR 

Tn e sal t adde d to che e se serve s to a i d  m o i s t�'e expul sion , r e tard 

the gro1rt}l o f  und.e s::.rab l e  organi sm s , and. al so as a background to 

fl �vour . For the s e  r easons it has b e en regar de d a s  one of the 

mo s t  i�portant fac tor s c ontrol l i ng th o charac teri s t i c s o f  the 

cheese (Da.vi e s 9  Davi s 9  Dea.rden & l�attick , 1 937 ) and will thus 

have e i ther a dir e c t  or an indirec t effect on flavour developmen t .  

It  h a s  long b e en recognize d that h eavily sal t e d  che e s es 

cio .o t exhibit as gTeat a �ate o f  p�o iairt de��adaiion a s  ehe� aas 

containing l e s s  sal t (van Slyke & Hart, 1 9 03 ;  Davies et  al . ,  

1 9 37 ;  Kri s to ffer sen , 1967 ). Furthermore, La1·rrence & Gilles 

( 1 969 ) found that the bitter flavour in Cheddar cheese 

associated wi th specific starter s trains deve lope d less 

frequently at higher l evels of salt, so substantially con

firming the earlier report o f  Tuckey & Ruehe ( 194 0) that 

bitterness occurred more frequently in cheeses with lower 

levels of salt. 

It is thus apparent that NaCl affects the activities of 

/ 
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the p�o te oly t i c  enzym e s in the chee se .  �e � tion ha s already b e en 

made o f  i t s e ffe c t  on renne t ,  but there appears to be no account 

o f  i t s  e ffe c t  on the ac tivi ty o f  the pro t e i na se s  o f  the s tarter 

s trep to c o c c i . I t  may , neverthel e s s ,  b e  o f  indirec t impor tanc e 

in increasing the availab i l i ty of i n trac ellular enzyme s 

ne c e s sary for fl avour de•elo pment by affec ting the survival 

o f  di fferent s tar t er s trains ( Re i ter e t  al . , 1967 ). 
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I N V E S T I G A T I 0 N 
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I t  i s  novr 1vell e s -tabli sc e d  th at si ngl e strains o f  St!' ept o c o c c u s  

c ::- C." O !' �  s a!"ld. �. l.:.c ti s u se d.  a s  :; t a.:!.' t er s  i B  Ch eddar c h e e s er.:ak i ng 

a:::- � ::.· e spon sib_ e for the devel op:-:1 en t :not only o f  th e ba si c Ch e ddar 

fl c..vo'.lr , bu t al so o f  C.efe c t s  such a s  bi t t erne s s . Th e pr obl em o f  

b i  t tern c s s  h a s  b e o!:'l a c c entuat ed i n  rec ent year s by th e g'l'0 1·ri ng 

Jap.?.r. e s e  rr:ark e t  for :rcvr Zealand Che:idar ch e e s e .  Th e  Japan e s e  

di ffer from p er so n s  o f  pr edominantly D�rop can ori gi n in th eir 

abi l i  7y to d.et oc "t low l evel s o f  bi t t ern e s s and i t  ha s thu s  b e c o m e  

pa::- ti c�larly iT.por tan t t o  avoi d th e d ev el opm en t o f  ��eh fl avour 

d e fe 0 t s  in Ch eddar ch e e s e o  

At th e pr e s ent tim e ,  t� e r::o st prac t i c al rray to co ntrol 

f::. .:.vour i s  by th e u s e  of sta:.. ter s trai n s  kr:own fro:n :pr evi ou s 

ch e e s emakinG exp eri enc e to give th e d e sir ed fl avour charac t eri s

ti c s  in ch e G s o. In a s s e s si ng th e flavour charac t eri sti c s  of new 

s tar t e:::- s trai n s ,  it imul d be valuabl e a s  an al t erna ti v e  to 

ch eesemaking tri al s ,  vrh i ch ar c of nec e s si ty a t  l east six months 

1i · �r� tion,  to  b o  abl o to i d Qnti fy qui okly tho � �  otr�ing whi oh 

ar e 3.sso cia "ted 1-ri th ei th e:' go o d  or :poor fl avour devel opment .  

Howeve:::- , no thing i s  y et known r egarding th e fe3.tur e s  o f  singl e

s trai n  starter s whi ch may b e  a s so ci a t e d  w i th the d ev elopmen t o f  

ei th er goo d  o r  poor flavour s in cheese.  

A s  many of the compound s  whi ch pl ay a :par t i n  th e devel op

ment o f  ch e e se flavour are d er ived from th e br eakdown o f  casein, 

an a t t emp t wa s mad e  to determi ne th e impor tanc e o f  th e vari ou s 

:pro t ei na s e s  that mi ght b e  a c tive during ch e e s e-rip eni ng. Th e  

star t er str ep to c o c c i  ar e th e predomi nant fl ora . in ch e e s e  up to 
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c;. �: l co. s t  h:o -nonth s .  Th ey a!' e knovm t o  b e  only '·reakly pro t eo lyti c 

Ol'f;G.r:� s-n s ,  "cut th eir pr e s enc e in l arge nu:nb e r s  and th e l ong p eri o d 

o :  ;;:a.turat:. on o :  th e ch eese �wul d b e  exp e c ted to r c s'.ll t i n  a 

s� c:1i :i cant l evel o :� cnzyr:1e ac tivi ty. -�-s ..,.some of -�h e pro t eo ly ti c 

c:.ny::: o s  may b e  ir.tro.c ellul a:r and l i b erat e d.  on au t o ly si s  o f  th e 

c el l , -::: e e.o.::.t!: ra t e  o f  th e or�;ani sm s i n  th e ch e e s e  h a s  al so been 

co:! si C.er ed si b'- i fi c an t ,  al tho'.lgh n o  evi d.enc e exi s t s  to supp o r t  

thi s  hyp o tC. e si c .  I t  1:a s dec i d e C. ,  ther e for e ,  t o  exam i ne s tar t er 

s t:-aL . .:; -:·ri th .mo1m fl avour a t tr i  bu t e s  for th eir pro t eo lyti c 

::.c �.,ivi t-J and s"X:."vi val in mi lk cul tur e s under th e c o ndi ti on s of 

:;_:::::! a�, �  'l�a. Cl c onc entra. ti o n  1:'i i ch ar e encount er o Ci. i n  Ch e ddar ch e e s e .  

C'.:.1 e  ;>ho s:pha taso ::.c ti vi ty o f  th e s e  s b.rt er s  h a s  a.l s o  b e en investi-

ca ted sinc e thi s � a s  b e e. imp l i c a t ed in ca s oin br eakdown and i t  

'l·."a s eo .  si d er ed po s sibl e tha t  t�e pho spha ta s e and pro t eolyti c 

ac tivi t i e s  o f  th e starter s tr ep t o c o c c i  mi&h t  b e  r ela t ed • 

.\. s thi s inv e s t i ga ti on pro c e e d e d ,  di ffer enc e s  i n  pro t eo l;r t i c  

ac tivi ty , pho sphata s e  ac tivi ty and c el l  populations b ecame 

�ppar en t  in milk cul tur e s  of th e di ffer ent star t er s trai n s .  To 

d e t crr:1i n e  irh e th er th ese sam e di ffe:::- enc e s b c tHeen th e star ter 

s trai n s  coul d al so b e  det e c t ed i n  ch e e s e ,  Ch eddar ch e e se s wer e 

rnaC.c u si ng s e l e c t e d  si ngl e- s train star t er s. Tn e s e ch e e s e s  wer e  

exami n e d  to d e t er�i n e  i f  th eir di ffer enc e s  in flavour coul d b e  

related t o  th e maximum popul a t i o n s  at tai ned by th e differ ent 

star t er s trai n s , th e ir survival , pro t eo ly ti c and pho sphata s e  

ac tivi ti e s  i n  th e ch e e s e , and th e i r  abi l i ty to form fr e e  amino 

ac i d s  during th e c our s e  of rip ening. 

Th er e  i s co n si derabl e di sagr e em en t  in th e l i t eratur e 

r egarding th e r el a t ive co ntributions o f  c al f  r enne t  and bac t erial . 
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p:ro t einase::; to fu e overal l pro teolysi s i n  ch eese dur i ng ma t""..lra t i o n  .. 

. \� a i t o:-r.p t 1.,ra s mad.e to r e so lve th i s  point by mea suT ing r enne t  

p::-c t e o �y s i s  und. e:r th e sam e c ondi t i o n s  o f  pH and 1�a C 1  c onc en tr a t i o n s  

t!J. a-: \ JCr o 1..:. s e d.  t o  C. e t e:rmi n e  the pro teoly ti c  ac tivi ti e s  o f  th e 

�u e  ac tivi ti e s  o f  non- s tar t er oTgani sm s ,  derived from th e 

iT.i lk 01' a s  adventi tious contaminant s ,  may al so c o nsi d erably mo d.i fy 
the 8asic �n eddar fl avour . To d.e t ermi n c th e i nc i d en c e o f  pro-

� '3 o l y � i c  or sani sm s in th e milk u s e d for ch c e s cmaking ,  i t  vra s  

�oc c s s�ry t o  have a sui tabl e medium for th eir i so l a ti o n  and 

i donti :i cation. v�i l e  rr.ar�- inve s t i gator s h ave c om e to th e con-

c lusio:1 th at th o hydrolysi s o f  c a sein in a� opaqu e "mi lk agar " 

sui �abl e i ndi ca tor o f  pro t eo lyti c o rcani s::n s ,  i t  i s  appar ent 

fro� th e �any attD:-r.p t s  that have b een made to improve th e exi s ti ng 

� o th o d s  that a sati s fac t ory m e dium h a s  �et  to be d evi s ed . An 

i mproved m e dium for th o i d en t i fi cation of pro t eolyti c organi sms 

1m s ,  th er efo;: c ,  cicvel oped in th e pr e s ent i nve s tiga t i o n .  A s  thi s  

medium vra s  al so sui tabl e for d e t ermining th e total count s i n  

m i lk , a n  a s s e s sr:i en t  coul d. be rr:a d e  o f  th e i nflt.:. enc e o f  th e m i lk 

qu�l i ty ,  d.e scrib ed in t erm s o f bo th to tal and pro t eoly t i c  

organi sm s ,  on th e  fl avour devel o p e d  b y  th e ch e e s e .  
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Th e strai:ns of S -t:- G-p to c o c cu s  cr err:o:ri s and. .§_. 

l :o  c -:; .;__ s u s ed i :1 thi s study wer e obt;;.i:r:ed from th e s to ck cul tur e 

c o :: ::.. ec tio::-1 of si n6l e- s -:rai n Ch ed.dar ch e e s e  sta. .. _ t er s  r:1n.intained 

a t  t::. o -�O�·T Zealand :Jairy Re s earch I:r: s ti tu te.  Stra i n s  'Her e 

scl c c t e i  on t�a b a si s o f  th eir abi l i ty to c o n si s t ently gi ve 

c:: <. c s a  �-;::_ th :10 o ff- flavour s ,  or �.n. th :'l avour d. efec ts su ch a s  

bi t t erne s s ,  fru i tine s s  o r  o th er o ff-fl avour s ( Tabl e I ) . 

'i"u. e ra t c s  a. t i-Th i cn th e s e  di ffcr ent s tar t er s trai n s  form 

ac i d  dur i :r:6 c� e e s or:1aking ar e nor�ally a s se s s e d by s t an dardi z e d  

c=: o o s c:-.nking -tri a.::. s a t  th e In s t i tu t e .  T'.o. e di fferent s trai n s  can 

tn. e::. be ._,_ OUiJ Cd o n  tl: o basi s of th e ti m e  they tak e fro m " s e t ti ng " 

to :o:rm 0. 65% of a c i d  1·<hen u s e d  al one a.t 2% ino culum . S trai n s  

A�.�1 , A�-�2 , E8 , 11L 1 and. us3 ar e r e c o gni z e d a s  " slow " s trai n s ,  

1·rh i l st t h e  r emainder are c omparatively "fa s t " ( L a•rr- enc e  & Pearc e ,  

1 9 6 8 ; Lav1rm1c c & G i l l e s ,  1 969 ) .  

Th e  t c:rrn s " sl o w ' '  and " fa s t " apply to th e r el a tive aci d-

fo rmi ng ac tivi ti e s  o f  di ffer ent s trains i n  pas teur i z ed ch e e scmi lk ,  

i n  th e pr e s enc e o f  r enne t  and a t  t emp eratur es i n  th e range o f  

appr oximately 3 1 °  to 39° Co They sh oul d b e  differ en ti a t ed from 

th e sam e t erm s u sed by ·o th er au th ors ( Da,�son & Feagan , 1 957 ; 

Garvi e , 1959; _ Ci t ti , Sa� di n e  & El liker , 1965 )  i n  d e s cribing 

var i an t s  of a par ti cular s train. All th e s trains u s ed in th i s  

inve s t i gation i<J'hen ino cula t ed a t  th e rate o f  1 % from 1 8 hr 

cul tur e s  grovm a t  2,
°

C i n to ei th er s t eril e  or pa s t eur i z ed skim 

mi lk coagul a t ed th e milk wi thin 1 8 h our s at 21 ° C ,  and l'toul d ,  

th er e for e ,  b e  t erm ed "fa s t " s trains accor di ng to th e defi ni tion 

o f  Ci t ti et. al . (1965 ) . 
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Str�ins o _  s tar t e_ str epto c o c c i  u s ed i n  th i s  
. * i nv e st�gation , �� d tn e typ i c al flavours o f  ch e e s e  

a. s socia t e d  '�<li th th eir u s e  as described in th e l i t era. tur e .  

Sp o c � e s  o :  
S + :::· c· ..... -7.o c o c c�� s 

cr e;:o"!'"i s 
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" 

" 

1 1 

" 

" 
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1 1  

1 ., "" .L ..: C"' _ :, .. � l.- o,.J 

! I  
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�-l- • 
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d e si. gr.a. tion 

' 1' .t'.l " 1 
" '  J>h.2 

e n 
"t;' 
--s 
HP 

l::L1 
:;> 
-• .. 

I 

us3 

zs 

3:1 
·v-r .!.o • .!.-8 
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B ,  bi tt er ; 

NB� non-bi t t er ; 

,..--.... 
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\{) eO (7\ 
�-
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(.) s:; (j) 
(l) (.) 

s H r.\ d (l) ....:1 P� 

:�OF 

:�OF 

B 

XOF 

B 

1-TOF 

B 

F 

NOF, no o ff-flavour s; 

F ,  frui ty . 

,..--.... 
,..--.... • � 0\ � I  \0 
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f!:ti n t en:::.:-:c e o f  th e c1.1. l tur e s .  Th e  cul tur e s  were maintai r. e d  

b:r t�:i c e-1·�e e�:ly subcal tur e ( 1% inoculum ) i n  s ter ile skim milk , 

0 0 >Ti t� i ncubati on at 22 C for 1 8  hr and storage at 4 C b e tween 

C'..lbc'..ll tur e s .  To en sur e th a t  the Clc tivi ty an d par i ty of th e 

sJcre1i n s  l'i3. S ;.�(li ::'ltair.e d , the cul tur e s 1-:er e :l:" eplac ed at approxi-

rr.e.tely 8--.ree'c< i n t erval s 'I>Ti th fr e sh cul tur e s fror:: th e In s t i tu t e ' 3  

:;to e�< cul tu:- e coll ec tion. T'rr e s e  stock cul tures i n  turn were 

r ac-.1l a.:..�ly c� ec1cad for pu::.·i ty b;-l pl ating , and for th ej r aci d-

:cr::-,i::-.e; ac tivi ty u�:d.er simul a t e d  cheese  cond.i ti ons by th e r.1 e thod. 

o f  P car c e  & Lirn soY�in (1 9 69 ) .  

To standc:.rdi z e  th e r:-:ilk sour c e ,  sk:.m r.:i lk used 

throu�S:1 0·..:. t tl: i s s tud;y >·!as r e c o n s ti tu t e d  i n  C.i still ed <;at or from 

n:ilk :.;o l i d s  i r. fr e sh s:<irr. rn i H� ( Dol'by � Cr e a.rr. �:;r & El l ey , 1 969 ) .  

�or u s e  i� t� e rvutine subcul tur e of th e sto ck s trai n s ,  th e 

r;;i l:'r. was s t eril i z e d by auto c l aving at 1 1 8° C  for 20 r.rir.. Wh en 

:;:; � 3 � curi :: ecl r.1ilk >ias r equir ed,  th e skim milk po1·:der rra s  r e-

COTH:: ti t , t  ' in ::: t eril di stilled  \:ater ,  ob c erving a s epti c 

precautions as far a s  wa s pra c ti c aul e .  After pasteurization at 

6J° C  for 30 mi r. the milk "ora s s tor e d  at 4° C for no t longer than 

24 hr b efor e u s e .  In thi s way a. l o vr count of < 400 orga.ni sms/ml , 

det ermined by plating on Standard Methods agar (Baltimore 

Biological Laboratori es ,  BBL ) 1vi th 7 2 hr incubation at 30° C ,  

coul d re&;ul arly b e  attained. The fe-vr organi sms that survived 

vroul d ,  therefore ,  reflect the count of thermoduric organi sms in 

th e milk po'irder . These orga.ni sms are comparatively slov;-growing 

and inactive in milk ( Thomas ,  Druce ,  Peters  & Griffi ths ,  1967 ) 
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e:n:d. t! Hd.r ir.fl·u enc o on th e r e sul t s  of  experiments i n  l·;hi ch com-

pc.::.·.J. ·� i·,rc1 y J c.:r·go populn.ticr, z  o f  fa s t-gr o·,.;i ng l ac ti c  s tr ep to c o c ci 

Ro<:.d.ir.g s c f  c c l o...:rirr: e tri c 

::!. s ::.;c.�· s a.:::d C. e t c:::·::: i na t i o r s  o f  c el l  d cr.::>i  ti c s  o :  bro th cultures  

�·; .:.r .::: c a::r i e C.  out at th e appropr i a t e  'I>IG..vel ength s o n  a Uni car.: 

� :?-500 sp 0c troph o t.o:n e t er (l'nicc.r.; In s truments Ltd,  Cambridge, 

II . PLAT:S COU1�TING OF STARTER S T3EPTO CO C CI 

A :  YEDIA 

It i s  KeJ.l l\DOI·/YJ that l a c t i c  s tr ep to c o c c i , and. par ticularly 

s 'c::-ai�: s  of �. c:rc::or i s ,  have corr.pl cx g:::•o1dh r e<;.ui r .s:-t: en t s  and. that 

cor;, para ti ':ely r i c:l m e C.ia ar e :r eq_uir e d  for th e:i.r suc c e ssful 

cul ti-..'s.ticn ( S"!J.c.rpo & ?ry er , 1 965 ) .  Tn e med.ia commonly used. are 

s el �om er.ti r ely sati sfa c tory for all s trai n s  and thi s has l ed a 

n...:::-.1b er of lvcr1�er s to d. evi s e  r.:or e sui tabl e rr,ed.ia or to evaluate  

exi :: ting r.�e C.ia ( El l ik cr ,  Ander son & Hannesson,  1 956 ; Rob er t so n , 

1 964 ;  Eaugtr.:&n , 1 964 ) • 

.As a nut1b er of  strains vier e to be u sed in thi s investiga-

-tion, preliminary experiments w·ere undertaken to s el ec t the mo s t 

sui t abl e agar n�edia for use in pour plate  counting wi th incuba-

tier; at The m edia examined included the foll owing : 

lac to se yeast pho sphate agar ( Robert son , 1 960a ) ; yeast dextro se 

agar (YDA) and tomato C!.extro se agar (:tiaylor & Sharpe ,  1958a ) ;  

th e broth o f  de1!an , Rogo sa & Sharpe ( 1 960 ) solidifi ed lri th 1 %  

Davi s (New Zealand) agar (MRSA) ; and Trypticase Soy Broth ( BBL) 



29 

st:.;p l c;:1 entcd 1-:ri th 0 .  5% y ea s t  extrac t (BEL ) and s o l i di fi e d.  with 1 %  
Javi s ac;·ar ( TSI3YA ) .  TS3YA has been us e d by King & Koburger ( 1 969 ) 

for pla t e-coun ting s .  lac ti s . 

S trains AI..:� ar�ci C 1 -:; i n  par ti cular c;.::.' m·; po orly or errati cal ly 
, _, 

i :r.. �.�r::.r.y o f  the :r..c di a.  test ed. Ho�·; ov er , S:J. t i s fac tory and r epro cit:.-

r e sp ec ti v8ly , 'l·li th 7 2  hr incuba t i o n .  �tany o f  th e e ther strai ns 

{;l' ex CQt:.al1y Hell in r::or e than o n e  bu t no t i n  al l th e m e G.i a .  

1·:-::i l e T:.:-yp7.i c a s e  '2oy :Bro th so l i di fi e d  Ki th 1%  agar suppor t e d  

r 6z.sor.abl e gro�vth , th e a ci G.i  t i o n  of 0 . 5% yea s t  extrac t cat:. s e d  a 

n;ar}< eJ ir.:prov e:7: en t ar.d ezc ell en t gro ":rth 'iJa s ob tai n e d.  wi th 48 hr 

i r:ct:."::lo. ti m:. TS:B:'A m:�. s ,  th er e fo r e ,  u s e d  fo1" pla·hng al l s trai n s  

o tb. E::!' ·:hari A:'.:� and c 1 3 '  for x:C.ich YDA an d !�'RSA , r e sp ec tivel y , 

Tn e  ::r: � ciium o f  l o 1rr·i e & Pear c e  ( 1 97 1 ) Hhi ch suppor t s  go o d  

£."1"0\·It. o f  mos -7. s trai n s  o f  l a c ti c  s tr ep to c o c c i , i ncluding .Af.�1 and. 

c � 3 ,  becru�e availabl e dur ing th e l a t er s tages of th i s i nv e s tiga

tior. arJd ·A•a s sub s eq_uei:tly us eG. i n  pr· efer e:r..c e  to YDA an d ],ffiSA . 

'Ih e  corr.:po si ti cn o f  thi s  rr. e dium ( g/1 ) i s  a s  follO'IiS : po1ypeptone 

( B3L ) ,  5 . 0 ;  phy tono ( BEL ) ,  5 . 0 ;  y ea s t  extrac t ( BBL ) ,  2. 5 ;  

b e ef extrac t ( 3B� ) ,  5 . 0 ;  so diurr. a c e tate. 3H2o ,  2 . 8 ;  ascorbic 

ac i d ,  0 . 5 ;  lac to s e , 2. 0 ;  gluco s e ,  2. 0 ;  agar (Davi s ) , .  1 0. 0 ;  

pH, 6 .  8 to 6 .  9 .  

B :  l?LATE C01J�TING A!-:D CHAIN LE:HG THS OF S T3.EPTO CO C CI 

The accurate enumerati on o f  streptococci by plate counting 

has always been di ffi cul t because of the formation of chains and 

clumps of c ell s. Coloni es i·rhich develop from a chain or clurr.p 

cannot b e  regarded. a s  developing from a singl e cel l .  
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A:!. t::"loug� c?:ai�} S  of s. l a c  ti s ar e gencra:!. ly shor t er than 

tho s e  of �. cr e:r:o:ri s ( Br e e d ,  Yurray & Smi th , 1 957 ) ,  ear li er work 

has i hdicatcd that th e l e ngth o f  l a c ti c  s tr ep tococ cal ch ai n s  can 

vo.�y c c n ci da���ly no t only between di ffer ent strai ns , but al s o  

a c c or C.in� to t:1 e enviro n..rr. ent ( 0  ·la-J en s er.. , 1 942; ?'orr i s  & Edwa:r- d s , 

1 947 ) and th e a&c o �  the c�l tur c (�a�m er , 1 948 ) .  �mi th ( 1 965 ) 

a] so r.o tecl that th ere ,.;a s a t ender.. cy for th e chai n 1 eng th o f  

s .  l ::.c -: i c. t c  incr eas e  du:::-i ng th e grow·th of a cu l tur e .  

A vc::.l i :l  c cr.rpar i ::ao n  o f  p l a t e  c oun t s  o f di ffer ent s trai ns i n  

·� e:-!T. s  o f  co l o ny- fo rm i !'lg-ur.i t s  ( c fu ) p er m l  or per gram may b e  mace 

if i t  i s  ceterrr.�ned th a t  s tr ep to c o c c al cha i n s  are of equival ent 

l cngt}: s (Da-;q son & Foagarl , 1 9 57 ;  Ci tti et al . ,  1 965 ) .  Th e coun t 

of s tr ep to c o c ci ;.o.ay c::.l so b e  expr e s s e d  a s  c el l s  per ml or p er gran 

by r.)u:!. t.iplying th e cour:t of c fu o b tained. from p our p l a t i ng by th e 

av erat;c :-:umb er o f  c el l s  p er ch ain d e t ermined rr.i cro sc o pi c al ly ( S:ni th , 

1 965 )  o Eo-;.r 0ver , wher 0 l c.rge numb er s of count s ar e to be under tak en 

on di ffer ent strains and at di ffer e!'lt s tase s o f  growth , thi s 

pr o c edure -v;ou l d. obvi ously b e  very time-co n suming and thu s 

irnp ... c.c ti cq] . 

Slac1.e & Sl a;np ( 1956 ) ob tained c o n si derably incr e a s e d  p l at e  

c ount s o f  s .  fa ccal i s  by sub j ec ti ng th e cul tur e s  to so ni c 

o s c i l l a  ti o::-1. l�i cr o sc opi c examina t i o n  of th e cu l tur e s  showed 

that th e chains o f  i ni ti aJ. J y  from 7 . 0  to 1 2. 5  c el l s  rTer e 

fragmented to smal l er uni t s  o f  average l ength 1 . 7 to 2 . 7  c ell s 

after 1 min of tre�tmcn t ,  and th at an incr ease of from 2 . 0 to 3 . 4 

time s i n  the p l a t e  c ount was ob tained. A longer p er i o d  of tr eat

� ent r e sulted in a marked l e thal effec t ,  al though their data 

suggest that even I min of o sc i l l a tion r e sulted in som e c ell s 

being killed. 
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Robcr tson ( 1 960b ) obtai ned an i ncrea sed pl a t e  count o f  

:2. c. c t i c  s tr ep to c o c c i  on sub j ec ting th e ct:.l tur e s  t o  vi gorou s  

aci t::..ti on i n  an A t.o-ll�ix bl ender . Po ebl e s , Gi l l i l and & Sp e ck 

(' � 9  9 )  '::ll er.c ed tl: e i r..i tial di luti o r.  o f  �. cr c:-:'O:!'i s cul tur c s  i n  

a ch ill ed Waring bl ender fer 5 rnin pri er to plate c oun ting. 

Chai n s  of L e� c c � o s t o c  c j trovorurr wer e found to br eak up readily 

0 �1 viGO:-ou s r.;anue.l sha.�i ng to yi el d a rr:a j or i  ty of chai ns po s s e s s

i ns four c el J s o:;.· f e1,r�r ( G o c l  & �.'a::- th , 1969 ) .  Sorr:e ba c t eri a have 

b o on r epor tGd to be s en si tive to sh ear s tr e s s e s  enc oun t er ed in 

rou "t i!le pi p e t t i r:g o f  dilu t i o n s  ( Po c tga t e ,  1969 ) and Tha tch er & 

Cl ::.:·l·: ( 1 968 ) i n d.i c a t c  that , · v'ri th :- e g.:1r d to homo geni z a tion o f  

sar.:pl e s  pri or to p l a t e  counting , " cxc e s si v e  sp e e d  o f  the cut ti ng 

cla��s or u�duly pro l onged u s e  o f  th e rr: i xer may c au s e injury to 

n:i crooi al c el l s ,  e i ther rr: cchc:.n i c al ly or by th e heat genera t e d " .  

=:n v i eu of th:. s ,  th e 5 mi::1 bl endi ng u s e d by Pe ebl e s  � al . ( 1969 ) 

.; e er.-. s to b e  e.l1 unnec e s sarily s ev er e  tr ea tm ent . 

I t  1'/Cl.s dec i ded , th er e for e ,  to d e t erm ine fir s tly th e chain 

l engt� s  o f  the s trai n s  most fre�u ently used i n  thi s  i nv e sti ga ti on 

e.t di ffE:r cr..t s tages o f  th eir gro,.;th , and th (m to d e t ermi ne th e 

sui tabi l i ty o f  m e ch ani cal agi tati on i n  fragmenti ng th e chains to 

e�uival ent-si z e d c fu ' s  a s  an ai d to pl a t e  counting . 

METF.:ODS 

Cul tur e s . Th e  fo llowi ng eigh t s trains 1ver e i noculated 

( 2% v/v ) i nto 10 0 ml amounts o f  pas t euri z ed skim milk ( PSM) and 

incubated at 35° C: Al\�2 , E8 , HP, ML1 , ML8, R1 , us3 and z8• 

Tne inocul a had b e en transferr ed hri c e  in PSM wi th 1 2  hr incuba

tion at 3 0
°

C from th e s to ck cul tur es maintaine d in sterile  skim 

milk ( SSM) . 
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Vad.ati o n  o f  ch<:d n l ength during gro\·Tth . A t  hourly int ervc:.l s 

du::- i r. g  the g-ro'\·rtn o f  th e di ff er ent s trai n s , th e numb er of c ell s i n  

: oo chains was d e t ermined by :ni cro scopi c examina ti o n  of Gra:-n-

s t 3.�. n � C.  srre3.::::- s rrade dir ec tly fro::1 "':;h e cul tur es .  Th e  r e sul t s 1-1 er e 

:::.vcr.:1geJ. to give th e average chai ::1 l ength .  

E�fec t o f  bl endin� o n  chain l enuth .  At h ourly i n t erval s 

dur i r.g t!: o .:rro:vth o f  th e di fferent s trai n s ,  1 0-2 di lut i on s , pre-

:;:3.r c G.  by ad.di n;; 1 ;cl of cul tur e to 99 ml of 0 . 1 %  p ep tone di luer..t ,  

we�e bl ended at !ull  sp eed for 3 0  s e c  i n  a chi l l ed ( 0° to 4° C )  

;._to-l:ix bl ender (�:7easu:rin6 & Sc i en t i f i c  l:"'.quipm ent Ltd,  London ) .  

�'h e  chain l ength s after bl ending '1-rer e th en determined and compared 

to th e chai n l ength s i n  th e unbl end ed cul tures .  

��fee � o �  ll e� d i n �  o �  nl a t e  count . A f t er 4 hr grow·th , wh en 

�o s t  strain s  CY�ibi t ed th ei r rraxi�um chai n l ength s , five i den t i c a l  

1 0-2 di lu tion s  o f  ec:.ch cul tur e ,  pr ep are d as d e scr i b e d  i n  th e 

pr evi ou s s ec ti o::-1 7 i·rer e bl ended for 0 (unbl end e d ) ,  1 5 , 30 , 60 and 

120 sec in a ch i ll ed , steri l e  Ato-Mix bl ender at ful l  s p e e d .  

After bl ending , sa.:np l e s  -...rer o t ak en t o  d e t ermine chain 1 ength s by 

m i cro sc opi c examinati o n , and the bl end ed 1 0-2 dilu tions 1rer e th en 

fur ther dilu ted dec i mal ly ac c ording to standar d procedure s  

( �o stgate ,  1 969 ) .  A vortex mixer ( S ci entifi c Indu s tri e s  Inc. , 

Ne'\·T York ) -rra s u s e d  to mix suc c e s si v e  dilutions and 1 ml of the 

appropr i at e  dilu t i o n s  -...rer e pour plated in tr ipli c ate vri th mol ten 

TSBYA t empered t o  44° C.  Th e  plate s \vera incubated at 30° C for 

48 hr and th e coloni e s  count ed wi th the ai d o f  an illuminated 

c o lony c ounter ( Gall enkamp , London ) . 
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��fee t o� bl en�i n� o n  vi abi l i ty. � e  vi �bi l i ty o f  th e 

ch�i � s  i n  �� e bl ended 1 0- 2  di lu t i on s  o f  4 hr cul tures  d e scri b e d  i n  

:�: a :;J:::' e\ri ous a ce �ion ver e d. e t erm i n e d  by th e sli de-cul ture techniQue 

:::.. s d.osc:;.'i b o tl t:l ?.1o:r:a .3 & :Sa. t -t ( 1 968 ) u s i r.g TS:BYA a ;-3 th o c;ro;·rth 
� .-. .... .. .. , ....... ! . . ..... ...... ..... ..... . . .  . 

i ::o c'-l.l3. t sd on t o  th e surfa·::: a o f  t' e aear c o � t:J.inod i n  th e �1.-�nulu s .  

= � s t e::G. o f  covarinc th e o..nn<.1l i -v;i th cover sli:p s to pr event drying 

i n cuC::.. t. i o n ,  � -t  ·.·ra. s fou:::1d conv or:i ent to plo.c e th o sl i d e s  in 

.:.:-; air "':; :!. gh t box conto..i�i ng moi s t ened b l o t ti ng pap e:c . Incubati on 

v:o.. s fo -::.- 3 -�o 6 hr C..ep -:m d i ng o n  tb. e :::-a t e  o f  gro-vrth o f  t:h e stra i n .  

Micro scopic 

c::�:r.i r:a tio:::: of �rr: ear s made dir ec tly fror:1 th e cul tur e  fl a sk s  shovred 

tho.. t th e �1umb er o f  c el l s  per cha i n  for all s trains exam ined w·as 

o.l::-:o s ·t .:..:�-:o..::r s  a ::-:ul -:ipl e o �  2 ,  c o n.�L :r:ing th e w el l-kno 'm di pl o c o c c al 

::1a tur z o :  t:C.i s  gro'...l.p o :  organi sm s o  Hoi·rtYrcr , be t\.;een s trains th er e 

;-; 81.' 0 c� :.:.:-ac t e::-i s t i c  di ffe:r onc ez.  T'ne main f ea tur e s  are i l lu s tra t e d  

i :::1 th e r e cul t s  pr e ::; entod foc:- ::our s tc:-ai n s  - :ML8 , US3 '  HP and ML1 
(':;'-; - 1 \ - - b • ; . T'.J. e s e  r e sul t s  r ep:::- e s cn t th e average of two separate 

d c t erminati ons on e�ch s train .  Al thoug. �. c r emor i s strains are 

ge11 eral ly r ec o gni z e d as havi ng l onger chains than �. l acti s  s train s , 

s trains us3 ( cr emori s ) and 1�8 ( lac ti s )  c l o sely resembl ed each 

o t� er , both b e i ng shor t:-chained and shovring only sl igh t  increases 

in chain l ength s to maxima o f  3 .  7 and 4. 5 c ells per chai n ,  

r e sp e c tively , during the · exponential gro\·:th phase. However , 

o th er s trains o f �. cremori s wer e longer , attaining maximum 



C.'.J Gr:1�e l ength s  of appl'O::.::ima t ely six c ell s :p e1' chu.i n for- ::; trains 

':::. c  :r· c:!. a ti v ely s:: ort-c�aincd :r.a tur e  of som e s. cr cr:'ori s s trai n s  

::-:i c�1 t b e  r e .  ::1 ted to ti! ci:- 6l'OHth a t  th e hi ,sh e::.· t err:pere. tur es u s ed 

l: e:.· iJ co:r.p::1r ed to o tl:. er i nv e s ti gati o n s  (}torri s & Ed'l."ar ci s ,  1 947 ; 

Tn.e:r.8 ;;-a,. ;::; c o :1. si dere.'Jl e var iation in th e range o;: chai n 

o'J � crv c l , par ti cul arly a t  th e t ime s ivh en tn e ma:x:in;um 

a •:c:-::1cc l c;�gth s i·rere t,'T e<J. t o s �  e.::1d id t'1 th e l onger- chai ned strai n s .  

C".t air: s o f  strc:..i n  1�8 v�er e pr e d.omi nantly ( 89%) 2- and 4-c ell e d ,  and 

th::1n 4 ,  wi th a maxi mum l ength o f  1 0  c al l s .  

73% o f  ti 1., • c .. al ns lle::.· e 2- and 4- c el l cd and 27% were 

> 4-:.:: el l cd .  T.!l el' e m�:- c. ve-r�r fe\·l chai n s  o f  > 1 0  c el l s  an d th e 

: c:::.; e s t  c:_ai n o� ::::; c :-ve ·i co:::pri scd 30 c el l s . lt" c o n tr a s t � only a 

s�al� p:-opor tion o f  th e c� ai n s  wer e short in s trai n HP , 2- , 4-

2.;1C.. 6-c ell od. c:1.ai:1 s  :o:-mi ;1g 1 5% o f  th e to tal . 1'\.;enty-six p er c en t  

o f  th e ct.2.:. n s  ;;er e 8-c <J l l e d ,  48% i n  th e range 1 0  t o  20 , and. 1 1 % 

had > 20 c el l s .  T.� e  longe st  chain compr i sed 42 . c ell s .  Variation 

i n  ch'li n l c�.gt� of lCL1 •·:3.s mos t mark e d ,  ranging from th e 

o c ca s i o �al diplo c o c cu s to a fe� v ery long chai n s o f  , 1 00 c ell s .  

