
www.manaraa.com

Retrospective Theses and Dissertations Iowa State University Capstones, Theses and
Dissertations

1963

The low temperature microflora of young cheddar
cheese
Warren Seeley Clark
Iowa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

Part of the Microbiology Commons

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.

Recommended Citation
Clark, Warren Seeley, "The low temperature microflora of young cheddar cheese " (1963). Retrospective Theses and Dissertations. 2526.
https://lib.dr.iastate.edu/rtd/2526

http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/48?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/2526?utm_source=lib.dr.iastate.edu%2Frtd%2F2526&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu


www.manaraa.com

This dissertation has been 64—3862 
microfilmed exactly as received 

CLARK, Jr., Warren Seeley, 1935— 
THE LOW TEMPERATURE MICROFLORA OF 
YOUNG CHEDDAR CHEESE. 

Iowa State University of Science and Technology 
Ph.D., 1963 
Bacteriology 

University Microfilms, Inc., Ann Arbor, Michigan 



www.manaraa.com

THE LOW TEMPERATURE MICROFLORA OF YOUNG- CHEDDAR 

by 

Warren Seeley Clark, Jr. 

A Dissertation Submitted to the 

Graduate Faculty in Partial Fulfillment of 

The Requirements for the Degree of 

DOCTOR OF PHILOSOPHY 

Major Subject: Dairy Bacteriology 

Approved: 

In Cha ge of M 

Head of Major Department 

Dea of G aduate College 

Iowa State University 
Of Science and Technology 

Ames, Iowa 

1963 

Signature was redacted for privacy.

Signature was redacted for privacy.

Signature was redacted for privacy.



www.manaraa.com

il 

TABLE OF CONTENTS 

Page 

INTRODUCTION 1 

LITERATURE REVIEW 4 

EXPERIMENTAL METHODS 22 

EXPERIMENTAL RESULTS 37 

DISCUSSION 48 

SUMMARY 62 

LITERATURE CITED 64 

ACKNOWLEDGMENTS 71 

APPENDIX 72 



www.manaraa.com

1 

INTRODUCTION 

Recently, a comment was made by Dr. P. Swartling, of 

Sweden, regarding the microflora of young Cheddar cheese. Dr. 

Swartling, in a discussion at the 16th International Dairy 

Congress held in Denmark during September, 1962, stated: 

It is thus evident that the study of the dominating 
flora of young cheeses under normal and abnormal 
conditions is an important field for investigation. 
On this occasion it would be of great interest to 
hear from those present what information is now 
available concerning the flora of various cheese 
varieties when fresh. (73, p. 198) 

Cheese has been made for thousands of years either by 

recipe or by use of empirical methods. Increasing knowledge 

in the field of dairy technology, however, has developed many 

important facets of learning within the past century. This 

new fund of information has helped to explain situations and 

conditions taken for granted in the past, as well as to open 

new and challenging areas of research for the future. Cer­

tainly, the subject of the bacteriology of Cheddar cheese fits 

into both of these areas. For example, prior to the time that 

the presence of bacteria had been demonstrated in milk, suc­

cessful cheese makers actually encouraged growth of desirable 

organisms by establishing conditions favorable for microbial 

growth and activity. Many traditional methods of cheese mak­

ing were instituted in this way• The practice of saving whey 

from cheese made one day for addition to cheese milk the next 

day is only one example. By the end of the nineteenth cen­
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tury, when bacteria had been recognized and were valued for 

their beneficial role to mankind, this practice had led to 

the use of specific starter cultures. For the future, the 

problem of bacteriophage and its responsibility for starter 

failures will continue to receive widespread attention. Con­

tinuing accrual of knowledge in dairy bacteriology, specific­

ally in the area of the bacteriology of Cheddar cheese, will 

aid investigations into this problem. 

Bacteriologists have been studying the bacteriology and 

chemistry of Cheddar cheese for years. Particular interest 

hss been shown in the area of cheese ripening as evidenced 

by increasing attention to the use of plant enzymes to replace 

rennet, flexible and impermeable packaging materials and the 

constant efforts regarding development, handling and preserva­

tion of cultures used for cheese making, kost specific in­

vestigations into the bacteriology of Cheddar cheese have 

dealt with attempts to isolate and identify microorganisms of 

importance in flavor production and rapid body break-down. 

This study was undertaken to determine the low tempera­

ture microflora of young Cheddar cheese. 

A search of the literature has failed to reveal any pre­

vious attempts to study the Cheddar cheese microflora capable 

of growth at low temperatures. This approach was felt to be 

important in view of the fact that Cheddar cheese most com­

monly is cured at low temperatures. It was hoped that a study 
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of these microorganisms might reveal characteristics of 

importance in cheese ripening. In addition, numerous possi­

bilities exist for further application of this study, either 

in the manufacture or ripening of natural cheese. 
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LITERATURE REVIEW 

The bacteriology of Cheddar and other varieties of cheese 

has been studied by a large number of investigators. These 

workers have been concerned either with the entire flora or 

with a specific group of bacteria present in the cheese. Be­

cause considerable literature pertaining to both types of 

studies is available, only the more pertinent investigations 

regarding the microflora of Cheddar cheese will be reviewed. 

The Bacterial Flora of Cheddar Cheese 

One of the earliest reports of the bacterial flora of 

cheese was made by Russell (61), who stated that the bacterial 

content of cheese differed markedly from that of milk. He 

found that in milk the lactic acid bacteria predominated, but 

always were accompanied by liquefying or peptonizing organ­

isms, and, as a rule, bacteria capable of developing gaseous 

by-products. In the ripening cheese, peptonizing or casein 

digesting bacteria were eliminated quickly while the gas-

producing bacteria disappeared more slowly, sometimes persist­

ing in very small numbers for a long time. The lactic acid 

bacteria, on the other hand, developed rapidly for a time 

until the cheese was partially ripened. At this time they 

too began to diminish in numbers. 

Harding and Prucha (29) studied the microflora of nine 

normal cheeses representing four first-class commercial fac-
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tories. Over 300 cultures were isolated from agar pistes 

incubated at room temperature (which ranged from 21 to 31 C 

depending upon the season of the year) for 10 days. Pure cul­

tures were studied both morphologically and culturally, dupli­

cates being eliminated from further examinations. A total of 

167 cultures were studied extensively and divided into 33 

different groups. Results of the qualitative study of the 

cheeses showed that Bacterium lactls acldl was the only form 

constantly found in all Cheddar cheeses. This organism prac­

tically always composed over 99ft of the total bacterial count. 

In addition to Bacterium lactis acldl, four other groups of 

microorganisms were found. These were: acid liquefiers, 

gas-producing forms, an inert group and yeasts. The acid 

liquefiers occurred sufficiently often to suggest that they 

might play some part in ripening. The gas-producing forms 

made little or no growth in cheese• Bacterium coll aerogenes 

was isolated from cheese only through the first day of ripen­

ing . Bacterium lactls aerogenes was found in considerable 

numbers in some cheeses and was very resistant to acidity. 

The inert group consisted of organisms lacking apparent action 

in milk. This group was fairly numerous, at times, in milk 

and fresh curd. These organisms usually disappeared quickly 

and no evidence was found to indicate that they increased in 

the cheese. Very few species of yeasts were found although 

an effort was made to prepare plates especially suitable to 
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their growth habits. 

In 1912, Hastings et al. (30, 31) reported finding only 

two groups of bacteria constantly in large numbers in Cheddar 

cheese. These were Bacterium lactls acldl and Bacillus bul-

garlcus. The former grew until the sugar was completely fer­

mented while the latter, although reaching numbers comparable 

to the former, grew after the fermentation of sugar. During 

the early part of the ripening period, Bacterium lactls acidi 

comprised over 90%, and, sometimes, even 100$ of the lactic 

acid bacteria. In the late ripening period, Bacillus bul-

garicus predominated, and in many cheeses consisted of over 

90% of the lactic acid flora. Coccus forms producing small 

amounts of acid occasionally were found to be the commonest 

type of organism. This type was found to predominate at some 

time or other in 11 of the 13 cheeses sampled. The chroBio­

genic cocci and liquefying forms found were considered unim­

portant in ripening of the cheese as they were not consis­

tently present in large numbers. 

Evans et al. (22), from a study of 21 raw-milk cheeses, 

reported that all organisms constantly found in cheese were 

included in four groups: Bacterium lactls acidi, Strepto­

coccus . Micrococcus and Bacterium casei. Variations in number 

and flora were observed; however, all good cheeses contained 

the four groups listed. Spore-forming organisms and liquefy­

ing types occurred in very small numbers or were absent en­
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tirely. Whenever these forms were present in sufficient 

numbers to have an appreciable influence on the ripening, it 

was to the detriment of good flavor. The bacterial flora of 

pasteurized-milk cheese was found to be dependent upon the 

starter used. 

In a study of the streptococci concerned in cheese ripen­

ing, Evans (21) frequently encountered three streptococcus 

strains. These were termed S. lsctlcus, S. kefir and S. X-

The three strains were described culturally and biochemically 

and their role in the ripening of Cheddar cheese was discussed. 

Hucker (-34) examined 37 samples of Cheddar cheese ob­

tained from approximately 25 factories. Results indicated 

that the better grades of cheese contained a distinctly dif­

ferent flora than that of the poorer grades. In the better 

grades, S. lactls and the lactobacllli predominated while in 

the poorer grades, spore-forming rods and gram-negative rods 

were present in the largest numbers. Cocci, and streptococci 

other than 8. lactls. varied little in numbers between differ­

ent quality cheeses. Emphasis was placed on the finding of a 

large number of spore-forming and gram-negative rods in the 

poorer grade cheeses as being indicative that these organisms 

are undesirable for the production of a high-grade Cheddar 

cheese. In this investigation, 265 organisms were isolated 

from agar plates incubated at 25 C for 5 days. The organisms 

were studied and placed into the following groups in decreas­

ing order of frequency of occurrence: spore-formers, gram-
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negative rods, Lactobacilli, S. lactis, cocci, streptococci 

other than S. lactls and yeasts, only three of which were 

recovered. Observation of the forms of gelatin liquefiers 

revealed that in poorer grades of Cheddar cheese, the majority 

were rod-shaped. In the good grades of Cheddar, the majority 

of gelatin liquefiers were cocci. 

