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INTRODUC TION

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 Internationel Dairy
Congress held in Denmark during September, 1962, stated:

It is thus evident thet the study of the domineting

flora of young cheeses under normal and abnormal

conditions is an important field for investigation.

On this occaslion it would te of grest interest to

hear from those present what informestion 1s now

available concerning the flore of verious cheese

varieties when fresh. (73, p. 128)

Cheese has been made for thousands of years either by
recipe or by use of empirical methods. Increzsing 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 explein situstions and
conditions teken 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 encoursged growth of desirable
organisms by establishing conditions favorable for microbisal
growth and sctivity. DNMany traditional methods of cheese mak-
ing were instituted in this way. The practice of saving whey

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

day is only one example. By the end of the nineteenth cen-



tury, when bacteris 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
protlem of bacteriophage and its responsibility for starter
failures will contlnue to receive widespread attention. Con-
tinuing accrual of knowledge in dairy bacteriology, specific-
ally in the srea of the bacteriology of Cheddar cheese, will
aid investigations into this problem.

Bacteriologists have been studying the bacteriology and
chemistry of Cheddar cheese fof yesrs. Perticular interest
hes teen shown in the erea of cheese ripening as evidenced
by increasing attention to the use of plant enzymes to replace
rennet, flexitle end impermezble packeging materials and the
constant efforts regarding development, handling and preserve-
tion of cultures used for cheese meking. host gpecific in-
vestigations into the tacteriology of Cheddar cheese have
dealt with attempts to isolate and identify microorganisms of
importance in flevor production and rapid tody bresk-down.

Tnis study wes underteken to determine the low tempera-
ture microflora of young Cheddar cheese.

A geerch of the litersture hes failed to reveal any pre-
vious sttempts to study the Chedder cheese microflora capable
of growth at low temperatures. Thls approach was felt to be
importent in view of the fact that Cheddsr cheese most com-

monly is cured at low temperatures. It was hoped that a study



of these microorganisms might reveal characteristics of
importance in cheese ripening. In eddition, numerous possi-
bilities exist for further application of this study, eilther

in the manufezcture or ripening of naturel cheese.



LITERATURE REVIEW

The bacteriology of Cheddar and other varlieties of cheese
has been studied by a large number of investigstors. 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 avallable, only the more pertinent investigations

regarding the microflora of Cheddsr cheese will be reviewed.
The Bacterial Flora of Cheddar Cheese

One of the ezrliest reports of the bacterizl flors of
cheese was made by Russell (81), who stated that the bacterial
content of cheese differed markedly from thet of milk. He
found that in milk the lactic acid bacteria predominated, but
elweys were accompanled by liquefying or peptonizing organ-
isms, and, as a rule, bacteria cspable of developing geseous
by-products. In the ripening’cheese, peptonizing or casein
digesting bacteria were elimineted quickly while the ges-
producing bacteris disappeared more slowly, sometimes persist-
ing in very smell numbers for a long time. The lactic acid
bacteria, on the other hand, developed repldly for a time
until the cheese was partially ripened. At this time they
too began to diminish in numbers.

Harding end Prucha (22) studied the microflora of nine

normal cheeses representing four first-class commercisl fac-



tories. Over 300 cultures were isolated from agar plates
incubtated at room temperature (which ranged from Z1 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
1687 cultures were studied extensively and divided into 33
different groups. BResults of the qualitative study of the

cheeses showed that Bacterium lactis acidi wes the only form

constantly found in all Cheddar cheeses. This organism prac-
tically elways composed over 92% of the totasl bacterial count.

In acdition to Bacterium lactis acidi, four other groups of

microorganisms were found. These were: aclié liquefiers,
gas-producing forms, an inert group and yeests. The acid
ligueflers occurred sufficiently often to suggest thet they
might play some part in ripening. The gas-producing forms

made little or no growth in cheese. Bacterium coll zerogenes

was isolated from cheese only through the first day of ripen-

ing. Bacterium lactis azerogenes wes found in considerable

numbers in some cheeses and was very resistasnt to acidity.

The inert group consisted of brganisms laecking apparent action
in milk. This group was feirly numerous, at times, in milk
end fresh curd. These organisms usually disappeared quickly
and no evidence was found to indicate thet they increszsed in
tae cheese. Very few specles of yeasts were found although

an effort was made to prepare plates especielly suitable to



their growth habits.
In 191%, Hastings et al. (30, 31) reported finding only
two groups of bacterla constantly in large numbers in Cheddar

cheese. These were Bacterium lactis acidi and Bacillus bul-

garicus. The former grew until the suger was completely fer-
mented while the latter, although resching numbers comparable
to the former, grew after the fermentation of sugar. During

the early part of the ripening period, Becterium lactls zcidi

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

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

garicus predominated, and in many cheeses conslsted of over
90% of the lsctic acid flora. Coccus forms producing small
emounts of acid occasionally were found to be the commonest
type of organism. This type wzs found to predominate at some
time or other in 11 of the 13 cheeses sampled. The chromo-
genic cocel and liquefying forms found were considered unim-
portant in ripening of the cheese as they were nof consis-
ter.tly present in large numbers.

Evans et al. (22), from a study of 21 rew-milk cheeses,
reported that all organisms constantly found in cheese were

included in four groups: Bacterium lactis scidi, Strepto-

coccus, Mkicrococcus and Bacterium casei. Verietions in number

and flore were otserved; however, ell good cheeses conteined
the four groups listed. ©Spore-forming orgaenisms end liquefy-

ing types occurred in very small numbers or were absent en-



tirely. Whenever these forms were present in sufficient
numcers to have an appreciable influence on the ripening, it
was to the detriment of good flavor. The bacteriesl flore of
pasteurized-milk cheese was found to be dependent upon the
sterter used.

In a study of the streptococcl concerned in cheese ripen-
ing, Evans (21) frequently encountered three streptococcus
strains. These were termed S. lecticus, S. kefir and 5. X.
The three strains were described culturslly and biochemically
end their role in the ripening of Cheddar cheese was discussed.

Hucker (34) examined 37 samples of Cheddsr cheese ob-
tained from approximetely 25 factories. Results indicsted
that the better grades of cheese contained a distinctly dif-
ferent flors than that of the poorer grades. In the better
grades, 5. lactis and the lectobecilli predominated while in
the poorer gredes, spore-forming rods and gram-negative rods
were present in the lergest numkers. Coccil, and streptococci
other than 8. lactis, veried little in numbers betweer differ-
ent guelity cheeses. Emphasis was pleced on the finding of s
large numcer of spore-forming and gram-negative rods in the
poorer grade cheeses as beling indicative thet these orgenisms
ere undesireble for the production of & high-grade Chedder
cheese. In this investigetion, 265 organisms were 1isolated
from agar plates lncubeted at 26 C for 5 days. The orgéenisms
were studled and placed into the followlng groups in decress-

ing order of frequency of occurrence: spore-formers, gram-



negative rods, lactobacilli, 5. lactis, coccl, streptococci

other then S. lactlg and yeests, only three of which were

recovered. Observation of the forms of gelatin llquefiers
revealed that in poorer gredes of Cheddar cheese, the majority
were rod-shaped. In the good grades of Cheddasr, the majorlity
of gelatin liqueflers were coccil.

In 1932, Kelly (37) reported the findings of his study
of 200 isolates obtained from normal Cheddsr cheese during
the first 3 weeks of ripening. Isolations were maede from agar
plates incubated at 37 and 25 C. Classification wes deter-
mined by morphology and cerbohydrate fermentation. Approxi-
mately one-~half of the isoletes, 102, were S. lactis; another

20 vwere 5. cremoris. Other organisms found were Micrococcus

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

cial Cheddar cheese made without starter, end in cheese made
using pure cultures of 5. lectis and S. cremoris, S. lectis

was found to comprise zbout 50% of the flora. Streptococcus

cremoris constituted 9% of the flors in the commercizl cheese
and 26% of the flora of starter-made cheese.