Ten p er c ent of th e chain s had < 1 0  c el l s ,  65% were in th e r�ige 

1 0  to 40 c ell s , and 25% had. > 40 c el l s .  

Effec t of blending on chain l ength . Th e  chain l engths 

obtained afte:..� 30 sac bl ending of 1 0-2 dilutions were  compared 

1o1 i th the corr e Gponding valu e s  from unbl ended. cultures  of two 

sh ort- chained s train s  (ML8 and us3 ) ,  one strain of intermediate 

cha i n  l ength (HP ) and a long-chained strain (ML1 ) at intervals 

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



Fi g. 1 .  Increase in chain l ength s of starter streptococci 

during growth in PSM at 35
° C,  and the effect of 30 seo 

blending on chain l engths.  The chain l ength s were 

de termined by micro scopi c examination of smear s made 

from undiluted cul ture (O) , and from 10-2 dilutions 

bl ended for 30 sec (e) .  No te s verti cal scal e for strain 

ML1 i s  half that  for the o ther strains.  
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average length o f  the streptococcal chains i n  a cul ture depended 

on th e strain,  and al so vari ed wi thin the strain depending on th e 

age of the cul ture ,  30 sec bl ending was effec tive in reducing the 

&Verage chain l ength s of all th e strains to an essentially constant 

value of between two and thr e e  c ell s ,  On average ,  68% of th e s e  

chains occurred as diplococc i ,  21% in fours,  and 4% had between 

four and eight  c ells. 

Effec t of bl ending on viability and plate count. · For all 

strains examined , viability as determined by the sl ide-cul ture 

technique was unaffec ted by bl ending for up to 1 20 sec.  In th ese 

experiments the use of a chi lled bl ender and sampl e  ensured that 

excessive warming during bl ending di d not occur , and th e final 

temperature of the sampl es di d no t exc eed 30° C. If thi s  precaution 

was no t taken, significant warming of the sampl e to ) 40
°

C occurred 

wi th 1 20 sec bl ending, and the viabi lity of some strains , such as 

AM2, appeared to be adversely affected. 

As the blending treatments  did not affec t viability ,  i t  

could be expected, therefore ,  that a decrease i n  chain l ength 

obtained on bl ending would be propor tional to an increase in 

plate count. The data obtained indeed showed such a relationship. 

The averages of dupl icate determinati ons of chain l ength and 

-2 . · o plate count after bl ending 1 0  dilut1ons of 4 hr 35 C PSM cul tur e s  

for o ,  1 5 ,  30 , 60 and 1 20 sec are presented for the same four 

strains described in th e previous sec ti on (Fig. 2 ) .  Resul t s  for 

the oth er strains examined indicated essentially th e same featur e s .  

Wi th the two short-chained strains ML8 and us3 , blending 

brought about comparatively sl i ght increases in pla t e  count and 

corr espondingly sligh t  decrea s e s  in th e average chai n l engths. 



Fig. 2 .  Th e  effect o f  blending on the chain length s and 

pla te coun t s  of star t er strep tococci . The cul tur es wer e 

grown for 4 hr i n  PSM at 35
°

C. Strai ns ML8 and us3 wer e  

typi cally shor t-chained ,  HP had chains of intermediate 

l ength , and ML 1  had long chain s. Chai n l ength s wer e  

determined by micro scopi c examination of smear s made 

f 0-2 dil . rom 1 u tl.ons. Plate counts were determined by 

pour plating the appropriate dilu tions.  
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Wi th 30 sec blending, the plate count of ML8 increased 1 . 4-fold 

from 4. 5 x 1 0
8 

(unbl ended ) to 6 . 5  x 1 0
8 

cfu/ml , and th e average 

chain l ength decreased 1 . 3-fold from 3. 0 (unblended) to 2. 3 c el l s .  

Th e  corresponding fi gur es for us3 were a 1 . 7-fold incr ease in 

plate count from 1 . 3  x 1 0
8 

(unbl ended ) to 2. 2 x 1 0
8 

cfu/ml , and 

a 1 . 6-fold decrease in the average chain l ength from 4. 2 

(unbl ended ) to 2. 6 c ells .  

Th e  effect of  blending on  the longer-chained strains HP and 

ML 1 was more marked. Thirty sec bl ending of HP increased th e 

plate count 2. 8-fold from 3. 3 x 1 07 (unbl ended) to 9 . 4  x 1 07 

c fu/ml , while the average chai n l ength decr eas ed 2. 6-fold from 

7 � 8 (unblended ) to 3 . 0  c ells.  Wi th strain ML1 , the values were 

a 7 . 7-fold increase in the plate count from 1 . 3  x 1 07 (unbl ended) 

to 1 . 0  x 10
8 

cfu/ml , and a 5. 9-fold decrease in th e average chain 

l ength from 1 9 . 0  (unblended) to 3. 2 c ells. 

Chain l ength s in unblended 10-2 dilutions tended to be lower 

than the chain length s determined direc tly on undiluted cul tures ,  

particularly for th e longer-chained strains.  For exampl e ,  the 

average chain l ength determined on an undiluted 4 hr PSM cul ture 

of ML1 was 37 . 0  cel l s  (Fig. 1 ) ,  whereas in the unblended 1 0-2 

dilution an average value of 1 9 . 0  cell s p er chai n was obtained 

( Fig.  2 ) .  This probably refl ects  a c ertain amount of  fragmenta-

tion of th e str eptococcal chains caused by agi tation involved in 

pr eparing and mixing the dilution. A similar effect was noted by 

Go el & Marth ( 1 969 ) .  

CONCLUSIONS 

I t  i s  apparent that the l engthst :of  the streptococcal chains 

I 
I ' I 
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vary wi dely depending on th e strain and stage of growth . 

Diffi cul ti e s  in plate counting attributabl e to varying cfu sizes 

(chai n l ength s )  can largely be  overcome by appropriate bl ending 

whi ch r educ es the chain lengths of all the strains examined at 

di fferent stages of growth to the equivalent sizes .  Th e  greatest 

amount of fragmentati on of the chains is brought about during the 

fir st 1 5  sec of bl ending. Prolonging the bl ending peri od beyond 

30 sec r esul ts in only a very sli ght furth er increase in the plate 

count and decrease in chain l ength . Unnec essarily prolonged 

bl ending al so carries  an attendant ri sk of heat damage to sensi tive 
� 

strains unl ess  adequately chilled equipment i s  used.  

Consequent to these findings , a 30 sec period of bl ending of 

1 00 ml amounts of 1 0-2 dilutions was adopted as a routine , practi cal 

and consistent aid in th e plate counting of cul ture s  of starter 

str ep tococci . 

III.  MEASUREMENT OF PROTEOLYSIS 

Pro teolysi s can be determined as the increase i n  th e non-

pro tein frac tion that remains after undenatured pro tein has been 

pr ecipitated by a protein precip i t�nt , such as tri chloroacetic 

acid ( TCA ) .  The amount of non-protein material may b e  measured 

ei ther in terms of ni trogen (non-pro tein ni trogen, NPN ) by a 

standard Kj el dahl procedure ,  or by the method of Hull ( 1 947 ) in 

which tyrosine and tryptophan residues  reac t wi th th e phenol 

r eagent of Folin & Ciocalteu ( 1 927 ) to form a blue colour. 

Kj eldahl analysis has been used . to determine rennet proteolysi s 

( e . g. Stadhouders ,  1 962 )  and pro teolysi s in maturing cheese 
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(e . g. Reiter et al . ,  1 969 ) . Silverman & Ko sikowski ( 1 955 ) con-

si dered that total tyro sine liberated in maturi ng ch eese was a 

mor e sensi tive cri terion of ripening than solubl e pro tein content. 

Thi s was largely substantiated by Valkeris  & Pri c e  ( 1 959 ) who 

r epor ted a good corr ela ti on between solubl e tyro sine of ch e e s e  

extracts ,  measured by absorption at 280 nm ,  and soluble ni trogen 

determined by Kj el dahl analysi s.  

Kj eldahl analysis has al so been used to determine the 

proteolytic activi ties of starter streptococci , e special ly in 

relation to the development of bi tternes s  in cheese ( Czulak & 

Shimmin, 1 96 1 ; Jago , 1 962;  Emmons � al . , 1 96 2a;  Gordon & Speck ,  

1 96 5a ) . 

Th e  report o f  van der Zant & Nel son ( 1953 ) appears to b e  

th e only one in which th e pro teolyti c ac tivity o f  mi lk cul tures 

of �. lacti s was determined using bo th Kj eldahl and Hull method s 

of analysi s. Resul ts  ob tained with the two methods differed,  

particularly in the first 10 to 1 2  hr of incubati on. Marked 

increases in t,yro sine and tryptophan determined by th e Hull 

determined by Kj el dahl analysi s was s till negligibl e. This led 

these authors to consi der that ei ther two pro teinase s.1 stem s  

were involved, or that the liberati on o f  compounds giving tyro sine 

and tryptophan reacti ons wi th th e  Fol in & Ciocalteu r eagent was 

an early phase of proteolysi s.  Although th ey cal cul ated from 

their result s  that the amount of t.yro sine and tryp tophan liberated 

was clo sely r elated to the amount o f  solubl e ni trogen , th e 

relative clo seness of  these figures was considered for tui tou s ,  

rath er than indi cative that equival ent amount s of pro t eolysi s 

had in fac t b e en measured. 
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Th e  Hull method offer s  consi derabl e advantages ov er th e 

Kj eldahl method of  analysi s, which i s  laborious and time-consuming 

especially when large numb er s of sampl e s  are involved. It was, 

th erefore, selected as the method for carrying out routine determina-

tions of proteolysi s. However, tri als  comparing the Hull and 

Kj el dahl methods of analysi s were carri ed out to allow a compari son 

of th e present work wi th earli er r epor ts  on star ter proteolyti c 

ac tivi ty measured by Kj el dahi proc edur es. 

PROTEOLYTI C ACTIVI TY OF STARTER STRAINS DETERMINED 

BY HULL AND KJELDAHL METHODS OF ANALYSI S 

METHODS 

Cul tures.  Nine strains of �. cremori s (AM1 , AM
2, c1 3, E8, 

HP, ML1 , R
1 , us3 and z8 ) and one strain of �. lac ti s (ML8

) were 

grown in PSM from 1 % inocula for 1 8 hr at  22
° 

and 35
°

C.  The  lower 

temperature has been used in a number of investigations of 

pro teolysi s ( e. g. Gordon & Speck, 1 965a) . The high er temperature 

0 0 
was included a s  i t  was in the range of 3 1  to 39 C normally used 

during Cheddar ch eesemaking. 

Pro teolysi s. The amount of casein breakdown in th e  cul tur e s  

was mea sur ed by bo th the method of  Hull ( 1 947 ) and Kj el dahl analysi s. 

In th e Hull procedur e, al l sampl e s  and reagents were routinely k�t 

at 35
°

C, since low ambi ent temperatur es interfere wi th the test 

( Ci tti ,  Sandine & Elliker, 1963 ) . Pro tein in 1 volume of cul ture 

was pr ecipi tated with 2 volumes of 1 2% TCA. The blue colour that 

developed on the r eaction of the Folin- Ciocal teu r eagent (BDH) 

with availabl e tyro sine and tryptophan residues in the 8% TCA 



42 

filtrates was measured colourimetri cally at 650 nm against a 

reagent blank in whi ch di stilled water had been substi tuted for 

cul ture. The OD r eading obtained was converted to an equival ent 

value of tyro sine by reference to a standard graph (Fig. 3 ) .  

Separate graphs were prepared for di ffer ent batches  of Folin-

Ciocal teu r eagent . 

Ni trogen in 1 0  ml lots of the same 8% TCA fil trates as  u sed 

in the Hull proc edure \oras determined by the semi-micro Kjel dahl 

method of Rowlands ( 1 9 38 ) .  euso4 was used as the catalyst and 

methyl red as indicator . 

RESULTS 

Compari son  of  Hull  and Kjeldahl methods of analysi s. In 

general , th e trend of resul ts obtained by Kj eldahl analysi s was 

similar to that ob tained by the Hull method (Fig. 4 ) .  The resul ts 

are averages of duplicate experiments wi th duplicate determinations 

on all samples.  Wi th both methods of analysi s ,  the average error 

in individual determinations was �2%. Wi th the Kj eldahl method,  

ho\orever , thi s  el.'ror loias large relative to  the small :l..rtcreases of 
NPN being measured , particularly with th e  less  proteolytic strains. 

NPN determined by Kj eldahl analysi s increased, from an average 

value of 0. 042 g nitrogen/1 00 ml cul ture at th e  time of inocula

tion, by 25% for strains HP ,  ML1 and R1 , with an average increase  

for all strains of 1 7%, after 1 8  hr incubation at  35°C. Strain 

us3 ,  however , showed no increase.  By contrast ,  the level s of 

"tyrosine" determine d by the Hul l  method increased from 35% 

for the least proteo lyti c strains (AM1 , E8 , and us3 )  to 200% 

for the mos t  proteolytic strains (ML1 and c1 3 )  from an ini tial 
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Fig . 4.  Pro teolysi s by di ffer ent star t er s trai n s  grown 

i n  PSM for 1 8  hr at 22° C and 35° C from 1 %  i no cul a. 

Pro t eoly s i s  was m easur ed bo th by Kj el dahl analysi s 

( g  NPN/1 00 ml cul tur e )  and by the m e thod of Hull ( 1 947 )  

(mg t�To sine/5 ml TCA fi l trata ) .  
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l evel equival ent to 0 . 054 mg tyro sine/5 ml TCA fil trate.  The 

average increase for all  strains was 1 30%. 0 The resul ts at 22 C 

were similar but wi th a t endency for slightly less  pro teolysi s 

than a t  35° C. 

Path method.s of analy si s gave sub stantially equival ent 

resul t s  and graded the relative prot eolytic ac tivi ti es of th e 

star t ers in almo s t  the same order (Fig. 4 ) .  The Hull method , 

however , has the advantage of speed over Kj eldahl analy si s ,  and 

a much gr eater sensi tivi ty wh ich i s  especially valuable in 

measuring the comparatively low level s of proteoly ti c activi ty 

of some starter strains. 

Pro teol;y:si s b;y: star ter strains . 

!>non-bi tter "  strains AM1 ' 
E8 and us3 

th e ''bi tter "  strains,  such as  HP and 

"non-bi tter "  strains ,  such as AM2 and 

pro teolytic than some o f  the ' 'bi tter "  

A t  both 

wer e less  

0 0 
22 and 35 C th e 

pro teolyti c than 

z8 (Fig. 4) . However , o th er 

ML
1 ' wer e a s  much or more 

strai ns • Thua the finding 
.,. 

of Cordon & Speck ( 1 96 5a )  that a "bi tter "  strai n  was mor e 

prot eolytic than a "non-bitter "  strain in milk cul tur e grown at  

ei ther 22
° 

or 32
°

C was confirmed in  th e pr esent investigation 

for strains HP and E8 , but could no t be sub stantiated as  a general 

featur e  of all "bitter "  and "non-bitter "  strains. 
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Tn e d e a th ra t e  of star t er bac t er i a  in ch e e s e  h a s  b e en c o n-

si cl er e c. by s om e  au th o r s  to i n flu en c e  ch e e s er i p ening an d fl avour 

d evel opr.: cn t a s  o. r e cul t o f  th e l ib er a ti on o f  j n tr a c el lular 

e;. z� e s  (?ro.nkl in & Sh arp e ,  1 9 6 3 ;  R c i t er e t  al . ,  1 9 67 ) or th e 

l i mi ta ti on o f  th e l evel s o f  en zyme form e d  ( !  ... n d er s  & Jago , 1 96 4 ) .  

�n e ext e n d e d survival o f  c er tai n strai ns in th e ch e e s e  and th e i r  

c o n t i nu e d  m e tabo l i c  ac tivi t i e s hav� al so b e en i �pl i ca t ed i n  th e 

dev elopm ent o f  fl avour defec t s  ( P erry , 1 9 6 1 ; 'le damu thu e t  al . ,  

1 966 ) . 

An inv e s Liga. -: i o n  ·..:a s ,  th er efor e ,  un·i er tak e n  o f  th e bl'O'dh , 

survi val and pro teolytic  ac ti vi ty o f  s tar ter s trai ns i n  condi ti o n s  

iia i ch wer e  U.esi gr, e d.  to simul a t e  :;;ome  o f  tho s e  enc oun t e r e d  i n  

ch e e s cmaking and rr:a tura ti on . 

T.u. e  fo l l ov;ing s tar t er s  ue.r e  u s e d : .§.. cr e�ori s s trains AM'1 , 

Al�2 , c 1 3 ,  E8 , HP , 1viL 1 ,  R1 , us3 and z8 ; and S .  l ac ti s s trai ns H1 

and ML 0 •  TI1e fl avour ch arac t er i s ti c s  o f  ch e e se made wi th th e s e  
u 

s tr a i n s  have b e en de tai l e d i n  Tabl e I .  

S t o ck s t er il e sk i m  mi lk cul tur es wer e tran s ferr ed hli c e  

through pa s t eur i z e d sk im milk (PSM) 1vi th 1 2  hr incuba tion a t  

30°C b e fore being u s e d  as i no cula. Pr evrarmed PSM ( 1 , 000 rnl ) was 

ino cul ated iri th 2% ( v/v_) o f  th e s e  star t er cul tur e s  and i ncubated 

at 35° C unt i l  th e pH'  rea.ched 5. 2, the pH a t  whi ch Ch e ddar ch e e s e  
. . 

curd i s  normal ly sal ted. · A t  thi s point , 250. ml amounts o f  th e 

cul tur e uer e aseptically transferr e d  to 3 s terile fl ask s .  The 
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fi r s t  fl a sk co::1.ta.i ned. 2.  5 g Caco 3 only , t:q.e second fl a s1: 2 .  5 g 

Caco 3 and 1 0  g Xa. Cl , ancl th e thi r d  fl a s}c 2 . 5 g Ca co3 an d 1 2 . 5  g 

ra �a . ':bus  al l th e cul tur e s  tra�1 s f err e d  to th e s e fl asks con-

tai ne\.L 1 %  ( >·/v)  Ca C0 3 ' v;hi l e  cul ture s i n  b e  second and th ird 

fl ct sk .;:;  con tai n e d  in  ctddi tion 4 an d 5 %  ( v;/v ) !\a Cl r e np e c ti vely . 

':'h e  Ca. co3 hel d th e pli con s tant a t  c l o s e  to the approxi ma te pH 

o f  ch e e s e , and th e l ev els of  NaCl errploye d were  o f  th e order of 

th e " so.l t-in-mo i s tur e "  l ev el s  commonly found in commer c i al Ch eddar 

ch e e s e s  ( La,.;r e n c e  & ·}i l l e s , 1 969 ) .  · 

T'n e cul ture s  '""e:::- e th en co o l e d  to 1 3°
C in a wa ter bo.th and 

held for 1 ·� day s a t  thi s tenp erature . In comiTiercial prac ti c e in 
0 ?!e w Zeal and , Ch ecldar ch e e s e  i s  i ni t i.::J.l ly kept  at 1 3 C for 1 4  day s ,  

fol l owed by sub s equ ent m a turi ng a t  7 ° C . 

Pro teo::..y::;i s . Th e  cour s e  o f  pro t eo lysi s of th e cul tur e s  wa s 

fo ll oHed by th e m e tho d o f  Hull ( 1 911-7 ) as d e scri b e d  earl i er (p . 4 1 ) . 

Sampl e s ,  approxi:n :::�. t el y  1 0  ml , -...;er e tak e!"l a t  th e time  of ino cul a-

t i o n , again at th e s tage 1v-h en th e cul tur e s  r ea ch ed pH 5 .  2 ( L e . 

i mm e di a t el y  b efor e th e a ddi ti o n  o f  lTa Cl e.::1d Ca co 3 ) , and at 

int erval s duri ng th e sub s equen t p eriod  a t  1 3
°

C.  Undi ssolved 

Ca co 3 i n  th e s ampl e s  wa s r emov ed oy c entrifugation,  and pro t ei n 

in a 5 ml sampl e o f  th e sup erna tan t cul tur e wa s pr ecipi ta ted by 

th @ a�di ti 9 n  gf 1 0  ml g f  1 2% TCA . 

Grow· th and survival of starter . The increase in c ell 

num::,ers 1-;a s d e t ermined by bl ending and pour pl_ating a s · described 

earli er ( see sec tions �n r.�edi a an d Pl a t e  counting , p .  28 and 29 ) 

a t  th e time o�f inoculation and again at th e s tage w·h en th e 

cultur es had r eached pH 5 . 2 . Th e  survival of these s trains in 
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th e prc ze"!'lc e of :'�et. Cl and Ca co 3 d'.lr i ng th eir sub s equent i ncub a t i o n  

a. :  1 3° C  ·._-a s si m i l arly d e t ermi n e d .  Al though l'YaCl al o n e  effec t e d  

so:1� e :ra c;n en ta t i o n  o f th e lont; chai. n s  o f  s tr ep to c o c c i , a s  sh oim 

by !:" :: cro s c op i c  exarr:i r.a ti o n ,  c ons i s t en cy i!'l s i z e s  o f  th e col ony-

::'o r:;: i nz-;.;.ni t s  v:.J. s e� sur ed bj' th e 30 s e c  .p er i o d  o f  bl ending . Thi s 

al l o ,; ed val i d  c orr:p etri sons to b e  made b o th between th e contro l 

cul tur e s  'hi. tn.ou t :L:a Cl a:1d th e cu1 tures  c o ntaini ng 4 and 5% NaCl , 

and b c h1oen th e di ffer e n t  s trai n s .  Bl endi ng di d no t adver s el y  

etffo c t  the r ec o v ery o f  th e Xa Cl - tr ea t ed cu l tur e s .  

Ponul ati o "!1 s  et tt eti nod. Pl a t e count s on th e cul tur es ma d e  a t  

th e tir:1e o f  i n o c�� l a t i o n  an d a t  th e s tage ·vih en th e p H  had r ea ch e d  

5 .  2 ar e pr e s ent e d  i n  ':'abl e I I .  T'n e r e sul t s r epresent th e ·  ave�age s 

o f  thr e e  s epara t e  de term i na t i o n s  o n  each s t r a i n .  

�xc ep t for 1lL1 ,  th e ini tial count s o f  the s tr ai n s  1ver e v ery 

simi l ar .  The �. l a. c ti. s s trains (H1 and 1rr,8 ) h aci sl i gh tl y higher 

coun t s  ( 1 . 8  Z 1 07 cfu/�1 ) than th e o ther (�. cr em or i s ) s�rains 

(average 1 . 4  X 1 07 c fu/ml ) . The h i gh e s t  popul et t i o n s  vrer e a t tai n e d  

by th e S .  lac ti s s tr ai ns ( average 8 . 9  X 1 08 cfu/ml ) aft er und er

go in0 8 . 7  7. 1 08 c el l  divi s i o n s  (range 8 . 4 to 9 . 0  X 1 08 ) correspond

i ng to 5 . 55 (range 5 . 5 to 5 . 6 )  doub l i ngs o f  th e popul a.tions <luring 
/ 
growth to pH 5 . 2.  Th e populations of the �. cr em or i s s trai ns at 

8 pH 5 .  2 var i e d  c o n s i der ably b e tueen strains from 1 .  9 X 1 0  cfu/ml 

for ML 1 to 6 .  2 X 1 08 cfu/ml for z8 , wi th th e average for al l 

s .  cr emor i s streti ns 4. 0 X 1 08 cfu/ml . Th�s represented an av erage 

of ] . 8 X 1 08 c e1 1  divisions (range 1 . 8  to 6 . 1 X 1 08 ) during growth , 

corre sponding to an average of 4. 8 population doublings (range 4. 2 
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T T  
� - .  Inc:- ea. s e  o f  s tar ter pop'.lla tions durinG gro•qth i n  

Popula tion s o f  cul �ur e s  
· ( c fu ·x 1 0-B/ml ) � * 

ini tial ly on a t t ai n
i ng pH 5 . 2 

0 . 1 7  

0 . 1 5  

o . 1 6  

o . n 

0 . 1 8  

0 . 1 4  

0 . 066  

0 . 1 8  

o . n  
0 . 1 5  

0 . 1 4  

4 . 3 

3 . 0 

4 . 3 

4 . 2  

8 . 6 

3 . 9 

1 . 9 
9 . 2  

4 . 4 

3 . 8 

6 . 2 

l'�o . of  
c el l  

divi si ons  
( X  1 0-B ) 

4 . 1 

2. 9 

8 . 4 

1 .  R 

9 . 0 

4 . 2 

3 . 7  

6 .  1 

0 
* Ino cul a vTer e 1 2  hr 30 C PSI\.f cul tures . 

::-�o . o f  
popul ati on 
doubl ings 

4. 6 

4. 2 

5 . 0 

4 . 8 

5 . 6 

4 . 6 

4 . 6 

5 . 4 

** D e t ermi ned by pl a t e  c ounting a s  described i n  t ex t .  



to  5 . 4 ) .  S trai n s  11:1 1 ,  .u�2 and us 3 , v::,. i ch ar e al l r egar ded a s  

" ::;l o ,,; " s ta.r t or s  in  ch e e s e;nak i ng ( Lav:r enc e  & Pear c e ,  1 968 ) ,  
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und. en�ent f e1H;.r c el l  divi sions duri ng gro v1th to pH 5 . 2 ,  and i t  

i s  t:l::.t.:. s  r eadily ap:;Jar cnt th a t  th e pro :lu c ti o n o f  a c i d  p er c el l  

di vi si o n  vri th th e s e  s trai n s  i s  h i gh r el ative t o  th e o th er "fa s t "  

Ef!ec t o f  2� 80 �  and Ka Cl o n  pH . A : t er th e a ddi ti on o f  
..J 

Cc. CO ..., al o n e , or bo th Ca CO ..., a nd Na Cl to th e cul tur e s a t · pS: 5 . 2 , J J 
the p� con tinued to :al l to b e tw e en 5 . 0  and 4. 8 by 24 hr . 

Tn cr ea f t er i t  r e:na i n e d  fairly con s tant or i n c r ea s ed sl o1-:ly by 

C . 1 to 0 . 2 uni t durin� th e n e x t  1 3 day s .  

S tar -'; o:..� :::; :J.rv�.v:1l i n  th e ab s en c e  o f  ::�a Cl . 'I"n e s ta:r te.r 

pop'.lla t i o n s  continu e d  to r i s e  sl i gh tly dur ing in cuba ti on a t  1 ]° C 

a f t er th e a dd.i t i o n  o f  CaCO ... . Tn e maximum popul a t i on s  \·:er e r each ed. .5 
b e t;·: e en th e  fi rst and thir d days , and th erea f t er th e popul ati ons 

o: rr.o s t  s trains decl i n ed. only sl i gh tly (<: 2-fol d ) (Fig . 5 ) .  'I"n e 

exc ep ti ons  i·rer e th e "non ;..bi t t er "  s trains A:·.r1 , A:.:2 and us3 whi ch 

d e c l i n e d  2 . 5- , 5- and 8-fo l d  r e sp ec tiv el y frolTl th eir maxima . 

S " t . 1 . t' .CO M P  "'' Cl ·uar - - er survJ. va . l n  n e  presenc e 0 .1.  '+'" l'•a • The popul a ti o n  

o f  s .  lac ti s strai n H1 co nti nu ed to r i s e  sli ghtly even i n  the 

pr e s enc e o f  4% NaCl and th e maximum population o f  1 . 2  X 1 09 c fu/ml 

wa s a t tai n ed at 2 days (Fig .  6 ) . Th i s  i\'a s almo s t  i den t i cal to 

i t s  b ehavi our i n  th e ab s enc e of Na Cl . Th er eafter th e population 

decl i ned sl owly £• 3-fo l d  to 5 X 1 08 c fu/ml by 1 4 day s .  The 

addi tion of NaCl ch e ck e d  furth er inc r e a s e  i n  c el l  numb er s o f  th e 

o th er s trains . Th e  popul ation o f  �. l ac ti s  1�8 al so d ecl ined 

sl oi-rly from its i ni tial l evel of 9 X 1 08 
cfu/ml t o  2 X 1 08 c fu/ml

. 

a t  1 4 day s .  
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Survi val o f  s tar ter s  a t  1 3° C i n  rSM i n  th e 

pr e s c!'lc e o f  1 %  Caco
3 

an d o% rraCl . Counts a t  day "0 " 

corr e spond to th e coun t s  of th e cul tur e s  at  pH 5 . 2 

immediately b efor e  th e addi ti o n  o f  Ca CO J ( s ee Tabl e I I ) .  

For th e sake o f  cl ari ty th e indivi dual poi nts hav e  b een 

omi t t e d  from th e graph s and tabul a ted h er eunder . 

Pl a t e  count ( c fu X 1 0-8/ml ) a t  

S trai n 2 hr 1 d 2d 3d 5 d  7 d  1 0d 

XV ;t . tl- 4 . 0  5. 4 4. 3 2. 8 3 . 2 2 . 4  
A . . '� ] . 9 4. 5 5 . 4 4 . 0 3 . 9 2 . 8 3 . 1 

;13 4 . 6 5 . 1 4 . 6 5 . 6 5 . 9  5 . 9 5 . 5 �·s 4. 4 5 . 9 6 . 9 6 . 3  R . 5 6 . 9 6 . 1 
H

1 9 . 3 1 0 . R 1 3 . 9  1 4 . 0  1 5 . 6  1 1 . 5 1 tl- .  0 
IT!' 7 . 3  6 . 8  8 . 6 8 . 6  6 . 4 1 . 0 7 . 2  
},'L 1 2 . 7 2 . 6 2. 4 2 . 5 2 . 9 2 . 3 2 . 4  
l\ I'T  9 . 6  9 . R 1 0 . 9  9 . 1  9 . 5 7 . 3 6 . 5 � �8 .. ( .t 4 . 8 9 . 5 9 .  1 1 . 9  6 . 9 6 . 3  1 .  '1 "CS J 6 . 0 4 . 6 4 . 7 4 . 6 2 . 3 1 .  5 1 .  0 

28 8 . 5 7 . 5 8 . 2  8 . 9 7 . 6 7 . 8 8 . 0 

1 4d 

0 . 11 
2. 1 
� . 8 
4 . 9  

11 . 2  
5 . 1 
2 . 2 
5 . 7  
8 . 2 
0 . 6 3  7 . 3 
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Fig. 6 .  Survival of s tar ter s at 1 3° C  in PSM in th e . pre sence 

of 1 %  Caco3 and �% NaCl . Counts at  day "0 " correspond to the 

count s of  the cul ture s  at pH 5 . 2 imm ediately before th e 

addi ti on of  Caco3 and Na Cl ( Tabl e I I ) .  For the sake of  

clari ty ,  the i ndivi dual points h ave b een omi tted from th e 

graph s and tabulated h ereunder : 

Pl ate count ( cfu X 1 0-7/101 ) at 

S train 2 hr 1 d  2d 3d 5d 7C.. 1 0d 1 4d 
A.r: 1 8 . 3 5 . 6  3 . 0  3 . 4 2.  1 1 .  1 1 . 3  1 . 3 
AJ� 1 9 . 0  1 . 4  0 . 66 0 . 48 0 . 44  0 . 25 0 . 094 0 . 09 3  . . 2 i1 3 30 . 0  6 . 2 0 .76  0 . 1 9  0 . 1 1  0 . 1 9  0 . 038 0 . 0 1 8  

_s 4 2 . 0  44 . 0 35 . 0  29 . 0  2 3 . 0  1 7  . o  1 0 . 0 1 . 7  ."i1 9 3 . 0 96 . 0  1 23 . 0  1 09 . 0  1 1 3 . 0  BB . o  69 . 0  47 . 0  
�p 1 3 . 0  4 . 1  4 . 5 3 . 2  2 . 2 1 . 5  0 . 7 6  0 . 2 
!I"L 1 1 2 . 0  6 . 3 6 . 2  5 . 1  4 . 3 3 . 1 1 . 5 0 . 48 
1.IT,8 8 2 . 0 68 . 0  47 . 0  56 . 0  6 1 . 0 46 . 0  40 . 0  2 1 . 0  

R 1 2. 0  5 . 8 3 . 2  3 . 5  2 . 2 1 . 3  0 . 58 0 . 1 4  
us 1 24 . 0  S . tt 5 . 5 4 . 1 2. 8 1 . 4 1 • 1 1 . 1 

z3 45 . 0 35 . 0  28 . 0  26 . 0  22 . 0 1 9 . 0  1 5 . 0  9 . 7 e 

,. 
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5 3 

s .  cr ol7lori �; s t:-ain s apart from E8 and z8 exhi bi t ed very 

rap i d  rates o f  decl i ne i ni tial ly , par ti cu l a�ly over th e fir s t  24 

ln· , 1vi t� the popul3. tions general ly decr easing 5-fo l d .  T'aer eaft e1· 

th e s trai n s  ui d no t decl ine GO rapi dly • S trai n c 1 3 exhibi t e d  

by f.:ll' t :-.. e [;T ea t e s t  decl i n e· i n  popul a t ion , decr easing to 

1 o:J c fu/r::l i n  1 4 day s , and Kas fol l oi·ied in or d.e:r by s t:-ai ns A!.·2 , 
"!:TT> 
. . .  } 

6 n .. 1 , A:.�1 and us 3 ,  Kh i ch r each e d  l evel s b e h<een 1 0  and 
'7 

1 0 ' c fu/;r; l .  

S trai ns z8 a�1d :s8 di d no t decl i n e  a s  rapi dly a s  th e o th er 

s trai n s ,  ei th er ini tially or sub seC]_u en t1;:r .  Af t er 1 4 days th e z8 
popul o.ti on had ·iccl i ne d about 6-fol d to 1 08 c fu/rr.1 and th e E8 

popul o. ti on 1 4-fo l d  to 3 X 1 07 c fu/ml . 

S ta:r· ter survi va.l i n  th e  pr e s er1c e o f  57( ��a Cl . J..'any o f  th e 

fea tur e s  o f  survival i n  th e p r e s en c e  o f  4� Xa Cl wer e al so obtained 

i n  t':1 e p r e s e:: c e  o:: 5'! Xa Cl ( Fi e.  7 ) .  T'a e r a t e s  o f  p opul a ti on 

decl ine  vicre of t�1 e sam e  or der fo r mo st s trai n s ,  bu t  th ere Her e  

no tabl e exc ep ti o n s .  S trains H P  and �� exhib i t e d  markedly b e t t er 

survival in th e pr e s enc e of  5% Na Cl , d ecl i ning to  populations of  

.£• 4 X 1 07 cfu/ml a t  1 4  day s , compar e d  to .£.• 3 X 1 06 in th e pr e s enc e 

of 4� ���a. Cl . S tr ai n n.• al so survi v e i  b e t t er i n  th e pr esence of . . .  2 
d 5/ !) Na Cl , decl ining to a popul a t i o n  o f  4 X 1 06 a t  1 4  day s ,  than 

in th e pr es enc e of 4% Na Cl ( 9 X 1 0 5 c fu/1":11 ) . The onl y s trains to 

decr e a s e  to si gni fi can tly l ower l evel s on th e pr e s en c e  of 5% 

compar e d to 4/1, �Ya Cl wa s A1�1 , th e c ounts at 1 4 days b ei ng 8 X 1 05 

and 1 07 cfu/ml r e spec tively. 
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Days 



Su.rvj_v-.?..1 o f  s t2..r t or s  e.t 1 3° G i n  PS�.� i n  t� e ur e s en c e  

o f  1 ;. CetC0 3 e.nJ. 5�1' :To.Cl . Count s a t  d.ay "0 " corr e spond to  th e 

count ::; o :  th e cul tur e s  a t  p"I 5 .  2 ir.m e di a t e l y  b efore t!-'. e 
� r. -". 1· -': 1. O "' • .  o ·" "' ·, "0 - 1' '' "�",., ,. ,  ( ,.,b., ., T I )  - � (; - J.. 'J C V  "') ....;.. .. u.. • O:.... '.J l .... ......., ..:_ l;; ..... . , • 

� 

c l o.:- i  �y , th e indi vi ch.:.�l p o i n t s  have been orri t ted fro rr  th e 

c;raph ::; c:.r. -:1  -::.a 'hul a t e d  h cr c:�n d er : 
/ 

Plate coun t ( cfu X 1 0-7/r;l ) a t  

Str�d n ,...., c:.:.1r 1 rl 2 d  1 ' _, Q  5rl 7 d  1 0d 

M/ r . o  J . ti  ,.., 0 2 . 6  1 . 5 1 .  0 0 . 1 3  6 1f1 (_ . ,_ 

1 1 . 0  !: t; ,.., C, 2 . 3 1 . 7 1 . 3 0 . 6 5  . . ..  ,.., 1 • ./ .:._ . ...... 
....., .:. 2 2 . 0  1 2 . 0  2 . 0 0 . 5 0 . 1 1  0 . 05 0 . 0 1 9  v � ") "':' I .J :�7 . 0 .� ? .  0 3 2 . 0  23 . 0  2 1 . 0  1 2. 0  3 .  1 -'(') 

T T·.,./ 3 5 . 0  1 05 . 0  1 1 1 . 0 1 0 2. 0 8 ? . 0  1 05 . 0  p 3 . 0 u�1 3 1 . 0  24 . 0  ? 3 . 0  1 6 . 0  n . o 1 2 . 0  P . 2 
!:rL1 1 3 .  0 /' "7 5 . 5 5 () � .  {1 2 . 7  1 .  3 :: • I . ... 
' rr I 5 5 . 0 59 . o 5 0 . 0 t: 1  f'\ 5 3 . 0 38 . 0  J:) . O j , - 0 _,) ..) .  \ )  -q ·  = �  . o  27 . o  ':> !1  ('I 2 3 . 0 1 5 . 0 ' 1 5 . 0  1 . 0 " ' 1 .._, ... . V 
TT,... I I ' 
� '" )  ::t) . O  0 . h 1 0 . 0 1 0 . 0  3 . 9 6 . 6  2 . 1 

? �  �s 4 1 . 0  40 .0  37 . 0  37 . 0  32 . 0 26 . 0  1 5 . 0  

1 4  

0 . 032 
c .  39 
0 . 009 
1 . 4  

6 4 . 0  
3 . 6 
0 . 5  

37 . 0 
3 .  1 
o . t,P· 

1 0 . 0  
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TTo t ooly::;i s b-r th e s tar ter s tr3.i n s .  