In 19-32, Kelly (37) reported the findings of his study 

of 200 isolates obtained from normal Cheddar cheese during 

the first 3 weeks of ripening. Isolations were made from agar 

plates incubated at 37 arid 25 C. Classification was deter­

mined by morphology and carbohydrate fermentation. Approxi­

mately one-half of the isolates, 102, were S. lactis; another 

20 were S. cremorls. Other organisms found were Micrococcus 

sp•, Leuconostoc sp. and gram-positive rods. In both commer­

cial Cheddar cheese made without starter, and in cheese made 

using pure cultures of S. lactis and S. cremoris. S. lactls 

was found to comprise about 50ft of the flora. Streptococcus 

cremoris constituted 9% of the flora in the commercial cheese 

and 2 6/2 of the flora of starter-made cheese• 

Allen and Knowles (3), using various selective media to 

enumerate different groups of bacteria in Cheddar cheese, 

reported that in cheeses made from milk of a very low bac­

terial count, the predominant flora consisted of lactic acid 

streptococci for at least the first 19 to 20 weeks. They 

also reported that some atypical organisms isolated from 
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cheese possibly were derived from more typical strains of 

lactic acid streptococci whose characters had become modified 

in the course of cheese ripening. These workers emphasized 

the fact that the flora of Cheddar cheese tends to develop in 

stages; one set of microorganisms having persisted through 

conditions adverse to their active multiplication subsequently 

take the place of another set when growth conditions have 

altered. 

Cheeses were plated at 28 C for 10 days by Davis (14). 

He incubated the agar plates with a second layer of the medium 

added over the first to Insure microaerophilic conditions. 

Of the 248 colonies picked and studied, representing 18 

Cheddar cheeses at different stages of curing from Cheddar!ng 

to 18 months of age, 247 were true lactic acid bacteria. 

Streptococci made up 117 and lectobacilli 130 of this total. 

The lactic acid bacteria were placed into four groups: 

S. lactis. S. cremorls. Streptobacterlum plantarum end Sbm. 

easel. Streptococci were found which differed from the two 

recognized groups, however, the differences were not felt to 

be great enough to justify separate species. Some S. lactis 

strains grew in litmus milk at 50 C, which indicated to this 

worker the possible relationship of these strains to S. 

faecalis. The streptococci were found during the first month 

of ripening, but seldom thereafter. Lactobacilli were found 

starting at 7 days; these predominated after a month. 
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The bacterial flora of New Zealand Cheddar cheese was 

investigated by Sherwood (70). He isolated 720 strains from 

36 Cheddar cheeses ranging in age from 1 to 80 weeks. Iso­

lates were made from agar plates incubated at 30 C for 14 

days. The dominant organism was found to be Sbm. plantarum, 

comprising 62/c of the total count. Other organisms and their 

incidence were: Sbm. casei, 16$; intermediates between these 

two species, 12$; Betabacterium brevls, 6%; Betacoccus sp., 

3$ and other lactic acid bacteria, 1%. After the relatively 

short interval immediately following manufacture, during which 

the starter streptococci predominated, lactobacilli, and less 

commonly leuconostocs, were reported to flourish over the 

major portion of the ripening period. An attempt also was 

made to correlate flora with cheese quality. In this re­

spect, it was noted that with good quality cheese, two or 

three varieties of lactic acid bacteria (lactobacilli) 

appeared in large numbers. In poor quality cheese, a larger 

number of types of lactic acid bacteria occurred. 

Rogers (60) studied cheese made from raw milk and re­

ported that bacteria growing in numbers large enough to be 

significant included various species of the lactobacillus 

type and a number of species of micrococci. He stressed the 

necessity of differentiating between bacteria that grow in 

milk and those that grow in cheese in the curing room, since 

conditions in a cheese are not favorable to the growth of most 



www.manaraa.com

11 

bacteria because of low temperature, high salt concentration 

and high degree of anaeroblosls. 

In comparative studies on Cheddar cheese made with normal 

starter and with certain pure cultures, Desne and Anderson 

(15) reported that S. lactis constituted 90 to 99/S of the 

streptococci which they isolated. Cheese curing temperatures 

of 43 and S3 F were used. In another study, Deane et _al. (17) 

reported isolating an "acidoproteolytic11 coccus from 4-year 

old Cheddar cheese. This particular organism resembled S. 

f aecalis vsr. liquef acieris, although positive identification 

was not made. 

Tittsler et _al. (76) reported that cocci from the lactic 

starter predominated in young cheese, regardless of milk qual­

ity or pasteurization. After 1 month, however, the flora of 

pasteurized-milk cheese consisted almost entirely of entero-

cocci, and that of raw-milk cheese of lactobacilli, entero-

cocci and a few diversified types. The results of these in­

vestigators confirmed the correlation between bacterial flora 

and cheese quality reported by Sherwood (70), that cheese made 

from poor and very poor milk, either raw or pasteurized, con­

tained many more bacterial types than did cheese made from 

fair and good milks. 

Dahlberg and Kosikowsky (13) used a strain of S. faecalis, 

which rapidly fermented lactose, as the starter for Cheddar 

cheese. They reported that a normal cheese having more flavor 
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and better quality and body could be made using S. faecalls 

rather than a lactic stsrter. The S. f aecalis also hastened 

the ripening of cheese at curing temperatures of 50 and 60 F. 

In conjunction with this study, Kosikowsky and Dahlberg (39) 

reported that S. faecalis was able to grow and survive in 

Cheddar cheese in large numbers for a considerable period of 

time when the cheese was ripened at 50 or 60 F. 

A Cheddar cheese made using S. lactls, S. cremoris and 

S. dlacetllactls as the starter organisms was used by Dawson 

and Feagan (15) to study the fate of starter organisms during 

manufacturing and maturing. Streptococcus cremoris was found 

to attain lower maximum counts than both S. lactis and S. 

dlacetllactis. A difference in the time required to reach 

maximum count also was observed. Streptococcus cremoris 

reached this point at milling, whereas S. lactls and S. 

dlacetllactis attained it at half-Cheddar. In maturing cheese, 

S. lactls gave the highest initial count, S. cremoris the low­

est . During curing, S. cremoris strains died out more rapidly 

than the other two. Robertson and Perry (59) and Perry (53) 

made identical observations regarding maximum numbers and 

survival in cheese in a comparison of cheeses made with S. 

lactis and S. cremoris starters. The non-starter Cheddar 

cheese population reported by Dawson and Feagan (15) consisted 

of 70$ lactobacilli and 30$ micrococci. All bacteriological 

counts in this study were made at 30 C for 4 days• 
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Ds.cre ( 12) examined the microflora of ten cheeses made 

from flash-pasteurized milk. He classified isolates as 

streptococci, lactobacilli and pediococci. Konth-old cheese 

yielded 6$ streptococci, 61$ lactobacilli and 33$ pediococci. 

Ko streptococci were found in cheese ripened for 2 months at 

room temperature. By the third month, the cheese flora con­

sisted of 75$ iactobacilli and 25$ pediococci. This flora 

persisted through the ninth month of ripening. Times were 

given indicating when the microorganisms found first appeared, 

and, also, when they ceased to be present. 

Feagan  and Dawson (23) studied the bacteriology of 12 

cheeses. In nine of these, at 8 days, the starter organism 

count was equal to the total count. In the other three 

samples, the starter organisms constituted 98, 92 and 20$ 

respectively of the total count. In the latter sample, the 

following bacterial populations were found: 40$ micrococci, 

30$ lactobacilli and 10;; other organisms . Conforms were 

detected in some samples in low numbers, cut disappeared 

prior to the second month of curing. 

Recently, Rasic (57) reported on trends of bacterial 

population during the manufacture and ripening of white cheese. 

He found that streptococci comprised 96,6 of the bacterial 

flora, on the first day after manufacture, 60$ after 4 weeks 

and 50/6 after 6 weeks. The lactobacilli were found to reach 

maximum numbers after 4 weeks, when they constituted 30$ of 



www.manaraa.com

14 

the bacterial flora. After 6 weeks, the lactobacilli com­

prised 50>o of the flora. Coliform organisms multiplied dur­

ing manufacture of the cheese, but, like the micrococci, dis­

appeared rapidly during ripening. The following species were 

isolated and identified in the study: S. lactis, S. cremoris, 

S. dlacetllactis. S. faecalis. Leuconostoc lactis. Pediococcus 

cerevisiae. L. easel, L. piantarum, L. brevis, E. coll, A. 

aerogenes, k. caseolytlcus. k. freudenrelchli, k. varians end 

k. luteus. 

Franklin and Sharpe (25, 26) attempted to determine the 

bacterial flora of cheeses made from milks subjected to dif­

ferent heat treatments, and the effect of the residual flora 

on cheese flavor. Gram-positive cocci constituted 54,# of the 

microflora, gram-positive bacilli 33% and gram-negative bacil­

li ?>o. No Leucono stoc sp. were found. Lactobacillus easel 

was the most important organism numerically. Other micro­

organisms isolated were: L. brevls, L. plantarum, Pediococcus 

sp. and S. faecium. A positive correlation was observed be­

tween numbers of lipolytic bacteria and desirable flavor. 

Lipolytic organisms, however, were not found to increase dur­

ing storage at 50 F. Rather, they constituted a static popu­

lation. Group D streptococci nearly always were present in 

commercial cheese. The most commonly occurring species was 

S. faecium. Towards the end of the experiment, these workers 

used a selective medium technique to determine the presence of 
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gram-negative bacteria. On occasion, these organisms were 

present in considerable numbers in commercial cheese. It was 

felt that the influence or possible influence of these micro­

organisms on flavor and additional ripening must be considered. 

Irvine and Beach (35) used Standard Plate Count agar, to 

which was added 3.75 ppm brom cresol purple, to enumerate 

non-lactic organisms in fresh Cheddar cheese. The brom cresol 

purple was inhibitory to starter bacteria and allowed the con­

taminating organisms in month-old Cheddar cheese to grow. A 

0.1 g sample of each cheese was examined, plates being incu­

bated at 32 C for 24 to 36 hours. The majority of colonies 

appearing in the plates were small, round, acid-producing 

colonies of the Micrococcus genus. Numbers per gram of cheese 

ranged from practically zero in cheese made from pasteurized 

and heat-treated milk to above 500 million in raw-milk cheese 

with fruity and similar undesirable flavors. Larger, 

alkaline-producing colonies of small rod-shaped organisms 

also were frequently observed. High counts of these organisms 

were believed to be indicative of unhygienic factory condi­

tions. 

Specific Groups of Microorganisms in Cheddar Cheese 

Lac tobacilli 

Lactobacilli may be found wherever sugars, protein break­

down products, vitamins and low oxygen tension occur (63). 
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They can grow over a wide temperature range, some developing 

at a temperature just above freezing, others having an optimum 

growth temperature near 45 C. The large quantities of lactic 

acid produced by lactobacilli act as a preservative, suppress­

ing the growth of proteolytic organisms, while metabolic 

products of lactobacilli growing on certain substrates often 

impart characteristic flavors. This has been widely reported 

in Cheddar cheese ripening. 

kabbitt and Zielinska (42) described a modified Rogosa 

agar (Acetate agar) for use in detecting lactobacilli in 

Cheddar cheese. With this medium, they were able to demon­

strate that lactobacilli grew slowly and continuously from the 

beginning of the ripening period. Nay lor and Sharp e (4-7) 

reported that this medium was satisfactory for the isolation 

and enumeration of lactobacilli from Cheddar cheese during 

ripening, as large numbers of starter streptococci were com­

pletely suppressed and lactobacilli were isolated during the 

early stages of ripening. In this investigation, the cheese 

was ripened at 55 F. Sampling was begun at 3 days of age and 

continued at intervals for 172 days. Lactobacilli were iso­

lated from the first sampling. Initially, high bacterial 

counts were due to streptococci, although these diminished 

and finally disappeared. At about 50 days, the numbers of 

lactobacilli rose above those of streptococci and later in 

ripening, lactobacilli comprised the entire population. Of 
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the lactobacilli isolated and identified, 17% were L. brevis, 

8>o were L. plant arum and the remainder were low temperature, 

homofermentative lactobacilli• 

Naylor and Sharpe (48) found large numbers of lacto­

bacilli in Cheddar cheese during ripening. The predominant 

species was L. brevis. Other lactobacilli, including L. 

plantarum and L. easel also were found. 