Allen and Knowles (3), using verious selective medis to
enumerate different groups of bacteria in Chedder cheese,
reported that in cheeses made from milk of 2 very low bac-
terial count, the predominant flora consisted of lactic acid
streptococcl for at least the first 192 to 20 weeks. They

also reported that some atypical orgenisms isolated from



cheese possibly were derived from more typical strains of
lactic acid streptococcl whose characters had btecome modified
in the course of cheese ripening. These workers emphasized
the fact that the flore of Cheddar cheese tends to develop 1n
stages; orne set of mlcroorganisms having persisted through
conditions adverse to thelr @ctive multiplication subsequently
take the place of another set when growth conditions have
altered.

Cheeses were plated at £8 C for 10 days by Davis (14).
He incubated the agar plates with a second layer of the medlum
added over the first to insure microaerophlilic conditions.
Of the <48 colonies picked end studied, representing 18
Chedder cheeses 2t different steges of curing from Cheddaring
to 18 months of age, 247 were true lactic acid bacteris.
Streptococci made vp 117 and lesctobacllli 130 of this total.
The lactic ecid bacteris were placed into four groups:

S. lactis, 5. cremoris, Streptotacterium plantarum end Sbm.

casel. OStreptococci were found which differed from the two
recognized groups, however, the differences were not felt to
ce great enough to justify separate species. ©Some S. lactis
strains grew in litmus milx a2t 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, btut seldom thereafter. Lactobacilli were found

starting at 7 days; these predominated after & month.
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The bacterial flora of New Zealand Cheddar cheese wes
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 sgar plates incubated at 30 C for 14

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

comprising 6/ of the total count. Other organisms and thelr
incidence were: Sbm. casei, 16%; intermediates between these

two species, 12%; Betabacterium brevis, 6%; Betacoccus sp.,

3% and other lactic acid bacteria, 1%. After the relatively
short interval immedlately following manufacture, during whlch
the starter streptococcli predominsted, lactobacilli, and less
commonly leuconostocs, were reported to flourish over the
major portion of the ripening period. An attempt also wss
made to correlate flora with cheese quslity. In this re-
spect, 1t wes noted that with good quality cheese, two or
thfee verieties of lactic acid bacteria (lasctobascilli)
appeared in large numbers. In poor quality cheese, a larger
numcer of types of lezctic scid bacteria occurred.

Rogers (60) studied cheese mede from rew milk and re-
ported that bacteria growing in numbers large enough to be
significant included various speciles of the lactobtacillus
type and a number of species of micrococci. He stressed the
necessity of differentiating between bacteria thet grow in
milk and those that grow in cheese in the curing room, since

conditions in a cheese are not faevorable to the growth of most
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bscteria because of low temperature, high sa2lt concentrastion
and hign degree of anaserobiosis.

In compsrstive studies on Chedder cheese mede with normal
sterter and with certain pure cultures, Deane 2nd Anderson
(18) reported that S. lasctis constituted 20 to 98% of the
streptococci whicn they isolsted. Cheese curing temperatures
of 43 snd 53 F were used. In another study, Deane et 21. (17)
reported isoleting an "ecidoproteolytic' coccus from 4-year
01ld Chedder cheese. This psrticular organism resembled 5.

fgecelis ver. liguefaciens, although positive identification

wes not mede.

Tittsler et 21. (78) reported thet cocci from the lectic
sterter predominsted ir young cheese, regsrdless of milk qual-
ity or pesteurizetion. After 1 month, however, the flore of
pesteurized-milk cheese consisted almost entirely of entero-
cocci, and that of rew-milk cheese of lactcbecilli, entero-
cocci and & few diversified types. Tne results of these in-
vestigetors confirmed the correlation between bacteriel flora
end cheese quality reported by Sherwood (70), that cheese made
from poor eand very poor milk, either raw or pecteurized, con-
tained meny more vacterizl types then did cheese made from
fair and good milks.

Dahlverg and Kosikowsky (13) used a strezin of S. faecalis,

y

which repldly fermented lsctose, es the sterter for Cheddar

cheese. They reported that e normel cheese having more flavor
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and better quality and body could be made using S. fsecalis
rather than a lactic sterter. The S. faecslis 2lso 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. faecallg was able to grow and survive in
Cheddar cheese in large numbers for & considerable period of
time when the cheese was ripened a2t 50 or 60 F.

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

S. diacetilactis as the starter organisms was used by Dawson

and Feagan (15) to study the fete of starter orgenisms during

manufacturing and maturing. Streptococcus cremoris was found
to attain lower maximum counts than toth S. lactis and S.

discetilactis. A difference in the time required to reach

maximum count also was observed. Streptococcus cremoris

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

diacetilactis attained it 2t half-Cheddar. In maturing cheese,

S. lactis geve the highest initial count, S. cremoris the low-
est- During curing, S. cremoris streins died out more repidly
than the other two. Robertson and Perry (59) end Perry (53)
made identicel observations regarding meximum numbers end
survival in cheese in 2 comparison of cheeses mede with S.
lectis and S. cremoris starters. The non-starter Cheddar
cheese population reported by Dewson and Feagen (15) consisted
of 70% lactobacilli and 30/ micrococci. All bacteriological

counts in this study were made 2t 30 C for 4 days.
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Dacre (12) examined the microflore of ten cheeses mede
frowm flash-pasteurized milk. He clessified isclates es
streptococci, lactobecilli and pediococci. Konth-old cheese
yielded 6 streptocccci, 61 lactoktescilli and 33% pediococci.
No streptococcl were found in cheese ripened for Z months &t
room temperature. By the third month, the cheese flors con-
sisted of 75/ lactotecilli and 257 pediococci. This flore
persisted through the ninth month of ripening. Times were
giver. indiceting when the microorgesnisms found first appesred,
eno, slso, when they ceased to be present.

Feagen end Dewson (23) studied the cecteriology of 12
cheeses. In nine of these, 2t & dzys, the starter orpgenism
count wes equel to the totel cocunt. In the cther three
saiples, the stazrter orgsnisms constituted 98, 92 end 207

4

respectively of the totel count. In the latter sample, the
following brcterisl populetiors were round: 40% micrococel,
30/ lectobecilli erd 10;: other orgenisms. Coliforns were
detected in some sszmples in low numberg, tut dilssppesred
prior to the secord month of curing.

Recently, Refid (57) reported on trends of bacterisl
pepulation during the menufecture end riperning of white cheese.
de found thet streptococci couprised 96 of the bacteriel
flore on the [{irst day efter manufrcture, 20t sfter 4 weeks

and 50k after 6 weeks. The lactobecilli were found to reach

maximum numters after 4 weeks, when they constituted 30i of
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the bacterial flora. After 6 weeks, the lactobacilli com-
prised 50/ of the flora. Coliform orgenisms multiplied dur-
irg 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. diacetilactis, S. faecalis, Leuconostoc lactis, Pediococcus

cerevisiae, L. casei, L. plantarum, L. brevis, E. coli, &.

aerogenes, k. caseolyticus, M. freudenreichii, M. verians end

M. luteus.

Franklin end Sherpe (25, £6) attempted to determine the
bacterial flora of cheeses made from milks subjected to dif-
ferent heat treatments, and the effect of the residusl flora
on cheese flavor. Gram-positive cocci constituted 54% of the
microflora, grem-positive bacilli 38% éﬁd grem-negative becil-