�� � ITP e ffec ted about 1 0 time s  more pr o t eo ly si s thCLn s train s US] 

ar1d ).�.-1 dt:.r i n c  their .;::owth in PS:.r at 3 5° C to piT 5 .  2 ( Tabl e  I I I ) .  

T'n e order ob tai n c •i by grouping th e s trains from 1 e CL s t  to greJ. t e s t 

pro t eol;;,r ti c ac ·ti vi ty 1-m s s imi CLr to that ob tai n e:i earl : er wi th 

c'.l l tur e s  sroim for 1 8  hr at 35° C  ( s e e  ?i g .  4 ) .  

E�fc c t  of rCL Cl on s t ar t e r  pro t eo lys i s . Th e  e ff e c t  o n  

-P "-h "" .._ , · b .._ t ... 1 3° ·"' -.�h en ° "' 0 - "'' Cl _ t:.r � e- pTO c eo .._ysl S y s .,ar er s a ..,  � . v3. '" .,  anQ . .  a 1ver e 
J 

J.�J o J  i s  de ta i l e d  i n  Figs 8 ,  9 an d 1 0 .  In th e  co n trol cul tur e s  

. � '  t �- Cl ( -:-. ·  8 t 
. � ...,. ' . ' . .._ d h ... t i."J.. .;;1 ou · . . a , .: l g .  1 , s ral n . .u 1 exnl Ol .. e t e gr ea ve s amount 

o f  pro t eo l:,· si s fo l l ov:ed by s tr ai n s C 1 V E:P and r. 1 • L ea s t  pr o

teoly si s wa s ex.''libi t ed by s trai ns U'3 3 '  ;.�:1 and E8 • 

In th e pr e s enc e o f  41 �:a Cl ( Fig. 9 ) ,  pro �coJ y s i s ,  po.r ti cub .rl y 

by t?l e rr1ore a.c ti"fte s trai n s  w·a s r e s tr i c t � C. to :J..bout hal f th e \ra.lu e s  

ob tai n e d  i �  � e  co n tr o l  ct:.l tur e s .  Tne l ev el o f  " tyro s i n e " fo r 

YL 1  CL t 1 4  day s i n  th o ab s en c e  of �Ja Cl 1·ra s 0 .  37 mg c orr.par ed to 

0 .  2 r.:g in th e pr e s en c e  o f  47 1•:a Cl . ':'11 0 cor!1parabl e valu e s for 

s�rCL i n s  z8 and ;.T8 �·:ere r educ e d from .£.• 0 . 24 to 0 . 1 1 .  Pro teo ly s i s 

by th e l e s s  ac tive s trai n s , US 3 ,  At•1 and E8 , Ha s pra c ti cally 

unaff ec ted by 4;f. :r-:a Cl , and th e val u e s  at 1 4  day s 1v er e i n  th e 

rane-e o f  0 . 04 to 0 . 07 mg "tyro sin e " . 

T'n e effec t of 5/"!. Xa Cl vras to inhibit starter prot eolysi s 

sl i gh tly rr:or e than di d. 4/� :i'ia Cl ( Fi g. 1 0 ) . The m o r e  pr o t eo lyti c 

s trains wer e again gr ea tly aff e c t e d ,  iVh er eas th e ac tivi ty o f  th e 

l e s s  pro t eoly ti c  ::; trains -rras only sl i gh tl y  i nhibi t e d .  

Influ enc e o f  Ea Cl on s tar t er surviv al and pr o t eolysi s . I t  

i s  appar ent tha t l!a Cl m ark e dl y i nfluenc e s  th e survival and 
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Ta"J:::. e III . Pro t oo l y si 3 by s tar. t or G tra:!. ns duri ng gro •,r th 

/ 
-�( S�.r:1 .:. r: �ro -7-. c o l  " ' 8 :  s 

T�� 
0 . 005 U ....J � ..) 

� " .r .� ... 1 o . oo6 

-o 0 . 0 1 1  
u 

H1 0 . 0 1 1  

Zo 0 . 039 u 

• v  
... "1...ll , r')  O .  Ot1 0  

c. 

�no o .  0.1 0 
._, 

,.., 0 . 05 5 "' 1 .3 
"C'"D 0 . 055 ..... 

1.'.L 1 O .  C6 2 

R
1 

0 . 07 4  

x ?ro t. eo:l.;,r :.-; _;_ 8  ·,; J. s  JTl e.J. sured. by th e m e thod o :  Hull ( 1 947 ) 

3. S  th e incr e a s e  i n  :ng tyro sine/5 r:;l TCA fi l tr a t e  fr or.: 

th e ti :n e  o f  i no cul ati o:l unti l th e cul tur e a t tai n e d.  pH 5 .  2 .  



�i g. e .  :?ro teoly si s by star ter s in PSM a t  1 3° C  in th e 

pr e s c:r: c o  o f  1 �  Ca CO 3 and o% 1TaCl .  Proteolysi s vra s determined 

b y  �l,_ e r.1 e th o C.  of Hul l ( 1 9 �7 ) .  Valu e s  at day "0 " correspond 

to th e a;rount s of pro teolysi s effec t e d  b;>r th e cul tur e :::; during 

th ei r gro,·r-':;h i n  PSl' n. t  35° C to piT 5 . 2 ( Tabl e III ) .  For th e 

so. � c  o f  c l ari ty ,  the i nd ivi du al point s have b een omi tted from 

the c:rapl, s and t.n.buJ J.ted h er eunder : 

Pro t eolysi s 
* 

at dc3.y 

Strai n 1 2 3 5 7 1 0  1 4  

A�' 0 . 007 0 . 006 0 . 0 1 0 0 . 0 2 2  0 . 0110 0 . 01, 5  o . o 6P 
x:.� 1 0 . 04°> 0 . 07 7  0 . 07 1  0 . 1 2 3 0 . 1 50 o . no o. 1 60 2 c

1 3 
0 . 1 25 0 . 1 6 6  0 . 1 8 1  0 . 2 1 1  O .  23R  0 . 2 57 o .  306 

"' o. oo8 o . o n 0 . 0 34 0 . 0 3 1 0 . 0 5 6  0 . 07 1  0 . 07 2  ;.e. o .  0 3 1  0 . 0 6 1]. 0 . 07 9  0 . 1 00 D .  1 2 1 0 . 1 24 o. 1 57 
rr.;; 1 

0 . 098 0 . 1 35 o . 1 8 2  - .0. 1 9 4  0 . 208 c .  257 0 . 2n,3 
�"1 1 0 . 1 '1 4  0 . 1 7 8 0 . 1 98 0 . ? 5 1  o.  246 o .  3 1 ? 0 • .37 4 
1:'1.8 0 . 069 0 . 097 0 . 1 26 0 . 1 50 0 . 1 7  4 o .  20 1 o .  228 

'Q 0 . 1 30 0 . 1 60 o .  1 6 1  0 . 200 0. 20·'3 0 . 250 0 . 280 
us 1 o . oo8 0 . 0 1 4 0 . 0 1 3 0 . 023 0 . 0 25 0 . 0 27 0 . 045 3 

0 . 078 0 . 1 1 9 0 . 1 58 0 . 1 8 1 0 . 204 0. 1 99 0 . 254 z8 

* 
Inc1· case of m� tyrosine/5 ml TCA fil trate from th e 
time of inoculation. 
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') and 1 0 .  ?ro -teolysi s by star t er s  in Pm! a t  1 3°C  in th e 

pr e s �n c e  o f  1 %  Ca co 3 and ei th er 4� Na Cl ( ?i g. 9 )  or 5% !ar,l 

_ (::'ig . 1 0 ) .  Pro t eolysi s -v;a s  m e a sur e d  by the m e th o d  of Hull  

( 1 947 ) .  Value s at day "0 " corr e spond to th e .:trr:ount s o f  

pro teol y si s effected by th e cul tur e s  dur i nB their gr ovrth i n  

!'S1.� a t  35° C to p� 5 . 2 ( Tabl e III ) .  For th e sak e  o f  cl ar i ty ,  

th e i n divi dual poir.t s h av e  b e en omi t t ed from th e cr aph s and. 

tabul a � e :l h er eunder : 

Fi g . 9 :  
Pro t eoly""i s a t  day 

3 �rai n 1 2 3 5 1 1 0  1 4  

AI� 0 . 0 1 5 o . o n  0 . 026 0 . 028 0 . 032 0 . 047 0 • .  06 5 

AY1 0. 0 38 0 . 049 0 . 0 5 3  0 . 057 0 . 056 0 . 065 0 . 061 ;2 0 . 016 O . OR4 0 . 094  0 . 09 3 0 . 1 1 9 0 . 1 1 5 0 . 1 49 
v 1 "> "':;' ..J 0 . 022 0 . 032 0 . 033  0 . 060 0 . 069 0 . 064  0 . 011 '-'8 
H 0 . 031 0 . 0 30 0 . 042 o.  0,1 0  0 . 0� 3  0 . 055 0 . 064 

HP1 0 . 076 C . 082 O . C')4 0 . 1 29 0 . 1 2 1 0 . 1 49 o .  1 19 
].:1, 1 0 . 0? 1  0 . 1 06 0 . 1 06 0. 1 34 0. 1 30 o . no 0 . 1 99 
ML8 0 . 060 0 . 057 0 . 06 1  0 . 08 1  0 . 077 0 . 09 1  0 . 1 1 3 

R 0 . 096 0 . 1 1 4  0 . 1 1 1  0 . 1 42 o . 1 4 1 o .  1 56 o .  1 68  
'[_;C'1 0 . 005 0 . 0 1 2 0 . 0 1 1 0 . 02 1 0 . 025 0 . 025 0 . 042 

..;3  z8 0 . 04 4  0 . 054 0 . 08 3  0 . 011 0 . 082 0 . 092 0 . 1 1 0 

H' '  - l g . 1 0  
Pr o t eo ly si s a.t day 

S trai n 1 2 3 5 1 1 0  1 4  

AM 0 . 009 o . o n  0 . 020 0 . 020 0 . 029 0 . 0]8 0 . 051  
.u 1 0 . 032  0 . 060 0 . 052 0 . 055 0 . 054 o . ose 0 . 059 

' 2  c 1 3  0 . 066 0 . 08 1  o . oeo 0 . 094 0 . 094 0. 1 08 0 . 1 22 
E 0 . 0 1 6  0 . 0 3 1  0 . 034 0 . 052 0 . 058 O Q 06 2 0 . 066  
� 0 . 032  0 . 029 0 . 03 2 0 . 031 0 . 0� 4  0 . 04 1 0 . 051 

HP 0 . 01 4  0 . 06 8  0 . 086 0 . 1 1 1  0 . 1 00 0 . 1 09 o .  1 26 

11L1 0 . 077 0 . 094  0 . 09 3 0 . 1 1 5 0 . 1 1 4 0 . 1 38 o . no 
ML8 0 . 058 0 . 05') 0. 060 0 . 01 9  0 . 066 0 . 082  0 . 09 2  

R 0 . 090 0. 1 03 0 . 099 0 . 1 1 1 0 . 1 1 3 0 . 1 26 0 . 1 37 
us1 0 . 005 0 . 0 1 0  o . oc8 0 . 0 1 6 0 . 023 0 . 0 1 8 0. 028 

z3 0 . 045 0 . 050 0 . 01 2 0 . 01 5  0 . 084 0 . 085  0 . 09 3 
8 
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:pr o -t '::o l y t i c  ac tivi ty of th e vari ou s s tar t e:::- s trai ns to di f f er en t  

c ::: t cn t s .  A s  'ir.::t s t o  b e  ex.t'ec tcd i n  vi cvr o f  pr evi ou ::; r epor t s  (P erry 

&: l'c Ci l J ivro.y , 1 96 .1 ) ,  th e s tro.ir, s  o f  

:::� 1 rv:i v e d  ru e b e t t er j ::1 th e pr e s er. c e  o f  e:i th er t', or 5'1 ��.::. Cl th an 
+,_ o c: ,�-. c..,.. o r .;  ,.. lol l� .::..• V l , I )  s trai. n a . Amonest th e � e  1 �t t or s tr:1� n s , th e 

survival i �  th e pr e s en c e  of �a 81 v.::tri ed c o n s i � crab l y  b e tw e en 

s t:::-ai n s ,  and e7en Ki th in o n e  s tr3.in at  th e t�-ro l eve] s o f  Ka Cl . 

"':'l e en:-..anc ed survi va l  o :f."  s o rn e  s trai n s  s;.1 ch a s  HP a t  t:-.. e h i Gh er 

l ev el o f  Xa Cl i s  di ffi cul t to e:xl_) l a :i n ,  bu t i t  cou l d  po s sibl;;r b e  

a t tr i bu t ed to sl i gh t  var i a t i o n s  i n  pH c l o s e  to 5 . 0  Hh i ch ar e 

kno,,m to rr.ark e dl y  al t er th e solubi l i ty o f  th e c a s ei n  (Lavrr enc e 

& G i l l e s ,  1 969 ) .  

Compa:c cf!. to tl.J. e val u e s  o·o t.:..i i'tc d i r.. th e ab s enc e o f  l'Ta Cl ....._·h en 

e;o o d. ,  pro t e o l Jr s i s  by th e '-: t:::-a2. ns d e c r ea s &d 

by �bo u t  ha: f i n  the ./ 
pr e s er,c c  of 41-- and by s1 it;h tly rr.ore i r. th e 

pi' 8 S 8llC 8 'lbi s o ccurr e d  -,;:t e th er th e s tr.:.. ins survi v e d.  

v;el l ( e . g. };1L8 ) o r  di ed. o u t  v ery r ap i dl y  ( e . g • .  c 1 3 ) .  I t  vioul d 

app ear , t.r. or e fore , tha t  th e surv::.v etl o f  tll e star t er i s  no t 
nec e s sar;y for c o n t i nu e G.  pro t e o J y t i c .s.c tivi ty ,  and. that the d e a th 

o f  th e c el l s do e s  no t erll�r1c e :pr o t eolysi s a s  th e r e sul t of th e 

l i b eration o f  i n trac ellul ar enzym e s. 

P.:owev er , go o d  SUJ;'vival o f th e s tar ter s may r:ever th el e s s  b e  

ir:1por tant for the c o n t i nua t i on o f  o th er m e tabo l i c  ac tivi t i e s  

-v:h i ch may b e  r e sponsib l e  for th e pro duc t i o n  o f  th e ' ' frui ty " 

fl avour defec t in cheese typ i cally a s s o ci a t e d  wi th s trai n s  o f  

s .  l a c ti s su ch a s  H1 and :ML8 (V e d amu thu e +.  al . ,  1 9 6 6 ; La-v:r e n c e  

& Pear c e ,  1 9 68 ) .  
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V .  PRO TEOLYS I S  BY R:s1"1-:ET 

6 0  

.A :  TR:S EFFECT OF Na Cl 

It i s  dj ffi cul t to a s s e s s  �� e r el a ti v e  contri bu tions o f  

cor::· e cpo:r.dj :-.g to th e period o f  cl: e e c e:r: �b .. r.c ,  :2-no :3ub se<;..uent 

:pro t eoly si s is .:1f:�ec tec by 2�a.Cl . It -:·:as  d e s:;..rabl e ,  th erefo r e , to 

t;:.J.i r: co;;:e kr ... o·  . ..-l e dge of th e pro t eo ly ti c a c tiv i ty of r onr. e t  al one 

pr c c snc o o f  o ,  1 , '1 3 A ' r:: r<' 
c. , , tt :::.na -;; I" o.t t emp era tur e s  

'rh c  l ev e] :::; o :'  �::::. Cl 'iv 8r e ch o s en to i nclude tho s e  
l ev 0J s u s e U. i n  the s tudy of  th e effe c t o f  :�aCl on pro t eolyti c 

a c  -:i  vi  ty and su:rvi '!G.} of th e s tar t er s tr ep t o c o c c i , as  well a s  

th e l evel s ,,·hi ch S taC:....1. ouC.er s ( 1 9 6 2 ) r epor ted a s  b eing optirr.a.l 

fo r r e�net pro t eoly si s . 

PSM wa s prepar ed. i n  1 000 ml l o t s ,  adju s t ed to pE 5 .  2 vli th 

1 0�i lac ti c  ac i d  (appro:drr.ately 30 ml ) ,  and so l i d  NaCl added to 

th e l av el s r e1uir e C. . Ker thiolate ( Elanco Procuc t s  Co . ,  

IndianapoJ. i s , U. S. A. ) wa s added ( 25 mg/1 ) to pr event th e growth 

o f  th e f e-....r th ermo duri c  bac t eri a i n  th e  PSI1�. Renn o t  uas then 

added at the ra t e o f  1 0  ml of a 1/5 0 th di lution in di s till ed 

-v;a t er o f  c omm ercial r enn e t  extrac t to 1 000 ml o f  PSM. Th i s  i s  

equival ent to 22 ml r enne t/1 00 1 milk ( 3� flui d o z . / 1 00 gal ) , a 

l ev el commonly u s ed in  com� er cial ch eesemaking practi c e  in thi s  

' 
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cour.: try . ::::IT'm8 �i a -t e1 y  after ad.c i n.z th e r e.rme t ,  t!le 1 000 ml l o t s  

o f  I'Sl'.: ;·.' or e G.i s tr i ou ted in 1 00 n l  l o t s  ar.c: i ncub a t e d.  o. t  'th e 

r equi r ed t er p era tur e s .  

':':: e c cu::· s e  o f  pro t eo �y si s �ra s f o l l o-o:;eG. by th o Hul l  rr. e th o d  

ar: d. :tt 1 ,  2 ,  2 ,  5 ,  7 , 1 0  ar:G. 1 4  day s . T'.2e r enr. e t  c o a6J.l a t e d.  th e 

PSr COl"J t :;.i nint; up to 2% ��o. Cl ,  ar.:. d ,I:, en sc..::-:pl i ng th e s e  rr.ilks to 

d e t er:r.:.r.e  tl: e a.m our.t of pro t eo ly si s ,  ;·1:-. ol e 1 00 :r.l sarrpl e s  of P 2r: 

w e r e  fir s t  homogeni z e d by 2 rr i n  bl cndi r.:g i n  an Ato -�ix bl ender . 
'0 + . ... ro v e J.n in 5 g of sampl e � a � · th er.: pr eci pi ta t ed by 1 0  ml o f  1 2% 
T C  .. \ .  

T'.2 EJ pro t e o ly si s  o :  P S:·.� by ::· enn e t pro c e e d e d  :!. i noar· ly v1i th 

tirr.e  up to 1 4  da�,r s a t  al l c o r:.c en tr2-ti o n s  o f  :·ra Cl b e t\·reerJ. 0 and 5%, 
' . b � . ' .l- • .l-h 350 ,., 1 � 0 c ( "" .  K!l e�-:t l ncu a ceQ a "  e:.. � or v o r  .) 1' J.g . 1 1 ) . · A s exp e c t e d ,  

pro t eol�r s i s pro c eeded mor e sl o 1dy a t  th e l o l·: er t err.p era tur e .  

In cr e a s i ng l evel s o f  Ya Cl decr ea s e d th e ra t e  o f  pro t e o l y s i 8 ,  an d ,  

mor eover , th e r el a ti o r.: si1ip b e tvre en t h e  ar:wunt o f  pro t e o ly t i c  

br eak do-.·:n that had o c curr e d  a t  any gi v en s tage o f  i n cuba ti o r. up 

to 1 4  day s <J.nd th e l evel o f  Na Cl wa s l i ne11r (?ie. 1 2 ) .  In the s e  

exp eri ment s ,  th er efor e , th e decr e11 s ed pr o t eol ysi s o f  c a s e i n  by 

r enn e t  '\·ra s in di r e c t  propor ti o n  to an i ncrea G ed l evel o f  l�a Cl . 

Tn ese r e sul t s  generally sub s tan t i a t e  the fi nding s  o f  Amuns tad 

( 1 9 50 ) that th e rate o f  c a s ei n  degra da t i o n  d e cr ea s e s  as th e 

c onc en tra t i o n  o f  Na Cl i s  incr ea s ed . Ho •,rever , th ey ar e in c o n tra s t  

t o  th e r epor t s  by Stadhouder s ( 1 96 2 )  and Fox & vial l ey ( 1 97 1 ) tha t ·  
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Fi g. 1 1 .  Rennet pr oteolysi s in PSN at pH 5 . 2 in the pre sence of  
NaCl at 35° C and 1 3° C .  The l eve of rennet used  was . 2 ml/1 of 
PSM. Proteo ysi s was measur ed by the method of Hull  ( 1 947 ) .  

14 

NaCl concentrations : o%, 0 ; 1 %, e ; 2%, � ; 3%, A ; 4%, 0 ; 5%, • • 
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Fig .  1 2 . Influence of NaCl on  rennet proteolysi s  of PSM at  p H  5 . 2  

at various  stages during incubation for up to 1 days at either 

35° C or 1 3° C. The l eve of r ennet  used was 0 . 2 ml/1 of PSM. 
Proteo ysis  was m easure by the method of Hull ( 1 947 • Stage of 

incubation (days) : a, 0 ;  b ,  3 ;  c , 5 ;  a , 7 ; e ,  1 ; f ,  1 4 .  
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r er.r. e t  pro t eoly si s v;a s enhan c e d i :-1  th e presence o f  �·:aCl due t o  th e 

gr ea -'.; er so l ub i l i ty of th e c;ub s tra t e .  T:'1 e di ffcr er. c c s  b e tween th e 

r e sul t s  rr.i ch t  b e  a t tributabl e to -t.h e fac t tha t  t'h. e l ev el o f  

r er.n e t  u s ed :i n  th e pr e s ent i nv e s tica -ti or:. Ha s l o,,· er tl1an th e l ev el s  

u s c cl 'by th u l a t t er au th or s by 50- .::i.{J J. 5-fo l C.  r e sp e c t i v el y .  

thi s  l o �-.- er l evel o f  r er-"' e t  th e a d,:J.n ta::;e o f  a nor e r eadi ly ava i l -

abl e sub ::o trate C.u e t o  t h e  so luoi l i �� a t i o n  o :  c a s e i n by ��a. Cl m i ch t  

o e  n ecl i ci bl e anC. , h en c e ,  o nl y  th e i nhi bi 7.ory effcc t o f  Xa Cl o n  

r enr. e t  pro t eolysi s woul C. b e  appar c� t .  

�el a tiv e pro t eolyt i c a c ti vi � i e s  o f  rer.n c �  and s tar t er . 

From � i g .  1 1  i t  can b e  e s ti m a t e d  tha t 6 tr o f  r enn e t  pro t eol y s i s  

a n  i n c r e a s e  o £'  appro:.:: i �a tel y 0 .  0 0  3 1718 t;yro si ne/5 o l  TCL fiJ. tra te . 

It i s  Hell r e cogni z e d th at gener al pro t eo l y si s b;;r r er.ne t proce e ds 

rr.or e rap i dl y  at a p�i consi derab l y  l o ue::.· than th e i ni t i al p'?.: o f  

m � , ,- of c .� 1 ( "<'ox 1 9 6 ° '; sl- l1 c e  � 'n ·., re"'. ·n e + '"'Oul u.'l b e  " C + l· nbrr -"' +  ·y-'- J.. J:-• -· V . \ - ' / o - • � • V V'< � • � • 

a sub op ti mal pH during the fi r s t  5 to 6 hr o f  ch e e s err.aking a.s th e 

pii shi f t s  do1-:mrard s f1· om 6 . 7  to 5 .  2 ,  and a s  so r.1e l o s s o f  renn e t  

in th e ''h ey migh t  al so be eJ..:p ec t e d. , th e ac tuaJ. am oun t o f  pro-

t eo ly si s  br ough t ab out by r enne t duri ng th i s  p eT i o d i s  pr obably 

much l e s s  than th e value gi ven above . 

Pro teoly si s by cul tur e s  of i.he vari ou s s tar ter s {;TO\m ( i n  

ab ou t 6 hr ) i n  PS�.� t o  p H  5 .  2 brough t abou t i nc r e a s e s  o f  b e hreen 

0 . 006 and 0 . 07 mg tyro si n e/5 ml TCA fi l tra t e  ( Tabl e III ) .  

Compari son o f  th e s e r e sul t s  1·Ti th tho s e  for r ennet su gge s t s  that 

in th e fi r s t  5 to 6 hr of ch e e s emaking th e ra te of break do vm o f  

c a s e i n  t o  T CA- solub l e  fragrr. ents i s  sub s tan ti al ly du e t o  th e 

s t ar t er . Sub s eQu e n t  pro t e o ly si s i n  th e ch e e s e  woul d dep end on 
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th e r el a tive infl 1.1 e n c e  on the pro teinases  of bo th star t er and 

r en. et o f  t e:r:p e r a. t1.1r e ,  pH an d T�a �l found duri ng ch ee s e r i p eni ng . 

A • •  Cl ' ") 0 ,., .\ fter 1 4  days  i n  the pr e se r. c e  of 4 or 5; · �·;a  anc. at 1 ...) '"' '  

r en::. c t  iVe>.. s a s  p ro t eo l yt i c a s  cul ·�u!" e s  o f  th e l ea s t  pro teoly ti c 

( "non-bi t t or " ) s t.J.r t er strair.s r.:ai n tained un d er s i :n i l :1r c o r.di t i o n s  

( comrar e ?igs 9 ,  1 0  ar.d 1 1 ) .  :::Io-:.rever , pro t eolysi s 1)y th e o th er 

"b i t t er "  a trai n s  i n  th i s  t:'.. rne i·ra s up t o  4 U n: e s  grea ·�er than by 

th e r onr: e t . On th e  o th er hand,  in contrast to renr:e t ,  star t er 

pr o t e o l y t i c a c tivi ty gradual ly d e c r e a s e d  -vri th tin e ( ?igs B ,  9 

c.nd 1 0 ) .  

'='h e se re sul t s  sugc e s t  tha t s tar t e::::- s ,  a!': d p:1r ti cul arly th e 

r.: o r e  ac tive s train s , -vril l  c o n tribu te r e l ativel y more th an the 

renne t to overal l pr o t eo lysi s duri n g  ch e e semaking an d i n  th e 

young ch e e s e ,  bu t no t in th e l a t er s tace s of m:1 tur at i o n . 

Il :  THE Il\TFLUENCE OF S TA:?..TER ON DETEilYINING 

RE1"'T'JET CONCElTTRA TI01T TIT CHEESE 

S tadhouder s ( 1 9 6 2 )  considered  tha t  th e ra t e  at '"'h i ch a s tar t er 

form e d  aci d during ch e e s emak i ng ir.:8 uenced the arr. oun t of  rennet 

retai ned in the cur d of the che e se an d thu s vra s a fac tor in 

determining th e l ev el o f  bi tter p ep t i d o s  form e d  by r ennet action. 

A :fa d ra+.e of ac:d. pro ci.ue H ort w� s cdns1 d.ere �. t6 bu a s  so da t§d 
1-ri t h  a higher concen tration of rennet  i n  th e chee se. 

The typi cal ly "non-bi tter "  strains ,  such as  M/ 1 ar. d A.lK 2 ,  

9-re recogniz ed a s  forming aci d more sl owl y than th e "bi tter "  

strains such a s  HP , �rr.8 and z8 ( Lavrrenc e  & Pearce ,  1 968 ) .  The 

po s sibility o f  the se strains influencing th e amount o f  rennet 

retaine d  in the curd during cheesemaking was examined in two way s .  
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Cul tur e s  {;TOvm in PS�.' c o n t air.inc r cnr.e t wer e a s sa;y e d  fo :- r ennet 

l o s t  i n  th e vTh ey by the time th e cul tur e s  had reach ed pH 5 . 2. 

S e c o nclJ y ,  ch e e s e s  rr:.:1cl e Hi th tae sarr:e r enn e t  1 evel s bu t id th 

di f:'cr cr. t  s to.r t er s Here exa;:1 i :n e d  for ev:i denc e c f  di :'fer en t l evel s 

o f  r e�ne t  pro t e oly si s by ea el e c tr oph or c � i s . 

'::'o 1 00 1'".1 PSJ' c o ntai n e J.  i n a b en.i\. er <:..nd pr eT,�<'.rm ed. to 35° C 

wa s aclded 1 ml o f  a 1/5 0 th diluti on o f  r enn e t . �� i s  r epr e s en t G  

a 2 X 1 0-4 di l u t i o :-1  o f  r enn e t  anc co rre sp o nd s  t o  th e l ev el u s e d  

in c"!::. e e s er:la."'c i ng . Th e 7:iilk Ha s th en i no ct;.la ted i·Ti th 2'?· s tar ter ac; 

d e scribed earl i er (p . 46 ) un d incuba ted a t  35° C .  Th e  s t ar t er 
/ 

strains  t;. s e d were hTO "non-bi t t er "  strains  

and th r e e  "bi t t er " s trai n s  (:-:P , T-."1.. 8 an d z8 ) .  After 30 mi n th e 

s o f t  con.gulu:n th at had forme d du e to rer.n e t  a c ti o n -vr2. s cu t i n to 

:'ot;.r pi e c e s  �-;i t!1 a s t er i l e  wir e  -!; o  al lovr ,]h ey to b e  GJ...J) Cll e d  rr.or e 

r en.d i ly , ar:d t.b o i n cubati on conti nu e d  until th e p�l: r ea ch ed 5 .  2 .  

':"'h e  r enn e t  co nc entrati o n  i n  th e v:h ey vm s th en a s say e d  by 

th e s en si ti ve n e th o d  o f  La1·.Tenc e & Sa� d er so n ( 1 969 ) .  In th i s  

m e thod 0 . 003 nl o f  en zs� e i s  pl a c ed i n  a 2 mm di am e t er Nel l cu t 

in a thi n  l ayer o f  c a s ei na te-agar on a mi cro scop e sl i d e .  Tn e  

di am e t er o i'  th e ,.rhi t e  precipi t a t ion z one foroed aroun d th e wel l 

a s  th e r e sult o f  pro t eolysi s during i ncubati on i s  r e l a t e d  to th e 

c o n c en tr a ti o n  o f  the en zJ�e . In th e pr e s ent i nv e s t i ga ti o n  i t  

wa s e s tabl i sh e d  that th e minimum c o n c en tration o f  r enn e t  d e t e c t-

abl e by thi s m e tho d. after 1 8  hr i ncub a t i o n  a t  37 ° C  c o rr e sponded 

t o  a 5 7. 1 0-5 dilu ti o n . A s say s o n  th e wh ey s from th e di ffer e nt 

star t er cul tur e s a t  piT 5 . 2 i n di c a t ed r enne t  l evel s c o rr e spondi ng 

X - £1 . 
to dilutions o f  1 to 2 1 0  ' for al l s tar t er s traJ. n s .  Th er e  wa s 

no t en d en cy for th e "bi t t er "  s trai n s  HP, �,�8 and z8 t o  l o s e l e s s  
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r enn e t  i n  th e wh ey ,  o.nd thu s to r c to.i n r.or e i n  th e cur d ,  than 

+..... " b · t ... " t · ' T  • , ' v t � · ·r , .;J e r:or.- l v er s .ro.J n s  '" . 1 anQ :u 2 gr o'.-:n o �.'l e  so.:n e p� . 

Pro tei n br eo.kdo1m i n  th:::- e e  non-bi t t er 1 9 -week- o l d ch e e s e s  

IT�a d e  'l·ri th A�·? s to.r t e r  an d vr.i t"l r enne t l ev el s o f  6 . 6 ,  22 ( norr:1o.l ) ,  
<.. 

an d 66 �1/1 00 1 mi lk were exami ned by th e di s c  eel el e c troph or e ti c  

r.-. e th o c'l, o f  Cre.J.n er ( 1 9 ? 0 ) .  A si m i l .J.r s eri e s  o f  "b i t t e r " HP ch e e s e s  

� a d o  wi th r enn e t  l evel s o f  6 . 6 ,  1 3 . 2  and 22 rn l  r er:n e t/ 1 00 1 m i l k  

�·�a s .1.l so examined . I n  bo th s eri e s  o f  ch e e s e s  di ffer e n c e s  c ou l d  

r e a d i ly b e  d e t e c t e d  i n  th e p a t t ern s o f  c a s e i n  break down b e ti-: e e n  

r er:ne t J. evel s d i ffer i n g  b;r n. s  J. i t tl e .1. s  2-fo l d (Fi g. 1 3 ) .  

!lo;.;ev er , an e xami na ti on o f  a b i t t er :IP ar. d  a no n-bi t t er 

"\.? ' 2 1 9-1·� e ek-ol d ch e e s e  me.de u si ng th e same mi lk · and th e sam e 

ren:1 o t  l evel::; ( 22 ml/ 1 00 1 m i lk ) sh o >·J e d  tha t th e pa t terns o f  

pro t eiD or oak doun ioie:::- e i ndi s tingui sh abl e .  (Fie .  1 3 ) .  Thi s sugge s t s  

th o. t  th e rer.n c i:;  l eve l s  i n  th e ti\O ch e e s e s ,  if  no t i d en ti cal , mu s t  

d i f f er l e s s  tho.r: 2- fol d.. The simi l ari ty b e tween th e eel el e c tro-

phor e si s p a t t ern s of th e .  ch e e s e s  r:! a d e  ;.ri th EP and A.�:2 al so 

sugc c s t s  th a t  th e pr o t ei na s e s  of b o th o f  s tar t er have 

s ir:�i l ar sp e ci fi c i  t i e s  tmmr ds th e vari ou s c a s e i n  fra c ti o n s . 

Th e  averaee mak e ti rr: e s  Her e  5 hr 1 5  m i n  fo r th e RP ch e e s e s ,  

and 6 hr 00 min for the AY2 ch e e s e s ,  indi ea tin/? that th e r el a t i v e  

rat e s  a t  1-rh i ch the sl ovr or fast s t ar t er s  form aci d during ch e e s e-

makinc ar e no t l ik ely to i nflu enc e th e conc en tra ti o n  o f  r enn e t  

r e tai n e d  i n  th e  curd. Thi s c on firm s th e r eport o f  La,,T en c e  & 

Gil l e s ( 1 9 6 9 ) tha t th e T ate a t  vrh i ch a c i d  i s  form e d  dur i ng 

ch e e s emaking i s  no t impor tan t  i n  d e t erm ining th e devel opm en t 

o f  b i t t erne s s .  



Fig. 13 . Ca sein br eakdo1m m easur ed by disc gel elec tro-

phor esis in 19-week-old Cheddar ch eeses mad e with "non-

bitt er '' (AM
2

) and "bi t t er " (HP ) s tarter s and differ ent 
l&o . 

levels of rennet ( expr e s s ed as ml�l of milk ) . 
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; VI . P�O SPF� TASE A C TTITITY OF STARTERS 

In vi ew of the i �por t an c e  a t t a ch e d  to ph o sph ata s e s  i n  t h e  

d ecr a. c.a ti on o f  casei n ,;u ri !l g  ch e e s eri peni ne ( Schorrr.H J l  er , 1 968 ) ,  

� �.::-a i r: ::;  of ::: t a:r t e:- ::: �:r ep t o c o c c i  vri th c o�pc."':rativel ;y l o �·r ann h i ch 

l oYe� ::; o f  pro t e o l yti c ac tiv:: ty ( Tabl e I II ) ,  an d i n cl ".l d i n rr  bo th 

"b i t. t e:r "  and "non-bi t t er "  s t:ra j n s  ( Tabl e I ) , 'l<�'er e exam i n e d for 

th e i r  abi l i ty to prO(�'' c e  ph o <::ph a t a s o  in c o n di t i o n ::: si :n i l ar to 

th o s e  encour. tered in ch e e s e�aki nG • 

Th e  fol l ow·ing s trai n s  vrer e gro vm in ?S:i.: a t  

"" _ Q ..., j) lJ to piT 5 . 2 a s  de scr� b e� earl i er (p .  46 ) :  

A f t er l' emo vi ng a sampl e fo r 

pL.J.t o c o· . .m t : n.:;, th e c;rowth o f  th e c el l s  i n  1 00 ml of cul tu r e  wa s 

s topp o J. 'by th e a <icii ti o n  o f  1 n:2. o f  a 3�1. solu t i on o f  mer th i o l a  t e  

and t:-: e  cul tw: o  u s :.;ay e d.  fo r pho sph a t a s e  i.l.c tivity . 