Serological typing was used by Naylor end Sharpe (49) to 

trace the source of lactobacilli in Cheddar cheese. The main 

sources of these organisms were the milk used in cheese making 

and the air of the dairy. Most of the lactobacilli from these 

two sources were low temperature, homofermentative strains. 

Sharpe and Mat tick (64) found that 100% of the raw milks 

examined by them contained lactobacilli. Counts ranged from 

less than 100/ml to 1,000,000/ml. No seasonal trend in counts 

was observed. Perry et al. (55) took air samples from the 

cheese-making room of seven creameries and from three stages 

of processing in one processed cheese plant. They found 

lactobacilli in all samples. Lactobacillus casei occurred 

most frequently, followed by L. plantarum end L. brevis in 

decreasing order of occurrence. Lactobacillus acidophilus was 

found once, however, it was considered of no importance since 

it will not grow in cheese because of the low ripening temper­

ature . 

Hill and Thornton (-35) reported unexpectedly low counts 
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of lactobacilli during the curing and storage of some Cheddar 

cheeses which they examined. They also found a very uneven 

distribution of these organisms throughout the cheese. Johns 

and Cole (36), however, found large numbers of lactobacilli 

present in Canadian Cheddar cheese when 38 cheeses were 

examined at intervals for over a year. They found that lacto­

bacilli commonly increased sharply during the first 2 weeks, 

then more slowly until the third to sixth month. By the end 

of 1 year, a pronounced drop in the lactobacillus count was 

noted. Hill and Thornton (33) were openly criticized, by 

these workers, for the experimental methods used in their 

investigation. 

Perry and Sharpe (54) studied the lactobacillus flora of 

single-herd milk and of the Cheddar cheese made from this 

milk. They found that L. plantarum and L. casei increased 

more rapidly than did L. brevis in cheese. The cheeses were 

ripened at 55 F. From the results obtained, these workers 

concluded that the lactobacillus flora of Cheddar cheese was 

derived mainly from milk. 

A recent study by Smith and Cunningham (71) showed the 

frequency of occurrence of lactobacilli in Canadian Cheddar 

cheese. A total of 245 cultures were characterized and the 

following distribution was found: L. plantarum. 138; L. 

casei. 35; L. brevis. 19; L. helveticus. 16; L. ferment!. 16 

and unclassified, 21. 
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Staphylococci 

The common occurrence of coagulase-positive staphylococci 

in raw milk has been reported by many workers (5, 7, 20, 45, 

78). Therefore, the high incidence of these organisms in 

Cheddar cheese (19, 74, 75, 77) is not surprising. The sur­

vival of Staphylococcus aureus in cheese has been reported 

by hat tick et al. (43) and kcLeod et, al. (46). Staphylococcus 

food poisoning has been attributed to the consumption of raw-

milk Cheddar cheese (32). 

Alford and Frazier (2) examined cheeses ripened et 5 to 

7 C to determine if any of the organisms found in the cheese, 

other than lactic acid bacteria, occurred in sufficient num­

bers to be of importance in the development of flavor. Cul­

tures were divided into groups on the basis of morphology, 

pigmentation, action in litmus milk, proteolysis in milk 

agar, lipolysis in tributyrin and butterfat agar, growth in 

6.5# sodium chloride and growth at pH 5.2. These character­

istics were selected as it was felt they would give a better 

indication of the possible importance of the isolated organ­

isms in cheese ripening. Of 600 cultures isolated, 7 8were 

micrococci closely related to k. freudenreichil. M. caseo-

ly ticus and k. conglomeratus. The remaining 22/2 of the iso­

lates were coliforms and miscellaneous types. 
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Coliforms 

Literature pertaining to the incidence of coliform organ­

isms in Cheddar cheese and other dairy products is too exten­

sive to completely review here. Therefore, only a few of the 

more pertinent references have been included. 

Crossley (10) studied the coliform organisms associated 

with commercial manufacture and storage of Cheddar cheese. 

He isolated 116 cultures from cheeses 2 days to 12 months 

old representing three factories. All factories used pas­

teurized milk. Of these 116 cultures, 99 were E. coli types, 

1-3 were A- aerogenes types and four were intermediate types. 

Yale and harquardt (79) made coliform counts on 35 lots 

of Cheddar cheese. Cheeses were ripened at 50 F. Coliforms 

in cheese made with poor milk (20,000 to 2,100,000 coli/ml) 

survived for 6 to 12 months. With better quality milk, con­

taining fewer coliform organisms, these bacteria survived 

for 3 to 6 months. It was reported that coliforms grew and 

died at such variable rates in the different lots of cheese 

that the coliform count is not a reliable index for comparing 

the quality of different lots of cheese, even at the same age. 

Based on the incidence of presumptive positive tests, 

Crossley (9) found coliforms in 100# of the 44 blown Cheddars 

examined as well as in 100# of the normal Cheddars examined 

when sampled up to 1 week of age• That coliforms rapidly de­

crease was clearly evident by results showing 58.8$ of 3-month 
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old normal Cheddar containing coliforms while only 20% of 

normal Cheddar over 3 months of age contained these organisms• 

Lightbody (40) showed that coliform organisms were 

present (< 10/g) in 97% of 30 samples from 19 cheese factories. 

E- coll type I organisms were present in 70% of the samples. 

Also, the majority of first-grade cheese hsd coliform counts 

of less than 1,000/g. 

Pediococci 

Although pediococci apparently never have been isolated 

and reported to occur in Cheddar cheese in this country, their 

occurrence has been reported by workers in other countries. 

Dacre (11) isolated over 4,000 cultures of lactic acid-produc­

ing bacteria during a study of the microflora of ripening New 

Zealand Cheddar cheese. Cultures were isolated from agar 

plates incubated at 30 C. Although the majority of cultures 

isolated were rod-shaped species of lactobacilli, large cocci 

with a predominant and characteristic diplococcoid form 

appeared from all 20 of the cheese samples examined. These 

cocci initially were thought to be Leuconostoc sp., but fur­

ther investigations showed them to be pediococci. Sharpe 

(63) and Dacre (12) also reported that pediococci occurred in 

many Cheddar cheeses. 
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EXPERIMENTAL METHODS 

Collection, Handling and Treatment of Samples 

Fifty commercial cheese samples from 11 Iowa cheese manu­

facturing plants were obtained for study. Samples were taken 

during February, March, April, May and August, 1961. All 

samples were collected and handled according to the procedures 

described in Standard Methods for the Examination of Dairy 

Products (4). 

Bacteriological Examination of Samples 

All samples were plated immediately upon their return to 

the laboratory. The procedure given in Standard Methods for 

the Examination of Dairy Products (4) for the yeast and mold 

count of cheese other than cottage was used to prepere samples 

for plating. The single deviation from this procedure was 

that emulsification was effected by high-speed agitation in 

a Waring Blendor for 2 minutes . 

Plates were prepared in duplicate and poured with 15 ml 

of special Trypticase-soy agar (Appendix). After solidifica­

tion, a 50 ml cover-layer of sterile 1.5/6 agar was added. 

Following solidification of the cover-layer, the plates were 

sealed tightly with 1 3/4 inch wide rubber bands and incubated 

at 7 C for 3 months. In addition, three cheese samples (Table 

l) were incubated at this temperature, in a desiccator in 
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Table 1• Source and Identification of cheese samples 

Date Date 
S amp le Cheese Vat Heat treatment cheese cheese Aee ! a t Agar plate 
number plant code of milk made plated plating count/gp 

1 Independence A 16 k F; 20 sec 2-22-61 3—1—61 7 days 6 x 105 
2 ii B ii It ii h îo x io; 
3 ii n It II h 11 10 x 10° 
4h rioneer _c 162 F; 20 sec 2-6-61 2-25-61 19 days 110 x 10' 
5 h 

-
' ii 2-8-61 h 17 days 160 x icr 

6b ii n 2-22-61 m 3 d ay s 110 x 104 
7 Dow s A 16k F; 15 sec 2-22-61 3-1-51 7 days 10 X 10p 
6 Hampton 1 160 b (pai steurized) 2-19-61 2-24-61 5 days 72 x 10= 
9 n 2 II H m h 45 x 107 
10 H 3 II H H ii 97 x 10 

11 , vis den a A 15c--15G F ; 15 sec 2-21-61 3-1-61 8 days 25 x 10g 
llAd II A ii H h H 30 x 10S 
12 II A ii 2-22-61 ii 7 days 31 x 10% 
12Ad II A ii m ii h 20 x 10° 
13 II B ii h m m 21 x 10° 

13 Ad II B ii m h m 24 x 105 
14 Wedena A 152--156 F ; 15 sec 8-3-61 8-10-61 7 days 16 x 10® 
15 it B ii m h h 32 x 10° 
16 n ii h h h 11 x 10-
17 Westgate B 150--16c F ; 15 sec 2-21-61 3-1-61 8 days 54 x 10° 

aple.te count after incubetion at 7 G for 3 months. 

^Golby cheese. 

cSingle vet; no code used. 