1i 7j. No Leuconostoc sp. were found. Lactobacillus ceseil

wes the most importent organism numerically. Other micro-

'organisms isolated were: L. brevis, L. plantarum, Pediococcus

sp. ard 8. faecium. A positive correlztion was observed be-
tween numbers of lipolytic tacteris end desiracle flavor.
Lipolytic organisms, however, were not found to increase dur-
ing storege at 50 F. Rether, they constituted a static popu-
letion. Group D streptococcl neerly always were present in
commercial cheese. The most commonly occurring specles wes
S. faecium. Towards the end of the experiment, these workers

used a selective medium technicgue to determine the presence of
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gram-negative becteria. On occasion, these orgenisms were
present in considerarcle numters in commercial cheese. It was
felt that the influence or possible irnfluence of these micro-
organisms on flevor and additicnal 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 wes inhibitory to starter bacteries and allowed the con-
taminating organisms in month-old Cheddar cheese to grow. A
0.1 g sample of each cheese was examined, plates teing incu-
bated et 32 C for 24 to 36 hours. The majority of colonies
appearing in the plates were small, round, acid-produclng

colonies of the Micrococcus genus. Numbers per gram of cheese

ranged from preactically zero in cheese made from pasteurized
and heat-treated milk to avove 500 million in raw-milk cheese
with fruity and similar undesiravle flevors. Lerger,
alkaline-producing colonies of small rod-shaped orgenisms

also were frequently observed. Hign counts of these organisms
were believed to be indicetive of unhygienic factory condi-

tions.
Specific Groups of Microorganisms in Cheddar Cheese

Lactobacilli

Lezctobecilli 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 tempergture 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 orgenisms, while metabolic
products of lactobacilll growing on certain substrates often
impert cheracteristic flavors. This has been widely reported
in Cheddsr cheese ripening.

Mabbitt and Zielinska (42) described 2 modified Rogosa
sgar (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. Naylor and Sherpe (47)
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
wes ripened &t 55 F. Sampling was begun at 3 days of age &and
continued at intervals for 172 days. Lactobacilli were 1so-
leted from trne first sampling. Initielly, high becterisl
counts were due to streptococci, although these diminished
and finally disappeazred. At gbout 50 deys, the numbers of
lactobacilii rose above those of streptococcl and later in

ripening, lactobacilli comprised the entire population. Of
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the lectobacilll isolsted and identified, 1775 were L. brevis,
8% were L. planterum and the remainder were low temperature,
homofermentative lactobscilli.

Naylor ard Sharpe (48) found large numbers of lacto-
bacilli in Cheddar cheese during ripening. The predomlinant
species wes L. brevis. Other lactobacilli, including L.
planterum and L. casel also were found.

Serological typing was used by Naylor and Sharpe (42) to
traece the source of lactobacilli in Cheddar cheese. The main
sources of these orgenisms were the milk used in cheese making
and the air of the dairy. Most of the lactotacilli from these
two sources were low temperature, homofermentative streins.
Sharpe and Mettick (64) found that 100% of the rew milks
examined by them conteined lectobacilli. Counts renged from
less than 100/ml to 1,00U,000/ml. No seasonal trend in counts
wes observed. Perry et sl. (55) took air samples from the
cheese-making room of seven creameries and from three stages
01 processing 1n one processed cheese plent. They found

lactobacilli in all semples. Lactokbacillus czsei occurred

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

decreasing order of occurrence. Lectobecillus acidophilus wes

found once, however, it was considered of no importence since
it will not grow in cheese because of the low ripening temper-
ature.

Hill end Thornton (33) reported unexpectedly low counts
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of lactotacilll during the curing and storege of some Cheddar
cheeses which they examined. They also found & 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 yesr. They found thet lacto-
bacilll 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 lactobscillus count weas
noted. Hill and Thornton (33) were openly criticized, by
these workers, for the experimental methods used in their
lnvestigation.

Perry and Sharpe (54) studied tne lzctobacillus 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 obteined, these workers
concluded thet the lactobacillus flora of Cheddar cheese wes
derived mainly from milk.

A recent study by Smith and Cunningham (71) showed the
frequency of occurrence of lactobacilli ir Cenadian Cheddar
cheese. A fotal of 245 cultures were characterized and the
following distribution was found: L. plantarum, 138; L.
casei, 35; L. previs, 1©; L. helveticus, 16; L. fermenti, 16

and unclassified, Z1.
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Staphylococci

The common occurrence of coagulase-positive staphylococci
in rew milk hes 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 hes been reported

by kattick et al. (43) and lMcLeod et 2l. (48). Staphylococcus
food poisoning hes been attributed to the consumption of rew-
milk Cheddar cheese (32).

Alford and Frezier (2) examined cheeses ripened 2t 5 to
7 C to determine if any of the organisms found in the cheese,
other than lactic acid becteris, 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,
plgmentatiorn, action in litmus milk, proteolysis in milk
agar, lipolysis in tributyrin znd butterfet ager, growth in
8.5% sodium chloride and growth at pH 5.Z. These cheracter-
istics were selected as it was felt they would glve a better
indicetion of the possible importance of the isolasted orgen-
isms in cheese ripening. Of 600 cultures isolated, 78% were

micrococci closely related to . freudenreichii, k. ceseo-

lyticus &rnd M. conglomeratus. The remsining 22% 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 1s too exten-
sive to completely review here. Therefore, only a few of the
more pertinent references have beern included.

Crossley (10) studied the coliform orgenisms associated
with commercial manufecture and storage of Cheddar cheese.

He isoleted 116 cultures from cheeses 2 days to 12 months
old representing three factories. All factories used pas-
teurized milk. Of these 116 cultures, 2 were E. coli types,
15 were A. gerogenes types and four were intermediete types.

Yale and karquardt (79) msde coliform counts on 35 lots
of Cheddar cheese. Cheeses were ripened 2t 50 F. Coliforms
in cheese made with poor milk (20,000 to 2,10C,000 coli/ml)
survived for € to 1lZ months. ith better cuelity milk, con-
taining fewer coliform organisms, these tacterie survived
for 3 to 6 months. It was reported that coliforms grew end
died at such veriasble rates in the different lots of cheese
that the coliform count is not 2 rellabvle index for comparing
the quality of different lots of cheese, even at the same age.

Besed on the incidence of presumptive positive tests,
Crossley (2) found coliforms in 100% of the 44 blown Cheddars
examined as well as in 100/ of the ncrma: Cheddars examined
wnen sampled up to 1 week of sge. That coliforms rapidly de-

crease was clearly evident by results showing 58.8% of 3-month
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0ld normal Cheddar containing coliforms while only £0% of
normal Cheddar over 3 months of a2ge conteined these organisms.
Lightbody (40) showed that coliform organisms were
present (<10/g) in 97/% of 30 samples from 19 cheese factories.
E. coli type I organisms were present in 70% of the samples.
Also, the majority of first-grade cheese had coliform counts

of less than 1,000/g.

Pediococecl

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) isoleted over 4,000 cultures of lectic escid-produc-
ing bacteria during a study of the microflora of ripening FNew
Zezland Cheddar cheese. Cultures were isolated from agar
plates incubated at 30 C. Although the wmajority of cultures
isolated were rod-shaped species of lactoracilli, large cocci
with a predominant ard 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. Sherpe
(63) and Dacre (1Z) also reported thet pediococci occurred in

many Chedder cheeses.
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EXPERIMENTAL METHODS
Collection, Handling end Treatment of Samples

Fifty commercial cheese samples from 11 Towa cheese manu-
fecturing plants were obtained for study. Samples were taken
during February, March, April, kay and Aupust, 1961. All
samples were collected and handled according to the procedures

described in Standard kethods for the Examination of Dairy

Products (4).
Bacteriological Examination of Samples

All samples were plated immediately upon their return to

the latoratory. The procedure given in Standerd kethods for

the Examingtion of Dairy Products (4) for the yesst and mold

count of cheese other thsan cottege wes used to prepere semples
for plating. The single deviation from this procedure wes
thet emulsification was effected by high-~speed agitation in

a Waring Blendor for 2 minutes.