Pr e 1 i rn i na:ry ex·p er i rr. ent s to d. e t ermi n e  th e op ti :rum 

p:I for th e a s say fo:r pho sph <:v:; "l. s e  o�c tivi ty .. ;ere carri ed out on th e 

s trains c;.ro �.rn in 0 
bro th for 1 2  hr a t  30 c ,  an d a dj u s t e d to equival-

cnt c e  ... l den si ti es .  Th e ph o sph a t e-fr e e  b:::-o th o f  LO'I·Tri e & Pear c e  

( 1 97 1 ) '\va s s el e c t ed t o  mini ni z e  any i nh i bi tory effec t o f  ph o s-

pha t e :J  on the pro du c t i o n  and ac tivi ty o f  pho spha ta s e s ,  s inc e 

thi s  i s  known to o ccur 1...-i th som e  o ther bac t er i al pho spha ta s e s  

( Torri ani , 1 960 ) . The cul tur e s  ;.rere a s say e d  for pho sph a ta s e  

a c tivi ty b e t •.-reen p H  4 n.nd 9 . 5 , fo l l o wi ng  th e  a s say pr o c e d.ur e o f  

Malveaux & San Cl emen t e  ( 1 969 ) exc ep t  th a t  c i tra t e  buff er ( 0 . 1 M) 

wa s u s ed from pH 4 to 7 . 5 ,  and Tri s bu ffer ( 0 . 1 M) from pH 7 . 5  t o  
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9 . 5 .  'I:'1o :Ju"t s ti tu t i o n  o f  tn e :1 c e b . t e  buffer (0 . '1 �IS., pH 5 . 2 )  u s ed 

"::Jy -�h o s e e.u t.l1 o ::- s  by ci tr.:1 t e  buffer a t  th e  sG.;" e p�I caused no l o s ;.:;  

o f  a � t i v i ty. 

vo lu� e o �  S . o �! , co n s i s � e d  o f  2 . 8 �1 o f  0 . 1 M u c c t3. t c  buffer 
' TI ' Y' ' 5 . 2 ; , 

o . 4% ( ,,;;..- ) 

2 . 0  r.1l o f  th e :?3�.� cul tur c a t  p:T 5 .  2 ,  and 1 .  2 ml o f  

:.1. control , ?S:·.: �-;i th rr.crt}l i o l :L -tc  K':l S suo sti tu t e d  for cul tur e . 

th e r eac t i o n "'a s  

s ·�cpp e d  by p r e c i pi b. t i ne;  pro t e i n 1d b 1 r:1l of 1 21 T CA . After 

A s  

s tan i ng fo r 1 ;  r:: i n  a t  roo:-:1 t er,p era ture , � '  v:l e zoluti o n  r:a s fi l t er e d  

throui;h :·:ns. tr.;J.n :�o . 1 fi l ter p 3.p c r . T'ue fi l tru t e  �-i<:l. S r.1a ie 

al::o.l i ne Ni t:-1 2-lJ :�e1-0:T to d ev el op th e y el l o w  col our re s·..11 ti ng 

fro� th e libera ti on o f  p-ni troph enol ( ?�P) from th e substrata . 

A s  a sl i E;i.l t .fl o c cul cnt p r o c i p i  t a t e  form ed. on addi ng tll e :TaO�I , th e 

sa�pl e s  w er e  c entri fug ed for 5 mi n a t  3000 K b e for e  b ei ng r ead at 

400 nm a.:;ains -t b e  control s e t  a t  z ero O:V . � e  OJ r ea di ng s  o f  th e 

sampl e s  w er e  then c o nv er t e d  to th e e1uival ent conc entra tion o f  

??�P by r efer enc e t o  a s t.:1ndard graph . 

:::':2SUL T S  

?r e1 i rr.i na:-y experiments . 'fh e  pho sphatase <:�. c tivi ty o f  all 

th e s trains v:as op timal a t  .£• pH 5 .  2 an d v ery l ow· a t  pHs > 8 . A 

typ i cal pH-::.. c tivi ty curve i s  s'hovm for s trai n us3 (Fig. 1 4 ) .  

Al t'hough th e o p t i mum pH for pho spha ta s e  ac tivi ty o f  all s trains 

iva s practi cally i d en ti cal , th e to tal amoun t s  of a c tivi ty a t  any 

o n e  p H  vari e d  gr eatly 1vi th th e var i ou s  s trai n s . 
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> 

p H  

F · g .  1 4 . Eff e c t  o f  p .  on ph o sp a ta s e a c t' ' · t  o f  s tr a · n 

cu tur e wa s grown i u  bro th for 1 2  �r a � 0 �  and a�j u s t e  

71 

� e  

OD58 0  • • �1 e a s say pr o � e  ur e o f  �a veaux & S an C l e� e� e ( 1 969 ) 
as fo owe u i ng e · t er . 1  � c · tr a t e  buffer ( 0 or . 1  ! 

Tr · s buffer ( e 1 uni t o f  a c t ivi ty 1 ·  er a t e d  1 � · crorro l e  

p-n · troph enol /�1 o f  cul ture per hr un er t e c on · ti o n s  o f  a s say. 
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�cid  pt o �phatu � e  o f  P2� cul tur e s  and t�e r el a t i o n sh i p  t o  

T:1. e  a c i <l pho spha tase a c tivi ty o f  th e 

s tr a i n s  vari ed. lvi dcly frorr. 1 65  uni t s/:r.l for ITP to < 1 . 0  uni t/ml 

( rp - -\ � a o1 e  IV ) .  T'n e pop1fl a �; i o:1 S o f  th e ::; tra in s 

:·. h e:; tn o ::u� �Ul' O S  r eJ. cn e C:.  p:-J: 5 .  2 '.: e:::- c pr :.l c t i c a 1 l y  id e n t ical t o  th e 

v J. l u e s ob tai ne d earl i e r  i n  the i nv e s ti ga ti on o f  pro t e o l y t i c  

ilc t i vi ty o .�. t h e  s trai n s  ( �abl e �:: ) .  Z1.u s  a val i d  c ompari so n can 

b e  made b e tween pro t eoly ti c an d ph o zph il ta s c  ac tivi ti e s  o( th e 

, n en th e s trai n s  ar e arran g e d. i n  ord er o f  gr ea t e s t  t o  l e a s t  

ph o sph:1 -';;s. s e  ac tivi ty ilnd. compar e d.  vii th th eir pro t eo ly ti c s.c t i vi ti e s , 

i t  i s  app a r e n t  that ph o sph a ta s e  a c t i vi ty i s  no t r el a t e d  to pro-

t e o l;y ti c  a c ti vi ty � Ta"::ll e IV ) .  :?or e xampl e ,  s trai n s  

an J A�',.., :11 l u i  h i cs-:1 l e ·.rol s o :  pl1 0 sphata s e  ac tivi ty bu t di ffer e d  

v;i d. cly i n  pl'O t e o:::.y t i c  a c t i vi ty ; simi l arl:; , s tra i ns n 1 , 1:'::L 1 , HP 

::1nd c 1 3 al l exhibi t e d  r el ativel y h i gh l evel s of pr o t eo l y ti c  

/ 
ac tivi ty out var i ed. l·ri d.ely i n  ph o sphata s e  a c t i vi t�r . 

On th e ba si s o f  th e s e  r e 3ul t s ,  th el� e for e ,  th er e s e em s  l i ttl e 

r ea so n  t o  exp e c t  tha t th e s tar t er pho sph'-l. ta s e s  play a si gni f i c an t  

rol e i n  pro t e o ly si s . 

'Il::. ar e was no :1ppar ent t end ency for either l o vr or h i gh l evel s 

o f  pho sph a t u. s e  a c tivi ty to b e  a s s o c i a t e d. 'tl'i th th e "b i t t er "  s tar t er s  

( , trp '.,. ':I ' d , ) , sucn a s  -� , liJ.u8 , _,1 an "'S • Ho 1·; ev er , al though th e ttnon-bi t t er "  

s t ar t er s  (A-:�� A1' "=' . d U"' ' h d . l t .  1 h .  h h h ... ··- 1 , ·• ·2 , .u8 an .::J3 ;  a r e _ a  �ve y J.. g p. o sp a va s e  

a c tivi ty , thi s r el a t i o n sh i p  :nay b e  o nly c o i nci d ental i n  vi el'i' o f  

th e small number o f  s trains exami n ed . 



'1':1bl e TV. 8o�p�r i so� o f  a c i d  pb o s)ha ta s e  an� pro t eoly ti c 

a ::: i i vi :.i e s  o f  s tar t e:- strai n s  gro Hn  2. t 35 ° C  i n  P SI.� to p"S: 5 .  2 .  

Pr o :. eol y tj c 
-)( ·lH<· 

S trai n ?l a t e  c oun·t U:c.�.j t G o. ::; t} Yi ty 

RP 
Ar-\ 

I 

-; · c  
" '--' J 
Al. --- 2 
Eo u 

!.�8 

Jt: 1 
• • 1 
"' -' ' 1 

28 

c � ") 1 ..)  

* 

** 

( G fu X 1 0-8 

I ., ' r-. I. ) 

5 . 0 
2 . 6 

3 . 5 

2 . 7  

4 . 1  

9 . 7 

I .  4 

3 . 4 

4 . 4 

6 . 2  

: 4 .  5 .  

pho sph<.:. ta s e  
'' C t i ·') -"-"/,..- 1  
.- . - -'v • ·  

of cul -'.;ur e 

1 6 5 
8 2 . 0  

57 . 2  

G4 . 0 

/;. ] .  7 

4 1 . 4  

22. 4 
1 7 . 3  

6 . 5 

0 . 4 3  
0 . 0 1  

I \r:lti t;�rro  -;::, i. n e/ 
r::l TCA 5 

fi l tra t e )  

0 . 0 55 
0 . 006 

0 . 007 

0 . 0.-1-0 

0 . 0 1 1 

0 .  0!,0 

0 . 062  

O o 0 1 7 

0 . 074 

0 . 0 39 

0 . 055 

1 uni t o f  a c t ivi -ty l i b er a t e -;::, 0 . 00 1  mi crorrol e s  o f  

p - n i  tr oph enol/hr un ler th e c o ndi ti o n s  o f  a s say 

( see t ext ) . 

Data from Tab l e  III.  

7 3  



VI I .  INFLUE"tT CE O F  �.'ILK 0UAL I TY ON CHEESE FLAVOUR 

A :  BA CTERIOLOGI CAL QUALI TY  OF l"'LK 

In a s s e s s i n G  th e bac t er i o l o gi c al Qual i ty o f  milk , i t  i s  

n e c e s s a.r;;r to tak e  into a c c cunt no t o nly th e to t .:1l numb e:!:' s bu t 
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al so th e tj' :p e s  o f  or .::;-;.;.n i srr. s  pr e s e n t . Pro t e i n a s e s  and so�e o th e:!:' 

en zyr. e s  pr o du c e d  b-;/ �h e 't 3. c -t e:r i a i r.  th e r aH milk r:1ay survive th e 

h o o. t  t r e a t.m er: t  of p a s t eUT i zati o n  ( S t a. d."J. o'.l d er s e t  J.l . ,  1 9 59 ;  
Kl. �'." a n t i ;. c · 1 ' � -'--,-.o" � 97 0 \  "' " � · e r · e t o -"1 � o de.I.' t l· n _ , , - ....: ·JJ O ;:, .,_ m , 1 ; 3.. " Q  0::.V - l S  - _�_ .;.V ur _.: e c s 

pro iuc t s  su ch a s  ch e e s e  o n  s t or ag e . 

'::'<1yl o r  ( 1 967 ) pr opo s e d  .a rr: e tho d o f  a s s e s s i q; IT'ilk qu al i ty 

by c oun ting bo th to b .l numb er s and typ e s  of b a c t er i a  .s-ro 1·1i ng i n  a 

th i n  :'i l r.: o f  undi l u t e d  mi l k  saiT'pl e a��"l-t er i ng to a :pl ai n v1ater-agar 

ba s e .  I n  p:!:' ol i r::i r.c..rJ' tr i al s Ki th th i s  m e th o :l ,  c o n s i C. e:r abl e 

<ii ffi_ cul ty �-ra s encoc:.nter e cl i n  di s t ingui sh i r.t; the thr ee typ e s  o f  

z o n e s for!'!: e d  by pr o t e o l ;y t i c ,  a c i dop:r o t e o l y t i c an d o.ci d-forming 

organi ::;rr: s ,  becilu s e  of th e c=o �vding o f  tb e col o ni e s on th e pl a t e s  

\·:h i ch o c curr ed even i n  t h e  ca s e o f  c orr:par a ti  vely good-quali ty milk 

sa.!Tpl e s .  

Mo s t investiga. tors have c o 1:clu ded th a t  th e hydr o ly si s o f  

ca s ei n  i n  an op aqu e "lTlilk at;ar 1 1  afford s th e b e s t  method  o f  

d e t e c ting pr o t eolyti c organi sm s (Jruce & Thoma s ,  1 959 ; Hi l li s & 

Robb s ,  1 9 59 ; Bro 1·m , San clvik , Sch er o:::- & ro s e , 1 967 ; Za.�dhcf & 

Terplan ,  1 967 ) .  Ro1·1 ever , i t  i s  appar ent from th e many attempts  

that have b e en m ade t o  impro v e  th e  exi s ti ng methods that a 

sati sfac tory m e di um has y e t  to b e  devi sed . 

�1 e \mer i c an Public Heal th A s s o ci ati o n  ( 1 967 ) recommends 

the addi ti on of 1 01> (v/v ) of s t er i l e skim milk to S tandar d 

r/e th o d s  agar_, yet i t  has long been known that aci d-forming 



b3. c: -: cri a c u.r. pro du c e zone s of c l eu.r i n;; on such m e di a . 'T\ro 
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surv ey s  (?rG.z:i. er & Rupp , 1 9 2E'. ;  L i gh tb o d.y ,  1 96 1 ) sh o11ed tha t  J7 

to 45% of th e zo n e s  o f  cl eari ng o n  r.1i lk .:1.ga.r �-;er e no t due to 

pro t oo l y s j s .  The :-r�o s t  ceri ou s d.i s3.dvan·�3.Je , th e:::-efor e ,  a s so ciated 

r,;i t� th e ;-ri:k 3.[;3.:::' !71 e thod. i s  tll e ::1Ced. to fl o o d  til e i.: e dit:rr: •·li t h  a 

p:::- o :oi r. p :::- o c ipi -: a. n t  to c on fi rr:i th a t  zo r. o s  of cl ear i ng ar e du e to 

pro t eolysi s and. no t c a� c; e d  by a c i d forr:; ed. ':Jy t�1 e or.:;ani cm s a s  th e 

r e sul t of Sl:.£"3.r :err:i en t a ti o n . In c;.n .:1 t t e:�p t to over c o rr. e  so:nc of 

th e s e  di :ffi cul ti e s ,  �raz i er &. Rupp ( 1 9 28 ) devi  s o d  a n  opaClu e 

c :tr"'Jo�;y dra t e- fr o e  ca s ei n .:1gar r.: e di urr. to el i r:-r i na t e  cl caring du e 

to aci d pro duc tion . Th e  l imi tation o f  thi s m e diur.� for org.:1ni sm s 

r equ i r i nG c c:rbohyd.ra t e  ha3 preve n t e d  i -'c s  t;ene'C'al ado p ti on . 

b.':.;:• cn c e  & S.:1nder SOl1 ( 1 9G9 ) d e s  cri b ed a c a s ei na t e  aga::::- sl i d e  

� i cr o - t e ch ni quc for the �uanti t a t ive e c; tirr: ati on o f  pro teina s e s . 

A sr� :t.:!. 1 Hell cu � i n  U: e  c a s ei n a  t c  agar w.:1s fi ll c d  11i th th e enzym e 

so:!.u t.i o !l 1-:h i c:1 th er.. di ffu s e d.  outwar ds , br eak i nG do-.m th e caseina t e  

to form a 1-1hi t e  pr e ci pi tate ,,rhi ch c o n s i s t s  i n i ti al ly mai nly o f  

para-I�- c a. ::w i:r. , to ccth er 1d t h  smal l .:1mount s o f  hich 111\i degr a :la t i o n 

pr o du c t s  of a._1- an d 13 -c:l sein s .  :-Ti th h i ghly active pro teinn. s e s ,  
"' 

sub s equ ent bre:1kdo1m o f . th e 1·�:1 i t e  :pr e c ipi t a t e  o c curr e d  to yi el d 

solubl e frn. c ti o n s , vri th · the forr:.J. t i o n  o;:  :: -..�:'l i t e  ring o f  pr e-

cipi tati on an d an i n n er cl eaY ar ea surrounca ng th e wel l .  

A mor e s e n s i t iv e  agn.r m e dium for th e d e t e c ti o n o f  pro teoly t i c  

organi sm s u si ng thi s  pri n c i pl e via s ,  th er efore , d ev el o p e d  i n  th i s  

i nv e s t i gati on by a d d i ne; c a s ei n a t e  ( 1 1  i·r/v ) ,  ci tra t e  (0 . 0 1 5  M) and 

Ca
2 + ( 0 . 02 J )  to S tan dar d Ue tho d s agar ( EBL ) . De tail s of th i s  

m e dium ( S t an dar d :rte tho d s  c a s ei na t e  agar (StrCA ) ) ar e gi v en i n  

App endix I .  I t s  gr eater sensitivi tJ compar ed wi th _exi s ting milk 

agar r:-r edi a i s  r el a t e d  to i ts ab il i ty to de tect the fir s t s tage of 
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c :::. s ej n b::c- oc::.k c� o "\,'11 a s  sh o>-:n by th e forr.o.ti on o f  a i'ih i t e  zone o f  

pr a c i p i tJ.tion i\h:i eh i s  r eG. G. i l y  de t e c t e d. i n  th e tr:.:.:n sp n.r ent !:l ediu'TI . 

�n e e:d e:n ·� o f  pro t eo l; pi s cxhibi t e :l  by an o r::;ard. s:;. i s  r e fl e c t e d 

� o tl: by th e s i z e  ai! C. tyl) O  of pr e c ipi -':o.tj_ on zone fo:::-min,c:; ro und th e 

s i [".i fj c ant di f f er o::·i c e  Ha ::; :o-:;nd b c t-.: e en to tal coun t s  

sarpl e s  rr: e a sur e c3. o n  th e n e K  1:1ediur. c..n d  S tan G.::�.rd 1,�e th o d. s  

a�a:- . S�.�CA c oul d thv s b e  u s e c  for t!l e si:.:ul t ar.eou s de t err:: ina ti o r.  

o f  bot{'._ to t<J.l an d pro t eo l ;y t i c co�:nt s i n  rr.in: used fo:::- ch e e s ei:<akinc . 

':"n e t e chnir:_u c o f  i :r;o cu1 o. t i n ::;  S'!-.'8A pl a t e s  by f1 o o di n g  \vi th a 

dilu t c d  r:: i1 k s:::.:-:"lpl e an d u e canti ng th e exc e s s  a s  cl e scri b e d b;:r Tayl or 

( 1 967 ) pr oveU. vcnr :::; a t i s fa c to:::-y wh e n  appl i ed t o  Sl�CA . A qu an ti ta-

ti ve d e t errr i na t i o n  of rr i l k  qu al i ty in t er m s  of b o th to tal c oun t 

an d t!l e pro por ti on o f  pr o teoly t i c or go.ni sm s coul d ra� i dly b e  

ob tai :1 e d  an d 1-;a s o f  vaJ ue i n s cr e eni r.c th e ::1 i l k s  from i ndi Yi dun.l 

s 1pp l i  er s for b o. c t eri o l o ci c o.l q_u al i ty . fur th e:r d e ta i l s o f  th i s  

p ro c o r1uro a.r e siv on i n  App endi x I I l . 

S t o.��yl o c o c c i  an d m i c r o c o c c i  ( 3rolm e t  a1 . , .  1 9 67 ; �orb o s ,  

1 968 ) ar c a corn!T'on c au s e  o f  rr. a s t i  t i  s i n  C.ai ry e a  ttl e ,  1;h i ch remains  

o. s er i o u s  cau ::; e  o f  l o s s o f  milk pro duc t i o n  bo th i n  l�e ... ., Zeal and and 

o ther countr i e s .  Tr. e pri ncipal m e tho d u s ed i n  d j  ffer en tj_ at ing 

s tr o. i n s  o f  pat�o c;enic s taphyJ o c o c c i b. ep i d em i oJ o ei c al s tud i e s  

o f  their i nc i d enc e i n  m i lk h a s  b e en ph age typ i n g ,  al th ough up 

to 30% of i s o l a t e s  rray b e  phage no:1 typ abl e (1·:anmark &: Finl and , 

1 96 1 ; Cohen & S,., i th ,  1 964 ;  }"'aran do n & O ed in g ,  1 966 ) .  Jt i s  no t 

surpr i s i ng ,  th er e for e ,  that a t t emp t s  have b e en made t o  d evel op 

m o r e  c ompr eh en s iv e  rn e th o d s  o f  d i f f er en t i ating s tr a i n s  of  

s t aphyl o c o c c i  and m i c ro c o c c i  by such m ean n  a s  th e s er o l ogi c al 

typing of th eir pro t eo l y t i c  en zym e s  (Sandvik &: Fo ss um , 1 9 6 5 ;  

Broivn e t  al. , 1 967 ) .  
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":: c �j r. r'J i r. c;  th ::1t th e p a t t e:r-n o f  'dh i t e  pr ec j.p i t a t i on zon e (s ) 

forn e i  o n  SJ'rCA du e to pr o t eoJ.y s i s  appear ed to b e  sp e c i fi c for a 

rar ti cu ] ar s tro..in o :'  orcani sm , y>rom p t e d  an inves t i gati on i n to 

typi n .s  s ta.p':yl o c o c c i , ircc1 ud :i.n,s th e p'.-l a.ge r. o n typabl e s train s ,  by 

. • _, . .,.. ...,.4: 1 n ''"pp er;L, l X  .1. J. � .  

B :  D�L"lJE:!.\CE 0? !.�ILK QUAL IT'.: 0)1 CRSESE FL.\ VOUR 

Th e  :. r.fl u cn c e  0:1 t:1 e fl avou1· o f  c:U e e � c ::; o ::  v ar i a t i o n s  ir1 

th e b a c : eri o ::. o gi cc..l q_uaJ. i ty o f  th e c:. o e c e;:; :. l x , '...-i th par ti cul.J.r 

r· E:JferE:nc e · ':o J�h e  i r.c ::. cl enc e of pro t eo l yt i c  or gani srr. s ,  wa s i r.v e s ti-

g3. ·� e J.  a t  fr cr;:...:. er.t i �1t erval s over tHo dairy i q; s e::. s o r. s . 

l.'ET::ODS 

Ch e e s e ::; . 8h e a c e s  �er e  c�de th e Ir.sti tute ' s  �ro c o s s i ng 

TI.:1J. J. u s:i ng s�. ngl e- s trai n s t.:1r t cr s  .AT1�2 and �P, and. AI1�1 ancl c 1 3 '  o n  

a l  t er n o. t e  Ke el\ s throughout th e spring to ::..uturr.n ( S ept ember to 

.\p:ri l )  period . ':'n e  ch e e s e s  ''er e rr.a cl o  fro:n pa s t e'..:r i z c d  milk (7 1 ° C  

for 1 5  sec ) u sing r.or:-r.al C:C.eclclar ch e e s err:a};:ing pr· o c e dur o s , >-rh i ch 

;,:ere no t al t er ell througl::.ou·� i..h e  com· � e o :  tl1 e  s easo n .  Th e 

� omp era tu r e  o f  s e tti ng ancl co oki ng w er e  )2 and 38° C r e sp e c t iv ely , 

a d 22 ml r en et/1 00 1 milk WBG u s ed . 

':'h e ·  fl avour o f  t h e  ch e e s e s  '.'IU S c:;. s s e s s e cl  after six month s  by 

a panel of 6 to 1 0  exp eri enc e d  ta s ter s . 

1Ti11: q_ ual i ty. Tne milk used for ch ees emaking -v;as ob tai ned 

from a corruner c i al clai ry company ancl c ar.1e froM co1: s  of pr ed.om-

i nantly Jer s ey br e e d. Th e  incli vi dua l suppl i er s '  m i lk s  w er e  
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[, 81� 0:-.J.: > .1 ..,�a -t er-c o o ::.  e J  (rJv t refri.;erat ed. )  ar.d. c o ::!. l cc t c d  on Q. do.i ly 

b e:'or c a r:c. J.;-7. c:r p a s -t. cc:.r i z a. t. i o n  b:' ::;urf�c e pla t o  c ot.An tint; o :'l Si'.iCA 

T) � r T -; n"'"="' 
_ ,  ._. .._�  >... ... . -..J 

A s  th e r o 8t.Al t 3  :er bo t� th e 1 ? 62-69 �nd 1 9 69-7 0 :; e� son s wer e 

very �irr i l ar ,  a d e s c r i p ti o n  i s  gi v en 0 n ly o f  th e l a t t er s 6a son. 

'ru e r o sul t s of th e 

pr o t eo::!.y ti c orban i s� s  in til e r �w �i!� s ar e d c tQ.j l o& i n  ?ig. 1 5 . 

�·; e c}� 2uri n,:; �: o soa::;on ::'ror. 2 . 5 X 1 0�- to 1 07 ore;ani s:r. s p er ml . 

't e -to to.l count s o f  the 

pa :; t euri z c Q  r.1il:: r. ( -th or::. o d.ur i c  org:1ni s:r 3 )  C.j d no t var;;' so gr ea tly 

fror-: 1-: e el--:: to •·;e ck , but i nc r e :1 c. e d  c t e� cll ly o.s th e c ea. son pro gr e s s e d 

fro m  an ini ti al 1 eve1 A 

si rr i l ar increase o f  -'.:h errr.o Juri c organi s� s tt;a s found i: th e  pr e-

c e di ng z ea so n . Thi s i ncr ea s e  pr ob3.bly r e fl e c -l; ed tl e pr ogr e s s i v e  

bui l cl-up o f  rr. i l  :- s t o n e  i n  th e �il : i n g  eQuipm en t  du:ri ng th e s ea so n . 

A t  time n ,  especially to 1·rar ds th e en q. o f  th e  seaso n ,  th e th errr:o-

dur i c  organi sm s compr i s e d  a hi gh pro por ti o n , fr equen tly � 50%, o f  

th e t o -l;al c ount . 



7 9  

':"':1 0 propor t i o n  o f  t�1 0 to tal ra�·: :r. i l k  fl o:r·a C. c t errn i n eci or. 

SHr. �  l . . 'v.n. ·to 0 rt!.. r aver · --e A 1 n1) . /  ._1 1 o ·, o,.0 ... + 1 u  • T'.n e 

tr end o D  cou� t s  of p r o t eol y t i c organi s � s p er rnl tcnde� to foll o� 

�� c propor t i o n  o f  pr o-

�u�b cr o of p r c t cc l y ti c bac t eri a in raw . 1 '  n l ..... �-:: ·.t e'J:." e 

:ril, : .  T .._  ' c coul d b e  e s t i �a t e d 

pro 7- eo l y t j  c b.:::. c t e:::- i a  i r.  tl-;. e r<J.vr ;:' i l k .  �l e i n �lu enc e o f  th e s e  

org.:.r..i sm s o ;-, ch e e s e  fJ avou.r viOUl d C..ep er. d ,  th er e for e , O r}  the 

oppor tu.ni ty they have fo r gro�th in �ilk p r i or to p a s t au.r i za ti or. , 

C:.-. e e s e s  •·� er e :.:;co:::- e :. for th e o v erall ao c e:r; t:-

.:::.c i l i  t.y o: :::. n.,-our , a :-n e:.1 :::;�r o of co:-. ::;"L:.:r. er p r e :cr c!1c e ,  on a scal e 

1 6 '  I ) • scal e a ch e e s e  �i th v ery s er i ou s  

.f:! avour d e f ec t, s  s c o::- ed 1 1  a n  averace ch e e s e  5 ,  o.r,d a ch e e s e  o f  

ex c ep ti onaJ l y  go o �  fl avour 9 .  ':11 e i nt en s i ty o f  b i t t erne s s  i n  th e 

cc e e s e s  1-:c:. ::; scor e d  on a 1 to 5 s c al e (?i;3. 17 ) a s  fo l l o 1·r s :  

1 ,  :l avour ab s ent ; 2 ,  p o s sibJ. ;y· pr e s en t ; 3 ,  defini t el y  pr e s ent ; 

4 ,  pr edorr:inant flavour ; 5 ,  very i nt er.s el y  fl avour ed . 'i'h e  r e sul t s  

from j r,d.j.v:i. d.t:.a1 tn.s t er s  iHH' G a.v crJ,ced. for ea.ch ch eese , 

'Th e  O \' Crall fl avour s c or e o :'  the ch e e s e s  made vri th AlJ1"1 

averaged. 6 . 83  for th e i�hol e season (ran ge 7 . 4  to 5 . 8 )  and th ey 

u e r e  al Hay s jud ged. to b e  no1�-bi t t er ( av erage sc or e 1 . 0 2 ,  range 

1 . 0 to 1 . 1 ) . Cl1 e e s e s  n·ade vri th AlC2 "'trer e very simi l ar to �"'.M1 , 

scori ng an average o f  6 .  44 (range 7 .  3 to 5 . 2 )  for overall fl avour , 

and 1 . 1  (range 1 . 0  to 1 . 4 ) for bi t t erne s s  ov er the r,.rhol e season. · 



Fi g. 1 5 . :2::.. c t er i o l oci cal Quali ty o f  mi l k  u s ed for ch e e s e

ma1.cinc; dur i ng th e 1 9 69-70 dai rying season. To tal an d 

pro t eo ytj c coun t s  uer e determined usi ns Stan dar d JI>Te th od s 

Ca sei na t e  A;:;3.r ( total count o f  raw miJ.k , 0 ; to tal c ount 

of pa st euri z ed milk , ; pro teolyti c coun t of raw �ilk , 6 ) .  
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Fi g. 1 6 .  Overal l fl avour .:1 c c c:p t abil i ty s c or e s  o f  6-rr.on th-ol c 

Cheddar cheeses r'lctd e duri ne the 1 96 9-70 d ai rying s eacon u sing 

si ngl e- strain s tar ter s HP ( 0 ) ,  c1 3 
( 

) , AM 2 ( Cl ) and 

AM ( 
1 

' I • 

o f  1 

Overal l fl avou r  a c c ep tab i l i ty >·ra s c c o ::- e rl o n  a 

to 9 . C::;. o e s e s  ·d th very s er·ious fl avour defe c t s  

ccor d 1 ,  .:1nd c:O.e e ::; c r:; o ..�.  exc: ep ti on:>.l ly cle sirabJ e fl avour 

scor ecl 9 .  
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Fig. 1 7 .  Ei t t erne s s  s q or e r:  o f  6-mon th-ol d  Cheddar ch e e s e 3  

made G.ur i r.g th e 1 969-70 dairy ing sE�ason u s i ng si ngl c- s t:;:·ai r. 

s tar -t er s HP ( 0 ) , c 1
: 

( 

) , AM2 ( D. ) , an d A �1 ( ) .  
- i  t t erne c: ::: v!:l. S  s c o  cd on a 1 to 5 scal e - 1 corr e sponcled. to 

�h e �b sen c e  o f  bi t t erne s s , and 5 to extr emely intense 

bi t t erne s s . 
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CG� Gr�l l y  £OOJ-fl avour ed (averace 
� O r: :J .  '-> )  ' t1-.. c ':Ji t -'.. c::_' .1 o s s  

\l" , r r·T " '" C 1 1 ':'  l' " n - n 1 1 -•o 1 o )  a · -...; -w . • '--: L- ,  .;..v . u "' • u • :; • 

3 . 1 1 , r��g e 3 . ?  to 1 • ') ) u.n d 

to ') ,., ) .. _ . "1 • 

j. 11 gcr, cra..1 ,  

i n c r e::;, s e u ,  Jc:� e O lt cral l :.:'l avouT a c c e;; t abi l i  -ty dccr e::L s e <i ,  a!1. cl vi c e  

v er s a .  

,., " --· "-' ovor:1l l :.:l avour s c o r e s  o f  c'!:: e e s c ::;  r.a.:le �-Ti th ar.y o n e  

c tar t e:c s tr:: i ::-1  v a:::- i c <i  ":;c. t;re e� rra�c c s  durin.; th e �. e :J. so n ,  and dur i ng 

1 6 ) .  

4v1l e � l. , ,__ I C .-"''r' " � "  "'� ccs J � a,- Q� .I 6 '; • ... 1:1 ....... �\. \ u � ··r '-- ..o.. -...; - ..L o 1 ./  ... .�-

.\!.�..., l' er..cd.r  .. e d  prc:.c ti c a lJ y  c on s t:1n J� throu,sh ov.t  th e season (?ic. 1 7 ) .  
L 

Lo�·; l evel s o f  ;:,::_ t L ;;:rn e s ::;  1-;e:::- e d e t e c tabl e in ch e e s e s  �ade Ki th 

s traj n 0 -'- o · ·.,. .,.... ·1 c- " '1' e e"' -'�  o f t' "  "' "' 3. ""011 v 1 3  " " � ...... ,_, v !  " " �  .l v � c� ..:· • 3i t t arn e s s  i n  c � e o s e s  

rr·a<ie vTi t'h :5: ?  ::'lu c tu:.d cd sl i j:  tly r:10r e  fro!l' o .  e m ak e  to ano th er. 

ciuri n.; t'l'l e c e a c;on , anJ dror:p ed eo l s i d e::!:'ably dt:.ri ng :?ebruar;/ . 

Jurir:;� tbj_ s 3.-nC. p D.r t of  tl1 e  pr e c c di r:e rr:onth th e cheMi cal co:rr:-

po si tion o f  th e :n i lk -�;a s a ff e c t e d  by an mm sual l;�· dry sp el l o f  

-v;eath ar , an d a c i d pr o duc tion by rr.a�y o f the s tar ter s ivas c o n-

si d erably i r�ibi t e d .  Eowevcr , none o f  th e vari ati ons i n  bi tter-

ne ss scor e s  c o rr e �pond e q.  -to vari a ti o::1s in th e milk fl ora ( compar e 

:!!'i g s  1 5  and 17 ) .  
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'"' "" � ""  ,.., T T"r......, T'")'" "" �  \-' '.J . '  .'.! . �· V • "-' - 'o -

'Ih e :fl or.::. o f  th e rdlk u s oLl for cl: e c s cmal: i nc 1·.-a 3 sho'�:n to 

vary s o :: e  3CO- fol d clt:.ri ng t:he 1 9 G ?-7 0 s ca s O l'l . ';"r.e t o t al nunb er s 

a � �  typ e s  o f  bac t e� i a  �er e p�obably � nfluencod  by such fac tor s 

-:::::. e�r ::- cq_uontl y c o:rpri s c C.  abou t ha� f o f  � h e rav� rrilk fl. or a .  

0 ., ! .  

of 

ch e e s e  fl avour �oul d � ep e�� , �h c r e for e ,  on th e h eat s tab il i ty 

T'c.e ::'l a•.rour o f  t.h c ch e e s e  c::.ppear e d  to 'b e  unaf f e c t e d  by th e 

c o n z i c.er::..bl o v .J.r i a t :i. o n s  i :r, th e rr j l k  fl oru. , and i t  mu s t  b e  c o D-

cluc1 e d , t:1 er e::"or e ,  th:;. t  t:1 e s tre::j n o f  s t.J.r t er u s e d  i n  ch e e s e-

of �h e cl �lar ch e e s e  fl avo'J.r . 



V I I I .  l':!A�WFA C TURE AND ANALYSES O F  SELEC TED CHEESES 

Earl i er resul t s  showed consi derabl e di ffer enc e s  b etween 

starter strains 'tfi th r egard to their growth in PSM, sub sequent 

survival in the pre s ence o f  Na Cl , and in their pro teolyti c and 

pho spha ta se ac tivi ties.  To ascer tain the extent to  which th ese 

fea tur e s  influenc e ch e e s e  flavour , ch eeses were made from strains 

tha t c onsi s t ently gav e good-flavour ed ch eese (AM1 , AM2 and us3 ) 

or bi tter ch eese (HP and z8 ) .  Ch e e ses were al so made vri th strain 

ML1 which ha s generally been r egarded as a "non-bitter "  star ter 

(Emmons � al . , 1 96 2a ) .  