^Duplicate sample; egar plates incubated in an increased carbon dioxide atmos­
phere . 
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Table 1. (Continued) 

Sample Cheese Vat Heat treatment 
number plant code of milk 

18 Westgate A 150-162 F; 15 sec 
19 11 B " 
20 Zearing 4 155 F; 15 sec 
21 11 2 11 

22 " 3 11 

23 Hopkinton 3 151 F; 15 sec 
24 " 5 11 

25 " 6 11 

26 " 8 11 

27 " 9 11 

28 11 10 11 

29 Renwick B 149-152 F; 17 sec 
30 11 C 11 

31 " B 11 

32 Wilton Jn. 1 147 F; 20 sec 

33 " 2 11 

34 11 3 " 
35 11 4 " 
36 11 1 11 

37 " 2 11 

38 11 -3 11 

39 Go Idfield 2 147-148 F; 16 sec 
40 11 4 11 

41 " 2 " 
42 11 2 " 

Date Date 
cheese cheese Age at Agar plate 
made plated plating count/g 

2-22-61 3-1-61 7 days 76 X 
ii n m 100 X 

2-22-61 3-•1-61 7 days 55 X 
2-23-61 ii 6 days 55 X 

n ii ii 49 X 

8-3-61 8-•10-61 7 days 50 X 
ii n n 130 X 
n ii ii 34 X 
ii ii ii 11 X 
ii ii ii 53 X 

ii ii ii 21 X 
2-19-61 2--24-61 5 days 250 X 

ii ii H 69 X 
2-20-61 ii 4 days 150 X 
2-28-61 3--7-61 7 days 110 X 

ii ii n 110 X 
N ii H 85 X 
ii ii ii 16 X 

3-1-61 3--8-61 ii 47 X 
ii ii ii 10 X 

n ii ii 10 X 
4-7-61 4--14-61 7 days 40 X 
5-3-61 5--10-61 ii 35 X 
5-4-61 5--11-61 ii 34 X 
5-29-61 6--5-61 ii 38 X 

log 
106 
log 
105 

10? 

lOg 
10g 
105 

1°5 
105 
10® 
log 
106 

10' 
10 
10 
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Table 1. (Continued) 

Date Date 
Sample Cheese Vat Heat treatment cheese cheese Age at Agar plate 
number plant code of milk made plated plating count/g 

43 GoIdfield 3 147-148 F; 16 sec 5-29-61 6-5-61 7 days 
ii 

63 x 10® 
44 ii 1 ii 5-30-61 6-6-61 

7 days 
ii 85 x 10° 

45 ii 2 n 4-7-61 7-5-61 3 mo. 78 x 10j 
46 ii 4 h 5-3-61 8-1-61 ii 80 x 10^ 
47 ii 2 ii 5—4— 61 ii ii 17 x 10° 

46 h k h 5-29-61 9-14-61 ii 23 x 10® 
49 h 3 ii ii ii ii 71 x 10° 
50 h 1 h 5—30— 61 9-13-61 ii 28 x 10° 
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which candles had been ignited, in an increased carbon dioxide 

atmosphere. This was undertaken to determine whether this 

change in the atmospheric condition during incubation would 

affect the numbers or types of microorganisms developing. 

After incubation, colonies appearing in the agar plates 

were counted using a Quebec colony counter. 

Three samples of Colby cheese were obtained from one Iowa 

plant. These samples were 3, 17 and 19 days old when plated. 

All other cheese samples were between 4 and 8 days old when 

plated. In addition, six samples, which were obtained in 

sealed cans, were re-plated after being ripened at a tempera­

ture of 7 C for 3 months (Table l). 

Isolation and Purification of Microorganisms 

An attempt was made to pick 30 colonies from one agar 

plate of each cheese sample. All the colonies present were 

picked when plates contained between 20 and 40 colonies. 

Colonies were picked from duplicate plates when fewer than 20 

colonies appeared in a plate. If plates contained more than 

40 colonies, all colonies within a predetermined area were 

picked so that approximately 30 isolates would be obtained 

from the sample. 

To facilitate picking, the thick, two-layer agar plaque 

was inverted into the petri dish cover with the aid of a 

sterile spatula. Appearance of each colony was recorded 
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before the colony was picked and inoculated into sterile lit­

mus milk. The litmus milk used in this study was prepared 

from fresh skim milk autoclaved at 121 C for 12 minutes. 

Litmus milk cultures were incubated at 21 C until a reac­

tion was observed. Next, they were streaked on special 

Trypticase-soy agar plates for purification. These plates 

were incubated at 21 C until colonies formed. A single, char­

acteristic colony from each plate was picked to litmus milk 

again, grown at 21 C, examined for Gram stain reaction and 

morphological characteristics and frozen. If more than one 

type of colony was observed, a colony representing each type 

was picked. 

Isolates not producing visible changes in litmus milk 

after 5 days were streaked and treated as stated previously. 

After all samples had been collected and the isolates 

obtained, purified and frozen, characterization and identifi­

cation of the isolates was undertaken. 

Characterization and Identification of Isolates 

Frozen cultures were rapidly thawed in a 40 G water bath 

and immediately inoculated into tubes of litmus milk for incu­

bation at 'cl C. As soon as a litmus reaction was observed 

(usually 24 hours) and not longer than 3 days if no change in 

litmus was produced, a drop of the fresh transfer was inocu­

lated into Trypticase-soy broth (Appendix). This broth was 



www.manaraa.com

28 

incubated at 21 C until abundant growth was observed (usually 

24 hours) and not longer than 3 days for isolates not showing 

abundant growth. 

The following determinations were made on each culture 

using Trypticase-soy broth for subculturing: Gram stain for 

verification of purity, catalase reaction, litmus milk reac­

tion at 21, 32 and 37 C, methyl red and Voges-Proskauer tests, 

salt tolerance, gelatin liquefaction and carbohydrate fer­

mentation. In addition, an agar slant was made of every 

catalase-positive organism. All cultures of catalase-negative 

cocci were examined for ammonia production from arginine, 

reduction of methylene blue milk, initiation of growth at 

high pH and growth in litmus milk at 45 C. Those growing at 

45 G were streaked on bovine blood agar to determine their 

hemolytic reaction. Isolates not growing at 45 C were checked 

for growth in litmus milk at 40 C. All catalase-positive 

organisms and all cultures of rod-shaped organisms were tested 

for nitrate reduction. All gram-negative rods were tested 

for formation of indole from tryptophan. Lipolytic and pro­

teolytic ability was determined for all catalase-positive iso­

lates. Except when stated otherwise, characterization of iso­

lates was carried out at 21 C. All media were stored under 

refrigeration, but were removed and properly tempered before 

inoculation and subsequent incubation. 
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Gram stain 

The Hucker modification of Gram's stain was used. 

Preparation of reagents for the stain and the staining method 

used were in accordance with the Manual of Microbiological 

Methods (72). 

Catalase reaction 

The slide catalase test was used. One drop of culture 

was mixed with a drop of 30$ hydrogen peroxide on a clean 

glass slide• In a few instances, small air bubbles became 

entrapped between the slide and the hydrogen peroxide. These 

were eliminated by rubbing a sterile loop across the ares 

before adding the culture. 

Litmus milk reaction 

Every culture was inoculated into tubes of litmus milk 

for incubation at 21, 32 and 37 C. As previously mentioned, 

some cultures also were inoculated into litmus milk for incu­

bation at 40 or 45 C, or both. The litmus reaction of these 

cultures was recorded daily until no additional changes were 

observed. 

Methyl red and Voges-Proskauer tests 

The basal medium for these tests was as shown in the 

Appendix. Reactions were determined as recommended in the 
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Manual of Mlcrobiological Methods (72). 

Salt tolerance 

All isolates were tested for their ability to initiate 

growth in salt broths containing 4.0 and 6.5# sodium chloride. 

The basal medium was Trypticase-soy broth, in which sodium 

chloride concentrations had been increased to the desired 

levels. Presence or absence of growth was recorded daily 

for a period of 7 days, if necessary, before the test cul­

tures were discarded. 

Gelatin liquefaction 

Each culture was inoculated into a tube of Nutrient gela­

tin. The composition and preparation of Nutrient gelatin was 

es specified in the Difco Manual of Dehydrated Culture Media 

and Reagents (18). Non-liquefying isolates were incubated 

for 1 month before being discarded. 

Carbohydrate fermentation 

Determination of the fermentative pattern of cultures 

was accomplished using eight compounds : arabinose, glucose, 

glycerin, lactose, maltose, mannitol, sucrose and xylose. A 

10# solution of each WPS prepared and sterilized by Seitz 

filtration. One ml of the concentrated, sterile solution was 

added aseptically to 9.0 ml of the previously heat-sterilized 
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basal medium. Composition of the basal medium was as shown 

in the Appendix. This medium was tubed in 9.1 ml amounts in 

cotton-stoppered test tubes containing Durham tubes. Incuba­

tion was continued to 1 week for cultures giving immediate 

fermentative patterns, and to 2 weeks for those having weak or 

no fermentative ability. In no instances were fermentation 

tubes discarded until no change in the medium had been ob­

served for 5 consecutive days. 

Agar slants 

Standard Methods agar (4) was used for preparation of 

the slants. 

Ammonia production from arginine 

Determination of the ability of organisms to hydrolyze 

arginine to form ammonia was performed according to the method 

of Niven et al. (51). Cultures giving a negative test after 

2 days were re-incubated and tested periodically up to 7 days, 

if necessary. 

Reduction of methylene blue milk 

All cultures of catalase-negative cocci were subcultured 

in 0.I/o and 0.3# methylene blue milk. To prepare the milk, 

a 10/6 stock solution of methylene blue was made from methylene 

blue chloride. The 0.1# methylene blue milk was prepared by 
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adding the proper quantity of dye solution directly to the 

milk, mixing, tubing and autoclaving at 121 C for 12 minutes. 

To avoid an interaction between the dye and milk, which re­

sulted in the precipitation of milk protein upon heating, it 

was necessary to sterilize the dye solution separately from 

the milk when preparing 0.3$ methylene blue milk. After both 

the dye solution and the skim milk had been sterilized and 

cooled, they were mixed and dispensed aseptically into pre­

viously sterilized test tubes. Fresh skim milk was used in 

the preparation of methylene blue milk. Cultures were incu­

bated for periods up to 30 days before methylene blue reduc­

tion was considered negative. 

pH broth 

All cultures of catalase-negative cocci were tested for 

their ability to initiate growth at both pH 9.2 and pH 9.6. 

Nutrient broth adjusted to these high pH levels was used as 

recommended by Lord (41). The broth was prepared in small 

quantities which would be utilized rapidly and was meted into 

screw-cap test tubes. The medium was autoclaved at 121 C for 

15 minutes. Cultures were incubated up to 7 days, being 

examined daily for evidence of growth. 
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Blood agar 

This medium was used to determine the hemolytic reaction 

of the cultures. It was prepared by adding 10$ citrated 

bovine blood to previously sterilized and cooled Blood agar 

base (18). Plates were prepared for streaking by pouring 

approximately 20 ml of the medium into each petri dish. After 

the plates had solidified, they were incubated at 35 C for 

24 hours to check for sterility and to dry the agar surface 

for streaking. Cultures streaked on Blood agar were incubated 

at 3? C and examined after 18, 24 and 48 hours. 

Nitrate reduction 

The procedure recommended in the Manual of Microbiologi­

cal Methods (72) was used to determine reduction of nitrates 

to nitrites. 

Indole from tryptophan 

The medium employed for this test was as shown in the 

Appendix. Kovacs reagent, as recommended in the Manual of 

Microbiological Methods (72), was used to test for the pres­

ence of indole• Determinations usually were made on 48-hour 

cultures, unless growth appeared scanty. In these cases, 

the test was performed when adequate growth was observed. 
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Lipolytic action 

The medium used to detect the lipolytic ability of iso­

lates contained Nile blue as recommended by Knaysi (38), with 

Standard Methods agar (4) as the basal medium. Cultures were 

streaked on the agar surface and plates were incubsted and 

examined daily up to 7 days, if necessary. 