Flstes were prepared in duplicete ard poured with 15 ml
of special Trypticase-soy agar (Appendix). After solidifica-
tion, a 50 ml cover-layer of sterile 1.5% agsr was added.
Following solidification of the cover-layer, the plates were
sealed tightly with 1 3/4 inch wide rutber bands and incubated
at 7 C for 3 months. In addition, three cheese camples (Table

1) were incubated at this temperature, in a desiccator in



Takle 1. BSource and identification of cheese samples

Date Dete
Sample Cheese Vet Heet treatment cheese cheese Age at  Agaer plate
number plant code of milk made plated plating count/g?
1 Independence A 16« ¥; 20 sec c~-22-61 3-1-81 7 days 8 x 10?
& It B ] I i 1] lo X 10u
3 t C ] 1 it 1] 10 X 102
45 Fioneer -¢ 182 F; 20 sec £-6-£1 £-25-61 19 deys 110 x 10,
5 " - R £=8-081 " 17 deys 160 x 1C
&P n - n ©o2e-61 n 3 days 110 x 10%
7  Dows A 16x F; 15 sec £-28-81  3-1-81 7 days 10 x 102
&  Hempton 1 160 F (pesteurized) 2-12-81  2-24-61 5 deys 72 x 107
9 il 2 il ] 1] 1] 45 X lo
10 f 3 1 1] 1] it 9"7 X 104
11 vWederie A 15x-158 F; 15 sec 2-21-61 3-1-61 8 deys 20 X 102
llAd I A 1l i " i 30 x 10
1z i A 0 Cove R I 7 deys 31 x 102
1248 i A i N " I 20 x 105
13 1 B 1] I ] ] 2 X 105
lSAd " o " il 0 ) 04 x 105
14 Wedensa A 152-156 F; 15 sec H.3-81 8-10-581 7 deys 8 x lO5
15 it o i ] " " 30 x 109
18 " 3 I ] " " 11 x 109
17  Vestgate B 150-16x F; 156 sec  x-21-61  3-1-61 8 deys 54 x 10°

aklete count efter incubetion a2t 7 C for 5 months.
bColby Cheese.
CSingle vet; no code used.

dDuplicete sample; egar plates incubeted in sn incre=sed corbon dioxide stmos-



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
18 Westgate A 150-162 F; 15 sec 2—22-61 3-~-1-61 7 deays 76 x 106
19 it B i It 1 I 100 x 106
20  Zearing 4 155 F; 15 sec 2-22-61  3-1-61 7 Gays 55 x 109
21 L 2 " 2-23-61 u 6 days 55 x 10°
29 # 3 1" 1 1 1 49 x 106
23 Hopkinton 3 161 F; 15 sec 8-3-61 8-10-61 7 days 50 x 109
o4 " 5 1] i " 1 130 x 105
) I 6 It 1 1 i 34 x 105
26 1 8 u 1" 1 I 11 x 105
27 " 9 it 1] ] 1 53 X 105
28 il lO 1] [} fl ] 21 X 105
29 Renwick B 149-162 F; 17 sec £-19-61 2-24-61 5 days 250 x 109
30 1l e 1 f u " 89 x 105
31 u B n 2-20-61 u 4 dasys 150 x 102
32  Wilton Jn. 1 147 F; 20 sec £-28-61 3-7-61 7 deys 110 x 10
33 t 2 1 it I 1 110 x 105
34 0 3 i " " 1 85 x 105
35 " 4 I it 1 i 16 x 106
36 L 1 L 3-1-61 3-8-61 L 47 x 109
57 ] 2 ] It n L] 10 X 106
38 ) 1] '3 1] t it 1l 10 X 106
39 Goldfield 2 147-148 F; 16 sec 4.7-61 4-14-81 7 days 40 x 102
40 i 4 n 5-3-61 5-10-61 " 35 x 105
41 " 2 " 5-4-861 5-11-61 i 34 x 10
4 n £ " 5-29-61  6-5-61 ! 38 x 109

3



Table 1. (Continued)

Date Date

Sample Cheese Vat Heat treatment cheese cheese Age at Ager plate

number  plant code of milk made plated plating count/g
43 Goldfield 3 147-148 F; 16 sec  5-29-61  6-5-61 7 days 63 x 10°
44 n 1 n 5-30-61 6-6-61 " 85 x 10°
45 n o L 4-7-81 7-5=-61 3 mo. 78 x 10%
46 0 4 " 5-3-61 8-1-61 I 80 x 10%
47 u 2 l 5-4-61 T " 17 x 10
48 I < 0 7 B-£0-B1  9-14-61 n 23 x 10°
49 I 3 I n n i 71 x 1 05
50 n 1 " 5-30-61 9-13-61 n 28 x 10°

G3
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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 deys o0ld when
plated. 1In addition, six samples, which were obtained in
sealed cans, were re-plated after being ripened a2t a tempera-

ture of 7 C for 3 months (Table 1).
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 whern plates contained between 20 and 40 colonies.
Colonies were picked from duplicate plates when fewer than 20
colonies sppeared in a plate. If plates contained more than
40 colonies, all colonies within & predetermined 2rea were
pilcked so thet approximately 30 isoleates would be obtezined
from the sample.

To facilitate picking, the thick, two-layer zgar plaque
was inverted into the pgtri dish cover with the aid of 2

sterile spatula. Appearance of esch colony was recorded
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before the colony was picked and inoculated into sterile 1lit-
mus milk. The litmus milk used in this study was prepered
from fresh skim milk autoclaved at 121 C for 12 minutes.

Litmus milk cultures were incubsted at 21 C until a rezc-
Tion was observed. Next, they were streaked on specisl
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 cheracteristics and frozen. If more than one
type of colony was observed, & colony representing esch type
was picked.

Isolates not producing visitle changes in litmus milk
after 5 days were streaked and treated as stated previously.

After all samples haed teen collected and the isolates
obtalned, purified and frozen, cheracterization and identifi-

cation of the isoletes was undertaken.
Characterization and Identificstion of Isolates

Frozen cultures were rapidly thewed in a 40 C water beth
and immedlistely inoculeted into tubes of litmus milk for incu-
bation at <1 C. As soon as & litmus reaction was chbserved
(usually 24 hours) and not longer than 3 days if no change in
litmus was produced, a drop of the fresh transfer was lnocu-

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



incubated at 21 C until abundant growth was observed (usually
24 hours) end not longer than 3 days for isolates not showing
abundant growth.

The following determinations were made on easch culture
using Trypticase-soy broth for subculturing: Graem stain for
verification of purity, catalezse reaction, litmus milk reac-
tion at £1, 3Z and 37 C, methyl red and Voges-Proskauer tests,
salt tolerance, gelatin liquefaction and carbohydreste fer-
mentation. In addition, an agser slant was made of every
cetelase-positive organism. All cultures of catalase-negative
coccl were examined for smmonle production from arginine,
reduction of methylene btlue milk, initiation of growth at
hign pH and growth in litmus milk at 45 C. Those growing at
45 C were streaked on bovine blood ager to determine their
hemolytic reaction. Isolates not growing at 45 C were checked
for growth in litmus milk a2t 40 C. All ceatalasse-positive
organisms and all cultures of rod-chaped organisms were tested
for nitrate reduction. All grem-negetive rods were tested
for formation of indole from tryptoghan. Lipolytic and pro-
teolytic ability wes determined for all catalase-positive iso-
letes. Except when stated otherwise, cheracterization of iso-
letes wes carried out at 21 C. All medle were 2tored under
refrigeration, tut were removed and properly .tempered tefore

inoculaticon and sutsequent incubaticn.
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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 & clean
glass slide. In a few instances, small air butbles became
entrapped between the slide and the hydrogen peroxide. These
were eliminated by rubbing a sterlle loop &across the ares

before adding the culture.