METHOD S 

1�anufac tur e of ch ee s e s. Th e bac teriologi cal qual ity o f  th e 

milk bo th befor e  and after pa steuri zation wa s routinely assessed 

by plate counting on SMCA. Th e  total counts of th e raw milk wer e 

£• 1 05 organi sms/ml ( 30% pro t eo lyti c )  and £• 2 X 1 04 ( 1 % pro t eolyti c )  

i n  the pa steuri z ed milk . 1.lbe se counts l·rer e  1ri thin th e range found 

d�ring the 1 969-70 sea son to have no influ enc e on th e development 

of cheese flavour . 

A preliminary seri e s  o f  cheeses was made u sing starter s us3 , 
HP , ML 1 and z8 • Following analysi s of these ch eeses,  a fur th er 

ser i e s  was made u sing star t�� s  AM1 , AM2 , HP and ML1 • 

The amount o f  star t er used to ino culate the cheesemilk wa s 

vari ed according to th e starter strain us ed. A gr eater amount 

o f  the " slow" (AM AM 1 ' 2 '  
s tar t ers (HP and z8 ) wa s 

ML1 and us3 ) compar e d  to the "fa s t "  

used. For th e fir s t  s eri e s  of chee s e s ,  

r enne t  wa s added at the l evel of 22 m l  per 1 00 1 milk ,  but in 
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the second series of cheeses the l evel was reduc ed to 1 8  ml per 

1 00 1 milk according to the r ecommendations of Lawrence  & Gilles  

( 1 970 ) . 

After overnight pressing the cheeses wer e film-v�apped and 

0 0 
ma tured at 1 3  C for 1 4  days,  and then subse�uently at 7 c. Thi s 

corresponds to s tandard practic e  in Neo;v Zealand. 

Counts of star t er during ch eesemaking and maturation. During 

the making proc ess , starter counts  1.;ere determined in the cheese-

milk immediately after inoculation, in the curd at "draining" and 

immedia tely prior to "sal ting ".  Counts  in  th e  cheese •.;ere 

determined after overnight pressing and at interval s during th e 

sub se�uent maturati on up to 1 6  weeks .  

Th e  count in  the cheesemilk imm ediatel y  aft er ino culation 

wi th s tar tm· was determined as for the plate counting of milk 

cul tures  d escribed earlier ( sea p .  39 ) ,  bl ending for 30 sec . A 

2 min pe1•iod  of blending was nec essary to adequately homogenize  

20 g sampl es  of  curd or  ch eese in  80 m l  of 2% sodium ci trate 

solution for plate counting. To prevent undue warming of these 

sample s  during blending , the bl ender and ci tra.te •iiere chilled 

0 to between 0 to 4 c. .A 1 : 1 dilution of thi s  homogenate wa s  then 

made in 0. 1 %  peptone diluent to give a 10- 1  dilution,  and 

sub sequent dilutions '\!Tare r.1ade decimally in peptone. One ml 

amount s  of suitabl e dilutions were plated in tripli cate to two 

series  of plates. One seri es was poured with agar in the usual 

way to give counts of  total populations . 

Counts of non-starter organi sms \fere found from the second 

seri es  of plates using a slight  modificati on of the bacterio-

phage method of Rob ertson ( 1 960a ) .  Agar and broth media are 
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normally suppl emented wi th ea++ i on s  to ensur e adequate phage 

infec ti on o f  the bac t erial c el l s ,  and i s  commonly suppl i e d  a s  

CaC1 2• How ever , Ca i s  liabl e t o  precipi tate i n  th e pr esenc e o f  

cations such a s  pho sphate, r e sul ting i n  cl oudy m edia .  To over

come thi s  Das & 1far shall ( 19 67 ) u s ed cal c ium borogluconate 

( CaBG ) as the sourc e of Ca
++ 

ions in th eir media for staphylo

coccal phages .  Prel iminary experiments h ere indica t ed i t s value 

vri th l a c ti c  str epto coccal phage sys t em s.  Consequently , 1 00 ml 

amount s of agar for pouring the second s eries o f  plates,  each 

containing 1 ml of ch eese dilution and 0 . 25 ml o f  th e appropriate 

phage preparation,  were temper ed to 44° C and suppl ement ed wi th 

1 ml o f  steri l e  1 .  0 M solution o f  CaBG (rFa:y & Baker , veterinary 

grade ) . 

Pn�ges spe ci fi c  for s tar t er strains u sed in ch eesemaking wer e 

pr epar ed a ccordi ng to the metho d of vlb.i teh oad & Bu sh ( 1 9 57 )  and 

wer e  routinely checked by plating to m1 sur e  freedom from bac teria.  

Th e  phage t i tres o f  th e pr eparations wer e  determined by th e 

method of Lowri e & Pear c e  ( 19 7 1 ) and th e effec t�vene s s  o f  th e 

pr epar ati ons in sp ecifi c ally prevent ing the growth o f  th e 

homol ogous bac terial strain routinely ch ecked by plating pur e 

bro th cul ture s ,  one seri e s  wi th and a second seri e s  wi thou t th e 

phage pr eparation. 

The c ounts of th e starter s tr eptococci in th e curd and 

ch e e se sampl e s  were det-ermined as th e differenc e b e tween the 

total counts obtained from the fir s t  ser i e s  of pla t e s ,  and th e 

coun t s  of non-star t er bac t eria obtained from the s econd ser i e s  

of plates whi ch h a d  b een tr eated vTi th phage. 
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Rou tine analys e s  at 14  days. T:ne cheeses uere examined at 

14 day s to determine the moi sture , NaCl and fat contents ,  and the 

pH according to standard proc edures (Briti sh Standards Institution , 

1 96 3 ) .  

Pro t eolys i s  durin1') rr.a tura ti on. 'Ibe course  o f  proteolysi s 

during the maturation of the cheeses was followed in terms of 

the increase of  "tyrosine " by the us e o f  Folin-Ciocal teu r eagent. 

Protein in 5 ml of the one-fifth dilution of cheese homogenate 

prepared for plate counting was precipitated with 10 ml of 1 2% 

TCA. Tyrosine in 5 ml of the TCA filtrate vras determined , as 

described previously , by the Hul l method, observing the pre

cautions of Citti � al .  ( 1 9 6 3 ) .  

D e term inati o n  o f  fr e e  am ino ac i ds .  The cheeses v!ere 

examined at interval s during maturation to determine the quantities 

of free amino aci ds present . TCA filtrates of the cheeses , pre

pared as described in the preceding section, were deep-frozen at 

- 1 5°C until it  l'las  conveni ent to have all the sampl es  a.nalyzed 

at o n e  e .  TGln m l  o f  TCA fil tra.te wa s extracted rTi th an equal 

volume of ether to remove TCA , and evaporated to dryness on a 

rotary evaporator. The dry material was then redi ssolved in a 

small measur ed volume of distilled water , the preci se  volume 

being chosen so that conveniently m easurabl e peaks were obtained 

on the chart of the aminp acid  analyser when a 0 . 1 ml sampl es 

was used for the analysis. 

Identification and quantitative measurement of  amino acids 

l'l'as  obtained using a Beckrnan 1 20  C Automatic Amino Acid  Analyzer 

with Beckman custom spherical ion exchange resin. The shor t 



c olumn for basic a� ino acids contained r e sin typ e PA 35 to a 

heigh t  of 8 cm. Th e  elution buffer pH -vra s  5. 25. Tn e l o ng co lumn 

for a c i di c  and neu tral am ino acids c ontained r e sin typ e UR 30 to 

a h eigh t  o f  58 cm . Buffer , pH 3 .  25 , ,.ras u s ed a s  eluan t , b eing 

r eplac ed after 90 min by a second buffer at pH 4. 30 . T"n e  fl ow· 

rate for all buffer s was 68 m l /hr , an d th e flow rat e  for 

ninhydr i n  wa s 3 4  ml /hr . Cal ibra ti on cons tant s for the ami no 

acids wer e  ob taine d from cal ibration run s  u sing a s tandar d amino 

ac i d  m ixtur e (Pi er c e  Ch em i cal Co . , Ill i no i s ,  u. s.A. ) .  Peaks 

ob tained from th e ch e e s e  sampl e s  w er e  identi fied from standard 

eluti o n  tim e s ,  and quanti tated by th e h eigh t-wi dth m etho d  o f  

m ea sur em ent . Amino acids can b e  e s t imated thi s  way wi th an 

ac curacy o f  + 3% for the maj or p eaks (l\'oor e & Stein , 1 963 ) .  

D e t ermina tion o f  ac id pho sph a t a s e  ac tivi ty in ch e e s e . Th e  

l ev el s  of acid pho sphata s e  i n  cheeses made id th singl e-s train 

star t er s iver e d e t erm ined using th e a s say pro c edur e descr i b e d  

b efor e (po 70 ) .  Th e campl e consi s t e d  o f  a bl ended one-fifth 

dilu tion of ch e e s e  sampl e ,  prepar ed as for plate c ountin g ,  wi th 

th e addi tion o f  m er thiolate to a final conc entration of 0. 03% 

to pr event bac t erial growth. Sinc e no thing ;.ra s known about 

sui tabl e  i nac tiva ting tr eatm en t s  for th e pho sphata s e s o f  th e 

star t er s trains , i t  wa s  not p o s sibl e to include a control ch eese 

sampl e in whi ch pho sphata s e  ac tivi ty h a d  b een inac tivated. Henc e ,  

a s  a control for th e assay, 2. 0 ml o f  di still ed wat er was sub

sti tuted for th e ch eese sampl e .  

Flavour a ss e s sments. A panel of 6 to 10 exp erienc ed judges 

assessed th e ch e e s e s  for Cheddar flavour and such o ff-flavour s a s  
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b i t t ern e s s ,  a s tr ingency , frui t ine s s  and sharpn e s s .  Th e  int ensi

t i e s  of th e s e  flavour s vrer e scored on a sca.l e of 1 to 5 ,  and th e 

desirability o f  th e overall ch e e s e  fl avour on a scal e o f  1 to 9 

as describ e d  pr ev i ously (see Y• 7 9 ) .  

R:SSULTS 

?'anufa.c turin.g and analytical data . Th e  manufac turing and 

analytic al data for the che e s e s  h av e  b een included ( Tabl es V and 

VI ) sinc e it i s  di ffi cul t to a s ses s th e signi fi canc e o f  bac t er i

ologi c al fi ndings unl e s s  th e s e  data ar e kno:m .  

Th e  sal t-in-moi s t� e  value s o f  th o fi r s t  s eri e s  o f  ch e e s e s  

( I )  vari ed from 3. 55% for ML 1 t o  4 .  25% for H?. T'nu s  th e eff e c t  

of 1\aCl on tee curvival o f  th e s tar t er organ i sm s  and pro t eolysi s 

i n  th e che e s e  m i gh t  no t b e  stri c tly co mpe.rabl e b e h·een the 

different che e s e s .  A s econd s eri e s  o f  ch e e s e s  (II)  was made , 

k e eping th e making of th e ch e e s e s  a s  c on s tant as po s sibl e .  Th e  

sal t-i n-mo i s tur e value s  of thi s  s er i e s  o f  ch e e s e s  'ftler e all 

similar (Tab l e  VI ) and clo se to th e average valu e of 4. 5% 

ob tained in c omm er c ial ch eese s .  

Starter p::)'pulations during ch e esemaking. To compensat e  

for the fac t  th at the moisture conten t s  of the milk and curd 

differ from tha t  o f  th e ch e e s e  after "pr e ssing " ,  the ac tual 

counts obtained a s  per ml o f  milk or p er gram of ch e e s e  curd 

have b e en expr e s sed as per gram of curd having a mo i s ture 

content equal to th a t  of th e fini sh e d  ch e e s e .  Th e  fac tor used 

to adju st the c ounts -v:as obtained from determination of th e 

moi sture conten t s  o f  the milk , the curd a t  "draining " ,  and 





Tabl e  VI. Routine analy ses o f  ch e o s o s  a. t 1 4  day s .  

Cheesema.king seri e s  

Star ter strain 

'Moi s tur e % 

Fa t % 

NaCl % 

pH 

Sal t-in-moi stur e % 

------ -· 

I I I I 

HP li'TL1 us 
3 

zs 

33. 8 36 . 6  3 5 . 6 34 . 0  

37 c 5 35. 5 36 . 5  37 . o 

1 . 44 1 .  30 1 .  34 1 .  39 

4 e 9 2 4 . 9 2  4o 9 5  4 . 94 

4. 25 3. 55 3 . 7 5  4 . 08 

I I  li II II 

AM1 .A.M2 HP 11L 1 

35 . 3 34 . 1 33. 9 34 . 3 

3 5 . 5 36 . 0  36 . 5  37 . 8  

1 .  67 1 . 55 1 .  6 2  1 0  6 2  

5 . 0 1 4. 98 4 . 96  4 . 99 

4. 7 3  4 . 55 4 . 7 8  4 . 7 2 

\0 1\) 
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imr:1 e di a t ely p1" ior to sal ti ng ( Tabl e V ) , and tn c moi s ture content s 
of th e fin i sh e d  ch e e s e s  (Table ·vr ) .  Th e  mo i s ture c o ntents o f  

th e m i lk u sed for all cheeses wa s 87% (i . e . s o l i d s  co nt ent 1 3%) 

at th e time of inocul a ti o!l. In th i s  v<ay a true i ndi c a t ion of 

th e ir.cr 0a s e  of star t r numb ers c an be obta.i:'led , :ra th er than an 

increa s e  d.ue to a c o n c e· . tra tion effec t a s  rr:oi s tur e i s  progr e s s-

iv ely lo st from th e curd. 

1·:i th al l s trair:s , th e Daxitmm popul a t i ons wer e a t tair.ed 

dm· i ng ch eesemak ing (Fi g s  1 8  anci. 1 9  ) . Iav1son & ?eagan ( 1 9 57 ) 

s ir.:ilarly fou!;.cl tha t maxir::um popul a ti ons of star t er •.;er e a ttained 

duri ng maki ng. nOvievor 1 consi d erc..bl e di fferenc es 1.; er e found in 

th e popul a ti o n  tr er�ds o f  t!1e star t er s  <iurir;g th e ch e e s emaking 

pr o c e s s  ( Tabl e VII ) .  Tl1 e  g:c eate s t  incr ea s e  in c el l  nw"TTb er s  

o c curr ed du:- i r.s t�EJ fir s t  2-�- t o  3 h r  o f  ch o e s er::ak ir.g to th e 

s taee aft er th o •·;hey had b e en ru.n o "!.'f ( 1 1Dry" ) .� lUring th i s  

8 p er i o d ,  the s tar t er populati o n s  und or�·rent from 1 . 1  7.. 1 0  c el l  

divi sions for s trai n ·AJ.�.1 (r epr e s enting 0 . 55 doubl ing s o f  th e  
c\ 

population )  to 9 . 8 X 10� c ell divi s ions (r epr e senting 3.  77 

population d.ou'tlir.g s )  fer E:h·aih 2" (Tabl e VH ) .  Du:d .. ng th e  0 
next 2i to 3 hr o f ch ees€rn a.'<ing to th e tim e  imm edia t ely prior 

to th e addi tion of sal t to the cur d ( "Sal t " ) ,
-

to tal viabl e 

s tar t er popul a tions in the ch e e s e s  made '·Ti th s trai ns AW2 , .A.H1 
an d ML1 ( ser i e s  II ) dropp ed by 2 4 ,  26 and 2 1 % r e spec tively . In 

spi t e  of thi s ,  holr<:�ver , acid pro duc tion continued. In th e o th er 

cheeses ,  c ell divi sion continued al though generally no t as rap i dly 

as during the earli er part of ch eesemaking, repre senting up to 

1 . 1 5 mor e doubling s  of th e populati ons . 

Th e  extent o f  aci d pro duc tion in all the ch eeses a t  "Dry " 



Tabl e VII. * Sto,r ter populations during cb. eosen:ak ing • 

- - �------

Counts X 1 0  
--8 

Chee s-e- t "---

Starter i n  curd 
Ho . of 

1 1 ' . . . 
X 1 0-B 

population doubl i ng s  
making in milk i n  curd 

strain se1•ies after a. t D�·y at Sal t 
C O  Cl.J.V l S J.Ons I 

0 - D D - S 

AU
1 

AM2 
HP 

HP 

:ML 1  
ML 1 
us3 

z8 

* 

ino cula-
tion ( 0 )  (D ) ( s )  0 - D D - S 0 - s 

---·-·------- - ------------ - - -- - -------.. -- -

I I  2 .. 0 3. 1 2 . 2 1 .  1 - 1 .  1 . O .o 55 -

I I  1 . 2  2o 9  0 . 47 1 . 7 - 1 . 7 1 . 1 7 -

I o .  7 2  4. 3 1 . 9  3 . 6  3 . 6  7 . 2 2 .. 49 1 . 1 5 

II 0 . 6 3  lf o 4 6 . 6  3 . 8 2 . 2 6 . 0  2. 7 5 0 . 5 1  

I 1 .  3 7 .. 4 1 3 . 2 6 . 1 5 . 8 1 1  .. 9 2 . 42 o .. 7 8  
II 1 .  3 1 1 . 0  8 . 7 9 .. '7 - 9 . 7 3 � 09 � 

I 1 0 5 5 . 7  6 . 9  4 . 2 1 .  2 5e 4  1 . 9 � 0 .. 2·1 

I o .  7 5  1 0., 6  1 8 . 9 9 . 8 8 . 3 1 8  .. 1 3 .. Tf o. 7 8  

The di ffering moi sture contents o f  milk and curd ss.mpl e £: have b eG n  ta..'tcon into ac count 9 and 
al l counts ex-pressed. i n  terms of colony-forr:!ing uni ts/ g of curd having a moi sture contont 

equal to that of the fini sh ed che•3 s e .  

----. 
0 to maxi�-
mum coun t 

0. 55 
1 . 1 7 

3 .  37 

3. 29 

3. 27 
3 . 09 
2 .. 1 8  

4 .  59 

\.0 ...,. 
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;.;as a:ppro:drr-::.tcly the sam e ,  ar-.G. s i�il arly a t  " Sal t "  f o r  all 

exc opt h;o o r  the ch o c s.cs (i . c .  al l exc ept tho se made '!;li th HP 

ar.d Z0 in th e fi r s t  s-·:·i es ) 
V 

I t  i s  r eadily appar ent , 

thersfor 0 ,  th�t t� e strains di ffer s d  � a�k � dly durir.g ch e e s e-

m ak i ng in 1� e quan t i t i e s  of aci d p�o d.u c cd per c o�l d�vi sion. 

0 th eir gr01·rth to p={ 5 o  2 in PSI·.� at 35 C 1·;e� 8 1 s s  t::.an during th eir 

g::-o'lrth in ch e c s z;-r.aldne; to the ti:,: e w'h cn t� e cur d 1·:a s sal t ed at 
.£.• p::S: 5.  2 .  In ps: ·  J.;h ey und.er�·r cnt from 1 . 8  X 1 08 c el l  divis ions 

( 4� 8 popul a ti on cl ubl i r'-,g s ) for str�in :.:L 1 , to 6 . 1 X 1 08 c ell 

d ivi sions (5. 4 popul ation doubl ings for s train z8 ( �abl e II ) .  

I t  would c e err. ,  tn er efor e ,  tha t tno c�G e s emaking t omp eratur e s  

0 o f  up to 38 C c..r e  above the opti;;:a for c el l  divi sion of mo s t  of 

th e s tar ter s trains.  Of t�o . s trains usGd i� these ch ees em��ing 

trial s ,  z8 app ea:r· ed to b e  th e l east affcc t od by th e high er 

t err:pera tur e s  o f  che6::. om�1.:ing , and the thr o� strains c on si s t en tly 

giving go o d-fl avoured cheese (AF1 , AM2 and US) th e mo s t  mark edly 

affec t ed �  Thi s  i s  al so consistent •·ri th th e heat sensi tivity of 

s train Al�2 o·oGerved earl ier (see p .  36 ) .  

Dorn & ���n ( 1 9 39 )  have pointed ou t tha t the rate of lac to s e 

f erm entation (pro auc tion of la ctic acid ) by l a c ti c  s trep to c o c c i  

may b e  greatest at a t e�peratur e abov e the optimum for c el l  

divi si on o Thus ,  th e differenc es b e tvTeen th e  star t er s  in th e 

amount s of ac i d  formed p er c ell division par ti cul ar ly duri ng 

ch e e s emaking probably al so r fl ee t the r el a tiv e s e11 s i  tivi ti e s  

of th e s train s  to th e te�peratur e s o f  ch ees emaking. 

Survival o f  starter . Sinc e the sal t-in-mo i s tur e l evel s i n  

th e first ser i e s  o f  cheeses 't-rer e low, a dir ec t  compar i son of th e 



s t arter survi va.l in "the tuo :.:; er i e s  o f  ch e c s € S  rr.u s t  b e  made 

cau t i ou sly . In the fir st s er i e s  of ch e e s e s ? populc:. tions o f  
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s t:�ain::::: HP , 1.�.J 1 and z3 all decl ined at similar and approximat ely 

ex:pon entic:l ra t c s , a� d. uero still pr e :::::ont in r e::. c.. ti vely high 

n.__.mb cr s (.£. .. ,..,6 � -�uj - )  I V  v .l.  (:, 3y contrast , 

s tra i n  uS � d cr ea sed e.i nearly t1d c o  th :ra t e  to < 1 05 cfu/g 
.) 

a t  1 2  1-;eo!cs.  

:� tho second seri e s  o f  che e s u s ?  st�ai�s 1� 1 a�d H? d eclined 

at o.pproxi�ately c or.:parabl e ra t e s  to b c -G-:;G cn 3 and 7 X 1 06 cfu/g 

a t  8 1�ce�:s (::.'ig. 1 9 ) ..  T..'li s rate 'iTa s sl i g�tly gr Gat er than in 

the fir st s o�i o s  of ch e e s e s ,  po s si b ly a s  a r e sul t  o f  th e h i gher 

l evel of �:aCl . Strc.ins -'�X1 and .U!2 , 1rb.ich hc.d a.ll· eady star t ed 

to dec:;. inc mal .. kecl.ly ovE::r. b efor e  sal t 1:as a.cldod t o  the curd ,  
c: 

conti::m ed. to decline c:. t a :·c..;>id r a t e  to <: 1 0--' c fu/ g a t  6 week s .  

T.:1 i s "i·ras c. bout t�-d. C O  ·t::1 0 � c  te at \·Thich US _ had. dccl i n tj d ,  but th e j 
p o s s ib l e  of" c -:; s  of di ffer enc e s  in :Na. Cl l evel s  as 1-:all as the 

hign er c ooking t n p eratur e (38°C ) used in th e Ar.�1 and A.M2 ch e e s e s  

c ompar ed l:i -th th e US .., ch e e s e  ( 37 °C )  shoul d b e  no t ed. j 
In th e inv e s tiga ti o_ o f  th e  sm·vi val o f  tile s tar t e1• s  in PSM: 

i n  condi ti on s  siMul ati ng sorr. e o f  tho s e  in ch e e s e, strains .U'Ii , AJ.t.2 
and us3 tend ed to decrease more in 14  days than th e o th er s train s  

te s t ed , ev0n i n  tho ab senc e of NaCl ( s ee p .  50 ) .  I n  th e pre s enc e 

of :NaCl , strain A1�1 and AM2 al so survived r el atively poorly . 

Such l aboratory exp erimsnts ar e ,  th er efore , abl e to giv e  a 

gen eral indi cation o f  the abi l i ty of the star t er s trains to 

survive in th e  ch e e s e o  

Th e  non- s tar t er c ount s  o f  th e cheese s at 2 'I>Teeks wer e i n  

th e range 105 t o  106 organi sms per gram , and shov-red l i ttl e 



Fi g. 18 . St�r t er populat�oris duri�g the making and ripe�ing 

of Che ddar ch e e s e s  made wi th ML1 ( 0 ) , us3 ( 0 }, z8 ( 6 ) 

and HP ( 6 ) . To accoun t for di ffering moi s �;;ure content s 

' 

during the making pro c e s s ,  the coun t s  i n  th e milk in th e va t  

a t  th e time of i no culation (v ) ,  an d i n  th e cur d a t  ·Run (R ) 

and imm e diatel y  prior to t2 e addi tion o f  sal t ( S )  h ave b een 

expr e s s ed in term s of col ony-forming-uni t s  ( cfu )/ g of curd 

having a moi s tur e  c onte11 t equal to tha t of th e fini sh ed ch e e s e .  

' P '  corr e sponds to the tim e �t whi ch th e chee se s were r emoved 

from th e pr e s s  approximat ely 24 hr after 'V ' .  
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Age of cheese (weeks ) 



-
m 
' ::::> 

.... 
""' .......... 

� 1 0  7 
::::> 
0 ""' 
41 

.. 
a 

A. 

Age o f  c h e e se  

\ 

(wee ks) 

98 

Fig . 1 9 .  Star ter popula ti ons du ring th e making and ri p ening o f  

Che ddar ch eese s made wi th strains ML1 ( 0 ) , AM2 ( e ) , AM1 ( 6 ) 
and HP ( A ) . Abbr eviations : a s  fo r Fig. 1 8 . 



t endency -to inc r Ga s e  6 beyond .£.o 5 X 1 0  at 1 6  ue .slc s .,  TI:lus 9  th e 

non- s t ar t er organi s r.� s  pr edo;r: ina ted t� e mi cro fl ora o f  th e Al�1 
and .A.:.2 ch e E.ses after 2 to 4 -v:eok s , an� <...fter atout 8 1-reelcs in 

th - ·c . e u ..... ':l. 
..J 

c� G c s e  • In J�lc. e o th er c1 e e s e s  the starte:- streptococci ; 
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C"J.: o  fir st s er i e s  of  ch eeses 9 1·:h i ch had 

b een mado 1-ri th star t c::.·s varying gr eatly in p�o zphatase ac tivi 'bJ ,  

a s  C.ete:..�i:::od in ?S�r cu.i. tur c ,  1i2. S e:::a:7lir:cd for a c i d  pho sphatase 

•rer e found in th e Y.? ch co8e ( 5 2 1 9 �-9 2  e..nd. 6 1 0  uni t s/g at 8 9  1 6  
�n 26 ;.;ce:':: s r e spec tively ) .. Sl igh tly lo�;o:;.· l evel s \rer-e found in 

th e 1f.L � ch e e s e  ( 37 4 �  304 and. 505 u-:-dts/g ai 8, 16 and 26 weeks ) , 
I 

and in the us3 ch eese ( 287 9 28 5 a::1d 435 uYJit s/r; et 8 , 1 6  and 26 
1rccl-: s )  o C"..: o ch e e s e  m<::..d.e '::i 'c� z8 n:1d. tn o }(:;a st aci d phospha tasc 

ac tivity (87 � 92 a. d. �67 uni t s/g at 8 9  16 and 26 �·reeks ) .  ( 1 uni t 

of ac tivity lib erated 0. 00 1 mi crorr.ol e ?:�?/nr under the condi tions 

of assayo ) 
0 In th e PS� cul tures g:-oun a t  35 C to pS 5 .. 2 ,  the gr atest 

l evel o:f a c i d.  pho sphatase activi ty vra s e:6ibi ted by strain HP, 

end �hi s  1 .vel �·ras 2 to 3 times that of s trains US 3 and :ML 1 •  In 

contrast, s train z8 had prccti cally no acid phosphatase ac tivity . 

Al though the di .ffsrence:s bet1reen th e l evel s of· acid pho sphatase 

in cheeses made ..,.ri th tho s e  four s tar t er s  \<Tere no t a s  gr eat as 

in PSH, there "l'ras never
.
th el e s s  a tendency for aci d pho sphatase 

ac tivity in the cheese to r efl e c t  the starter- s trai n u s ed in 

cheesemaking. The l esser differenc es of activity in the cheeses 

compared to th e PS1! cul tur e s  cou l d refl ect  differences in the 

maximum popul a tions attained ( compare Tabl es IV and VII ) ,  and ,  

L I B RARY 
MASSEY UN IVERSITY 
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in addi tion , ·c:::-... e c::. c tivi "�y c on -:;:.�ibu t ed ·by tb. e r:e. t:'..ve aci d pho s-

p::a t. a s e  of milk -;.;:hi eh \·�oul d. hc:..v e  b oc"1 ur:e..ffec t<>cl by th e :pa steuri za-

�ion of th e n i lk pri o:- to ch cesc;;:.::.:dng , and by such r.on- sta:.-ter 

florz, � s  tt e lac -to"'Je;,c i : l i  1-;� i ch rr:2.,y :.ncrc::zo C.u.:r·ing .. ripening. 

-'-:-: bo ·ch s e:ci E- c  of c:i c � s o s ,  t� 3 l evel o f  

!'ro teoly si s d.ct .:::c t cd i . -th e c' .. :::• d. ir..��� eC.i�t c� ;,r b e:f"o:- o  tl:: e e.ddi tion 

o f  1Za Cl •�c.s dop \mdon-c upo:'1 th o s t:::.:- t c1 s ·c:J.•e.in used. in ch c e s eme.king 

(?abl e VIII ) �  

o f  pro teolysi s i n  ?S::.::, a.l co ;;.xll.i-o i  t e d  l e ::;:=: :p:c�o tooly si s in th e 

ch a o s -a  cu:.� d.  the.. o th er more pr otc:0lytic ::: t:-ai�1 c .,  Sub s eq_uent 

:pro t eo ly s i s in th e cb. ee s-3s c oul d :no ·c ,  ho· .. :ov r ,  be r elated to 

th o ste.rt0r ·o..... . , . - - O "t eo .. y sJ. c  ua.s r.;o s t  :'�pi d. dur ing th e 

fi rst 2 to 3 •;eeks o :· ct c c s e:::ip clJ.i:'lg (Fie., 20a ) ,  pr obably b e c au s e  

0 
1 3  G and sub-

:1" t2 o fir s t  s c:.: i c s  o :  ch eo z s s ,  pr o t eoly si s 

pro c eed.ecl at differ 0n·c r a ·c a s ,  a�d. a rolatio::ship �-;hi ch tended 

towards l i neari ty ,  e cpccic.�ly aftel' i 2 ::o e:-c s 9  via s found bet1ve en 

pro t eolysi s in J.;h cse ch e ses and. th eir sal t- in-mo i s tur e l evel s 

T"n. e vc..riations , :par ti cularly up to 1 2  '\·7 e e:.C s , 

probably r efl ec t  par tly th e extent o f  pro teolysi s by th e start er 

strain u s e d  in ch eescmaking sup erimpo s ed on th e pro t eolysi s by 

r enn e t .  In genera.l 9 hoi·rever 9 th e tr ends wer e simil ar to tho s e  

ob tai ned 1'1i th rennet o n  its otm a t  di fferent l evel s o f  :HaCl 

(Fig .  1 2 ) .  In all o f  th e sec ond s eri e s o f  ch ees e s , whi ch had 

e s s  nti ally equival ent l evel s of sal t-in-moi s tur e ,  pro teolysi s 

pro c e eded at approximately squival ent rates similar to th e rate 

of pro t eolysi s in th e  z8 ch ee se o f  th e fir st seri e s .  



Pro t c.olysi z in che ono curd 

,., .. V!l C O r.! C-
Star t o:" 

:1? I 0 . 036 

' ·1"1 - · 1 I 0., 043 

us _ I 0. 022 j 
n ,.. 0. 055 L.8 ... 

.. .. � - :I 0. 0 20 .. .  _.4 ,_ 

,_ ·� .. - T  0 . 032 -·--2 J. �  

E�" T T � .1.  0 " 0 36 

1:11 I I  Oo 037 

."w". " r::g ty:-osine/5ml fil t=ca t e  ob ta ir:ed. 
� ft ar prec ipita i ins pro t e in in 5 ml 
of a o�e-fifth dilution of cheese 
cur d w� th 10  ml 1 2% TCAo 

1 01 
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( 0 ) � US ., \ 0 ) 9 Zr ( 6 ) c.nd H? ( 6. J 0 .J 0 
•,-a s clc torl":i:J.od ,;i th Fol i  _- Ciocal tcu r eagent a. s  i;h o E:.vol of 

/ th o s ta:!' t c� ch CG3e�.:a1cinG. 

( n .. ... -rr '"':"" \ s e c  .... ,:1 0J.. O .. � J �  

c ,  1 2  wk ; d ,  2 1  wk' e ,  2 8  vrk ; f ,  36 wk-. 

I oz.. 



1 0 3  

':':.;.e::;a C.e:-:;cr:::inat:!.o:::s o f  :)ro t co ::.ysi s i ::.  -�C. e che o s 0 s  t end to 

sub s tantiate t:ie su�;;; v s tic::. n:ade ea:;:-li ol' (p . 64 ) ·ch:: t  th e starter 

��ir.o a c i d  analy ses 

•�er e c=t:'l':. cci  out on tl: c fir st r: c:'i c s  o f  cb. eeses �I�i ch he.. d. b ean 

:: c ur e d  fo1 .. go o d  flc:..vot�:.� 

fl a.vclli' (�.::,_. ) .  
I 

mor.t2. f::!.avour a s s e s sr:: or.: 'c ::: o f  th e c:: c s s c s .  ·�.:: c b i  t t ar z8 ch e e s e  

roa. o.· ,-. . .,, : -'-1-. "" " ' CO >-' -i  C '' C� -" l '"� c.:.o··· ..... (G :I i,  \ . .  ...... . , .J.  L.- b - ....L .. .L - �...... ..... ....... � u -� - -- ) 

re:rm.e·�/ 100 l r.;ilk �:a s cxa.mi::1ed for fr e e  e.m ino c:.c i d s  a. t  24 b.r and 

again at 3 �or.th s �  

A typi cal r e so h.::tio11 o f  fu e  art ir.o c:.ciG.s fo'U.Yld in th e ch eeses 

Tabl e 

cas ein in only vory o:J�::..ll a1.1ount s ,  �rer e r:o -:; detec table in any o f  

th e ch eeses.  

At 24 h� , th e to tal l evel s o f  fr ee amino aci ds in th e cheeses 

rrade ·ui th :ML 1 , rP and. DS3 vrere l ovi (O o 4,  o. 3 a n d  o. 2 mg/ g o f  

ch e e s e  r e sp ec tively L T'n e s e  values i ncr eased mo st rapi dly in th e 

l'TL 1  cheese to r ea.ch 9 . 6  r:�gfg at 3 month s and 10 . 9 mr;/g at. 6 

month s .  In the us3 ch ee se th e l evel incr�ased to 4. 1 mgfg a t  

3 month s  and 'l'ias prac ti cally th e sam e at 6 month s (4.  0 mg/ g ) .  
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Fig. 21 . Chart trac e from the Amino Aci d  Analyz er of the free amino aci d s  in a 6-month-ol d  Ch eddar cheese 
made wi th s tarter s train US3 • Abbrevi ati ons : Lys ,  lysine ; Hi s ,  h i s ti dine ; Arg, arginine ; Met-S03H, � 
methionine sulphoxi des ,  Asp , aspartic acid;  Thr , threonine ; Ser ,  serine ; Glu , glutamic aci d ;  Pro , proline ; � 
Gly , glycine ; Ala , alanine; Val , valine ; Met ,  methionine ; I l e ,  i so l eucine ; Leu , l eucine ; � '  �osine ; 
Phe , phenylalanine ; BC,  buffer change; P, probably low M\f peptides. 



Tabl e IX. Free e..mino e.ci dc in ch c c r; c :J  during th e c cu:r ;: . . -:, o f  ripE ;1inc;. 'l'l1 o ch c. r. �; o :: lrcr o 1r.��o.o r:i -Lh 
th e single-strain ct.arter s  HP , l)J_, 1 �  us 3 &.r;d Ze , Ol� i i .i.. th [;"} ucor:i c c�c;:i cJ ] 2-. c -Lon e; (G tl.t ) in ;; ·L. : <:;cJ O l  
star ter. The concon tration s of -th e f�c oo C'.nd no .::_c :i. rl ::: o.:!.· c  (':xp:c c- c o cd <: �· ;1rJG o :f'  ch c c �; c .  

--� ---- -- -·-·-- ·-�---........ ··----··· ,.., _____ . �--· -- - -· -- - - -- ----· ·-___ .. ______ --· - ....... - --- ··-··· .. 

AL-:: C'· f cJl c r.: ::.�- o 
- �--- --

24 hr 3 mo . .  -t.h :: 6 lriOll 'LlJ D 
' ----- _______ _ -A._ __ . _ _. -----../'--. 

Amino ., "1\ GAL HP 1'!1 J 1 us3 GAT · a.ci d fJ  
' -- --- ._... .. 