Proteolytic action 

Proteolysis was determined by adding 10/2 sterile skim 

milk to previously sterilized and cooled Standard Methods agar 

(4) as recommended by Foster et al. (24). Cultures were 

streaked on the agar surface and plates were incubsted for 

as long as 7 days before cultures were considered non-

proteolytic. 

Plating Lactic Starter Cultures 

To ascertain that the plating procedure used to isolate 

organisms from the young cheese samples was not inhibitory to 

lactic starter organisms, 45 commercisl lactic starter cul­

tures, obtained from five different sources, were plated in 

quadruplicate according to the procedure recommended in 

Standard Methods for the Examination of Dairy Products (4). 

All cultures, except those from the Food Products Analysis 

Laboratory, were obtained lyophilized. Samples from the Food 

Products Analysis Laboratory were taken from mother cultures 
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being transferred routinely three times a week. Cultures were 

transferred for 3 consecutive days before plating. The plat­

ing medium was as given for cheese plating. Duplicate plates 

of each starter culture were incubated at 21 C for 10 days 

and at 7 C for 3 months to obtain a comparison between the 

counts at each incubation temperature. Bacteriological counts 

at 7 C were estimated after 1 and 2 months. Following 3 

months of incubation, the plates were counted and agar col­

onies from each sample were picked to litmus milk. After one 

transfer in litmus milk at 21 C, transfers were made to litmus 

milk, previously tempered to 45 C, for incubation at 45 C. 

Table 2 shows the designation and source of each culture 

plated. 
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Table 2. Source and identification of commercial lactic 
starter cultures 

Culture designation Source 

CH 2 CH 12 
CH 3 CH 15 
CH 4 CH 18 
CH 5 CH 40 
CH 6 CH 41 
CH 8 CH 42 
CH 9 CH 43 
CH 10 CH 60 
CH 11 CH 60X 

Hansen's Dri-Vac Cultures 
Chris Hansen's Laboratory, Inc, 
9015 W. Maple St. 
Milwaukee 14, Wisconsin 

LC 10 Cultures, Inc. 
LC 11 3868 E. Washington St. 
LC 12 Indianapolis 1, Indiana 
LC 21 
LC 26 
LC 28 
LC 29 

K 11 Pf 3 
K 22 Pf 3 A 
K 33 Pf 4 
K 44 Pf 4A 
Pf 1 Pf 51 
Pf 1A Pf 52 
Pf 2 

Chas. Pfizer 
4253 N. Port 
Milwaukee 12, 

& Co., Inc. 
Washington Ave. 
Wisconsin 

FD Food Products Analysis Laboratory 
FL Dept. Dairy and Food Industry 
M 9 Iowa State University 
Xi Ames, Iowa 
122 
W 26 
B 6 
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EXPERIMENTAL RESULTS 

Bacteriological Examination of Cheese Samples 

Table 1 shows the source and identification of cheese 

samples, the heat treatment of milk used in their manufacture 

and the agar plate counts of each. Bacteriological counts of 

the cheese samples ranged from 450,000/g to 100,000,000/g. 

The cheeses made from pasteurized milk tended to have slightly 

lower counts than those made from heat-treated milk. Even 

considering the heat treatment given the milk, no large dif­

ferences in counts were observed between cheeses from differ­

ent plants. 

The three samples of Colby cheese gave counts within the 

range obtained for the Cheddar cheeses. No difference in 

count was obtained between plates incubated in an increased 

carbon dioxide atmosphere and the duplicate plates incubated 

under regular atmospheric conditions. Only one of the six 

cheeses examined at 7 days, and again at 3 months, did not 

show a decreased count on the second plating. Bacterial 

numbers remained the same in this sample. 

Characterization and Identification of 
Microorganisms Isolated from Cheese 

From the 50 different cheese samples examined, 1162 

microorganisms were isolated end characterized. An additional 

67 isolates, from duplicate samples, also were characterized. 
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Organisms were placed into eight groups based upon their mor­

phological and biochemical characteristics. These groups 

were: enterococcus group streptococci, lactic group strepto­

cocci, miscellaneous associated bacteria (bacteria resembling 

and commonly associated with lactic streptococci, such as 

Leuconostoc sp.), lactobacilli, micrococci, miscellaneous 

gram-positive rods, miscellaneous gram-negative rods and other 

miscellaneous microorganisms (Table 3). The three samples 

which were plated in quadruplicate, duplicate plates being 

incubated under different atmospheric conditions, are included 

in Table 3. However, because the microflora was not altered 

by incubation in the carbon dioxide atmosphere, isolates from 

these samples (11A, 12A and 13A) are not included in the total 

or percentage figures. 

The following numbers and percentages of microorganisms 

were found: 578 enterococci, 50$; 149 micrococci, 13$; 126 

lactic streptococci, 10.5$; 110 miscellaneous gram-positive 

rods, 9%; 93 miscellaneous associated bacteria, 8$; 67 lac to­

bacilli, 6'2; 34 miscellaneous gram-negative rods, 3$ and five 

other miscellaneous microorganisms, 0.5$. 

Although comprising only 50$ of the total microbial 

flora, enterococci constituted the entire population recovered 

from ten of the 50 samples and over 70$ of the population in 

11 other samples. Enterococci were found in all but eight 

samples, occurring much more frequently than any other group 
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Table 3» Classification of microorganisms isolated from young Cheddar cheese 

Streptococci, Streptococci, Miscellaneous 
Sample Enterococcus group Lactic group associated bacteria Lactobacilli Micrococc 
number No. % No. % No. % No. % No. % 

1 1 17 0 0 0 0 1 17 4 66 
2 1 14 0 0 0 0 0 0 5 72 
3 8 73 0 0 0 0 0 0 3 27 
4 0 0 0 0 12 92 1 8 0 C 
5 0 0 0 0 18 100 0 0 0 c 

6 0 0 0 0 14 100 0 0 0 c 
7 0 0 2 22 0 0 3 34 2 22 
8 0 0 9 28 1 3 0 0 9 22 
9 3 12 0 0 0 0 1 4 15 57 
10 9 50 9 50 0 0 0 0 0 C 

11 18 75 0 0 0 0 0 0 2 a 
llAa 24 92 0 0 0 0 0 0 0 c 
12 1 3 1 3 0 0 0 0 8 25 
12Aa 1 4 0 0 0 0 0 0 11 48 
13 10 43 0 0 0 0 0 0 5 25 

13Aa 16 89 0 0 0 0 0 0 2 11 
14 14 93 0 0 0 0 1 7 0 C 
15 0 0 27 88 0 0 0 0 2 6 
16 3 21 0 0 0 0 0 0 10 72 
17 25 93 0 0 0 0 2 7 0 C 

18 0 0 26 50 0 0 0 0 0 C 
19 4 21 1 5 0 0 14 74 0 C 
20 9 30 6 20 14 47 0 0 1 
21 21 95 0 0 0 0 1 5 0 C 
22 19 100 0 0 0 0 0 0 0 C 

23 12 39 0 0 0 0 0 0 6 IS 
24 27 69 0 0 7 18 0 0 3 . £ 

25 1 4 0 0 0 0 0 0 11 4( 
26 10 59 0 0 0 0 0 0 5 2< 
27 22 82 0 0 0 0 0 0 2 ri 

^Duplicate sample; agar plates incubated in an increased carbon dioxide atmosphere. Res 
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Miscellaneous Miscellaneous Other miscellaneous 
jrococci gram-positive rods gram-negative rods microorganisms 
d. % No. % No. % No. % Total 

'+ 66 0 0 0 0 0 0 6 
5 72 1 14 0 0 0 0 7 
3 27 0 0 0 0 0 0 11 
3 0 0 0 0 0 0 0 13 
3 0 0 0 0 0 0 0 18 

: 0 0 0 0 0 0 0 14 
2 22 0 0 1 11 1 11 9 
? 28 10 32 2 6 1 3 32 
5 57 7 27 0 0 0 0 26 
3 0 0 0 0 0 0 0 18 

2 8 3 13 1 4 0 0 24 
3 0 2 8 0 0 0 0 26 
3 25 12 38 10 31 0 0 32 
L 48 2 9 8 35 1 4 23 
5 22 2 9 5 22 1 4 23 

2 11 0 0 0 0 0 0 18 
3 0 0 0 0 0 0 0 15 
2 6 0 0 2 6 0 0 31 
3 72 0 0 1 7 0 0 14 
3 0 0 0 0 0 0 0 27 

3 0 26 50 0 0 0 0 52 
3 0 0 0 0 0 0 0 19 
1 3 0 0 0 0 0 0 30 
3 0 0 0 0 0 0 0 22 
3 0 0 0 0 0 0 0 19 

6 19 8 26 3 10 2 6 31 
3 . 8 2 5 0 0 0 0 39 
1 46 11 46 1 4 0 0 24 
5 29 2 12 0 0 0 0 17 
2 7 0 0 3 11 0 0 27 

e. Results not included in cumulative total or average figures. 
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Table 3. (Continued) 

Streptococci, Streptococci, Miscellaneous 
Sample Enterococcus group Lactic group associated bacteria Lactobacilli Mi croc 
number No. % No. % No. % No. % No. 

28 2 8 0 0 0 0 0 0 14 
29 2 8 6 23 18 69 0 0 0 
30 3 8 26 70 6 16 1 3 0 
31 1 33 2 67 0 0 0 0 0 
32 29 91 0 0 1 3 0 0 1 

33 25 100 0 0 0 0 0 0 0 
34 21 100 0 0 0 0 0 0 0 
35 13 87 0 0 0 0 0 0 0 
36 26 100 0 0 0 0 0 0 0 
37 6 100 0 0 0 0 0 0 0 

38 9 100 0 0 0 0 0 0 0 
39 26 72 3 8 0 0 0 0 6 
40 17 46 0 0 0 0 0 0 18 
41 27 85 0 0 0 0 0 0 1 
42 13 40 7 21 1 3 0 0 5 

43 20 63 1 3 0 0 0 0 10 
44 17 100 • 0 0 0 0 0 0 0 
45 34 100 0 0 0 0 0 0 0 
46 28 94 0 0 1 3 1 3 0 
47 16 100 0 0 0 0 0 0 0 

48 2 9 0 0 0 0 19 83 0 
49 0 0 0 0 0 0 22 92 1 
50 23 100 0 0 0 0 0 0 0 

Total 578 126 93 67 149 

Average 50$ 10.5% 8% 6% 
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Miscellaneous Miscellaneous Other miscellaneous 
Micrococci gram-positive rods gram-negative rods microorganisms 
No. % No. % No. % No. % Total 

14 56 8 32 1 4 0 0 25 
0 0 0 0 0 0 0 0 26 
0 0 0 0 1 3 0 0 37 
0 0 0 0 0 0 0 0 3 
1 3 1 3 0 0 0 0 32 

0 0 0 0 0 0 0 0 25 
0 0 0 0 0 0 0 0 21 
0 0 2 13 0 0 0 0 15 
0 0 0 0 0 0 0 0 26 
0 0 0 0 0 0 0 0 6 

0 0 0 0 0 0 0 0 9 
6 17 0 0 1 3 0 0 36 
18 49 2 5 0 0 0 0 37 
1 3 3 9 1 3 0 0 32 
5 15 7 21 0 0 0 0 33 

10 31 1 3 0 0 0 0 32 
0 0 0 0 0 0 0 0 17 
0 0 0 0 0 0 0 0 34 
0 0 0 0 0 0 0 0 30 
0 0 0 0 0 0 0 0 16 

0 0 1 4 1 4 0 0 23 
1 4 1 4 0 0 0 0 24 
0 0 0 0 0 0 0 0 23 

-49 110 34 5 1162 

13% 9% 3% 0.5* 
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of microorganisms. Table 4 shows the type of enterococci iso­

lated . Of these 578, 345 (60$) belonged to the S. durans 

group. In addition, 159 ( 27$) were identified as S. faecalis. 