Litmus milk reaction

Every culture was inoculated into tubes of litmus milk
for incubaticn at 21, 3Z and 37 C. As previously mentioned,
sone cultures a2lso were inoculated into litmus milk for incu-
bation at 40 or 45 C, or both. The lltmus reaction of these
cultures was recorded dally untlil no additional changes were

observed.

Methyl red and Voges~Proskauer tests

The basal medium for these tests was &s shown in the

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

Salt tolerance

All isolates were tested for thelr ability to initiate
growth in salt broths containing 4.0 and 6.5% sodium chloride.
The basgl medium was Trypticaese-soy broth, in which sodium
chloride concentrations had been increased to the deslred
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 liguefaction

Each culture was inoculated into a tube of Nutrient gela-
tin. The composition and preparation of Nutrient gelatin was

as specified in the Difco Manual of Dehydrated Culture kedia

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

for 1 month ctefore teing 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 wes prepared and sterilized by Seitz
filtration. One ml of the concentrated, sterile solution was

added aseptically to 2.0 ml of the previously heat-sterilized
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basal medium. Composition of the basel medilum was as shown

in the Appendix. This medium was tubed in .1 ml amounts in
cotton-stoppered test tubes containing Durham tukes. Incuba-
tion was continued to 1 week for cultures giving immedlate
fermentative patterns, and to £ weeks for those having wegk or
no fermentative abllity. In no instences were fermentation
tubes discarded until no chéenge in the medium had been ob-

served for 5 consecutive deys.

Acar slants

Standerd kethods agar (4) was used for preparaticn of

the slants.

Ammonia production from arginine

Determinetion of the akility of orgaenisms to hydrolyze
arginine to form ammonia was performed according to the method
of Niven gt al. (51). Cultures giving 2 negetive test after
Z days were re-incuceted and tested pericdically up to 7 days,

if necessary.

Reduction of methylene blue milk

All cultures of cetalase-negative coccl were subcultured
in 0.1 and 0.3% methylene blue milk. To prepere the milk,
a 10% stock solution of methylene blue was made from methylene

olue chloride. The 0.1% methylene blue milk was prepsred 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 avold 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-~
beted for periods up to 30 days before methylene tlue reduc-

tion was considered negative.

pH broth

All cultures of cetalase-negative cocci were tested for
tneir ability to initlate growth at both pH 9.2 and pH 9.6.
Nutrient broth adjusted to these high pH levels wes used as
recommended by Lord (41). The broth was prepsred in smell
guentities whicn would be utillized rapidly sand 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

exemined 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 ager
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 a2t 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 37 C and examined after 18, <4 and 48 hours.

Nitrate reduction

The procedure recommended in the Msnual of Microbiologi-

cal kethods (72) was used to determine reduction of nitraetes

to nitrites.

Indole from tryptophan

The medium employed for this test wes as shown in the
Appendix. Kovécs reagent, as recommended in the Manuel of

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

ence of indole. Determinations usually were made on 48-hour
cultures, unless growth spreared scanty. In these ceses,

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 kethods 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% sterile skim
milk to previously sterilized and cooled Standard Methods agar
(4) as recommended by Foster et al. (Z4). Cultures were
stresked on the agar surfece and plates were incubsted for
as long as 7 deys before cultures were considered non-

proteolytic.
Pleting 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 commerciel lactic starter cul-
tures, obtalned from five different sources, were plated in
quadruplicete sccording to the procedure recommended in

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

All cultures, except those from the Food Products Analysis
Laboratory, were ottained lyophilized. Samples from the Food

Products Analysis Laboratory were taken from mother cultures



35

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 incubzted at 21 C for 10 days

and at 7 C for 3 months to obtesin 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-
onles from each sample were picked to litmus milk. After one
transfer in litmus milk at Z1 C, transfers were made to litmus
milk, previously tempered to 45 C, for incutation at 45 C.
Table Z shows the designation and source of each culture

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

Culture designation Source
CH 2 CH 12 Hansen's Dri-Vac Cultures
CH 3 CH 15 Chris Hensen's Laboratory, Inc.
CH 4 CH 18 9015 W. Maple St.
CH & CH 40 Milwaukee 14, Wisconsin
CH 6 CH 41
CH 8 CH 42
CH 9 CH 43
CH 10 CH 80
CH 11 CH 60X
1C 10 Cultures, Inc.
LC 11 3868 E. Washington St.
LC 12 Indianapolis 1, Indians
IC 21
LC %6
LC 28
LC 29
K 11 P 3 Chas. Pfizer & Co., Inc.
K 22 Pf 3A 4253 N. Port Weshington Ave.
K 33 Pr 4 Milwaukee 12, Wisconsin
K 44 Pf 4A
Pr 1 Pf 581
Pf 1A Pf 52
Pf 2
FD Food Products Analysis Latoratory
FL Dept. Dairy and Food Industry
M 9 Iowa State University
Xi Ames, Iowa
12
W 26
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EXPERIMENTAL RESULTS
Bscteriological Examination of Cheese Samples

Table 1 shows the source and identification of cheese
samples, the heat treatment of milk used in thelr manufecture
and the ager plate counts of each. Bacteriological counts of
the cheese samples ranged from 45C,000/¢ to 100,00C,000/g.
The cheeses mede from pasteurized milk tended to have slightly
lower counts then those mede from heast-trested milk. Even
considering tne heat treetment given the milk, no lerge dif-
ferences in counts were observed between cheeses from differ-
ent plants.

The three samples of Colby cheese geve counts within the
range obteined for the Cheddar cheeses. Lo difference in
count wes octained tetween plstes incutzted in an increesed
cerbcn dioxlde etmosphere snd the duplicate plates irncucated
under reguler eztmospheric conditions. Only one of the six
cheeses exemined £t 7 deys, and egain et 3 months, did not
show e decreased count on the second plating. Becteriel
nunbers remsired the sewe in this sample.

Cheracterizetion snd Identification of
ILicroorganisms Isoleted from Cheese

From the 50 different cheese samples examined, 1152

ricroorgenisms were isolated end characterized. An edditionsl

67 isoleztes, from duplicete samples, 2lso were cherecterized.
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Organisms were placed into eight groups based upon thelr mor-
phological and biochemical characteristics. These groups
were: enterococcus group streptococci, lactic group strepto-
cocci, miscellaneous assocliated 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, 128 and 13A) zre not included in the total
or percentege figures.

The following numbers and percentages of microorganisms
were found: 578 enterococci, 50%; 149 micrococcl, 13%; 126
lactic streptococei, 10.5%; 110 miscellaneous gram-positive
rods, 9%; 93 miscellaneous associated bacteria, 8%; 67 lacto-
bacilli, 6%; 34 miscellaneous gram-negative rods, 3% and five
other miscellaneous microorgenisms, O,5%.