Lys 3 . 3 45. 3 5 5 . 3 1 3 o 9 7 2. 4  
His - 1 9 . 5 2 3 . 6 - --

Are 4 . 2 29 . 6  43 . 6 2 ·1 .  7 6 . 7 
�!e tSO ..,H - - - - -.) 
A sp 1 7 . 4  1 7  . o  1 7 . 3 --

Thr - - - 6 . 7 -

Ser 1 . 3 1 7  . o  1 5 . 3  1 3 . 8  -

GJ.u 1 .  4 7 3 . 3 1 07 68. 0 41 . 2  
Pro - 37 . 8  4 3 . 1 17 . 5 -

Gly o . 6  5 . 6 ' · 9 1 .  8 8 . 4 
Ala 0 . 6  9 . 9  1 1 . 9  5 . 2 1 1 . 4  
Val - 1 0 . 0  1 4. 6  :; • 1 1 1 . 0  
�.fat - - - - -

I le  - 2. 6 2. 5 3 . 0  -

JJeu 5 . 0  28. 3 37 . o  1 6 . 3 1 46 

TJrr - 2 1 . 5 30 . 5 4. 7 1 1 . 7  
Ph e 6 . 7  1 9 . 2 3 1 . 4 20 . 0  1 1 2  

TotaJ. s :  23 3 37 435 2 1 5  421  

* Abbreviations : s ae Fig.  2 1 . 

HP JIT , _l 
- · - ---------· 

1 44 10 30 
l P  v 6  1 5 11· 
80 . 7  1 37 
39 � '7 2) 2 
')�· � ..) ( C I I 2 1 0  
1 6  0 1 -

85. 3 o r) .· _, c. I 

2G6 2?.60 
6 9 o 6 2n 1: 
25. t1 1 '1 8  
34. ? 2GG 
6 3  • .  , 57 4 
1 3 . t1 1 t1 �� 
1 3 . 3  6 �?. 4 

1 9 8 1 6 60 
6 5 . 9  2 17  

1 6 4  1 250 

1 37 8  9 597 

uc.· ,, 
>.) 3 /J.""' El' l'JJ 1 us 

(.J 3 
--- ---------- --... ---- �- �- - --�-----... -_. ... --� ·----·-·-•--" 
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<:.c i cl  1 ""tol to 

oy � � o��h s ,  �nd to in th e 

of l:aCl , 

s tr·ai:.'1 :.� -1 �-.�� s :cuYlQ ·:c ·o c :t o:' c  p:;."" o t ool;;/' ·c:.. c ·Cli �n atl .. C.i r:s E? a.ncl 
I 

� ..:.. " ... - :.�"0 ,... .,. ,::: .,. ... c. . ...,Q u l. '.;.: --- o. � . \..o,. U,_;3 Sinc e 

c::1t of th e s tar t er ::::train us ;;;d in cr: :.:::osor�c:kL.g (F:i.gs 2 2  and 23 ) • 

.Al tl:lot:.gh C�.:::-gir.ir�e occu:r·� od in a. r el;;.. ti v ely g-::..� o2.tGr p:::.'oportion i n  

th e -r.;s 3 c!::e e s e  ·ea an i '"' fu e  �· ch e e s e s  at 3 and 6 month s ,  thi s  - ·  o t-!l 0r 

1va s\ no t a.ppa1· ent in the 24 hr ar1al:;r si s ( Tabl e  IX ) o  

:::: Jla tive to t!! e proportions i n  \·�hich th e amino acids ar e 

know� to occur in c asoin, th e propor tions in th e ch e e s e s  of the 

fr e e  ar1ino aci ds pro.�. i:ne, i sol eucine and aspartic a c i d  1-:er a low , 

and th e propo:· tions of free l eucine and ph enylalani ne high .  This 

i s  in agr eerr.ent wi th t.>ie findi ngs of Mabbitt ( 1 955 ) vli th Cheddar 

chees , and AJ i ( ·1 9 60 ). _v;i th Edam chaese7  that proline arJ.d aspartic 

ac i d  -vrer e found in lower proportions , and 1 eucine in h i gh er 

proportions than in ca sein. 
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.t.;o tal � 

2..c i d. ,  

Tb. .::: :'ir s t  series o f  c:h o e s e  made 1-ri th 

tasted a t  3 ,  4,  5 and 6 month s  

' T  ' 1  7 '  1. a o  e J c J " 'I'h e eh o s o  r.:c.d.e ui th -us3 c or.si s t en tly p o s s e s sed a 

greater l evel of typi c al Che dQar flc.vour th�1 th e o th er ch e e s e s .  

O ff-fl avour s  such a s  bi tte::-ness and astringency wer e ab 3 Emt at 

al l s taga s .  

Ch e e s e s  m ade Hi fu HP an d z8 uer e  similar i n  mar� r e sp e c t s .  

Both wer e  d efini t ely bitter at 3 mcnth s s  and th e int en s i ty  o f  

bi t t erne s s  incr eased only sl i gh tly duri ng fur ther ma turation. 

Th e  scor es for Ch eddar flavour , and par ticularly th e overall 
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O f.":-f:2..'lOU:� dos-

i'c.i s co1:1firm s 

llc..vour 

Tnc s c co1:a sor:. c s  ;)f c� c o s c 3  rr: �d.0 1:r:.. th -t�_[.., 9 
I 

HP and 

tC..:::.n tl:.o so 

\f r;-·�.'-· "'! c YI ) - c:- -...! - - "- !o) 

flc:VO'Ur S 

Ch cidar :'lavour and 

3i t.!c crn ;;�s;:; ,;a s 

th e ch e z s e ,  and 

ab sent from tll e A:!. .. and .P2\._ c�eo s o s .,  
i 

Con�:riou ti on c f  f:·· ::.:o e.mino a.c5 ds to -'cho flavour of th e 

'Y.:1 e impor tance o f  amino acids i n  ch eese flavour 

wi l l  dopond to a gr ea t  extent on t• cir c onc entra tion in the 

ch e e s e s .  T'no amino aci ds valine, l eucin e ,  i so l eucine , 

t�7o sine and phenyl alanine ar e c onsi der ed to h ave a bi tter 

flavour •·:hen ta.st ad on. their o-.;m (1\fuldor , 1 952 ) .  

1 .. 1 I ,  



:7la.vcu� 

Ovs::.·2..:::. 1 
n. c c  (;) -:·,·
s:c:_:. i �Y 

2 . 0  

. 5 . 2 

c ccon.:. .:: c:."i � s  o f  

- •) ' " '-

·' '7 j .. f 

- �.:. �t..,. ;J ..!.. vl....!. 

1. . 2 

i . O 

· -�. L ,  

? •j � o  , 

1 . 5 
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1 1 2  

i ::.1g th e ·oi -ct o_• fl c.vvUi.' o f  t!J. e ·b:. "ttcc 2.;;1ino o.ci d.s 1·7C:. S a conc entra-

tio:n of 0 .,  1 %  ::..:1 pur e solutiono EOiiGVC:_ , it is likely tha t  the 

threshold.s l:oul d. ·o e higho1· in ch EJsse o. �cc ount o f  -ch e  pr e senc e 

of such o the::." corr.pounds a s  t:t v fat and ca sein., Th e  to tal con-

c en tra ticns o f  th e bi tter amino ac�ds in th e HP, ML1 ,  and us3 

ch e e s e s  at 6 months uere O o i 4, O o 47 and 0 .. 1 5% ( >r/v ) respectively, 
and at 3 :nontt s  0 .. 0 5 ,  0 . 38 a�d Oo 1 4% (i·r/w) r G spec tiv ely , and 

0. 05% in th e  z8 c!J.c ese. At th s e  l ev el s th e contribu ti on o f  

the bi tter- ta s ting amino aci ds to bi tterness in cheese seems 
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D I S C U S S I 0 N 

Th er e i s  l i ttl e  doub t tha t  th e s tar t er s tr ep to c o c c i  u s e d  in Cheddar 

ch e e s emaking ar e r e sponsibl e for th e devel opm en t  o f  typi cal ch e e s e  

flavour an d for sp eci fi c  fl avour defec t s  such a s  bi t terness.  

Goo d- fl avour ed ch e e s e  i s  alway s  pro du c ed wh en �. cr emori s str ai n s  

AM1 , AM2 o r  us3 ar e u s ed , and ch e e s e s  charac t er i z ed by bi tt erne s s  

and l ow er consumer a c c ep tabi l i ty are al mo s t  always pro duced when 

such s trains as HP and z8 ar e used.  �ai s  inve s t i ga ti on was under

tak en to determine th e featur e s  o f  s tar t er s trains a s so ciated wi th 

goo d  or poor fl avour devel opmen t i n  th e ch e e s e .  A n  attempt was 

al so made to differ entiate th e ro l e s  o f  s tar t er s tr ep tococ c i , 

o th er mi cro-organi sm s and r enne t , par ti cul arly wi th r egard to 

th e p o s si bl e  influenc e o f  th eir r elative pro t eolyti c a c tivi ti e s  

o n  th e acc eptabi l i ty o f  the ch e e s e  and th e form a ti on o f  bi t t erne s s .  

Th e pr esent i nv e stiga tion ha s demons trated tha t  goo d-fl avour e d  

ch e e s e  i s  charac t er i sti cally made when s tar t er s  ar e u s e d  wh ich 

po s s e s s  ei ther one or bo th o f  th e fo ll owing featur e s : (i ) low 

rate o f  c el l  divi si on at the t emp eratur e o f  che e semaking wh i ch 

r e su l t s  i n  r el atively i o w  numb er s of c el l s  b ei ng prb du c e d ;  ( i i ) 

l o w  pro t eolytic ac tivi ty a s  determined i n  PSM containing 4 to 5% 

NaCl . 

Growth o f  s tar ter s .  Th e  star t er strains exhibi ted charact-

eri s t i c  di ffer enc e s  i n  th e populations they attai n e d  and th e 

numb er o f  doubling s  o f  th e populations tha t  o c curr ed duri ng 

ch e e s emaking .  Populations o f  th e "non-bi t t er "  s train s  AM1 , . AM2 

and us3 doubled b e tween o. 6 to 2 time s  compar ed to b e tween 3. 3 

to 4 .  6 times for th e ''bi t t er "  s train s  HP and z8 • Cell divi sion 
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o f  all s trai ns pro c ee ded mor e rapi dly duri ng th e fi r s t  2i to 3 hr 

of ch e e s emaking. Duri ng th e next 2J to 3 hr o� ch e e s emaking , 

after th e maximum temp eratur e had b e en a ttained,  th e populations 

o f  strai ns AM1 and AM2 decl i n e d  up to 1 0-fo l d ,  an d  th e popula ti o n  

o f  us 3 r emained vir tual ly s tati onary . In spi t e  of thi s ,  ac i d  

pro du c t i on b y  th ese strains continued. In contrast , c el l s  o f  th e 

1 1b i  t t er 1 1  strains H P  a n d  z8 continued to divi d e ,  al though a t  a 

sl igh tl y  l ower rat e ,  duri ng th e l a t t er s tages o f  ch e e semaking. 

Sinc e th e rate of c el l  di vi sion wi l l  limi t th e ext en t  o f  

bac t eri o phage r epl i cation ,  th e s e  di fferenc e s  between th e ' 'b i t t er 11  

and 11non-bi t t er "  star t ers in th eir rates of c el l  divi sion duri ng 

ch e e s emaking may explain th e earl i er report by Lawr enc e & Pear c e  

( 1 968 ) that th e former strai n s  t ended to b e  mor e sensi tive to 

bac t eri ophage infec tion than th e l at t er s trains . 

Similar di ffer enc es wer e al so found i n  th e popul ations 

a t tained and the numb er of c el l  divi sions undergone by the 11non.
o bi t t er "  and ''bi tter "  s trai n � _ gro wn to pH 5. 2 in PSM a t  35 c ,  but 

th e s e  di ffer enc es wer e no t as marke d  as tho se found duri ng ch ee s e-

maki ng. The numb er of P9PU�ation douql ings vari ed � � tw§g� 4. 2 

for AM2 to 5 . 4  for z8 • The di ffer enc es in populati o n s  canno t b e  

a t tribu ted t o  variations in cha in l ength s b e tween di ffer ent 

strai n s  as th e chains wer e r educ ed to approxima t ely equal-si z ed 

colony-formi ng-uni ts by bl endin g  o f  th e cul ture s  pri or to 

standard pour plate c ounting. Th e  di ffer enc e b etween th e growth 

o f  th e s tar t er s  in P SM and duri ng ch e e semak i ng empha si z e s  th e 

impor tant effec t that rai sing th e t emp eratur e from 35 to 38° C ,  

th e maximum t emperature r eache d during ch e e s emaking ,  ha s o n  the 

growth o f  th e  "non-bi t t er "  s tar t er s ,  such a s  AM2 , whi ch ar e 

par ti cularly h eat-sen si t ive. 
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Pro teolysi s by s tar ter s. Pro t eo lytic br eakdown i n  skim milk 

cul tur e s  vari ed consi derably accordi ng to th e s train. Cordon & 

Sp eck ( 1 96 5a )  consi der ed that "non-bi t t er "  s tr!l-ins o f  ch e e s e  

s tar t er s were l e s s  pro t eoly ti c i n  skim milk cul tur e s  th a n  th e 

"b i t t er "  strain s . ·. In ·thi s inve sti ga ti on ,  pro teolysi s by thr e e  

"non-bi tter " strains , AM1 , E8 and US3 ' duri ng growth t o  p H  5 . 2 

in PSK a t  35°C wa s r ela tively l o w  c o mpar ed to th e "bi t t er "  

star t er s ,  but thi s .,..a s  no t tru e o f  thr ee o ther "non-bi t t er "  

strain s ,  AM2 , ML1 and R1 • 
Th e  addi tion o f  4 or 5% Na Cl , l evel s commonly found in th e 

moi s tur e o f  ch e e s e ,  to PS:r..r cul tur e s  h ad prac tically no effec t on 

th e amount o f  pro t eolysi s effec ted by th e l ea s t  pro t eo l y ti c  

strai n s ,  AM1 , E8 and us3 , but th e amount o f  pro t eoly si s by th e 

mor e ac tive s trains wa s mark edly r educ e d  on extended incuba ti on 
0 at 1 3  c. Thu s pro t eolysi s by th e "non-bi t t er "  s trai n AM2 was 

r educ e d  in th e pr e s enc e o f  Na Cl to a l evel similar to tha t o f  

th e o th er "non-b i t t er "  s trains , AM1 , E8 and us3• 
The "non-b i t t er "  s train ML 1 wa s h i ghly pro t eoly ti c ,  even 

in th e pr es enc e o f  NaCl . Al though ch eese made 'ri. th thi s  s train 

h a s  generally b e en de seribed as non-bi t t er (Emrnorts � ai . ,  1 9�2a ;  
Jago , 1 96 2 ) , ch e e s es made wi th ML1 a t  thi s  Ins ti tu t e  have 

fr eQu ently b e en judged by th e tas t e-panel s to be sl i gh tly b i t t er .  

Yor e  par ti cul arly , however , an o ff-flavour variou sly de scrib ed 

as "burnt "  or "caramel " is al so r epor t ed (Lawr enc e & P�ar c e ,  1 97 2 ) . 

Thi s s eems to b e  a charac t eri s t i c  o f f- flavour a s socia ted wi th 

ch e e s e  made wi th thi s s train, and fo r thi s  r oason i t  i s  unwi s e  

to r egar d  s train ML1 as a typi cal "non-bi t ter " s tar t er .  

Although strain R1 has a.l s o  b e en consi der e d  to b e  a "non

bi t t er "  star t er ( C zulak & Shimrnin ,  1 96 1 ; Emmons � al . , 1 96 2a ) , 
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i ts simi lari ty i n  rr.any respects to HP i n  the presen t  investigati on 

suggested that. it shou l d  be  a "bi tter " strain. Thi s has in  fac t 

been confirmed i n  recent trial s at.  th e Insti tute wher e R1 che eses  

were found to  b e  consi s tently bit t er .  

One conclusion that follOi'TS fror.1 th ece r e sul ts  could b e  o f  

importanc e in th e manufac ture o f  lactic aci d  casein.  Ey using only 

tho s e  start er strains wi th l oi'1 pro teo lytic ac tivi ty ,  the po t enti al 

yi el d losses due to pro teoly si s during the coagulation p eri od 

woul d b e  reduc ed to a minimum. 

Speci fi ci ty of  star t er protei nases . Ami no acid analyses 

of  a good-flavour ed ch oose and ch eeses  havi ng ei ther bi tter or 

"burnt " off-flavours  i ndi cated that a wi de range of fr ee amino 

aci ds was liberated du e to proteolysi s. Al though th e to tal 

quanti ties of fr eo amino acids var i ed b etween th e cheeses ,  the 

propor tions whi ch the indivi dual fr ee amino acids  form ed of th e 

to tal s were similar i n  all the cheeses .  Th i s  i ndicates cl early 

that th e prot einases  o f  the star t er strains  u s ed for making th ese 

ch eeses differing in flavour exhibi t ed practi cal ly no di ffer enc es  

"� th r egard to  the p ep tide  bonds cl eaved. Other inv e s tigator s 

have al so shown that  al though lactic str ep tococci may differ 

between strains in  the quanti tie s  o f  amino aci ds formed in milk 

cul tures  they could no t b e  di stingui sh ed on the basi s o f  

sp ecificity (Dol ezal ek , 1 966 ; Mill er & Kandl er , 1 967 ) .  

Survival o f  star ter in r elati on to pro teolysi s.  Proteolysi s 

in the PSM cul tur es  in the simulated cheese  environment system s  

continued i'Th e th er th e star ters di ed  out rapi dly ( strain c1 3 ) or 

survived liell ( a train ML8 ) .  Mor eover , al though th e  survival o f  

HP was better i n  the presence of  5 than 4fo NaCl , pro teoly si s  was 



1 1 8 

s l i gh tly l e ss a t  th e hi gher NaCl level . Thi s evi denc e ,  al though · 

no t conclu sive ,  do es no t suppor t th e suggestion by Ander s & Jago 

( 1 96 4 )  that th e rapi d death of th e s tar ter dur i ng ch ee s eripening 

i s  r e sponsibl e for l imi ting p ep ti da s e  ac tivi ty whi ch in turn 

woul d thu s enhan c e  th e d evel opmen t of bi t tern e s s .  On th e con

trary , tho s e  s tar ter s  such as AM1 , Al�2 and us3 vrhich di ed ou t 

rapi dly i n  th e ch e e s e  w er e  tho se whi ch charac t eri s ti cal ly pro

duc ed th e l east l evel s of bi t t erne s s .  

Bi tterne s s . At th e star t  o f  thi s  i nvestigati on i t  was 

consi dered pos sibl e th at the bac teri ologi c al qual i ty of the 

ch e e s emilk , par ti cul arly wi th r egard to th e inci denc e o f  

pro t eoly ti c organi sms , m i gh t  have some i nflu en c e  o n  th e devel op

ruent par ti cul arly o f  o ff-fl avour s such as bi t tern e s s .  Feagan & 

Dawson ( 1 959 ) ,  for exampl e ,  attribu t ed bi tterne s s  i n  some 

Au s tral i an Cheddar ch e e s e s  to th e i nflu enc e of c er tain typ e s  o f  

bac t eria whi ch pr ed omina t e d  i n  the mi lk supply. However , under 

normal Kew Zeal and condi tions th e pro tei na s e s  o f  th e mi lk flora 

hav e  b een sho�� in thi s  i nv e s t igation to play an insigni fi c ant 

ro l e  i n  influenci.ng fl avour devel opm en t .  

C zulak ( 1 9 59 ) postula ted tha t  bi t t erne s s  i n  ch e e s e  r e sul t ed 

from th e ac cumul ation o f  b i tter p ep t i d e s  due to th e ac tion o f  

r enn e t ,  and th e u s e  o f  s tar ter s  wi th l o w  o r  impair ed pro teolyti c 

ac ti vi ty whi ch 1o1er e unabl e to further degrade th e s e  p eptides 

(Fi g. 24) . I f  thi s  hypo th e si s  w er e  corr ec t ,  one wo ul d  exp e c t  

tha t  th e "non-b i t t er " strain s  such as AM1 , AM2 or us3 woul d 

ei th er b e  more pro t eoly t i c  or b e  highly speci fic i n  their abi l i ty 

to d egrade bi tter p ep ti d e s .  Howev er , i n  the pre s ent i nv e s ti gati on 

th e "non-bi tter "  star ter s  were found to be l e s s  pro t eo lyti c than 
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th e "bi tter " star t er s ,  and th e sp eci f i c i  ty o f  casei n  br eakdown 

in cheese made lri th bo th th e ''bi t t er "  and "non-bi t t er "  s tar t er s  

wa s very simi l ar .  

Al though S tadh ouder s ( 1 96 2 ) al so consi der ed that th e abi l i ty 

o f  th e s tar ter s  to br eak down r ennet p ep ti d e s  was a sp ec i fi c  one , 

he c o n si der e d  tha t  th e rate o f  ac i d  pro duc tion by th e s tar t er 

duri ng ch eeserr.ak i ng could al so influenc e th e d evelopment o f  

bi t t ern e s s  by d e t ermining th e amount o f  r enn e t  re tai ned i n  th e 

cur d ,  sinc e bi t t er n e s s  was fr equently a s so ciated wi th h i gh c on-

c entrati ons of r en n e t .  However , no di f ferenc es coul d b e  found 

i n  thi s  inve stigati o n  b e tween th e el e c trophor e si s  patterns o f  

ca sei n  br eak dovm i n  a bi tter ch e e s e  made wi th HP , and a non-

bi t t er ch eese made w i th AM2 • Thi s sugg e s t e d  that th e l ev e l  o f  

renne t  r etained i n  th e curd o f  ch e e s e s  made wi th th e s e  di ffer en t 

star t er s mus t h ave b een e s s entially th e sam e .  

Schorm�ll er ( 1 968 ) consi der ed tha t  th e  pho sphatase a c tivi ti e s  

o f  th e organi sm s i mpor tant i n  ch e e s em aking wer e e s sential for 

th e degradati o n  o f  th e pho sphopep t i d e s  derived from th e pro-

teoly si s of casei n .  One migh t  exp ec t ,  ther efor e ,  tha t  the 
/ . pro t eoly t l c  and phosphatase ac tivi ti e s  o f  th e s tar ter s wou l d b e  

r el a t e d ,  but thi s wa s no t found i n  th e pr e s ent inv e s tigation.  

Lawr ence & Gi l l e s  ( 1 970 ) found tha t  ch eese made wi th h i gh 

l evel s o f  r enne t  exhib i t ed a gr eater i nt�n s i ty  o f  bi tterne s s  wh en 

"bi t t er "  s tar t er s  wer e  u sed in ch e e s emaki ng. However , wi th thr ee 

"non-bi t t er "  star t er s ,  AM1 , AM2 and us3 , a 3-fol d.  increase in 

the normal amount to 6 6  ml/ 1 00 1 of m i lk di d no t affec t the l evel 

o f  b i t t erne s s .  Th e  fac t  tha t  bi t t ernes s  was no t d e t e c t e d  under 

th e s e  c ircum stanc e s  suggested tha t  ei ther the r enne t  p ep t i d e s  

wer e no t b i tt er o r  tha t  i f  they wer e th ey were rapi dly degraded 



by th e prot eina s e s  o f  th e star t er streptococ c i . Thi s l a tt er 
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al t ernative , ho>-Tever , i·TOul d no t b e  consi stent wi th th e rel a ti vely 

l ow pro t eolytic ac tivi ty or th e ab s enc e of speci fi c i ty of th e 

pro t ei na s e s  o f  th e se "non-bi t t er "  strains . 

Th e  fol l owi ng sch em e ,  outline d i n  Fig . 25 i s ,  th er efor e ,  

sugg e sted to explain th e role o f  r ennet and th e di ffer ent s tar t er 

s trains i n  determi ni ng wh e th er or not bi t t erne s s  i s  forme d  i n  

ch e e s e .  Th e  fir st s tage o f  r enne t  pr ot eoly si s  r e sul ts i n  th e 

formation o f  high M'W, predominantly non-bi t t er ,  p epti d e s .  

"1-ron-bi tter "  s tar t er s ili. th l ow pro teolyti c a c ti vi ty do n o t  degrad e 
/ 

th e s e  pr ecur sor high MW p ep ti des a t  a fast enough rate for th e 

conc en tration o f  l o;.rer :MW p ep ti de s  i ncludi ng bi tter p ep t i d e s  to 

exc eed the thr e shol d at whi ch bi t t erness can b e  detec ted.  Henc e ,  

i ncr easing th e quan ti ty o f  pr ecursor h i gh 'llfVl p ep ti d e s  by employing 

h i gher l evel s o f  r ennet has no e ff e c t  on th e l evel of b i t tern e s s  

i n  ch e e s e s  made wi th th e s e  s tar ter s .  Wi th th e ''bi t t er "  star t er s ,  

wh ich have r elatively mor e pro t eo ly t i c  activi ty , th e pr ecur sor 

high MW p eptides ar e broken down mor e r ap i dly and a gr eater 

accumul ation o f  b i t t er p epti des r e su l t s .  Incr easing th e renn e t  

l evel incr ea s e s  th e supply o f  th e s e  pr ecur sor s and pro t eo l y si s 

by th e s e  ''bi t t er " s tar t er s  will l ead to an increased l evel o f  

bi t t er p ep ti d e s  b ei ng formed. S tar t er s  such a s  ML 1 , having 

gr eat er pro teoly ti c ac tivi ty , probably degrade b o th th e pr e cursor s 

and th e b i t t er p ep ti d e s  mor e ext en si v ely.  The chara c t eri s t i c 

"bur n t "  flavour a s so c i ated with thi s  s train may b e  due to the 

r el atively l arge amoun t o f  fr e e  amino aci ds form e d .  

Relationship o f  star t er popu l a ti ons to pro t eolyti c ac tivity. 

As th e "non-b i t t er "  and "bi t t er "  s tar t er strai n s  app ear to di ffer 
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NON-BITTER 
CHEESE ( e . g. 

AM1 , AM2, us3 ) 

BITTER CHEESE 
( e . g. HP, z8 ) 

CHEESE WITH 
"BURNT" OFF

FLAVOUR 
( e . g. ML1 ) 

Fi g. 25 . The suggested ma jor pa thway s o f  casei n  br eakdown by 

the proteinases o f  r ennet and starter str eptococci that l ead to 

the formati on of flavours in Cheddar cheese  associated with the 

use  of  specifi c star ter s trains. Pro teinases  in parentheses 

probably play a r el atively minor rol e.  Do tted l ine s : possibly 

minor pathways by ei ther r ennet or starter . 
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in th eir pro teo lytic ac tivi ti e s  only i n  th e quanti ty o f  br eakdown 

pro du c t s  formed and no t in the natur e of th e pro duc t s  formed, i t  

i s  l ik ely that the l evel o f  star t er pro t einases form ed during 

ch e e s emaking c oul d b e  impor tant . 

Bac ter i al enzyme s can general ly b e  de scribed ei th er a s  

extr � c el lul ar o r  c ell-bound. The c el l-bound enzym e s  c an b e  

fur ther classed a s  truly intracellular ( cy topl asmic ) o r  sur fac e 

(m embrane )-bound. Of 30 strain s  o f  s tar t er st� epto c o c c i  grown 

on S tandard re thods c aseinate agar ( see Appendix I ) , only two 

strai n s , wh i ch ar e infr equently u s ed i n  ch e e s emaking , c onsi s t ently 

forme d  whi te z o n e s  due to pro teo l y si s extending beyond th e colony , 

indi cative o f  a di ffusabl e extracellular pro t einase.  Some o f  

th e o th er strai ns forme d  trac e s  o f  z o n e s  due t o  pro teoly si s ,  but 

only dir ec tly b en eath th e colony . Th i s tend s to indi ca t e  that 

th e pro t eina s e s  of the commonly-us ed ch eese star ter s trains are 

cell-bound rath er than extrac ellul ar , in agr eem ent wi th the find

i ng s  o f  Baribo & Fo ster ( 1 9 52 ) .  

A s  c el l-bound enzyme s  i ncr e a s e  synchronou sly with the c el l s  

a s  th ey divi de , th e maximum l evel o f  enzyme formed i n  a cul tur e 

i s  l ik ely to b e  clo sely r el ated to the maximum c ell population. 

It i s  mo s t  l i kely , therefor e ,  tha t  the l evel of star ter 

pro t ei na s e s  forme d in ch e e se i s  d e t ermined by a comb i nation 

of two fac tor s :  ( i ) th e ma�imum numb er o f  c el l s forme d  during 

ch e e s emaking , and (i i ) the r el a tive pro teolyti c ac tivi ty o f  

th e spe c i fi c  s tar ter s train u sed. 

Th e  rol e o f  th e pro teoly ti c  ac tiviti e s  of star t er i n  

influencing th e overall acceptabil i ty o f  flavour , and th e inten si.ty 
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6f flavour defects  such as bi tterne s s ,  l eads one to po stulat e  

that a considerabl e amount of  control can be  exerted o n  ch eese  

flavour m erel y by r egulating the population and , hence ,  the l evel 

of protei nase attained during ch eesemaking. A decr ea se in the 

populations of "bi tter " strains such as HP and z8 during ch eese

making shoul d reduc e th e l evel of  pro t eina s e ,  and consequently 

decr ease  the t endency to bitterne ss in ch eese.  Ho1o�ever , increas-

ing the populations of  typi cally "non-bi tter "  strain s  with l ow 

pro t eolytic ac tivi ty per c ell  ( e . g. AM1 and us3 )  might not affec t 

flavour signifi cantly, as th e  l evel o f  pro teinase might still  no t 

be suffi ci ent to induce  bitt erness .  

Th e  r educ tion in the inten si ty of  bi tte�ness in  cheese  made 

using a "non-bi tter "  star ter in association wi th a "bi tter "  star ter 

i s  well establi sh ed (��ons � al . , 1 962b ;  Lawrence & Pear c e ,  1 968 ) . 

In thi s  si tuation th e maximum l evel o f  ''bitter "  start er attained 

during cheesemaking woul d b e  r edu c ed o n  account of the pre sen c e  

o f  th e "non-bi tter "  starter. Consequently th e l evel of prot einase  

derived from the "bi t ter " strai n would b e  correspondingly r educed , 

thereby reducing th e intensi ty of  bitterness  in the ch eese.  

I t  might al so b e  expected that increasing the popula ti ons 

of typi cally "non-bitter "  star ter s h aving a higher 1 evel o f  pro-

teolytic activi ty p er cell  ( e. g. AM2 ) may l ead to enough enzyme 

being form ed to bring about bi ttern e s s .  

Effect of  Na Cl o n  prot eolysi s  and bitterness.  Lawrenc e & 

Gill e s  ( 1 969 ) considered that th e develop�ent of  bitterness  i n  

cheese  made with specific "bi tter "  s tart er s  was determined by th e  

salt-in-moi s tur e l evel and , t o  a l e s s er ext ent ,  upon th e p H  of  

the cheese  at  1 4  days.  Almost without exc ep tion they found that 



bi tterness occurred in cheese made with HP when the sal t-in

moi sture level was < 4. 3%, but was generally absent when the 
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sal t-in-moi sture l evel was )4. 9%. Thi s  woul d b e  consis ten t  loo'i th 

the findings in the present investigation that prot eolysi s by 

bo th rerillet  and starter is inhibi ted by NaCl . Al though the 

overall proteolysi s in cheeses was al so r elated to th eir sal t

in-moisture l evel s ,  i t  seems unl ikely that th e comparatively 

srr.al l variations of sal t-in-moi s ture l evel s frorr. (4. 3 to '> 4. 9% 

w·ould affect the devel opment of  bi tterne s s ,  as  much a s ,  for 

exampl e ,  one more doubling of the starter population during 

ch eesemaking wi th a corresponding doubl ing in the l evel of 

starter pro teinase .  

Rela ti onship of th e pH o f  th e cheese  to the incidenc e of  

bi t t erne s s . There  have been confl i c ting reports on the signi fi cance 

of th e relationship of the pH of the cheese to the incidence of 

bi tterness.  Czulak ( 1 959 ) found that  bi t terne ss occurred mo s t  

frequently i n  ch eese  having a pH < 5.  0 in  the first week ,  but 

Dawson & Feagan ( 1 960 )  fail ed to find ar1y correla. tion b et.-reen piT 

and bi tterness .  Emmons � al . , ( 1 96 2a )  showed that some "bi tter "  

starter strains '1-rere more significantly affected by pH than o th er s .  

Lawrence & Gill es ( 1 969 ) found that th e pH  of  cheeses made wi th 

"bi t t er " HP s tar t er wa s only o f  i mpor tanc e i n  i nfl u enci ng the 

bitterness  of the cheese hn en the sal t-in-moi s ture l evel s were 

rri thin the range 4. 3 to 4. 9%. 

A likely explanati on o f  these  confl i c ting report s  can b e  

made in terms of the population and associated enzyme l evel s of  

the starter s .  Hi th  the "fast " starter s  a significant  amount of 

c ell divi si o n  takes pl ac e during the f ormati on o f  aci d i n  ch e o s �  



maki ng. Sinc e th e fi nal pH o f  th e che e s e  d ep end s  on the pH 
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a t tained during ch e o s emak i ng (Dolby, 1 941 ) i t  i s  l i k el y  tha t a 

more acid ch eese  a t  1 4  days w·ould indicate that a higher popula-

ti o n  o f  shrter had b een a ttained duri ng ch e e s emak i ng . Hi th th e 

a s so c i ated h i gh er l evel o f  star t er prot einas e , bi tterness or a 

gr e a t er i n t e n si �J o f  bi t tern e s s  woul d b e  nor e l i k ely to develop . 

'lbe "non-bi tter " s tar t er s  prac ti cal ly c ea s e  divi di ng in the · 

latter hal f o f  ch ee s emaking , al though aci d produ c tion conti nues.  

Henc e , a r el a ti v ely l o w  p H  o f  a ch e e s e  made >·ri th a "non-bitter "  

s t ar t er woul d n o t  ne c e s sari ly i ndi c a t e  that a high popu l a ti o n  o f  

s t ar t er had b een a t tained duri ng ch eesemru<ing . In th i s  si tuati on 

o n e  vTOul d thus not exp e c t  a r el a ti onsh i p  b e tvreen th e pH of  the 

ch e e s e and th e i n c i d en c e  o f  bi t t erne s s .  

Conclu si on s . The development o f  go o d  fl avour and the 

ab s en c e  o f  flavour d e f e c t s  such a s  bi t t erne s s  i n  Ch eddar ch e e s e  

a,;r e  largely determine d by the starter s train and th e amount an d 

type o f  renn e t used.  Variations in th e bacteriologi cal quali ty 

o f  th e m i lk normally have no detec tabl e influenc e on ch eese flavour . 

Th e  determination o f  th e pre c i s e  bl end of components which 

makes  up typ i cal Ch etldar fl avour i s  l ik ely to prove extremely 

difficul t.  However , the present i nv e s t i ga t i o n  indi cates that  

differences in th e typ i cal flavour s associated wi th th e use  of  

specific  starter s tr ai ns can b e  expl.ained v ery largely in terms 

of  quanti tative differences in pro teolytic activi ty rath er than 

in differ en c e s  in specifi ci ty of proteolyti c breakdown o f  casein 

or casein degradati on products .  

Goo d- flavour e d  cheese  i s  associated with a low l evel of  

starter proteolysi s and this  in turn may be  associated with 
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rel atively lovr numbers in  the curd. More  extensive proteolysi s 

by starter resul t s  in t..1. e production of  bitterne ss , while  "burnt " 

flavour s probably refl ec t a further degree o f  pr o t eol yti c 

degradation an d the accumulation of high l evel s of ami no acids.  

Th e  i n c r ease i n  i n t en si ty of bi t te:::-ness in ch eeses made u si ng 

' 'bi t ter " starter s  and niga l evel s of r enn et may r e sul t from the 

p:::- o du c ti on o f  gr ea t er amounts  of  precur sor s by ta e rennet. 

Na 81 inhibi ts  pro t eolysi s by both starter and rennet ,  and 

high sal t-in-moi sture l evel s in the cheese may , to a limi ted 

extent , control the development of bi tterness .  

Tne l evel of starter proteinase i n  the cheese  appears  to 

be the mo st important factor d e t ermi ning the i n t ensi ty of bi t ter

ness in the cheese.  Thi s l evel is  determine d by a c ombi na tion 

of  tivO factors :  ( i ) the amount o f  pro t ei na s e  per cell ; and (ii ) 

th e maximum star ter popul a t i on at tai ned during cheesemaking, whi ch 

appear s  to be a reflec�ion of th e ability of  the starter to 

divi de a t  th e temperatur es used in cheesernaking. The temperature 

i n  turn might al so partly govern the survival cha:::-acteri sti c s  

of  the starter ,  but i t  i s  unlikely that the rate a t  vrhi ch the 

star ter die � �  i s  important in determining the rate of  

pro t eolysi s .  