Fifty-nine isolates (10$) were S. faecalis var. liquefaciens 

and 15 (3$) were S. faecalis var. zymogenes. 

Micrococci were the second most frequent group of micro­

organisms found. This group constituted 13$ of the isolates 

and they were found in 25 of the cheese samples. The highest 

level of micrococci was in samples 2 and 16 where they con­

tributed 72$ of the total flora. In seven samples these 

microorganisms comprised about 50$ of the bacterial popula­

tion. 

Streptococci of the lactic group were recovered from only 

14 of the 50 samples. In five of these, they comprised 50$ 

or more of the flora- The highest level of lactic strepto­

cocci found in a sample was 88$. Enterococci were not found 

in this sample. 

Miscellaneous gram-positive rods were recovered from 20 

cheese samples. Except in two samples, where they constituted 

50 and 46$ of the flora, these organisms occurred in small 

numbers contributing one-third or less of the microbial popu­

lation in all samples. One-hundred-ten isolates of this type 

were recovered. 

Only 93 miscellaneous associated bacteria were isolated. 

Apj oximately one-half of these, 44, were from the three 
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Table 4. Identification of enterococci isolated from young 
Cheddar cheese 

Sample 
number 

Strepto­
coccus 
durans 
group 
No. $ 

Strepto­
coccus 
faecalis 
No. fT 

Strepto­
coccus 
faecalis 
var. 

zymogenes 
No. W 

Strepto­
coccus 
faecalis 
var. 

llquefaclens 
No . Jo Total 

1 0 0 1 100 0 0 0 0 1 
2 1 100 0 0 0 0 0 0 1 
3 6 75 0 0 0 0 2 25 8 
4 0 0 0 0 0 0 0 0 0 
5 0 0 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 0 
7 0 0 0 0 0 0 0 0 0 
8 0 0 0 0 0 0 0 0 0 
9 3 100 0 0 0 0 0 0 3 
10 9 100 0 0 0 0 0 0 9 

11 a 3 17 14 77 1 6 0 0 12 
11A 24 100 0 0 0 0 0 0 24 
12 1 100 " 0 0 0 0 0 0 1 
12Aa 1 100 0 0 0 0 0 0 1 
13 1 10 8 80 1 10 0 0 10 

13 A8 1 6 6 38 9 56 0 0 16 
14 13 93 0 0 0 0 1 7 14 
15 0 0 0 0 0 0 0 0 0 
16 3 100 0 0 0 0 0 0 3 
17 19 76 4 16 0 0 2 8 25 

18 0 0 0 0 0 0 0 0 0 
19 4 100 0 0 0 0 0 0 4 
20 9 100 0 0 0 0 0 0 9 
21 17 81 4 19 0 0 0 0 21 
22 17 89 0 0 0 0 2 11 19 

23 2 17 3 25 0 0 7 58 12 
24 13 48 8 30 2 7 4 15 27 
25 0 0 0 0 0 0 1 100 1 
26 10 100 0 0 0 0 0 0 10 
27 21 95 1 5 0 0 0 0 22 

^Duplicate sample; agar plates incubsted in an increased 
carbon dioxide atmosphere. Results not included in cumulative 
total or average figures. 
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Table 4. (Continued) 

Sample 
number 

Strepto­
coccus 
durans 
group 
Ko. $ ~Wô~. J 

Strepto­
coccus 
faecalis 
var. 

Strepto­
coccus 
faecalis zymogenes llquefaclens 

Strep to-
coccus 

faecalis 
var. 

No. $ Kôl J Total 

28 1 50 0 0 1 50 0 0 2 
29 2 100 0 0 0 0 0 0 2 
30 2 67 1 33 0 0 0 0 3 
31 1 100 0 0 0 0 0 0 1 
32 0 0 25 86 0 0 4 14 29 

33 1 4 24 96 0 0 0 0 25 
34 9 43 12 57 0 0 0 0 21 
35 2 15 8 62 0 0 3 23 13 
36 22 64 3 12 1 4 0 0 26 
37 3 50 3 50 0 0 0 0 6 

38 0 0 9 100 0 0 0 0 9 
39 26 100 0 0 0 0 0 0 25 
40 2 12 0 0 0 0 15 88 17 
41 4 15 14 52 9 33 0 0 27 
42 13 100 0 0 0 0 0 0 13 

43 9 45 11 55 0 0 0 0 20 
44 17 100 0 0 0 0 0 0 17 
45 29 85 5 15 0 0 0 0 34 
46 10 36 1 4 0 0 17 60 28 
47 15 94 0 0 0 0 1 6 16 

48 2 100 0 0 0 0 0 0 2 
49 0 0 0 0 0 0 0 0 0 
50 23 100 0 0 0 0 0 0 23 

Total 345 159 15 59 578 

Average 60$ 27$ 3$ 10$ 
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samples of Colby cheese• This type of microorganism consti­

tuted the entire flora of two of the Colby cheese samples and 

92$ of the population of the third Colby sample. The infre­

quent occurrence of this group of bacteria in young Cheddar 

cheese was demonstrated by their presence in only eight of 

47 Cheddar cheeses. 

Lactobacillus sp. occurred infrequently in the cheeses 

used in this study. These organisms were isolated in 12 of 

the 50 samples. Lactobacilli were isolated from three of the 

six 3-month old Cheddar cheese samples. In two of these 

samples they contributed 83 and 92$ of the total bacterial 

flora. 

Overall, gram-negative rods were found infrequently. In 

one sample, however, they constituted one-third of the flora. 

This group contributed 3$ of the total bacterial population 

and was recovered in only 15 samples. 

Only five isolates were categorized as other miscel­

laneous microorganisms. Of these, three closely resembled 

the Arthrobacter, one was a yeast and one was a mold. 

Proteolytic and lipolytic action was determined on 265 

isolates. Only two lipolytic isolates were observed, however, 

^04 isolates were proteolytic while 61 were not. 

Gas-forming organisms were recovered from only ten 

samples. Of the 75 isolates which did produce gas, 39 pro­

duced only trace amounts. Organisms in this group included 
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26 miscellaneous associated bacteria, ten S. durans and three 

S. faecalis. In one sample, number 18, 26 gram-positive rods 

were isolated. All of these produced large amounts of gas 

in all carbohydrates, and, also, in Nutrient gelatin. 

Plating"Lactic Starter Cultures 

Table 5 shows the counts obtained when 45 commercial lac­

tic starter cultures were plated using the medium and tech­

niques employed in plating cheese samples. To further verify 

the growth of lactic cultures under the conditions used, 

counts were determined at 21 C for comparison with the counts 

obtained at 7 C. At test analysis showed that the counts 

obtained at 21 C were significantly higher at the 1% level 

than those at 7 C. 

A total of 379 colonies were picked to litmus milk, from 

the agar plates incubated at 7 C, to determine if growth would 

occur at 45 C. None of the isolates grew at this temperature 

as determined by the absence of a change in the litmus milk. 
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Table 5. Agar plate counts of commercial lactic starter 
cultures 

Culture Agar plate count/ml Agar plate count/ml 
designation 21 C - 10 days 7 C - 3 months 

CH 2 
CH 3 
CH 4 
CH 5 
CH 6 

46 x 10? 
130 x 10' 

96 x 10? 
35 x 10° 

220 x 10° 

91 x 10G 
130 x io; 
no x io; 

37 x 10° 
190 x 10° 

CH S 
CH 9 
CH 10 
CH 11 
CH 12 

54 x 10% 
40 x io; 
22 x 10% 

loo x io; 
34 x 10° 

44 x 10% 
120 x 10° 

18 x 10° 
99 x 10% 
53 x 10° 

CH 15 
CH IS 
CH 40 
CH 41 
CH 4% 

52 x 10% 
110 x 10° 
290 x 10s 

210 x 10g 
4 x 10° 

200 x 105 
130 x 10° 

33 x 10% 
13 x 10° 
<1 x 10° 

CH 43 
CH 60 
CH 60X 
LC 10 
LC 11 

200 x 106 
110 >: 10° 

68 x 10? 
120 x 10° 

59 x 10? 

<1 x 10G 
35 x 10° 
48 x 10% 
32 x 10% 
63 x 10' 

LC 1c 
LC bl 
LC 26 
LG 28 
LC 29 

29 x 10? 
89 x 10° 
80 x 10/ 

160 x 10% 
80 x 10' 

19 x 1CÊ 
35 x 10% 
87 x 10: 
22 x 10° 
76 x 10^ 

K 11 
PC 2c 
K 53 
% 44 
Pi 1 

90 x 10^ 
110 x 10° 

6 x 10g 
2 x 10° 
7 x 10G 

5 x log 
5 x 10° 
2 x 10° 

<1 x 10° 
<1 x 10° 

Pf 1A 
Pf 2 
Pf 3 
Pf 3A 
Pf 4 

29 x lOp 
65 x 10̂  
160 x 10° 

2 x 10° 
32 x 10° 

11 x 10® 
44 x 10: 
20 x 10° 
8 x 10° 

92 x 10° 
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Table 5. (Continued) 

Culture Agar plate count/ml Agar plate count/ml 
designation 21 C - 10 days 7 C - 3 months 

Pf 4A 2 X 106 24 X 
Pf 51 190 X 106 63 X 
Pf 52 5 X 106 20 X 
FD 47 X 10? 73 X 
FL 130 X 106 27 X 

k 9 280 X 106 100 X 
Xi 190 X 106 53 X 
122 270 x 10® 58 X 
W 26 73 X 106 31 X 
B 6 200 X 10s 20 X 

10 

$ 

6 

6 

10° 
106 
106 
10® 
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DISCUSSION 

Many workers have shown interest in the microflora of 

young Cheddar cheese. Robertson (58) demonstrated his inter­

est by development of an agar medium which would inhibit 

starter streptococci so that during the first few weeks of 

ripening the predominance of lactic streptococci would not 

obscure the remainder of the bacterial flora present. 