Although comprising only 50% of the totael microbisl
flora, enterococci constituted the entire population recovered
from ten of the 50 semples 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. 4
1 1 17 0 0 0 0] 1 17 4 6€
2 1 14 0 0 0] 0 0 0 5 7z
3 8 73 0 0 0 0 0 0 3 27
A 0 0 0 0 12 92 1 8 0 C
5 6] 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 28
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 g
11a2 IA 92 0 0 0 0 0 0 0 C
12 1 3 1 3 0 0 0 0 8 25
12a2 1 4 0 0 0 0 0 0 11 4E
13 10 43 0 0 0 0 0 0 5 2z
13a% 16 89 0 0 0 0 0 0 2 1
14 14 93 0 0 0 0 1 7 0 C
15 0 0 27 88 0 0 0 0 2 €
16 3 21 0 0 0 0 0 0 10 T
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 4 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 (
23 12 39 0 0 C 0 0 0 6 1<
24 27 69 0 0 7 18 0 0 3 &
25 1 4 0 0 0 0 0 0 11 4E
26 10 59 0 o 0] 0 0 0 5 2¢
27 22 82 0 0 0 0 0 0 2 il

@puplicate sample; agar plates incubated in an increased carbon dioxide atmosphere. Res
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Table 3. (Continued)

Streptococci, Streptococei, Miscellaneous
Sample Enterococcus group Lactic group associated bacteria Lactobacilli Microc
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 o o0 o 0 o o0 0
39 26 72 3 8 0 0 0 0 6
40 17 46 0 0 0 0 0 0 18
41 27 &5 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
4y 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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of microorganisms. Table 4 shows the type of enterococcl 1so-
lated. Of these 578, 345 (60%) belonged to the S. durans
group. In addition, 15¢ (27%) were identified as S. faecalis.

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

and 15 (3%) were S. faecalis ver. zymogenes.

kicrococci 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 cleese samples. The highesﬁ
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 popule-
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%. Enterococcl 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 486% of the flora, these orgenisms occurred in small
numbers contributing one-third or less of the microbial popu-
lation in all samples. One-hundred-ten isoletes of this type
were recovered.

Only 93 miscellaneous associated bacteria were isolated.

Ap; »ximately one-half of these, 44, were from the three
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Table 4. Identification of enterococci isolated from young
Cheddar cheese

Strepto- Strepto-

Strepto- coccus coccus

coccus Strepto- faecalls faecalis

durans coccus var. var.
Sample group faecalls zymogenes liquefaciens
number No. % No. % No. % No. % Total
1 0 0 1 100 0 0 0 0 1
b4 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 C 0]
8 0 0 0 0 0] 0 0 0] 0
°] 3 100 0 0 0 0 0 0 3
10 e 100 0 0 0 0 0 0 9
11 5) 17 14 77 1 6 0 9] 12
11A% 24 100 0 0 0 0 0 0 c4
1z 1 100 0 0 0 0 0 0 1
1248 1 100 0 0 0 0 0 0 1
13 1 10 8 g0 1 10 0 0 10
134° 1 6 6 38 9 58 0 0 16
14 13 e3 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 C 0] 0] 0 0 0]
19 4 100 0 0 0] 0] 0 0 4
20 g 100 0 0 0 0 0 0 9 .

2l 17 81 4 19 0 0 0 0 21
=2 17 82 0 0 0 0 2 11 19
23 < 17 3 <5 0 0 7 o8 12
24 13 48 8 30 2 7 4 15 27
25 0] 0 0] 0 0 0 1 100 1
z6 10 100 0] 0 0 0 0 0 10
27 21 25 1 5 0 0 0 0 22

@Duplicate sample; agar plates incubated in an increased
carbon dioxide atmosphere. Results not included in cumulstive
total or average flgures.
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Strepto- Strepto-

Strepto- cocecus coccus

coccus  Strepto- faecalis faecalls

durans gcogeus var. var.
Sample group faecalis zymogenes liquefaciens
number No. % No. % No. % No. % 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 =4 96 0 0 0 0 25
34 9 43 12 57 0] o) 0 0 21
35 2 15 8 62 0 0 3 23 13
36 22 g4 3 12 1 4 0 0 28
37 3 50 3 50 0 0 0 0 6
38 0 0 9 100 0 0 0 O 9
39 28 100 0 0 0 0 0 C 28
40 2 1z 0 0 0 0 15 88 17
41 4 15 14 5z 9 33 0 0 27
42 13 100 0 0 0 0 o) 0 13
43 9 45 11 55 0 0 0 0 20
44 17 100 0 0 0 0 0 0 17
45 <9 85 ) 15 0 0 0 0 34
46 10 36 1 4 0 0 17 860 28
47 15 94 0 0 0 0 1 8 16
48 2 100 0 0 0 0 0 0 2
49 0 0 0 0 0 0 0 0 0
o0 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 Colbty 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 demcnstrated 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 isoleted 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 infrecquently. In
one semple, however, they constituted one-third of the flora.
This group contributed 3% of the total bacterial popuiation
and was recovered in only 15 samples.

Only flilve isolates were categorized as other miscel-
laneous microorgenisms. Of these, three closely resembled

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

Proteolytic and lipolytic action was determined on 265
isolztes. Only two lipolytic isolastes were observed, however,
204 1solates were proteolytic while 61 were not.

Gas-forming organisms were recovered from only ten
samples. Of the 75 isolates which did produce gas, 22 pro-

duced only trece amounts. Orgenisms in this group included
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26 miscellaneous assoclated bacteria, ten 8. duresns and three
S. faecalis. In one sample, number 18, 26 gram-positive rods
were isolated. All of these produced learge smounts of gas

in all carbohydrates, and, also, in Hutrient gelatin.
Plating- Lactic Starter Cultures

Table 5 shows the counts obteined when 45 commercisl lac-~
tic starter cultures were pleted using the medium snd tech-
nigues employed in plating cheese samples. To further verify
the growth of lactic cultures under the conditions used,
counts were determined a2t 21 C for comparison with the counts
obtained 2t 7 C. A t test analysis showed that the counts
obtained at 21 C were significantly higher a2t the 1% level
‘than those at 7 C.

A total of 372 colonies were picked to litmus milk, from
the agar plates incubsted at 7 C, to determine if growth would
occur at 45 C. Nore of the isolates grew at this temperature

s determined by the sbsence of a change in the litmus milk.



Tacle 5. Agar plate counts of commercizl lectic sterter

cultures
Culture Ager plate count/ml Aper plate count/ml
designation 21 C - 10 deys 7 C - 3 months
CH 2 48 x 107 91 x 108
CH 3 130 x 107 130 x 107
CH 4 95 x 107 110 x 107
CH 5 35 x 108 37 x 10°
CH & 220 x 10° 190 x 10°
CH & 54 x 107 44 x 107
CH 9 40 x 107 120 x 100
CH 10 £2 x 108 18 x 108
cq 11 100 x 107 9% x 107
cd 12 a4 x 10° 53 x 10°
cH 15 52 x 107 200 x 109
CH 16 110 x 10° 130 x 10°%
CH 40 290 x 106 ' 33 x 107
cHd 41 £10 x 106 13 x 108
CH 4z« 4 x 10° <1 x 10°
CH 43 200 x 100 <1 x 10°
CH 80 110 x 108 35 x 10%
CH 8UXK €8 x 107 42 x 107
il 10 1206 x 10% 32 x 109
c 11 59 x 107 53 x 107
LC 1 22 x 107 19 x 103
Lo el 8o x 108 35 z 107
0 %8 80 x 107 &7 x 107
S oz8 180 x 107 22 x 107
¢ %9 80 x 107 76 x 107
K 11 S0 x lOf 5 x 105
K 110 x 10° 5 x 105
K 33 5 x 108 ©ox 109
X 44 £ x 10% <1 x 10%
Pro1 7 x 10° <l x 10°
Pr 14 22 x 108 11 x 108
Pf % 85 x 10° 44 x 107
Ef 3 160 x 108 20 x 108
B 34 £ x 10° g x 108
Bf 4 5 x 105 9z 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 10°
Pf 51 190 x 106 63 x 100
Pf 5% 5 x 106 20 x 106
FD 47 x 107 73 x 108
FL 130 x 10° 27 x 10°
e 280 x 108 100 x 105
Xi 190 x 106 55 x 106
1:2 270 x 1086 58 x 106
W 26 735 x 106 31 x 10°
B 8 £00 x 106 20 x 10°
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DISCUSSION

Many workers have shown interest in the microflora of
young Cheddar cheese. Robertson (58) demonstreted his inter-
est by development of an agar medium which would inhibit
starter streptococcl so that during the first few weeks of
ripening the predominance of lactic streptococecl would not
obscure the remainder of the bacterial flora present.
Robertson stated:

Yet & zrowledge of the incidence of bacterisl

strainzs 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 mey ect by means of extra- or intre-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 (52) stated that the results pre-
sented in their paper clearly demonstrzted the fallacy of
assuming thet it is necessarily the organisms present in
mature cheese which eare responsivle for Cheddar flavor. In
their paper they drew sttention to the possibility that bac-
terial action in the milk and in the young cheese may play an
importent part in flavor development.