The  decreased bitterness in  cheese associated wi th tne 

pairing of ''bitter " and "non-bi tter "  starters  probably refl ec ts 

a reduced populati on o f  the ''bi tter "  strain. However , i t  should 

al so b e  practicabl e to reduce  the popula.tions of the "bi tter "  

starter s  by employing higher temperatures duri ng cheesemaking to 

retard c ell divi sion a.nd , to a l esser extent ,  by sal ting the 

curd at  an earli er stage of cheesemaking. 
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Tnus , l imi ting exc e s si v e  c el l  division o f  th e s tar ter during 

ch e e s emaking has impor tan t pra c ti cal impl i cati ons in r e ducing 

th e i n c i denc e or i n tensi ty o f  b i t t erne s s  in Ch e ddar ch e e s e .  
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4 P P E N D I X I 

AN D.'TPROVED }/'EDIUi\� FOR THE DETE C TION OF 

PRO TEOLYTI C ORGANI S�.fS IN TOTAL COU1�TS 

sn;.:.'ARY An irr.pro v e d  medium for tl: e detection· o f  pro teolyti c 

organi sm s ta s b e en developed by th e a ddi ti on of  caseinate 

( 1 %  w/v ) , c i tra t e  ( 0 . 0 1 5 M) and c al c ium ions (0 . 02  :r..n to 

S tandar d �.�ethod. s Ar;ar . I t s  gr eat er s ensi tivi ty compar ed wi th 
exi s ting milk agar medi a i s  r elated to i t s  abi l i ty to detec t 

th e fi:::- s t  s tage of ca sei n  br eakdo>·m as sho1m by th e for:-;;a tion 

of a v;hi t e zone of pr ecipi tation. Thi s resul t :.:;  from the 

depo si tion of insoluble para-c a s c i n s , mainly para-K-casein, 

vrhi ch i s  r eadi ly d etec te d  in  the t:::- an spar ent m e dium . Th e  

extent o f  pro t eo ly s i s exh ib i ted by a n  or�ani sm i s  r e fl e c t ed 

bo th by th e si :3 e  and type o f pr e c i p i  ta.tion z o r.e forming round 

th e colony .  ::-:o signi fi cant di ffer enc e  1-ra s found b e h.r e en total 

counts  o f  r aw m i lk sampl e s  m e a sured on t:he n e >.; m e di um an d  
S tan dard 'Metho:':. s .-"..gJ..r . ':'h e  new medium can thu s b e  u sed for 

th e simul taneous d e t ermi nation of pro teolyti c and t o t al 

bact erial counts.  

INTRODUCTION 

Mo st  investigator s have come to th e conclusi on that th e 

hydro ly si s of ca sein in an opaq_ue "milk agar " i s  th e most sui tabl e 

i ndi cator of pro teolytic organi sms (Druce & T'nomas ,  1 959 ; 'V!i l l i s 

& Hobb s ,  1 959 ; Bro1m, Sandvik ,  Scherer & Ro s e ,  1 967 ; Zaadh o f  & 

Terplan , 1967 ) .  Hovrever , i t  i s  appar ent from th e many attempts 

that have been made to  improve th e exi s t i ng method s  tha t  a 

sati sfac tory me dium h a s  y e t  to be  devi sed. 
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�ie Am eri can Pub l i c Heal th Association ( 1 967 ) r ecommends 

th e addi ti o n of 1 0% (v/v ) o f  s t er i l e  sk im mi lk to S t andar d Metho d s 

Agar , y e t  i t  h a s  l one b e en kno,:-m tha t  aci d- fo rm i ng bac t er i a  c an 

p�o duc c zon e s  of cl ea�ing on such m e di a .  ��o survey s (Frazier & 

:1u:;rp , 1 9 28 ;  Lic;ht"l:Jody,  1 9 6 1 ) sh o�·red t::at 37 to 45% o f  th e z o n e s  

o f  cl e :::.::-i r:c on n;i l k  acar -;.:ere not C.u c to pr o t eolysi s . Th e mo s t  

s er i o u s  di sadvar:tace , the�e fo r c , a s so c i :::. ted -vri t h  th e ?r:i lk agar 

m e th o d  i s  th e n e e d  t o  fl o o d  th e medium wi th a pr o t e i n  pr e c i p i tant 

to c onfirm that zor.e s o f  cl earing a� e d.u e to pro t eo l y si s and no t 

c au s ed by aci d form e d  by the orgar.i sr.: s as a r e s-:.11 t o f  su gar 

ferm enta tio n .  In  an � t t empt · to over corr.e som e  o f  th e s e di ffi cul ti e s ,  

�razi e� & Rupp ( 1 9 28 )  d evi s e d  an opaQu e carbohy dr a t e-fr e e  casein 

agar � e dium to eliminate cl ear i n s  du e t o  acid pro duc ti on . The  

l i � i tatior. o f  thi s me dium for organi sm s not � eq-:.1i ring carbohydra te 

ha s p r even t e d  i t s ge!"l cral adop ti o n .  

Lai·rr enc e & Sander son ( 1 969 ) � e c en tly descri b ed a caseinate 

agar sli de mi cro - t echniqu e  for the Quanti tative e s ti ma tion of 

pr o t ei r:a s e <: .  A sr.;ul l wel l cu t i r. tlH.l casein:::.t e  aga:r i s fi l l e G. 

•Ti th th e enzym� solu Jci on 1-:hi ch th en di ffu s e s ou tliar d s , br eaY.i ng 

do•m th e caseir.at e  �o form a 1-;hi t e  pr ecipi tate whi ch consi st s  

i ni t i a l l y  mai nly o f  para--K-casein , toge -th er 1d th srr al l amount s  

o f  high mol ecu l ar  >·reight degrada t i o n  pro duc t s  o f  a. 5 1- and 

� -ca s eins . 'Hi th highly ac ti v e  prot eina s e s , sub sequ en t br eakdo-...m 

o f  the �orhi t e  pre cipi tate r:iay o c cur to yi el d solt:.1)l e frac tion s , 

wi th th e forma-tion o f a vrhi t e  r i ng o f  pr ecipi tation and an inner 

cl ear ar ea surround i ng the �o;el l .  Th e  pr esent vrork de 12:cri b e s  th e 

adap tati on o f  thi s principl e to an agar medium for th e simul taneou s 

determination o f  bo th totaJ. and pr ot eolyti c coun t s  o f  milk sampl e s .  
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I t  i ::  n:ore [; er; si tive �hem tl: c r.�i �}: acar �:. <:-th o cl  an d b. a�; th e f'..U' th cr 

advar. tace that , as th e addi t i o r. o f  a pr o t ej_n  pr e c i :;::;i tant i s  

u�n: e c e s :::;ary 9 eo � OLi e s  c an "b e  :p i ck e d  o ff for fu1· th er i r.v c c ti go.. ti o n s .  

l:.A.T:SRIALS AKD l.""ET:::IODS 

Sta .c o..::- 0.  :.'c th o c1s Agar: 

( 3n.l tirr.o:- e 3i o J.o�i. cs..l � abcr.::. -tory ::ne . , Pal tir.:or e ,  :'td . , U. S . A. ) wa s 

s el e c t e d  a s  a s�i tatl e g enera] :p�rpose , basal m e dium . So clium 

c z. s ej. r.J.. t c  ( cor..r:-.ercial vo..d.e:: , ��en.; Ze:.la!td Ilairy :Boar d ,  �·:el l i ng ton , 

lJe1v Zea.lar.d ) :-:o.. ::; a d d ed. a s  th e: sub s tr a t e  for :pro t e oly s i s ,  so dium 

c i tr a t e  as a buff er to pr ev ent a c i d- :orrr. i n.s o rgani sm s  :ror:. 

pr ecipi tating casein n. t  pJ: value s  < 5 . 0 ,  and Ca++ to en sur e -'.;h e 

pr e c i pi ta t i c ::  o :  t:: e ir.solc:.bl e par a-ccseir. s  r e [;-...:_1 t i ng froD 

:r r o teol y s i s .  'TI1 e  co::rp o s i t i o . ,  o f  -Lh e ::1 c diu� ( r;/1 ) 1...-a s :  S tan C..a.rd 

�.'e thoc"l c  Agar ( St::A ) , ? l  J� ( � - - cr e � � · c d.J..' bre � t  o � ... c n � e· l· �. , � _, .  J:-'C:.U .;.. ( , � - - - J. o 5 . 0 ;  

y ea s t  ex tr ac t , 2 .  5 ; g h1.e o s e , 1 .  0 ;  agar , 1 5 . 0 ) ;  so clium ca s eina t e , 

1 0 . 0 ;  hy dJ:· a t e cl  tri so c iu:n c i tra t e ,  4 . 4 1 ; Ca C1 2 . 6TI2o , 4 . 38.  T.o. e 

:::o C.ium c a s einate -v;a s di sper s e d  i n  half th e 0 . 0 1 5  M so d.ium c i  tra t e  

solu t ion u .:li r.g c. Poly tron bl ender (Kir.emati ca Cr.1ch . , Lu c ern e ,  

Swi tz erland ) and addeC. to th e S1:A , -vrhich had b e en r e1::.y dr a t ed i n  

th e balanc e o f  th e so dium c i  tra t e  so l u ti on , bef?r e au to cl aving 

at 1 2 1 ° C for 1 5  min. Final ly 20 r:;l of steril e  CaC1 2 ( 1 . 0  M) 

so luti on >·ra s addec. to the m o l  t en agar . Th e  cor.·pl e t e  m e dium 

(pH 6 . 6 ) ,  S tandard }.�e th o ds ca s ei nat e Agar ( SMCA ) , ••a s mixed 

th oroughl y by gen tl e  agi tati on b e for e b e:i. ng cli.sp ensed i n  1 2 ml 

amoun t s  in flat-bo t torr.e�, 8 . 7  cm di am Petri di sh e s  to fo rm a 

l ay er . 2 mm thi ck vrhi ch ·b ecar.1e transpar ent on c o o l i ng and 

so l i di f,yir.g. The pl a t e s  wer e h el d  a t  J0° C for 48 hr and s to r e d  

a t  5°C unt i l  r eQuir e d. 
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Pl a t e  coc;.n t s . ( a )  Pr o t eo ly ti c orcar1i sr.. s .  Tri pli ca-t e 0. 1 

�l sa::-.:;.Jl e s  o f  1 0-fo l d. di luti ons i n  q_uar t or s "!;r enE;th Ringer ' s 

solu t i o n  o f  th e r.i i lk sampl e s  \·7er e spr ead. o :r. t::t e sur :.. a c o s  o f  Sl:C.!,. 

'I"n c pla "!; .::: s i·ier c al l oKed to 

dTy for £• 1 5  �in .  

(b ) ':!:'o tal 3.Y: d  pro t co::.;y ti c  C O:.l.:'l t S  \·; er e !r.G.G.e cy sur fe�.c e 

p l a t i nG" on 1 0% ::1 i lk a,:;a1· (1=..\ )  pr epar ed according to tl: e .:'.,.rr:er i c ar. 

Publ i c  Eeal tl: A. s so c i a  tion ( 1 967 ) .  Pl a t es v1er e pour e d ,  · dr i e d and 

i no cc;.la t ed for 

( c ) To t al cour-. -:. s .  2JlA Ha s u s e d  in th e pour pl a t e  rre: th o d  

(A:!: eri ca:'l. Publ i c  Heal th A s so ci a ti on , 1 967 ) an d th e surface plate 

rr e thoci .  In tl:. e pour pla"!: a m e th o d. ,  1 2  m l  of S�':..-\. v7a s mel t e d  and 

1 , .._ A ,.. 0 "  c o o  e a  ,,o '+ J v ::; e:or o pouring. �or sur fac e p l a t e  c our.tin6, 1 2  rrl 

1.;er e pourec. iY: Pe t:r· i di sh e :o. an<l d.ri ed as for SYC:A . 

Al J. pl a  -'-. e ::: �-rer e e::ca:r.inec n f t er 24 , 48 and 72  hr a t  30° c .  

Inter-pr e tn�;i o�: o :  z o� e s .  Only or ear.i sm s which form ed whi t e  

or o ff-vrhi t e  pr e c ipi b .  t e s  around t:.. e c o l ony o n  SMCA vrer a consj. der ed . 

to b e  pro t eo ly ti c .  :rG".. plates i'ier e ... J o o C. ed -vii th aci di fi e d  mer cc;.ri c  

chl ori d e  solut i on to ch eck that z o n e s  o f  cl earing w er e  C.ue: to 

:pr o t eo ly s i s .  Only tho s e  zone s tha t  r e�r.ained c l e ar w o r e  r ead a s  

po si tive for pr o t eo ly si s (Harri gan & i.'c Canc e , 1 966 ; Am eri can Publ i c  

Heal th Asso cia tior. , 1 967 ) .  On som e occasion s a f t er flooding pl ates 

wi th aci d ::IgC1 2 s o lu t i o n , zo n es th a t  1v er e i ni tially clear b ecam e  

opaQue bu t not as der.se as the back ground ( Table I ) .  The 

C.i ffi cul ty o f  interpr e ti ng whe ther such zones ar e th e r e sul t 

of prot eoly si s ha s b e en emphasi z ed by Ligh tbody ( 1 96 1 ) .  



RSS�-:L'I'S 142 

Effec t of cal c iurr i o n  c o n c en tra t i o n .  �� 0  pr ecipi tati on of  

t:: e �,·h::. t e  zone o f  pa:ra- c a �; o i n s  1-ra s i n  gen eral d ep enden t o n  Ca ++ 

ion conc en tr a ti o r.. . Tt i s Ka s i l l u s tr a t e d.  ( ?i g. · 1 )  by Ps cu dom o r1 a s  

:."'rc..rj ( :� CDO 7 52 ) ,  ?'� c:-o c o c c  s fr eu C: e!'lr o::. chi i  (:reDO 1 223 ) and 

4 8  1::.- o:-: S1�CA id thou t 

-{-...L. ad.dcd Ca · ,  an d ';ri "th �h e e a  tion a d d e d  at 1 ev ol s of  0 .  0 1 5  M and 

0 .  02 �f.. �. fr o, J d enr oi c:: i i  forme d a di s t i nc t  vih i t e  pr ecipi tat e 

::. r.  th e ab s enc e of a d. d e d  Sa++, �. mar c e s c e!'l s  and P s . fra �i 

:- equi r e d  Ca ++ a t  c o nc en tra ti on s o f  0 . 0 1 5 and 0 . 02 M, respectively , 

before th e :r:ara- c a s ei n s 1.;er e pr e c i pi ta t e d . Incr easing th e Ca ++ 

c o nc entration g en e::·ally r e sul t ed in zones o f  pr e c ipi tati on becom-

ing lar ger and n:cr e i nt en s e , but at conc entr a ti o n s  > 0 . 025 }.� th e 

rr. e dium t ended to b e c o m e  opaque . ?l o a di ng th e c a s ei nat e agar 

. . '"' ++ m e dium c ontal m.ne no a d ded va ui t:n a 0 . 1 solution of  Ca Cl 2 
r e sul t e d  i n  th e im� e di a t e  pr ec i p i t a ti o n  arou� d th e c o l o ny of  a 

1·rh i t e  zo n e  o f  a si z e  and. typ e c o :nparabl e to th at forrr.ed on 

c a s e i n a t e  ar;ar c o :!l t.:l.i ning a t  the out s e t  0 . 02  :r.� Ca Cl
2

• Thi s 

demons trated tha t  the effec t of  additi onal Ca++ 1·ra s to pr e c i p i tat e 

th e para- c a s e i n s  fo:-:1: e d  a s  a r e sul t o f  pro teo ly si s  and r.o t to 

i ncr ea s e  th e r.-ro t eo ly ti c ac �ivi t y  cf  t h e  or gani sm s .  Th e  op timum 

amount of  Ca ++ required i n  SMCA for routine use varied sl ightly 

wi th each batch o f  caseinate ,  and needed to be  prede termined. 

Eff e c t  o f  t errper a tur e� - SMCA coul d be  incubated at t empera

a tures  up to 45 c.  At  high er temperatur es the rredium became opaque 

presumably as a r e sul t of the decreased solubi l i ty  o f  calcium 

sal t s . 



Fig. 1 .  Influenc e o f  ea++ on the precipi tation o f  para-

caseins. On each plate o f  SMeA , Micrococcus freudenreichii 

is a t  the top with Serratia marce sc ens lower l eft,  and 

Pseudomona s fragi lower right. Th e  medium contained: 

(A) no addi tional ea++; (B)  0 . 0 1 5 M ea++; ( c )  o . oz M 

C ++ a . • Incubation , 48 hr/30°C. 
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?:-o t eolyti c :r c.:.c t"i o::-1 s o f  k::"01m or.,c-:2.-� i s:r s .  Laborato ry s to ck 

c�J tu�· e s  -.,-:er e :i. ndivi C.u s.:!. ly sp o t- i �o cul a t ed vri th a p l a ti :r.u:n wi r e  

f 0 m.. t '  cO'T "1<.,.. 0 .._..._ ("D"'='T ) 1 t  s��CA d 1'A r ::-: . .... y:p :L ea s e  " " .l.i_ c :l �-- cu _ ur e z  on "' __ a;-1 · . • Fi gur e 2 

i l J.us t::.-a t e s  tn e cl1 anc;c :::; i n  S:..'fCA du e to th e :r:;:r ot. eolyti c a c ti o n o f  

th a t  the se o:::-.:;ani Gi.1 S h:::.. d o n  ?:'A b e  o r e  and a:'ter fl ooding 1·Ti t h  ac i d  

T'.2 e z o n e  o f  cl ear i ng that forn: c d.  1·�i th i n  th e ring 

o .... pr e c i pi ta +.i o r: a::.· cu·:;(i t:::. e c o:J.. o rv o f  :::c..�. c. lu t ea .. on S�lCA indica t e d  

ti a ·� ex t en sive C. .i. ge c ti on o f  -tn e casei nate ar.d pa::- a- c a s e-:. r.a t e  had 

':'i.1e s t:.ro :::l[;ly pr· o tco ly ti c r.a tur c o f  thi s o:::-gani sm 

\·li th cau s � d c sl i sh t  c l e�r ing 

a�p earanc e o f  th e c l a �r z o n e .  

z o 110 of p:- ecipi t :.. ti o n  ,.;a S fo�� ec.. [:.11�:.. it 1 1o.d .3.. c{: arac te:.-- ::.  s t i c  

intens0 inner r eci o n  o f  pr e c i p i t a t i o n  c.dj o i r.i ng t� e color.y . P s .  

shm; ed. c on si d era-bl e pr·o t e o  l :; ti c u.c ti v i  ty 'bu t ,  1 i k e  St s.ph . 
u-'J. l' cu s , tn e :para- c .1. s ei nc -:·;e.:.· e  no t fur th er d.e.;"-·c.d.ed to g:._ve an 

inne:r c l e ar ar ea. :�eve_ ti e l e s s  I's. fr?";::'i 'tl3. S consi der e d.  more o..c ti v e  

than St.aph . aur e a s  b ecau se i t  pr o duc ed l o..:rger z o n e s  o f  pr e c i p i tati o n .  

:Iowever , al tb.o'...l.gh thE: zone o :  pr e c ip i t a ti o n  form e d  'by Sa:::- c . lutea 

'"as sl i gn tly snall er th an tha t form ed by P3 . fragi , th e i nner c l ear 

z o n e  of th e form el� sho K e <l  tha t  mor e ex t en si ve d egrada ti o n of th e 

para- c a s ei n s  had tak e n  pla c e. 

Even 1-reo..kly pr o t eo ly t i c  or gani srn s such a s  th e lac t i c  s tr ep t-

o c o c c i  c oul d fo. :n s:nal l \·rh i t e  zones on SMCA. Thr e e  out of 30 

s trains of c!J. e e s e  " s tar t er "  s tr ep to c o c ci gave zone s after 3 day s ,  

and a fur th er 6 s trai n s  after "j() day s ,  a t  30
°

C. 



Fig. 2. Zone s  due to pro t eoly si s formed on (A ) SMCA 

by Staphylococcu s aur eu a (above ) , Sarcina lutea (l ower l eft ) 

and Pseudomona s fragi (lower righ t ) , and the e ffec t of the s e  

organi sm s on Milk Agar (B)  b efore , and (C)  after flooding 

td th a c i di fi ed BgC1
2 

solution. Incuba tion , 60 hr/30
°

C .  
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fu c c-..:1 tur e 3  o f  o:::-g2..:r..i s:n s  i s o l a t e d  :r or:: :::i lk 'll er e 

� e�o � s tra ti�G �h e pro t eo ly t i c  �c tivi ty o f  org��i s::: s from r�� and 

e::hi "bi ted 

� o r e  rapi d a�d ext e nsive p:::-o t eoly t i c a c tivi ty on S�CA th�n di d 

t!: o ..; -3 :ram pas t c� i :.3 c d. ::1 i lk ( ':'abl e I I ) .  1� la:rg:: prop or tio n o f  

"'00 ,., .:J .) v an ...... di spl ::1y e d  e::t ensi Y e  p::- o t eo ly t i c  ac tivi ty , 27 c ... the 60 

r .. ( ':.'::1":ll e :- ) .  On s::.cL , 2 ·1 o f  tL e 27 cl c:.:r cd th e c er.tral par t o f  

th e •rhi t o  p:r cci:pi t;;...t e . 

for ;r. i !:g ·u.ni forr.1 � O nE.: 3  o :f  p::-ecipi �a ti on Cc. S::.:CA. Cl ear z o r. e s  on 

1"J.. tha t b ecar:1 t: op aqu e a,:;ai. ei th e: co;r.p l e t oly or par t i al ly on th e 

a ddi tion o f  a c i d  EgCl 0 sol u t i o n  wer e for� Gd by 1 29 o rgani sm s 
L.. 

( ':'abl e I ) .  Of th ose , 2 3  o f th e 56 r atr milk rr. e so;>hi l e s n.nd 59 o f  

tl:. e ? I  I) 3. S t eUJ:i z e :: :nilk � e :::;oph i l e s ,  uUt c.ei th er o f  t!l e tHo 

All of th e 

]6 i solates l·:h i ch 1-: sr e confirrr.ed. pro t eo ly ti c  on W.A , and al l but 

o n e  of th e 5 3  i so l a t e s  tha t  wer e en tire:'..y unr eac tive on }l.A. w er e  

confirmed. pro t eolyti c on SMCA. Tn e re sul t s ob tained at 22° C 

Here e s s er.ti ally th e sam e  as tho s e  d.e scrib e d  above ,  al though 

some organi sms took > 3 day s  to form -zones o f  pr ecipi tation on 

S1WA . 

At 5° C ,  55  o f  the 6 0  p sychr o tr oph s had form e d  zones o f  

pr e c i p i tati o n  on S�CA by 1 0  day s .  Th e  zones a t  th i s  temp era tur e 
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count 3 X 1 0/f orc-;ani srr s/r�l ) ;  

r eac ti on ( Li ghtbo 0y ,  1 96 1 ) ;  

pro t eolytic ( s ee text ) .  
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1 hr � � t cn si fi ed 

th e pr e c i p � t a t e c .  Ir ... cor.tre. s t ,  o:c.ly 26 o f  t!1e 60 p sychro tropl1 s 

·. :i th t::o s a  ob tair. e J. 01l Si.:.:\. , a:::d. tho s e  i n  pour pl a t e  coun t s  or: 
� T T ' - ..- .I.. ) .  '::1 0 c orr e l a  ti o .  O J.. 

c o effi c i int s i n  c��h c a s e  � oing 0 . 98 .  

c o'.lnt s b c h;e e:'1 th e tTil'O 

pro t eo l y ti c �i c r o o�s�ni s�s in mi J k  sa�) l e s  �� s l imi t ed by th e 

co·..:.l <i b e  r eo..d. fo_ p::.'o t e.::> l y t i c o.nd no np:�o t eoly t i c  o:::- g:1ni sms (Fi g. 3 ) .  

Merging o f  the zor:os o f  pr e c ip i t a t i o n  mad e  i t  di � fi cul t to count 

p l a t e s  contai :--,i nG :::o:r c •)rgani sm s ,  e sp e c i ally a f t o� i n cuba ti on for 

7 2  pro t eoly ti c  organi sms 

i n  crowd.ed pl a t e s ,  i t  v�a s :ound '.l s eful to do a!': ini tial coun t a t  

48 hr , •·ri tb. sl O'II"Or d ev el o ping pro t eolyti c col oni e s ,  again after a 

fur th er peri o d of i ncubation. 

'lb o  r e c o gr:i t i o n  o :  zone 3 o f  pro teo ly si s on S1�CA ;.ra s much 

easi er than on 1CA pla t e s .  A c onpari son o f  th e s e  hm m e di a  wh en 

u s e d  to d e t erni n e  th e to tal and prot eo lytic c ount s  o f  1 0  raw mi lk 

sampl e s  c onfirDe d  th a t  S1lCA d e t e c t ed a P.Juch gr ea t er proportion of 

pr o t eo l y ti c organ i sm s  in th e to tal count than l'!A ( Tab l e  IV ) . 



Fig . 3 .  Pro t eolyti c (P )  and nonpro t eo lytic (NP ) c o l oni e s  

cl early di fferen ti a t e d  o n  a SMCA plate used t o  determine 

the to tal and pro t eolytic count of raw· milk . Incubation , 

48 hr/30
°

C .  
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J ..  • • 4- • C�l l S l DV B S  c l ga-

,_...., ..... 1 "\r ".wi !. -- J  

:::;o lu t i o n .  

�c 3crib e d  ��r e  �f�or dG a �uch mor e s ensi tive �nd r el i abl e 

i n  d e t cr::-: i::.i::-,;- tt. e pro t eolyti c abi l i  t:; o ::  organi s::1 s i s  a dir e c t  

cons eQue::-: c e  o :� i t s  abi l i ty -:o d.et s c t  -:;:a e v e  .... �y fi::::· s t  s tage i n  

p3..�.:..- c 3. s oi n s .  Or;a::1i s� s �� i ch ar e ex t ensivaly p_ o teo lyti c can 

z o n e  and ar-. O'..l.ter cl e-::.r z o n e s  0 :1 1� .. , 0 !'1  th e 

solubl e c o:7.pu Y. en t s  and tl:e  fi r s t  s t3.c;-e of pr o t e o ly s i s c anno t ... e 

I t  •�.s.. s no t su:rpl' i si ng ,  

th er· efor e ,  t�.3.t ::13-DJ' o f  the l C 3 S  p:' o t e o ly t i c  O:'[;C:.l1i G r :1S  C O'.ll d b e  

d.0tec ted. o n  s:.�c:"\. bu t no t on T� e  p r e s en c e  of l arge numb er s 

o f  Heakly pro t eo ly t i c  org3.n i sms 1 :0 ul d  ob'.ri ously b e  important 

in th e que.l i ty o f  pro duc ts suc:a as ch ees e ,  milk po1"der s  and 

cas ein 1-ihi ch mus t  som e times b e  s to:r.· ed for long p eri o ds .  

S�.'C.-\. al so ha s th e advantace of  b eins fr ee of the 

fal s c-p o si ti ve zones o f  th e milk age.:r s cau s ed by th e ferr:.enta tion 

o f  lac to se ,  as it is :·rel l buffer ed against the maxir:m:n amount of 

acid that coul d be  formed fro m th e gluco se  it contains.  There 

was no signifi cant difference found between the to tal bacterial 
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coun ts o f  raw milk sampl e s  ob tai n ed on S1� and SMCA . Tn e l ev el 

o f  ci tra t e  (0 . 0 1 5  M) i n  SMCA i s  well b el o.-r th e 1 0  mg/ml whi ch 

McDonal d ( 1 9 57 )  found to cau s e  i nh i bi ti o n  o f  th e cas eo ly tic 

ac tivi �J of l a c ti c s tr eptococ ci . 

Th e  di ffer enc e i n  patterns of th e whi t e  zones ob tained on 

S�!CA wi th di ffer ent mi crobial pro t ei n a s e s  app ear s to be due 

mainly to th e r e l a ti v e  sensi tivi ty to pr ecipi tati on by cal cium 

i ons of th e h i gh mol ecul ar wei gh t  produ c t s  formed in th e ini tial 

s tageG o f  th e c a s ei na t e  br eakdown .  Th i s  i s  i n  aer e em ent wi th 

th e ob s ervations o f  Lawr enc e & San d er son ( 1 969 ) .  Th e  r el a tive 

ar eas o f  th e ou t er >-rhi te and inn er tran spar ent zones give an 

indi cation o f  the ab i l i ty of th e  pro t ei na s e  no t only to carry 

ou t th e ini tial break down o f  th e c a s eins to p ara-cas eins but 

al so to further degrade the s e  pro du c t s .  Tn e pat tern o f  z o n e s  

ob taine d on SMCA app ear s to have consi d erabl e po tential as a 

m eans o f  di ffer en ti a ting sp eci e s  and s trains o f  staphylococci 

( A ppendix I I ) . T h i s  i s  of pa rt i cula r in-L e re st in view of t h �  

rec ent att empt s t o  u s e  prot eolyt ic act ivity a s  an aid t o  

taxonomy (Sa�vik & Fo ssum ,  1 965 ; Brown � �. 1 1 967 ) .  

Taylor ( 1 967 ) propo sed a m etho d  o f  a s s e s si ng raw milk 

qual i ty by counting th e bac t eria growing i n  a thin fi lm of 

milk sampl e a dh ering to a pl ai n wat er-agar b a s e .  Th e  crowding 

of coloni e s  o n  th e p l a t e s  whi ch o c cu r s  even in the c a s e  o f  

comparativel y  go o d  qual i ty milk sampl e s ,  mak e s  i t  di ffi cul t ,  i n  

�ur exp er i en c e ,  t o  di s ti ngui sh th e thr e e  t.ype s o f  zones formed 

by pro t eo ly ti c , aci d-prot eo ly ti c  and a c i d-forming organi sm s .  

However , th e t echni que o f  inoculating plate s  by fl o o ding wi th  a 
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milk sampl e and decan ting the excess  as described by Taylor 

can be sati sfactorily applied to SMCA plates  (Appendix III) , 

and i t  gives a goo d  indi cation of  mi lk qual i ty in terms of  th e 

p�opor tion o f  proteolyti c organi sms o f  the to tal flora . 
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A P P E N D I X I I  

THE TYPING OF COAGULASE-POSI TIVE STAPHYLOCO C CI BY 
PROTEOLYTIC ACTIVITY OR CASEINATE-AGAR, 'IHTH 
SPECIAL REFERENCE TO PHA GE NONTYPABLE STRA INS 
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T.1e sp e c i fi c i t i e s o f  t� e pro t einas e s pro du c e d  by 1 36 

s trai n s  o f  co a1:;ul a. s e-p o si tiv e s t aphyl o c o c c i  o n  a bu ff ered 

ca sei na t O- agnr m e dium a t  37° C w e r e  i nve s t i ga t e d . Fiv e  wel l 

d e fi n e d  ,;roup s of s taphyl o co c c i coul d b e  di ffer en t i a t ed by th e 

p a t � er � s  o f  pr e c i p i tation zon e s  ob tai ne d a s  a r e sul t o f  pro

t eoly si s .  1·.'i thi n  th e s e five gr oup s ,  sl ish t  vari a ti o n s  in zo n e 

ty:p e s  '\\er e ob s erv e d . Th e typ e o f  zo r,_e pr o du c e d  by any o ne 

s trai n wa s ,  ho�-:ev er , h i ghly r epr o du c i bl e , su gg e s t i ng th at th e 

pro t ei na s e s  pro duc e d by s ta.��y l o co c c i  ar e s trai n- sp e c i fi c . 

S":r::..ins  coul d b e  fur th er di ff er en ti a t e d by th e pa t t er ns o f  

p r e c i p i  ta. i.i on o b tai ne d a t  J0° C .  Th e  di ff erenc e s i n  z o n e  ty·p e s  

o n  c a s oi na t e-at;ar c c::.n b e  u s e d  a s  a n  a djunc t t o  standar d typi ng 

pr o c e dur e s , b ei ng par ti cul arly val uabl e i n epi d emi o l o gi c al 

inve s ti ga ti o n s  ar.d i n  th e di ffer en ti a ti o n  o f  phage "non typabl e " 

s trai !1 s . In -'eh i s  survey , 6 3 o f  th e s trai ns i nv e s ti ga t e d  c oul d 

r.o t b e  typ ed by th e i nt erna ti o nal s e t  o f  typ i ng ph ag e s  bu t / 
coul d b e  readily di fferenti a t e d  i n  t er m s  o f  th ei r pr o t eoly t i c  

ac ti vi ti e s  a t  37  an d J0° C . Xo corr el a t io n  wa s found b e t•·reen 

pro t eolyti c ac tivi ty , phage typ e ,  or i gi n o f  th e strai n s  or 

th e pro du c ti on of en t ero toxin s  A, E or C .  

INTRODUCTION 

Epi d emi o l ogi c al s tudi e s  o f  s t aphy l o co c c i  r equir e m e th o d s  

for i d en t i fying and a s so ci ating s trai n s .  Th e  pTi nc ipal m e th o d  

u s e d  is phage �Jpi ng , al though a s  m any a s  1 5 to 30% o f  i so l a t e s  

may b e  non typab l e  by phage a t  routine t e s t dilu t i o n s .  In c er tain 
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er.vi ronrr. ents , still  l arger p ercen tace s of  phage nontypabl e strai n s  

hav e  been r epor ted ( Coh·en & Smi th , 1 964 ) .  Th er e for e , i t  i s  no t 

surpri sing that atterr.p ts have been made to develop mor e  corr:

pr eh en cive m ethods of differentiating s trai ns o f  staphyl ococc i 

ay; d rricrococci by such m ean s a s  th e serologi cal typing o f  their 

pro t eoly tic en zy m e s  ( Brown , Sandvik , Sch erer & Ros e ,  1 967 ; 

Sandvik & Fo ssum , 1 96 5 ) .  A f t er th e fi nding th a t  th e pattern 

o: precipi tation zon o ( s ) ob tai n e d  on buffere d  ca seinat e-agar 

m e di urr. app ea::-ed  to b e  sp eci fi c  for a parti cul ar strain o f  

organi sm (Appendi x I ) ,  1 36 strains o f  coagul ase-po si tive 

s t aphyl o c o cc i ,  includi ng 63 phage nontypabl e strai n s ,  were 

exam i n e d  on caseinat e-agar to de termine i f  they coul d b e  r eadi ly 

di fferenti ated i n  th i s  manner . The typ es  o f  pr ecipi tation zone s 

pro duced fell i nto five vlell-defined group s ,  and the se have been 

corrpared wi th phage typ e s ,  the abi l i ty of th e strains to pro du c e  

en t ero toxins ,  and th e sourc e  o f  the staphylococci . 

Y A  '1'ERJ AL S .:',J� �"'ETROD S 

Strai n s . One hundred and thir ty- six strai ns of  coagulase-

po si tive staphylococ ci  compri sing 83  cl ini cal , 25 phage

propagating , 25 bovin e i solates and 3 strains  obtaine d from M. S.  

Bergdoll were  maintained as  slope cul tur es  on Trypticase Soy 

Agar ( BBL ) . Detail s o f  89 of the s trains have b een r eport ed 

pr eviously (Jarvi s & Lawr enc e ,  1 970 ) , and the r emaining 47 were 

phage nontypabl e s trains of clini cal ori gin. 

Pro t.eolyti c ac tivity. Standard methods  ca·seinat e agar 

( SMCA ) plates  'I'Tere pr epared as  pr evi ou sly d escrib ed ( see  Appendix 

I ) . Stock cul tur es  o f  the strains 1.;er e s tr eaked onto Trypticase 
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Soy Agar and i ncuba t ed at  37° C for 24 hr .  By u s ing a s traigh t  

<·;i r e ,  a singl e colony o f  each s trai n vra s then p i ck e d o f f  and 

p i npo i n t  inocul ate d  onto each o f  two SMCA p l a t e s . One p l a t e  wa s 

i ncuba t e d  a t  37 ° C  and th e dup l i c a t e  p l a t e  a t  J0° C.  Th e  si z e  and 

typ e o f  z o n e  forn· e d  du e to pr ot eo ly si s wa s exarr. i n e d af t er 48 and 

72  hr o f  i ncuba t i o n .  

nlace t.ypc a n d  en t er o to xigen i c i ty. Til e  s trai n s  were 

phage- typ ed by the m e th o d  of Blair and 'Vlill i am s ( 1 96 1 ) .  Eighty-

nine r epr e s en t a t i v e  s trai n s  w er e  cul tur e d  by a c el l o phane-ov er

agar t echniqu e a s  previou s ly descr i b e d  (J arvi s & Lawr en c e ,  1 970 ) .  

Th e  sup erna tan t s  were te s t ed for e n t ero to xi n s  A ,  B an d C u s i ng 

a m i cr o sl i de gel di ffu si o n  t echn i qu e  d e scri b e d  by Zehren an d 

Z eh r en ( 1 968 ) .  

RES�.TL TS 

�rpe s  an d si z e s  o f  zo n e s  du e t o  pro t eo lysi s . Al l the 1 36 

s trains  o f  s taphy l o c o c c i  s tu di ed gr ew 1-1ell on S�lCA an d to 

appro xi� atel y  th e same e x t en t  as ju dge d by c o l o ny di am e t er s .  

Til e  typ e s o f  pr e c i p i tation zo n e s  pro duc e d  by th e s trains after 

48 hr at  37° C  c oul d b e  group e d , as sho wn  i n  Table I ,  i n to four 

genera1 group s (group s A to D corr e spond to Fi g s  1 A- 1 D  r e sp e c tively ) . 