Robertson stated: 

Yet s knowledge of the incidence of bacterial 
strains and species apart from those derived from 
the starter is desirable because they may play an 
important part in the development of cheese flavour. 
They may act by means of extra- or intra-cellular 
enzymes even if they survive for only a short time 
in the ripening cheese. A short-lived species in 
the cheese may be completely concealed and thus 
escape isolation. (58, p. 1) 

Robertson and Perry (59) stated that the results pre­

sented in their paper clearly demonstrated the fallacy of 

assuming that it is necessarily the organisms present in 

mature cheese which are responsible for Cheddar flavor. In 

their paper they drew attention to the possibility that bac­

terial action in the milk and in the young cheese may play an 

important part in flavor development. 

Robertson stated: 

Information about the non-starter bacteria which 
are not sufficiently numerically important to be 
detected by isolating colonies from starter-free 
plates can only be obtained by the use of appro­
priate selective media. (58, p. 6) 

Perhaps the reason this attitude hps prevailed among research 
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workers in the past is because no reports were available of 

the microbial flora capable of growth in Cheddar cheese at 

the common, low ripening temperatures. The primary importance 

of this research study is that it is the first known report 

of the microorganisms, found in young Cheddar cheese, which 

are capable of multiplication at the common cheese ripening 

temperature. 

Bacteriological Examination of Cheese Samples 

The slightly lower agar plate counts of the cheese 

samples made from pasteurized milk is in accord with the find­

ings of Franklin and Sharpe (25, 25), as well as most other 

workers. If this trend in count did not agree with the trends 

reported by other workers, it probably could be supported by 

the differences in plating and incubation, because the tech­

niques used here were considerably different from any others 

previously reported. Decreases observed in the bacterial 

count of Cheddar cheese with increased ripening also have been 

reported commonly by many workers, including Franklin and 

Sharpe (25, 26). 

Characterization and Identification of 
Mcroorganisms Isolated from Cheese 

Table 6 shows the theoretical number of each type of 

microorganism isolated from the cheese samples. These numbers 

were calculated from the percentage of each group of organ-
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Table 6. Theoretical number of microorganisms in each samplea,t3 

Sample Streptococci, Streptococci, Miscellaneous 
number Enterococcus group Lactic group associated bacteria Lactobacilli Micrococc 

1 102 —c 
—— 102 396 

2 140 —— —— 720 
3 730 — — —— 270 
4 •»— —— 10,120 880 —— 

5 —— —— 1,600 —— — 

6 1,100 
7 — 220 —— 340 220 
8 — 202 22 202 
9 54 — — 18 256 

10 485 485 —— —— 

11 . 1,875 200 
11A 2,760 —— —— —— —— 

12 , 93 93 —— 775 
12A 80 —— —— 960 
13 903 —- —- 462 

13Ad 2,136 264 
14 1,488 —— 112 —— 

15 — 2,816 —— —— 192 
16 231 —— —— —— 792 
17 5,022 — — —  378 — 

18 «•w 38,000 
19 21,000 5,000 —— 74,000 — 

20 1,650 . 1,100 2,585 —— 165 
21 5,225 —— —— 275 —— 

22 49,000 — — —  ~ 

aBased on percentage of isolates and total agar plate count/g at 7 C. 

N̂umbers expressed in thousands/g. 

cNone at the dilution studied. 

D̂uplicate sample; agar plates incubated in an increased carbon dioxide atmosphere. 
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396 
720 
270 

220 
202 
256 

200 

775 
960 
462 

264 

192 
792 

165 

Miscellaneous 
gram-positive rods 

Miscellaneous 
gram-negative rods 

Other miscellaneous 
microorganisms Total 

140 

229 
122 

110 
43 

110 
22 

600 
1,000 
1,000 
11,000 
1,600 

1,100 
1,000 

720 
450 
970 

325 
240 

1,178 
180 
189 

100 

961 
700 
462 

80 
84 

2,500 
3,000 
3,100 
2,000 
2,100 

38,000 

192 
77 

2,400 
1,600 
3,200 
1,100 
5,400 

76,000 
100,000 

5,500 
5,500 

49,000 
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Table 6. (Continued) 

Sample Streptococci, Streptococci, Miscellaneous 
number Enterococcus group Lactic group associated bacteria Lactobacilli Micrococci g] 

23 1,950 " —— 950 
24 8,970 —— 2,340 1,040 
25 136 —— — —  1,564 
26 649 —— —— —w 319 
27 • 4,346 — — —  371 

28 168 we* wm 1,176 
29 2,000 5,750 17,250 ~ 

30 552 4,830 1,104 207 —-

31 4,950 10,050 —— —— — 

32 10,010 — 330 —— 330 

33 11,000 
34 8,500 —— —— —— —— 

35 13,920 —» —— —— —— 

36 4,700 —— — — — —— 

37 10,000 

38 10,000 
39 2,880 320 — —  — — 680 
40 1,610 —— —— —— 1,715 
41 2,890 —— —— — — 102 
42 1,520 798 114 570 

43 3,969 189 •• M 1,953 
44 8,500 —— — — — —— 

45 780 —— — —- — 

46 752 24 24 
47 1,700 —— —— — " 

48 207 1,909 we» 

49 — —— —— 6,532 284 
50 2,800 —— 
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Miscellaneous Miscellaneous Other miscellaneous 
ococci gram-positive rods gram-negative rods microorganisms Total 

1,300 
650 

1,564 
132 

672 

500 

136 

583 

84 

207 

300 

330 

2,080 

680 — 120 
,715 175 
102 306 102 
570 798 

,953 189 

92 92 
284 284 

5,000 
13,000 
3,400 
1,100 
5,300 

2,100 
25,000 
6,900 
15,000 
11,000 

11,000 
8,500 
16,000 
4,700 
10,000 

10,000 
4,000 
3,500 
3,400 
3,800 

6,300 
8,500 

780 
800 

1,700 

2,300 
7,100 
2,800 
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isms, based upon the total agar plate count at ? C. The 

figures are of interest from either viewpoint; that of 

Hastings ejt al. (30) that the constant presence of micro­

organisms in large numbers is the only certain proof that the 

organism is of importance in the ripening of cheese, or that 

of Robertson (58) that a short-lived, minority species or 

group of organisms may be important in cheese ripening. Al­

though the figures ere only theoretical, they serve as a 

better source of comparison with other reports on levels of 

organisms found in cheese. 

The large numbers and high percentages of enterococci 

recovered from cheese are not in complete accord with previous 

reports on the levels of these organisms. However, several 

workers (25, 86, 28, 29, 44, 62, 76) have reported the fre­

quent occurrence of enterococci in young cheese. All of 

these reports have been published since 1942. Some research 

workers (15, 23) have isolated and characterized microorgan­

isms only as lactic acid bacteria. Enterococci could have 

comprised high percentages of this group of bacteria, although 

complete identification was not made. Many early workers (3, 

14, 21, 22, 61) also reported the occurrence of lactic acid 

bacteria without additional information as to what constituted 

this group. To these workers, enterococci, as we know them 

today, were not defined and therefore could not be reported 

separately. 
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In this study, the classification of streptococci as 

given in Berge.v' s Manual of Determinative Bacteriology (5) was 

used, and only those organisms included in the enterococcus 

group were regarded as enterococci. In characterization and 

classification of the enterococci, two similar, yet uniformly 

distinct groups of partial-reducing organisms were found . 

Both of these were included in the S. durans group. There­

fore, this group consists of £73 typical and 72 atypical 

S. durans species. Isolates were considered atypical only if 

they exhibited more than two properties not characteristic of 

S. durans. 

Certain observations made of the two types of organisms 

included in the S. durans group are worthy of further con­

sideration. Usually, hemolysis, carbohydrate fermentation 

pattern, litmus reaction and reduction of methylene blue milk 

distinguished between the two types. Typical S. durans was 

beta-hemolytic, produced acid from three carbohydrates (glu­

cose, lactose and maltose), always coagulated litmus milk 

prior to partial reduction and was delayed in reducing methyl­

ene blue milk. Atypical S. durans varied from alpha- or beta-

hemolytic, to alpha- and beta-hemolytic, to non-hemolytic. 

These strains usually produced acid from six carbohydrates. 

They seldom coagulated litmus milk at 45 C although showing 

a definite acid reaction with a completely reduced butt and 

partial reduction throughout the tube. They also rapidly 



www.manaraa.com

54 

reduced methylene blue milk• 

Kon-hemolytic strains of S. durans have been reported by 

Gibson and Abd-El-Malek (27) and Shattock (68). Shattock (67) 

cautioned against the use of hemolysis as a suitable character 

for differentiation of group D streptococci. She also acknow­

ledged (67, 68) that not all group D streptococci can be 

assigned a species name and that many strains from dairy prod­

ucts, as well as from other sources, are so divergent in their 

biochemical and cultural reactions that for the present time 

they must remain anonymous. 

Rather than record atypical isolates as species variants, 

or as new species, thus burdening the already confused liter­

ature on this subject, typical and atypical S. durans types 

were recognized as a. "physiological division within the 

enterococci11 (66), and were considered to constitute the 

5. durans group. 

An interesting property of the majority of both typical 

and atypical S. durans isolates was their inability to produce 

a positive Voges-Proskauer reaction. Only one of 273 typical 

S. durans strains was Voges-Proskauer positive. Fifteen of 

the 72 atypical S. durans strains gave positive Voges-Pros-

kauer tests. The low incidence (16 of 345) of isolates within 

this group producing a positive Voges-Proskauer test was felt 

to be significant. Abd-El-Malek and Gibson (l) reported that 

the formation of acetoin from citrate and glucose was common, 
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but not a universal property, among organisms included in the 

enterococcus group. 

Reduction of 0.3$ methylene blue milk was found to be a 

characteristic common to most enterococci. Except in a few 

instances, all enterococci reduced 0.3$ methylene blue milk. 

Although this property is not utilized for primary identifi­

cation of the enterococci, it is, nevertheless, an important 

characteristic because certain lactic streptococci also hsve 

this property. The partial-reducing enterococci (S. durans 

group) varied in their ability to reduce 0.3$ methylene blue 

milk, some showing only reduction of the butt. 

Only eight of the cheese samples examined did not contain 

enterococci, and five of these were made from fully pasteur­

ized milk. These findings appear to be contrary to those 

reported by Tittsler et al- (76), that after 1 month the flora 

of pasteurized-milk cheese consisted almost entirely of 

enterococci. However, because of the few pasteurized-milk 

cheese samples studied, as well as the difference in age of 

cheese samples in this investigation, it is not possible to 

base definite conclusions on these results. 

Some correlation appeared to exist between good Cheddar 

cheese and the level of enterococci recovered from the 

samples. For instance, in 19 samples, from two cheese plants 

making high quality Cheddar cheese, 13 contained in excess of 

85$ enterococci. Dahlberg and Kosikowsky (13) reported that 
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they obtained Cheddar cheese with more flavor and better 

quality using a strain of S. faecalis for the starter rather 

than a lactic starter culture. 