Robertson stated:

Information about the non-starter bacteria which

are not sufficiently numerically important to be

detected by isolsting colonies from starter-free

plates can only be octained by the use of appro-

priate selective media. (58, p. 8)

Perhaps the reason this zttitude hes prevailed among reseerch



workers in the past is because no reports were availsble of
the microbial flora capable of growth in Cheddar cheese 2t

the common, low ripening temperatures. The primary importance
of this resezrch 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 Examinetion of Cheese Samples

The slightly lower agar plaﬁe counts of the cheese
samﬁles made from pesteurized milk 1s in accord with the find-
ings of Franklin and Sharpe (g5, 28), as well as most other
workers. If this trend in count did not agree with the trends
reported by other workers, 1t probebly could be supported Tty
the differences in plating and incubation, because the tech-
qiques used here were considerably different from any others
previously reported. Decreases observed in the bacterial
count of Cheddar cheese with increesed ripening zlso heve been
reported commonly by many workers, including Frenklin snd
Sharpe (45, 26).

Cheracterization and Identification of
icroorgenisms Isolated from Cheese

Tavle 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 sample®’P

Sample Streptococei, 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
1144 2,760 - — - -
12 93 93 - - 775
1224 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 - 38,000 - - -
19 21,000 5,000 - 74,000 -
20 1,650 . 1,100 2,585 - 165
21 5,225 - - 275 -
22 49,000 - — - -

8Bgsed on percentage of isolates and total agar plate count/g at 7 C.
bNumbers expressed in thousands/g.
CNone at the dilution studied.

dDuplicate sample; agar plates incubated in an increased carbon dioxide atmosphere.



Miscellaneous Miscellaneous Other miscellaneous
rococci gram-positive rods gram-negative rods microorganisms Total
396 - - - - 600
720 140 —_— - 1,000
270 - - - 1,000
- - - - 11,000
- - - - 1,600
- —_— - - 1,100
220 - 110 110 1,000
202 229 43 22 720
256 122 - - 450
- - - - 970
200 325 100 - 2,500
- 2—40 - - 3 ’ OOO
775 1,178 961 - 3,100
960 180 700 80 2,000
462 189 462 84 2,100
26/, - - - 2,400
-— —-— . - 1,600
192 - 192 - 3,200
792 - 77 - 1,100
-— —_— — — 5,400
~— 38,000 - - 76,000
-— _— - - 100,000
165 - - - 5 ’ 500
-— - _— —_— 5,500

49,000
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Table 6. (Continued)

Semple Streptococci, Streptococei, Miscellaneous
number Enterococcus group Lactic group associated bacteria  Lactobacilli  Micrococei @

23 1,950 - - - 950
24 8,970 - 2,340 - 1,040
25 136 - - - 1,564
26 649 - - -- 319
27 4y 346 - - - 371
28 168 -— - -- 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
4l 2,890 - -~ - 102
42 1,520 798 114 - 570
43 3,969 189 - _— 1,953
4, 8,500 - — — -
45 780 - _— —_ -
46 752 - 2/, 2 —
4L 1,700 — - — —
48 207 - - 1,909 -
49 - - - 6,532 281,

50 2,800 - —




Miscellaneous Miscellaneous Other misceilaneous
ococci  gram-positive rods gram-negative rods microorganisms Total
950 1,300 500 300 5,000
,040 650 - - 13,000
,564, 1,564 136 - 3,400
319 132 - - 1,100
371 - 583 - 5,300
,176 672 84 - 2,100
— -— -— - 25,000
- -— 207 - 6,900
- _— — - 15,000
330 330 - - 11,000
—— - — - 11,000
- - - - 8,500
- 2,080 - - 16,000
- - - - 4,700
- - - - 10,000
- - - - 10,000
680 _— 120 - 4,000
»715 175 - - 3,500
102 306 102 - 3,400
570 798 - - 3 ’ 800
,953 189 - - 6,300
- — - - 8,500
- - - - 780
- - - - 800
- — -— - 1,70C
- 92 92 - 2,300
28/, 284 - - 7,100

2,800
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isms, based upon the total zgar plate count at 7 C. The
figures are of interest from either viewpoint; that of
Hastings et al. (30) that the constant presence of micro-
organisms in large numbers 1is the only certain proof that the
organism is of importance in the ripening of cheese, or that
of Rotertson (58) that a short-lived, minority species or
group of organisms may be important in cheese ripening. Al-
though the figures =2re only theoretical, they serve as a
better source of compsrison with other reports on levels of
organisms found in cheese.

The lerge numbers and high percentages of enterococcil
recovered from cheese are not in complete accord with previous
reports on tne levels of these orgenisms. However, severel
workers (x5, 286, 28, 29, 44, 62, 76) have reported the fre-
quent occurrence of enterococci in young cheese. All of
these reports héve been published since 1942. Some research
workers (15, £3) have isolated and characterized microorgan-
isms only as lactic acid bacteria. Enterococci could have
comprised high percentages of this group of Tacteria, although
complete identification was not mede. Many esrly workers (3,
14, 21, 22, 61) also reported the occurrence of lactic acid
bacteria without additional information s 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 sas

given in Bergey's Manusl of Determinative Bacteriology (5) wes

used, and only those organisms included in the enterococcus
group were regarded as enterococci. In cheracterization and
classification of the enterococci, two similsr, yet uniformly
distinct groups of partial-reducing organisms were found.
Both of these were included in the 8. durans group. There-
fore, this group consists of 73 typicsl and 72 atypicel

S. durans species. Isolates were considered atypicel only if
they exhibited more than two properties not cheracteristic of
S. durans.

Certain ovservations made of the two types of orgenisms
included in the S. dursns group ere worthy of further con-
sideration. Usuelly, hemolysis, cerktohydrate fermentation
pattern, litmus reaction and reduction of methylene blue milk
distinguished between the two types. Typlcal S. durans was
beta-hemolytic, produced acid from three cerbohydrates (glu-
cose, lactose and maltose), always coagulasted litmus milk
prior to pertiesl reduction asnd was delayed in reducing methyl-
ene blue milk. Atyﬁical S. durans veried from slpha- or beta-
hemolytic, to zlpha- and beta-hemolytic, to non-hemolytic.
These strains usually produced acid from six cerbohydrstes.
They seldom coagulated litmus milk a8t 45 C ezlthough showing
a definite acid reaction with 2 completely reduced btutt and

partial reduction throughout the tuve. They also repidly
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reduced methylene btlue milk.

Non-hemolytic strains of S. durang have been reported by
Gibson and Abd-El-Malek (£7) and Shattock (48). Shattock (87)
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 & species neme and thet many strains from dairy prod-
ucts, as well as from other sources, are so divergent in thelr
biochemical and cultural reactions that for the present time
they must remain anonymous-.