A fur th er c l a s s i fi c a t i o n , gro up E (Fig. 1 E) , wa s n ec e s sary for 1 1  

s trai n s ,  4 o f  wh i ch produ c ed no pr o t eoly si s a t  all an d 7 o f  lihi ch 

form e d  sma1 1 zon e s  so cl o s e  to th e c o l ony a s  to be i mmeasurabl e .  

'1-Ti thi n  each o f  group s A to D ,  th e typ e o f  pr e c i p i ta tion 

zo ne ( s ) var i ed sl i ght 1 y .  Th e  typ e o f  zone pro du c e d  by any one 

s train ,  how ever , wa s h i ghly r epro ducible .  Th e s e  zone s r e sul t 

from th e pr ecipi tation o f  p ara-ca s ei n s , mainly para-K- c a s ei n  
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Tabl e I .  Sour c e  and phage typ e o f  1 36 s trai n s  of coagul as e-

po si tive s taphylo c o c c i  i n  r el a tion t o  prot eoly ti c ac tivi ty 

rr: ea sur ed. as zon e diam e t er and z on e  typ e  on Standar d Ne th o d s  

C ' c- _ 1  a s eina t e  �t:,aJ. • 

Sour c e  Phage 
2 gTOUp 

No . o f  s trai n s  
wi th pro t eol� ti c 

ac ti vi ty .J 

No . o f  s trai n s  wi th 

zone typ e s
4 

oovi n e  

Cl i ni c al 

Phage 
:er opa
g�:Hng 

' ''"  ("t 
... . .  loo) . 
Bergdoll 

III 
u c  
XT 

I 
n 

I I I  

rv 
DC 
KT 

I 
I I  

I I I  

IV 
uc 

I I I  

High 1{e dium Low 

1 6  
1 
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4 
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1 

3 

1 

30 

2 

4 
6 
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1 
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1 

1 

3 
0 
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1 
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4 

1 5  

1 
1 
4 
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0 
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1 

0 

2 
1 
1 
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0 
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0 
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1 
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1 
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0 

0 

0 

1 Incubation 1vas at  37° C  for 48 hr . 
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. 2  
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20 

1 

2 

6 
0 

0 

1 

1 
0 

E 

2 
1 

0 

0 

0 

0 

0 

0 

4 

0 

2 
1 

0 

0 

0 
0 

2 
Abbr evi a ti on s : UC, unclassifiabl e ;  NT, not phage typable.  

3 Diameter of zone s : low ac tivi ty , 0 t o  9 . 9  mm ; medium 

activity , 1 0  to 1 4. 9  mm ;  high activi ty , � 1 5 . 0  mm. 

4 See Fig. 1 .  



Fig. 1 .  Pro teolytip zon:e ·types A to E formed on S tandard 
. . 

Methods Caseinate Agar by different strains of coagulase-

posi tive staphylococci.  The plates were incubated a t  37° C 

for 48 hr. 
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(Laxrence  & Sander son , 1 969 ) ,  and th e di fferences  in patterns o f  

precipi tation occur pr esumably becau s e  the para-caseins forme d  

by di fferent s trains di ffer slightly bo th in  t�1 eir solubil i ty i n  

th e pr e s ence o f  Ca ++ ion and i n  th eir rel ative rates o f  further 

decradation (L.::rurenc e  ·& Cr eamer , 1 969 ) .  T'ni s  variation between 

s trai ns in the same  group was mos t  marked for tho se in group s 

G and D . 

Th e  pro teolyti c ac tivi ti e s  of the strains  were arbi trarily 

cl a ssi fi ed into three catecori e s  - low, rr.edium an d high - on th e 

basi s o f the diame ter o f  the zone o f  preci pi tati on  that  formed 

rot;.nd th e colony after 48 hr at 37° C ( Tabl e I ) .  Thi s ,  however , 

do e s  no t take  into account th e  sp ecifi ci ty of some pro teinases  

to  br eak down ft;.r ther the ini tial pr ecipi tate  of  :para-caseins  to 

solubl e components  wi tb the forrr.ati on of an i nner transpar ent 

zone and an outer vThit e ring (Fig. 1 A ) .  Only the smal l nur.1b er of  

s train s  (4  of  1 36 )  a s si gn ed to  group A wer e  ac tive in  thi s r e spec t ,  

ho1vever , and i t  i s  inter esting to not e  that  the se strains 1>1ere 

only i·T eakly coagulase-po si tive. S8.-r c i n a  lu tea,  a coagulase-

neGative micrococcu s ,  has previously been r epor ted to form a 

simi l ar type of zone , 'hu t another coaeulase-nega ti ve strai n ,  

u:; cro coccu s  frcudenrei ch ii , did not form a group A zone on SMCA 

( see  Appendix  I ) .  Th e  types  of pr ecipitation zone s obtained were  

r el a t ed in general to  the di ameter s .  The average diameter s  o f  

the precipitati on zones were 23 . 2 ,  20 . 5 , 1 4 . 2 and 1 2 . 8 . mm for 

groups A ,  B, C and D r e spec tively , al th ough there was consi der-

abl e overlap . 

Rel ation ship b etrTeen nro teolyti c ac tivi ty and th e sour c e  of  

the strains . For ty-two ( 5 1 %) of the 83  clini cal strains showed . 



1 6 1  

h i ch  pro teolytic ac ti vi ty ,  2 5  ( 30%) m edium , an d 1 6  ( 1 9%) lovr 

ac tivi rJ ( Tabl e I ) .  Apar t from 4 s tr ai n s  th at wer e a s signed to 

�ou:p A and ano th er 4 to GrOUp E, th e fr equ ency wi th vrhich th e 

r e:11 a i n i nt; 7 5  c l i ni cal s traj n s  vrer e c l a s si fi e d into group s B ,  C 

an d D ,,Ta s appro ::d:r a  t el y  th e sam e .  Th er e  T,m s thu s no t endency for 

c l i n i c al s tr a i n s  to b e  r el a ted to any sp e c i fi c p a t t ern of pro-
t eo l y ti c ac tivi ty ,  ei th er i n  t erms of the ty p e  or be diam e t er o:' 

til e pro teoly t i c zo n e s . F'ur thertr.or e ,  th e phage tJp e s  i n to >·rh i ch 

th e c l i ni cal s �rai n s  c oul d b e  c l a s si fi e d  �er e no t rel a t ed to 

th eir pr o t eoly t i c a c ti vi ty ( Tabl e I ) .  

Tn e phage- typable bo vine s trai n s exam i n e d  t ended to· po s s e s s  

h i .;h pro t eo l y t i c  a c t i vi ty and t o  c l a s s i fy i n  group B (Tabl e I ) .  

Th i s  t en den cy r::ay b e  mor e app ar en t  than r eal , however , s inc e 1 3  

o f  n ::.ighly pro t eo ly ti c bo-.rine s trains and 1 3  o f  1 6  group 3 

s tTai ns Her e j. so l a t e d  from th e same h er d  an d w ere found to po s s e s s  

identical phage typ e s .  If  th ese 1 3  bovine s trains were i den t i cal , 

th e a'::Jove .fi nC.i ng s  �wul d  emph a si z e  h o w  r eadi ly s taphyl o c o c c al 

s trai ns can b e  typ ed on c a s e ina t e-agar to tra c e a common o r i gi n .  

�;ffec t o f  ·t ercpe::.·a tur e . 1·l'ni l e  s trai n s  a s si gn e d to gr oup s 

_( and B at 37° C  u sual ly produ c e d zo n e s  o f  a similar type at  30° C ,  

s trai ns from group s C and D ,  and to a l e s s er ext en t  tho se from 

group E ,  u sually pro du ced zone s o f  a di ffer ent type .  Group A and 

D t · 1 1  f d 1 a·� 37 t'nan 30° C.  s ralns genera y orme arger zo ne s y Abou t 

hal f o f  the group B strains form ed only margi nal ly l arger zone s 

a t  37 than 30° C ,  the remainder pro ducing ap proxi mately equivalent 

si zed zone s at both temperature s. Group C strains \vere more 
. 0 va�iabl e in their ac tivi ti e s  at  37 and 30 C ,  about h al f forming 

consi derably bigger zone s at 30° C .  
0 

Growth was sl ow at  22 C and 
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z o n e s o f  pr e d.pi ta ti o n  1·rer e  fai n t ,  pr e sumably b e c au n e  o f  th e 

hi t;':-. er solub i l i ty of cal c ium sal t s  a t  l o1-.rer temp era tur e s . 

�10 1-.rever , the zone s c oul d b e  i n t ensi f i ed by i ncuba ting th e plate s 

0 at 37 C for 1 hr . 

I t  i s  appar ent t�a t comparj son o f  th e p::-o t e oly ti c activi ty 

o f  � s trai n a t  37° C  an d i t s ac tivi ty a t  30°C  a�fords a mo s t  

v aluabl e m e an s  o f  fur th er differ en ti a tinG s trai ns , e sp e ci a l ly 

for �h os e s tr a i n s  a s si �1e d to pr o t e o ly t i c  group s c ,  D and E. 

3 ffec t of r epe a t e d  sub cul tur e . �o c h e ck that th e typ e  o f  

zone d.u e t o  pl'O t eo ly si s formed. by a s trai n  o n  S}.�CA vra s  a s tabl e 

featur e ,  a .c;i ncl e- c o l o ny i so l a t e  made fro m ea ch o f  1 2  s trains ·�-ra s 

0 sllb cul tur ed dai ly in Ku tri en t Bro th at 30 C for 2 1  day s .  Th e  

cul tur e s  wer e i no cu l a t e d  onto SMCA pla tes o n  th e fir s t  day , an d 

sub s equ ently ev ery th ir d day , and i ncuba t ed a t  30 and 37° C  for 

48 hr . l�o si �-:.i fi c ant chance "a s ob s erved i n  th e pr o t e oly ti c 

a c t i vi ti e s  o f  any o f  th e s trai n s ,  ei th er i n  t erm s  o f  th e si z e  

o r  th e typ e o f  zone pro du c ed.-

'!ari a b o n  of pro t eolyt i c  ac tivi ty b e t w e on col o ni e s  fro:n 

u. oing1 o n trn.in . S to ok oul tur e a  of 1 2  di ffer ent D trai n o  wer e 

s treak ed on Tryp ti ca s e  Soy Agar and 1 0  c o l oni e s  o f  e a ch s tr <1 i n  

wer e �. solated. Th e ir pro t eo ly ti c ac tivi ti es wer e de termined by 

p i npo int inocul a ti o n  onto S�."CA pl a t e s  and incubation a t  30 and 

37 ° C. T.� e typ e s  o f  z o n e s  forme d a f t er 48 hr i ncubation by th e 

1 0  si ngl e-colony i sola t e s  of each s train wer e compar e d. No 

si�1 i fi cant var i a t i o n  wa s d e t e c t e d  wi thin each group of i sola t e s .  

Thi s woul d indi c a t e  tha t  pro t ei nas e  ac tivi ty i s  a comparativ ely 

s tabl e chara c t er i s ti c  of s taphyl o co ccal · s trai n s ,  in contras t  to 

th e r eported i nt er-colony vari a ti o n s  wi thi n  a s ingl e s trai n i n  
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suc!l :J.c tivi ti os  a s  h emolysin (El ek & L evy , 1 954 ) anC. entero toxin  

p:-o dJ.Action ( Sugiyar.Ja , :Bergdo l l & Dack , 1 960 ) .  

Pro t .:;o ];y•: i c  ·'1 C ti  vi ty e.r:d entc:c�otoxir. produc ti on. Xei ther 

th e sp o c i fi c i ty of p1·o t eolyti c :1c ti on on S1�C). as r e .Ll e c t ed by 

zone t:rp e nor th e e:- :t en t of pro teol;r si s  as  i ndi c a t ed by th e zone 

si z e  coul d be corr el a ted wi th th e abil i ty of 2 3  of 8 9  strains 

i nv e s ti ga t ed t o  form en t ero toxi n A, B or C ( �abl e IT ) . If th e 

e n t ero to::d n s form ed by staphylococci  are sensi tive to th e 

pro teinase ( s ) al so p�o du c ed by th e or gani s� s , a s  described for 

a s tr::1in of  ?seuc:.o�or�:;.s  aerusi no sa (:.,iu & :Isi eh ,  1 ?69 ) ,  one migh t  

e ::.:p e c  t that entero toxigeni ci ty v/OJ.Al d b e associated. ·,;i th lov; 

p:-o teolyti c ac tivi ty . Enterotoxigcni c s taphy l o c o c c al s trains , 

on t:':J. e c o n trary , exhib i t ed a 1-ii d. e  ru.nt;e o f  pro teoly tic  ac tivi ty 

as m ea sured on SMCA . �o t en d ency wa s found fo r entero toxigeni c 

s tra::. ns to h :J.Ye l ov; pro t eoly ti c  a c ti vi ty or for non-enterotoxigeni c 

st:-ains to b e  hi ghly pro teolytic .  

'T"n i  s investiga tion has show.( .. tha t strains of coagul a s e

po si tive s taphylo cocci  can b e  r eadi ly di ffer enti a t e d  into five  

w el l - d efi ned group s by the type o f  pro teo ly ti c zone s formed at  

:rr ° C on a buffor ed ca s ei nate- agar medium .  In epi demi o l o gi cal 

investigations , th e routine purifi cation of  i solates  on SMCA 

would give  a pr e sump ti v e  di fferentiation of  s trai ns prior to 

standard phage typing or , al terna tively , coul d be u s ed a s  a m eans 

o f  furthe� subdivi si on after phage typing. Tne finding that som e  

s trai n s  forming si mil ar zones a t  37 ° C coul d often b e  di s tingui sh e d  

by z o n e  siz e  o r  typ e  a t  30° C provi des a fur th er means o f  
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':'.:1bl e I J .  En t er o toxi geni c i ty o f  89 s tr ai n s  o f  co :15U l a se-po s i tive 

s �ap�y� o co c c i  i n  r cl a  tio'!". to pr o t eoly t i c ac tivi ty n:e a. sur ed a s  
zor. e  d:.. arr. o t er 

:Sn -!; ero-
-::.oxi r. s 
:'or;:-; e :l  

A 

A3 

3 

:3C  

c 

'::'o ta:!. ent + 
s tr.:�.i n s  
r ")") ) \ ,_ ...) 

To t al. cnt
str:li n s  
( 66 ) 

<ln::l z o n e  typ e on 

1--;-.. o . o f  s tr<1i n s  
;.;i t h  p ::-- o t eo J.y ti c 

a c ti vi ty'2 
, 

Ej gh 

1 

., .) 

6 

1 

,., <:. 

1 3  
( 57 ) 4  

')''7 ....> I 

( 56 ) 

-

l'e d.ium 

1 

1 

3 
0 

2 

7 

( .30 ) 

2 1  
( .32 ) 

low 

2 

0 

1 

0 

0 

.3 

( 1 3 )  

Q L ·  

( 1 2 ) 

S tandar d 

A 

0 

0 

0 

0 

0 

0 

0 

l�e tho d.s C asei na t e 

7c . .�.� o . o f  s tr a i n s  i·ri th 

z o n e  typ e
3 

B c 

1 1 

0 3 

2 5 

1 0 

1 3 

5 1 2  

( 22 )  ( 5 2 ) 

2.3 1 7  
( 35 )  ( 26 )  

]) 

1 

1 

3 

0 

b 

5 
( 22 ) 

20 

( 30 ) 

1 !ncubation wa s at 37° C  for 48 hr . 

2 , . fJ1 , � I .r.s J. n  � a o .i. e  • 

3 s e e  Fi g . 1 .  

4
Numb eT s  i n  p ar enth e s e s  r epr e s en t p er c entage s . 

Agar 

� J1J 

1 

0 

0 

0 

0 

1 

(4 ) 

6 

( 9 ) 

1 
. 
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J.i f f er entia t i o n .  

Th e  typi!1g o f  c o agul a s e-pc si t i  v e  s taphyl o c o c c i  i n  th i s  'liay 

i ::;  a sp ec i al ly u s eful i n  dif:'er en t i a  t i ng th e phace non typa.bl e 

s t!"ai n s .  �n e s e  hn.ve b c on r epo!" t c d t o  o c cur wi th a fr equency a s  

_,_ 30"" I " ' ° C • t' 1 9  /" • l' 1 & "' ' •  1 966 g-r en. v a s  ,:o � ... on e:l <.>: ....,r,_J. :1. , · O <r j _.;a.ran(..Oll . v D tlJ. J::t; ,  j 

'>�al lmark S: ?i r.::a::, d. ,  1 9 6 1 ) and. a t t e:r.p t s  'l::ave b e en ;r.aie to c lcl. s si fy  

su :;i s tr <.1 i n s  i nto subgroup s a c c or d. i q; to th e an t i & eni c r e spo n s e  

o f  t::-. e i ::'  pro t ei rlase :::; . '•:e have sh o iHi b a t  the u s e  o f  bu ffer e d.  

c a c e i �a � e-a�ar i s  3. much si�pl er t e �  niqu e for di f� er en t i a ting 

pr o t ei .a s e s  and. th at all of 63 ph::t&e nontypabl e s trai ns coul d 
; 

b e  cl a s si fi e d  into fiv e  di s ti nc t pro t eolyti c gr oup s .  Th e  

p i np o i n t  t ectni qu e o f  i no cula ti o n u s e  cl i s  h i .:;hly r epro du c i bl e ,  

and ii ff cr en t i so l a t e s  fro� th e s a;r e  s trai n form al�o s t  i d en t i cal 

z on e s ,  bo th i n  s i z e  n.nd typ e .  Fr om th e e;ii cl err.i o l o gi c al s t <.lndpo i n t , 

typi:'1g by pro t ei n.J. s e  ac ti vi t;y o n SlTCA rr.ay b e  3-bl e to r e solve som e 

o f  th e qu e s ti o n s  l e :' t  unan s'l·ierecl by ph a.e-e typir.g. �h er e  i s  no 

doub t th a t  th e u s e  of b o th typi ng s.r s t c;n s i·roul d. r e sul t in a 

b e t t e: d e fini ti o n  o f  epi dem i o l o gi c al r e l a t i o n shi p s .  

Bl ai r , J . E . & 1·!i l l i am s ,  R . E . O .  ( "1 96 1 ) .  Bul l . v7l d Hl th Org • .£4,, 77 1 .  

Brown , R . H . , San clvik , O . , Sch er er , ::l. K .  & Ro s e ,  D . L . ( 1 967 ) .  J. 

gen. 1ri crob i o l  • .41., 27 3 .  
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THE R.\PID S CREENING OF YTLK SAMPLES 
FOR PRO TEOLYTI C  Arm TO TAL BA C TERIAL COUNTS 
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sm.-;.'.\RY 
s�::.p l e s  

A t e chni qu e h a s  b e en �C7elop ed whi ch a l l o ws m i lk 

fror:J i ndivi �ual suppl i er <>  to b e  scr e en e d  rap i dly bu t 

quan ti tative ly for bo th pro t e o l :;r t i c orca!1i sm s a:1� a to to.l 

b a c  t cr:ial pl a t e  c oc;,n t .  �e c ampl e i s  C.ilu t ed 1 ,  000- fo l d  i n  

s t e:cil e �inGer ' s  solil ti o n  and. pour e d. o n t o  Standar d 1'e th o d s 

Agar to v�h i ch ca s ei n a t e  ( 1 %  1-rjv ) ,  c i tr a t e  ( 0 . 0 1 5  111) and 
c al c ium chl ori d e  ( 0 . 0 2  �.� ) have b ee n  a dded. The exc e s s  

dilc;,ted xilk i s  drai n o �  o ff and th e pl a t e s  i ncuba t e d  a t  

� o 0 " ... 2 '  h !l. ' • ""h ., - · · ... · � + "" 1 + · ( .) 'J _ or '+ . .  r • . .  n l '-'  . .. y Sl (;Y1l .. 1. C .;..n v  c or_ e�a , l o n  r o .  87 ) 
i s  found b c t1·r e en tn e co".ln t s  ob tai ned i n  th i s  ••ay a f t er 24 hr 
incub a t i o n  and to tal plate c oc;, n t s c arri e d ou t by s tandar d 
pro c e :lur e s .  

INTRO�UCTION 

'fu er e  ar e tvro a sp e c t s  of the ba c t eri o l o ci c a1 q ual i ty  o f  

raw m i lk a s  r e c ei v e d  a t  th e fac tory : ( 1 ) i t s bac t eri al cont ent 

as a r efl ec ti o n  o f  � i lk pr o du c ti o n  m e tho ds and handl i ng pro-

c e dur es b e tween pr o duc ti on and r e c ei p t , and ( 2 J  i t s  bac t er i al 

conten t  a s  a det ermi nan t o f  th e sui tabi l i ty o f  th e m i lk for 

pro c e s sing. The i ncr easing us e o f  r efri gera t e d  va t s  on farm s ,  

al t erna t e-day coll e c ti on ,  transpor tati o n  o f  rcnr milk over l on g  

di s tanc e s ,  and bulk s torage at f a c t ori e s  ha s r ec entl y sh i f t ed 

th e emph a si s to group s o f  o rgani sm s  such a s  th e p sycho troph s ,  

wh i ch ar e c ap abl e o f  gro1nng a t  r e fr i geration t emp er a tur e s .  

Twomey , Cra'l';l ey & Derr i ck ( 1 969 ) h av e  confirm e d  in New Zeala nd 
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t� o !' O st.:.l t �  o :'  'I'!::. or.la. s , ��u c e ,  Davi e s  & Bec..r ( 1 966 ) and mar..y o th er 

Kor:..._ or s , �·rho sh O'i< e d  "uhc. ', mo dern d o v e l o:pm o.r: t s  i n  dairy pro c ed.ur e  

cau s e  a cna nge i r. -th e b .:. c t er· ial fl ora o f  bulk milk and th a t  th e 

r.o l c:n e;cr h ave :h e i r  ori gi nal s i Gnifi c anc e for d i s cr i m i na ti o n  

or0ani .::.-. s  :r.:J.y ::::ho ,,; l i t tl e or· no r eo:..1 ci r.g a c t i v:. t y  ·Lo"\Tards 

r.-o e thyl er. e  oluo bu t !':'lO S t  s trai ns ar e h i ghJ ;y pro -'.; coly ti c ( see 
! p--.en -1 1.' "  r '  .. ... .t:' �....... -\.. I • :::: -: i s  no t gen eral ly z.ppr e ci at e d  that di ffi cul ty 

i r. pr o c e s sir.g milk r..ay r esuJ t i f  l arge nt.:.:.Jb er s o f  pro teoly ti c  

ort;·:m i sr.: s ar e pr e s en t.  i n  th e ' r ar; r.: i l1.;: (:5'ral lkl i r; ,  1 969 ) or tha t  

y i  .... li l o ::; s e s  :. n  th e �·:h ey d.u c:: to soluoi l i za ti or, of  pr o t eir. b efo r e  

p::·o c o �::sinz � ay  'b e  su1) c tanti al . Pro t ej r.<J. s c s  and s c rr: e  o th er 

t:mz.;/:r e ::;  pro d:<1. c e C:.  by b a c +. er i a  i n  t'b.c ra.H ;d lk ar e al s o  l ik ely to 

su.rv :!. v e  :-. e&t -tr o.:.-L:r. urJ t  2. lC. thu s r..o.y eiv e  r :. s e  to fl avot.:.r defe c t s  

i n  th e pro duc e  o n  .... tora6e . 

Si r.c e j t i s  l i:: ely that n:o ::; t  pr o t eo l y t i c  organ i cm s founG. i n  

milk ::t.r e  ext ernal con tarni na. -.ts  ( 'l'ayl o r , 1 967 )  th eir r.umb e::- s i n  

r aH :-r· :. H: have b e�n t;. S C d  by Taylor and ir. thi s l a'bora t ory a $  a,p. 

i n d e�: o f  hygi eni c pr o clu c -:io!"! . T'n e d ev e l opm en t  o f  a buffer e d  

c a � ei nate medium for d e t e c ting pr o t e o ly ti c  o rgani sm s (App en dix I )  

�l l o�c th e d e t errrina t i o n  no t o nly o f  a to tal pl ate count by 

standar d r:1i crob i o l o gi c al techniqu e s  but al so giv e s  th e pro por t i o n  

o f  the to tul count that i s  pr o t t:olyti c .  'Ib e  pr e s en t  i nv e s t i ga t i o n  

de scrib e s  hov; th i s  m edium can b e  used as a r ap i d  bu t  quanti tati v e  

scr e eni ng test o f  milk suppl i e s  to g i v e  bo th an i ndex o f  farm 

hygi ene and o f  p o t en t i al h arn:ful e ff ec t s on th e pr o c e s sing and 

s torage quali ty of dai ry pro du c t s .  



l a t e  ( S S P  

rr: e t!1 0 d . :::·..:.pl i c a t e  0 . 1 ml su.::.pl e s  o f  1 0- fo l d. C:i luti o n ::  i n  <1,uar t cr 

pr op�r e d  � 3  � o �cr i � ed. pr e�i o� sly ( so e  :ppcndix I ) ,  wi th c�er i l e 

cl s.. :::; s s:pr ea 1er s .  Tf. G  pl:::. t e s  'tTer e all Oi·: eC. to  cry for .£.• 1 5  mi n .  

' 1 1 , t · ' -'- " t. � 0° :-: for t f'  '-; " · .� :;:>- a  es '\.;or e :::.. r, cu ::Ja ., e c.  c. . .; _ " o  I' -

1 : 1 0 00 cli lu tion o f  r.: i J.k sar.�pl e ,.; c. s  r.;a d. e  b;y adding 0 .  1 ml rr.i lk to 

1 00 ��1 s t e�· i l c '} uar t E::r s tr e;;gth Ri r:g er ' s  so l u t i o r:: ::.;: C. � e  m i.:-: tur e 

':'h e  d.ilu ted. sa:npl e ua f:; p our e �  ovel' t�e 

e:z:c o :.:; ::;  decan t e d .  

r, � ., l· _ _  , ,· ' o  4 ,  o , . 1 .._ _ - T'.-o '""- : pl ., t. e s  '�· e" e l· "'.cuba t ed ., t 30
°

C ....:....... :- 11c: �..: ..... 11-v � . .:1. l : l  � · t:.:r pc..:. p er .  .. \;;; u. \. ··.... � · �,.�, 

for 24- b.r . Pro t Goly t i c  o r ;o..ni s m s  c o �l -l b e  C.i fi'e:- er-. ti a t eG. by vihi t o  

zo1: e :::; o f  pr eci :;;: i : � ti o :: :-ot:r.3.. th e c o l oni e s  and tb.-..:. s d e t erm i ne d  

:::;i �ul tan eot: sly a s  a pr opor t i o �  o f  th e to tal c oun t .  

RESULTS 

�eproducibil i ty o f  cou�t :::; . In p.t ol irr.inal'Y work , 22 m i lk 

sampl e s fro rr. a l o cal cor.:mer ci al fac tory 1-.'er e exami nee. for to tal 

an d pr o t eo � ;y ti c c our. t s  u si ng th e fl o o di ng t e chnique and th e SSP 

m e tho d .  Each sar.1pl e �o;as examined i r. dupl i c a t e  by each m e tho d . 

T'n e variation i n  count s b e twee:r. dupl i c:1 t e s  of th e same sampl e 

u s i ng the fl ooding t e chnique ·Ha s no gr eater th an th e vari ati o n  

b e hl' e en dupl i c a t e s  u s i ng th e  S S P  m e th o d .  



n o 

One :1 :.p e c t  o :  th e fl o o di ng t e ci:ni q;.:e T:rh :. c� c oul d not b e  

cc:.:p::. u -: cly s -::1l1d :.1r cli z ed. '\·IQ. S t�e var i ati on i r. the volui:'·. e o f  diluted 

oxc e s :  �ai b e on doc:.1ntea. '::"l e  ''o lun1 0  c:.C:.so:::--b e .i  o ::  th e pla -t c s  using 

?ar -: o f  �h e v�ri a ti o �  c oul d ,  ho�ever , b e  

In :1ny c � s e  thi s v�ri ation was 

S,... ..., -: 1 . ............. _ c o:-:-:par e C.  error s i n  al l rni cro-

pro -: co l y t i c  a�d to tal ��c t cri al coun t s  o f  9 6  �ilk sampl es  wer e 

':'h e  e stima t e s  

24 h r  �nd a f t er 48  hr  �ere respec tively 0 . 87 �nd 0 . 89 ( see Fi g . 1 ) . 

'Ihu::. :11 th ou.;�: :7.ur D c o l oni e s  '..r er c  d e t e c t e d  on th e flooded plates 

af t er 48 hr , t�e di f ::'er enc e b e t::\ e <::n th e c orr el a ti o n  co effi c i ents  

wa s no t signi f i c<1n t  a t  th e 1 0% probabi l i ty l evel . 'lne regressior. 

o f  the SSP co'..l.n t s  on th e fl o o di nc; t e ch r.ique (FT)  .coun t s ,  shown by 

th e sol i d  l i ne i n  Fi g .  1 ,  i s  giv en a s : 

organisms/ml ( SSP) (72 + 6 1 . 1  X 

From Fi g . 1 ,  value s ,.rer e arb i trar ily s el e c ted to give sui t-

abl e s tandard s . Ten-fol d di ffer ence s in  co unt s on pl a t e s  u sing 

th e fl o o di ng t e chr.iq_u e w·ere cha ser. sinc e I'avi s ( 1 9 69 ) has ar gu e d  

convinc i ngly th at only such di ffer enc e s  i n  p l a t e  count s ar e 
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o -f'  3::;7 OY'1 -t,l;. .-.; ::;'';' C 01..�n t . ':':J. t:  clo t t e d :!. i 11 e s  i n di c a t e  

-::2: e 90% a�-:G. 99% c o r: :::. d.cr, c e  l ir. i  t s . =�-......c:-.b ar o f  milk 

s.:::..1pl e s  �-:a s 9 6 . 
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sit;r.i fi c an t  '.:�1 e:1 gT ::J. di nc n:i 1}� s .  L e ::: s t'ho.�-1 1 0  c o l o ni e s  ar,d gr ea t er 

thar: : oo color;i e s  o n  c. D o o c e d  :r; l :J. t c  corr e spor:c to co'.J.r: t s  o f  

< 7 0 , 000 aY".d > 500 , 000 o:::-gani s;.; �/ml r e :::;p e c tively i r:  th e original 

r.i lk sa::1:pl e (?i s .  1 ) . :?ol l o,:ling th e i ni ti :J.l 1 , 000-fo l d.  di l u t i o n  

th e D o o Qi y-,c;- � ech � i qu c  1?as  u s e d  t o  ;-rade mi i:<· s as  ?i ne s t  (< 1 0 

c oun t s ) , ?ir s �  grade ( 1 0- 1 00 cou n t s ) and S e c o n d  gr::J.de ( >  1 00 c oun t s ) . 
/ 

In prac ti c e  mo s t  milks coul d be gr aded at a gl ance ( Fi g .  2 )  an d 

onl;;r very rar ely "tra s i t  n e c e s sary to cour.t col oni e s .  For a border-

l i n e  c a s e  o f  a fl o o d e d  pl a t e  con tainine exac tly 1 0  col o ni e s ,  for 

ir.s tar.c e ,  i t  car. b e  e s timated tha t  ther e wa s a 1 %  only chan c e  th at 

th e m i lk wa s i n  fac t Second grade mi lk an d a 50% chanc e tha t i t  

wa s Fir s t  gr ad e .  Simi larly , a s  th e c ount increa s e d  above 1 00 ,  
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th e ctar. c e  o f  gr aG.in0 a �o o c-Q.ual i t:J m i l k  a s  Secor-.d gr acle b e c arr: e 

It is al �o po s �ibl o to cal cul a t e  th e p r ocabl e error s 

':'r.us -tb ar e v1a s  a 1 0% chance 

tha� � i l k  c� vi n� a �l o e e d  pl a t e  cou� t o f  45 �a s r eally ?ino s t  

h o ·  .. :ove:::- , 

In a Qdi t� on �o the to tal cou t s ,  t� e propor t � o n  o f  orga�i s� s 

t� a t  �er e pro t eo l y ti c c oul d �: so � o  d c t o:::-mi �ad  sin c e  the s e  for�cd 

Yn i t 2  zones o :'  pr c c i pi tation l'O U�i.il. th e c o l o ni e s .  Al l bu t hro of 

th e c o l o :-:i e s  i n  F� g .  2-'· a1:C. al l but one in T"i c';. 2:3 H e r e  p:- o t eolyti c . 

�1 e :;? a t t erll o f  z o l·. e s  ob 'c::ine C. cc:.v o ::n i ncU c c. t i o ;:  o f  t!".o s e  organ i sr:: s 

·,:� i c:: •·: er e e:.: t o::::. i  vel �·- pr o t e o l y t i c  s i n c e  th e s e  ca�1 :'ur th er br eak 

DIS CUS SION' 

Al thou::;-h ::.z2..:::- s contair:i ns rr :i. J >  pO iiclcr s vrer o pr opo s e d i n  th e 

1 9 20 s i n  .'\;;� eri ca fo r th e de � c c t i o n  o f  pro teolyt:i. c .  bac t er i a , th e 

m e d i a  wer e trou� l e sorr e to pr epar e ani so th e pr e s en c e  of  pro-

t eolyti c or gani 2.rr s  as an ir.di cati o n  of hygi ene �ever gai n e d  

popul ari ty. '='.::ty l o r  ( 1 967 )  r e turn e d. ,  h ow ever , to thi s concep t  

of a s s e s si n g  :::-avr Dilk <;_ual i ty by c ou r. t ing th e  ba c t eri a grow·ing 

in a thi n  fi l� of undi lu t ed rr.ilk sampl e adh ering to a plain 

Ha t er-agar b a s e . � e  con sid erabl e crovrding of coloni es  on the 

pl a t e s  wh i ch o c cur s even i n  th e c a s e  of comparatively good-

quali ty milk sampl e s  mak e s  i t  difficul t ,  in our experienc e ,  to 



Fi g. 2 .  n�ilk qual i ty determined o n  SMC.A pla t e s .  Th e 

pla t e s  demons trate m i lk s  whi ch '�er e graded on a to tal 

count basi s (.A ) as Fin e s t  (<  10 count s ) , (B)  as Fir s t  

grade ( 1 0  t o  1 00 c ount s ) , and ( C )  a s  Second grade 

( > 1 00 counts ) by th e fl o oding techni qu e. Pro t eolyti c 

col oni e s  are surround ed by a 1-1hit e  zone. The pla t e s  

wer e incubated at 30° C for 24 hr .  
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�o :·.' G .... t er , th e 

""':.1 c  ext c:; t o:'  l)r o "'v colysi s c�·:hibi t e d.  by an 

t�� t  e�c� � l ow i �ci d cn c e  

�n� th e p�opo� t � o n  t�a �  �e� o pro t eol yti c .  

I -t  i s  -..<Yll ik e:!.y :l.1 a. t  � sin.s-l e t e s t  ;;i l l  c·.r er b e  devel oped 

�·Th i c r. 1-:i J.l :r: easure all th e cac t er i o l o si ca1 CO.i..<.J.l i t :. e s  o :'  raH m i lk .  

:;u r t'!l errr.or c ,  dai�y l acorato�i o s  i Yl  general ar e no t equipp e d  a t  

pr e s e:r.. t to ca.rr:r out t e s t s  o th er th :..r" th e r:.o s t  si;npl e and 

i n eA� cn � i ?e OYl a routi n e  scaJ e .  �� e fl oodi ng t echni1ue i s  simpl e 

to c arry ou t ar:d si::c e i t  i s  no l e s s  quan t i tative than th e standard 

� e th o d  pla t e cour. t ,  th e sccl e can b e  ��i tably a d j u s t e d  to m e e t  

di ffer ent r eq_uir e:c en t s  and t o  r cQJ.l a t e  th e permi tted number o f  

9ampl e s  co�ing ¥i thi n  a.ny o n e  cl a s s .  Th e  s tandar ds suggested 

h er e  h av e  b e en for::1i..<l n. t cd on th e ba�i s o f  a s�al l nurr.b er of 

sarr.pl e s  fro� a si ngl e ar ea and ar e only sugg e s t ed a s  a basi s 

for tri al s in o ther par t s  o f  the country .  
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�..r� a valu e o :'  th e t e ::;t i s  the. :  i t  u i v e s  a t;o o c. p::. s tur e o f  

�c� er�l ri crobi �l conJ i t ::.on o f  � i lk in t ern s o f  nurrb er c 

p3.r t i c'...l.J. arl :y ;::!: en coun t s  .:.r e l o1r. _\ g�ac;_er c:.r1 c::1 s s c s s  vri th 

�1. e pl J. t c :::; c J.r: 'J c  r e::! d.  a f t er thu s  a!l o�ing Dar e 

::: o : "' -:-o o:;-: 2.. :::; -.·:.. s�:::.J. :pro o f  for t� c s�rrpJ i cr o f  �.ll c; Clu 3.l i ty o f  

" S tar. dar d ?.'e tho d s  

Ta::,rl or , 
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T 
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