Continuously throughout this experiment, one type of 

microorganism was found to constitute 50% or more of the bac­

terial flora in a sample. In 4-2 samples, one group of organ­

isms comprised the majority of the flora. In addition, in 

four of the eight remaining samples, one group constituted 

greater than 45% of the sample flora. This associates a 

particular type of microorganism with each cheese sample. An 

attempt to correlate a particular flora with each cheese plant 

was difficult, primarily because of the high incidence of 

enterococci. However, as previously stated, 13 of 19 samples 

from two factories contained over Q5% enterococci. In these 

plants, the characteristic, dominant flora was enterococci• 

The significance of enterococci in Cheddar cheese is 

still unknown. Various workers (52, 62) have reported the 

presence of these organisms in cheese, and their fate upon 

ripening, without being able to place any specific signifi­

cance on them. 

Difficulty was encountered in classification of the 

lactic streptococci to typical S. lactls and S. cremorls 

species. For this reason, these organisms were included 

together in the lactic group. The common occurrence of 

variants of S. lactis and S. cremoris strains has been 
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reported by Yawger and Sherman (80), Sherman and Hussong (69), 

Davis (14) and Basic (56), as well as many other workers. 

Allen and Knowles (-3) reported that some atypical organisms 

isolated from cheese possibly were derived from more typical 

strains of lactic acid streptococci whose characters had 

become modified in the course of cheese ripening. Nichols 

and Hoyle (50) reported difficulty in the classification of 

"wild" lactic strains and grouped the isolates as intermedi­

ates between S. lactls and S. cremoris• 

Except for the large percentage of enterococci, and the 

low incidence of lactic streptococci, the bacterial flora 

recovered in this experiment did not differ extensively from 

the flora reported by most other research workers. Micro­

cocci, which constituted 13$ of the isolates, were the pre­

dominant flora in seven samples. This result is in agreement 

with other workers (15, L3) who have reported large numbers of 

micrococci in some cheese samples. Specific tests were not 

used to determine whether any of the organisms included in 

the micrococcus group were staphylococci. 

Costilow and Humphreys (8) reported that certain strains 

of L. plantarum reduced nitrates. Berge.y' s Manual of Deter­

minative Bacteriology (5) indicates that nitrates are not 

reduced, except under certain conditions, with L. plantarum. 

Of the 67 lac to bacilli isolated in this study, 64 reduced 

nitrates, two did not reduce nitrates and one was not tested 
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for this property. The ^Lactobacillus isolates were not iden­

tified to species. These results indicate that nitrate reduc­

tion, at least among isolates from Cheddar cheese, may be a 

more common characteristic of the lactobacilli than previously 

believed, since special conditions for determining nitrate 

reduction were not utilized. 

Reports that low levels of coliform organisms commonly 

are found in Cheddar cheese ( 23, 40, 62) were supported by 

this investigation. Based upon the definition of coliform 

organisms presently in use (4) no coliform organisms were 

recovered. In fact, gas-producing microorganisms in general 

were recovered infrequently. 

One-third of the gas-forming organisms recovered were 

isolated from a single sample, number 18. These 26 isolates 

were gram-positive rods and comprised bQ% of the sample flora. 

However, abnormalities were not observed in the cheese sample. 

Twenty-five, or another one-third, of the gas-producing organ­

isms were isolated from the three Colby cheese samples. These 

isolates were characterized as miscellaneous associated bac­

teria. The remaining gas-producing organisms were recovered 

sporadically from the remaining 46 samples. Depending upon 

the circumstances and conditions existing, gas-producing 

microorganisms might be responsible for the gassy defect or 

slit-openings which may occur in Cheddar cheese. 

Of the microorganisms tested for proteolysis, 11% gave 
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positive results. This cannot be considered unusual because 

degradation of protein has been firmly established as one of 

the changes occurring in ripening cheese. Certainly, proteo­

lytic microorganisms capable of growth at temperatures common 

to those used for ripening cheese may play a role in this pro­

cess. The proteolytic action of streptococci and lactobacilli 

was not determined. However, these organisms also are known 

to influence protein degradation in ripening Cheddar cheese. 

Less than 1% of the microorganisms tested for lipolysis 

gave positive results under the test conditions used. It is 

not surprising to find fewer lipolytic than proteolytic micro­

organisms, since the role of fat hydrolysis has not yet been 

fully explained in Cheddar cheese ripening. 

Perhaps this discussion of the characterization of micro­

organisms isolated from cheese best can be summarized by 

reference to the comments and observations made by Alford and 

Frazier on a study they made of the organisms found in raw-

milk cheese: 

Some of the characteristics that were used to indi­
cate the possible importance of the micrococci in 
cheese ripening were not necessary for the differ­
entiation of species. This emphasizes the diffi­
culty of classification of cultures for specific 
purposes or showing unusual characteristics on 
the basis of conventional differential tests. 
However, the present knowledge of bacterial tax­
onomy has not clearly indicated what constitutes 
a fundamental characteristic for differentiation 
of species and what should be considered as a 
characteristic of incidental value; therefore, 
any additional arbitrary designation of new 
species would only add to the present confusion. 
(2, p. 113) 
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In this investigation, it is important to realize that 

only a brief segment of time was included. This stage was 

early in the ripening period of the cheese and an attempt was 

not made to determine whether levels of the microorganisms 

recovered were increasing, decreasing or remaining stationary. 

Specific delineation of the role of these organisms in cheese 

ripening would depend upon their ability to survive, at least 

in moderate numbers, for a time to leave sufficient levels of 

metabolic products to effect later changes. Also, additional 

information regarding the biochemical reactions of these 

microorganisms would be necessary for establishing their role 

in the ripening process. Before either of these areas could 

be studied, it was necessary to find out what organisms 

usually are present in young Cheddar cheese under selected 

conditions. It is felt that the present investigation ful­

filled this need. 

Plating Lactic Starter Cultures 

Although the agar plate count of starter cultures was 

significantly higher at 21 than at 7 C, counts were within the 

same general range for most samples. In view of this, it can 

be said that the plating procedure used in this study was not 

unduly inhibitory to lactic starter microorganisms. Cogni­

zance is given to the fact that in spite of the differences 

in cultural procedures used in this investigation, microorgan­
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isms have optimum growth temperatures. A temperature of 21 C 

is more favorable for the growth of lactic streptococci than 

is 7 C. Therefore, even the prolonged, 3-month incubation 

period may not have permitted maximum growth by the lactic 

streptococci• 

The failure to recover enterococci from any of the com­

mercial lactic starter cultures studied indicates that these 

cultures are not the source of enterococci in Cheddar cheese. 

Although Sharpe et al. (65) found that lactobacilli were 

common in cheese starter cultures, Kosikowsky and Dahlberg 

(39) and Nichols and Hoyle (50) reported that no enterococci 

could be isolated from the commercial starter cultures which 

they examined. 
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SUMMARY 

Fifty, young, commercial Cheddar cheese samples, from 11 

Iowa manufacturing plants, were plated to determine their low 

temperature microflora. The plating medium used was special 

Tryptica.se-soy agar. After the pour plates had been prepared 

and allowed to solidify, 50 ml of 1.5$ agar was used as a 

cover-layer on each. Plates were sealed with wide rubber 

bands and incubated at 7 C for 3 months• 

Following incubation, colonies were picked from the agar 

plates and transferred to litmus milk. Purification was 

accomplished by streaking special Trypticase-soy agar plates 

from the litmus milk culture and picking a representative, 

well isolated colony. Purified isolates were Gram stained 

and then frozen until all isolations had been made. 

Isolates were characterized using the following tests: 

Gram stain, catalase reaction, litmus milk reaction at 21, 

32, 37 and 45 C, methyl red and Voges-Proskauer tests, salt 

tolerance, gelatin liquefaction, carbohydrate fermentation, 

ammonia production from srginine, reduction of methylene blue 

milk, initiation of growth at high pH, hemolytic reaction, 

nitrate reduction, formation of indole from tryptophan, growth 

on an agar slant and proteolytic and lipolytic action. 

From the cheese samples examined, 1162 microorganisms 

were isolated and characterized. An additional 67 isolates, 

from agar plates of three duplicate samples, incubated in an 
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increased carbon dioxide atmosphere, also were characterized• 

The following numbers and percentages of microorganisms were 

found : 578 enterococci, 50$; 149 micrococci, 13$; 126 lactic 

streptococci, 10.5$; 110 miscellaneous gram-positive rods, 9$; 

93 miscellaneous associated bacteria, 8$; 67 lactobscilli, 6$; 

34 miscellaneous gram-negative rods, 3$ and five other mis­

cellaneous microorganisms, 0.5$. 

To ascertain that the plating procedure used to isolate 

microorganisms from the young Cheddar cheese samples was not 

inhibitory to lactic starter organisms, 45 commercial lactic 

starter cultures, obtained from five different sources, were 

plated using the procedure followed for examination of the 

cheese samples. Counts were made at 21 and 7 C for compara­

tive purposes. The counts obtained at 21 C were significantly 

higher than those obtained at 7 C. However, for most samples, 

the counts at both temperatures were within the same range. 

Of 379 colonies picked to litmus milk, from the agar plates 

incubated at 7 C, none initiated growth at 45 C. This indi­

cated that commercial lactic starter cultures are not a 

source of enterococci in Cheddar cheese• 
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APPENDIX 

Composition of Bacteriological Media Expressed 
as Grams per Liter of Distilled Water 

1. Special Trypticase-soy agar 
Tryptica.se, 33L 15.0 
Phytone, S3L 5.0 
Sodium chloride 4.0 
Sodium citrate 1.0 
L-cystine 0.2 
Dextrose 5.0 
Bacto-ag a.r 15.0 

Adjust to pH 6.7 before autoclavinp;. 
Autoclave at 121 C for 20 min. 

2. Trypticase-soy broth 
Trypticase, BBL 15.0 
Phytone, BriL 5.0 
Sodium chloride 4.0 
Sodium citrate 1.0 
Potassium phosphate, dibasic 2.0 
Dextrose 5.0 

Adjust to pH 7.0 before autoclaving. 
Autoclave at 121 C for 15 min. 

3. kethyl red Voges-Proskauer medium 
Bacto-Peptone 7.0 
Dextrose 5.0 
Potassium phosphate, dibasic 5.0 

Adjust to pH 7.2 before autoclaving. 
Autoclave at 121 C fur 15 min. 

4. Basal medium for carbohydrate fermentation 
Bacto-Yeas t extract 2.0 
3acto-Proteose peptone, Dif'co 20.0 
Phenol red 0.036 

Adjust to pH 7.5 before autoclaving. 
Autoclave at I'd C for 15 min. 

5. Indole medium 
Bacto-Tryptone 10.0 
Bacto-3eef extract 10.0 

Autoclave at 121 C for 15 min. 
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