Rather than record atypical isolates ss speclies variants,
or as new specles, thus burdening the already confused liter-
ature on this subject, typlcal and atyplcal 8. durans types
were recognized as a "physiological division within the
enterococci" (66), and were considered to constitute the
S. durans group.

An interesting property of the majority of btoth typical
and atypilcal S. durans isolstes was their insblility to produce
a positive Voges-Proskauer reasction. Only one of 273 typical
S. durans strains was Voges-Proskauer positive. Fifteen of
the 7 atypicel 5. durans strains gave positive Voges-Pros-
kauer tests. The low incidence (16 of 345) of isoletes within
this group producing a positive Voges-Prosksuer test was felt
to be significant. Abd-El-Malek and Gibson (1) reported that

the formation of acetoin from citrate and glucose was common,
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but not & universal property, among organisms included in the
enterococcus group.

Reduction of 0.3% methylene blue milk was found to be a
chzracteristic common to most enterococci. Except in a few
instances, all enterococci reduced 0.3% methylene blue milk.
Although this property is not utilized for primery identifil-
cation of the enterococci, it is, nevertheless, an important
charecterlistic because certain lactic streptococcl also heve
this property. The partial-reducing enterococci (S. durans
group) varied in their 2bility to reduce 0.3% methylene blue
milk, some showing only reduction of the butt.

Only eight of the cheese samples examined did not contailn
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 pesteurized-milk cheese consisted 2lmost entirely of
enterococci. However, vecause of the few pasteurized-milk
cheese samples studied, gs well as the difference in age of
cheese samples in this investigation, 1t is not possible to
base definite conclusions on these results.

Some correlation appeared to exist between good Cheddsr
cheese and the level of enterococcl 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. faecelis 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 flore in a sample. In 4% 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 457 of the sample flora. This associates a
particular type of microorganism with each cheese sample. An
attempt to correlste a particuler flora with each cheese plant
was difficult, primsrily because of the high incidence of
enterococci. However, as previously stated, 13 of 19 samples
from two factories conteined over 85% enterococci. In these
plants, the characteristic, dominent flors was enterococci.

The significance of enterococci in Chedder cheese is
still unknown. Various workers (52, 6Z) have reported the
presence of these organisms in cheese, and their fz2te upon
ripening, without being 2tle to place any specific signifi-
cance on them.

Difficulty wes encountered in classificetion of the
lactic streptococcl to typical S. lactis end S. cremoris
species. For this resson, these organlisms 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 Resié (56), as well as many other workers.
Allen and Knowles (3) reported that some atypical orgenisms
isolated from cheese possitly were derived from more typlcal
strains of lactic acid streptococcl whose characters had
tecome modified in the course of cheese ripening. Nichols
and Hoyle (50) reported difficulty in the clsssification of
"wild" lactic strains and grouped the isolates as intermedi-
ates between S. lactis and S. cremoris.

Except for the large percentage of enterococci, and the
low incidence of lactic streptococci, the bacterisl 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, z3) who have reported large numbers of
micrococci in some cheese samples. OSpeclific tests were not
used to determine whether any of the organisms included in
the micrococcus group were staphylococci.

Costilow and Humphreys (8) reported that certsin strains

of L. plantarum reduced nitrates. Bergey's kanusl of Deter-

minative Bacteriology (5) indicetes thet nitretes are not

reduced, except under certain conditions, with L. plantsrum.
Of the 87 lactobacilli isoleted in this study, 64 reduced

nitrates, two did not reduce nitrstes 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 nitrete reduc-
tion, a2t least emong lsolates from Chedder cheese, may be a
more common characteristic of the lactobacilli than previously
believed, since special conditlons for determining nitrate
reduction were not utilized.

Reports that low levels of coliform organlsms commonly
are found in Cheddar cheese (&3, 40, 62) were supported by
this investigation. Based upon the definition of coliform
organisms presently in use (4) no coliform orgenisms were
recovered. In fact, ges~producing microorganisms in generel
were recovered infreguently.

One~-third of the ges-formlng organisms recovered were
isolated from a single sample, number 18. These 25 1solates
were gram-positive rods and comprised 50% of the sample flora.
However, abnormalities were rnot observed in the cheese sample.
Twenty-five, or another one-third, of the ges-producing orgen-
isms were isoleted from the three Colby cheese semples. These
isoletes were cheracterized as miscellaneous associzted bec-
teria. The remaining ges-producling organisms were recovered
sporadicelly from the remaining 46 samples. Depending upon
tne circumstances and conditions existing, ges-producing
microorganisms might be responsible for the gassy defect or
slit-openings which may occur in Cheddar cheese.

Of the microorganisms tested for proteolysis, 77% 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 2 role in this pro-
cess. The proteolytic action of streptococci and lactobecilli
was not determined. However, these organisms also are known
to influence protein degradation in ripening Chedder cheese.

Less than 1% of the microorganisms tested for lipolysis
gave positive results under the test conditions used. It 1s
not surprising to find fewer lipolytic than proteolytic micro-
organisms, since the role of fzt 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 a2 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 differentisl tests.

However, the present knowledge of bacterial tax-

onomy has not clearly indicated what constitutes

a fundamental characteristic for differentistion

of species and whst should be conslidered as a

characteristic of incidental value; therefore,

any additionel arbitrery 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 microorgenisms
recovered were increasing, decreasing or remaining stationary.
Specific delineatlion of the role of these organisms 1n cheese
ripening would depend upon their ability to survive, at least
in moderate numbers, for a time to leave sufficient levels of
metabollc products to effect later changes. Also, additional
information regarding the biochemlical reactlons of these
microorganisms would be necessary for estaclishing their role
in the ripening process. Before either of these greas could
be studied, it was nebessary to find out whet orgenisms
usually are present in young Cheddar cheese under selected
conditions. It is felt thet the present investigstion ful-~

filled this need.
-Plating Lactic Sterter 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 sald that the plating procedure used in this study was not
~unduly inhibitory to lactle starter microorganisms. Cogni-
zence 1s glven to the fact thet in spite of the differences

in cultural procedures used in this investigation, microorgan-



isms have optimum growth temperetures. A tempereture of 21 C
is more fecvorable for the growth of lactic streptococci then
is 7 C. Therefore, even the prolonged, 3-month incuktstion
period mey not heve permitted maximum g¢rocwth by the lectic
streptococel.

The feilure to recover enterococci from 2ny of the com-
merciesl lectic starter cultures studied indicestes thet these
cultures ere not the source c¢f enterococci in Chedder cheese.
Although Sherpe et 2l. (65) found thet lactobacilli were
commcn in cheese sterter cultures, Kosikowsky end Dehlberg
(32) snd Nichols and Hoyle (50) reported that no enterococci
could be 1solated from the commercisal sterter cultures which

they examined.



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 speclal
Trypticase-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. Puriflcation wes
accomplished by stresking speclal Trypticase-soy agar plates
from the litmus milk culture and picking & representative,
well isolated colony. Purified isolatés were Gram steined
and then frozen until all isolations had bteen made.

Isolates were characterized using the following tests:
Gram stain, catalase resction, litmus milk reection at 21,
32, 37 end 45 C, methyl red and Voges-Proskauer tests, sslt
tolerance, gelatin liquefaction, carbohydrate fermentation,
smmonia production from erginine, reduction of methylene blue
milk, initietion of growth 2t high pH, hemolytic reasction,
nitrete reduction, formation of indole from tryptophan, growth
on an ggar slant and proteolytic and lipolytic sction.

From the cheese samples examined, 1162 microorgsnisms
were isolated and characterlized. 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 microorgenisms were
found: 578 enterococci, 50%; 149 micrococci, 13%; 126 lactic
streptococeci, 10.5%; 110 miscellaneous gram-positive rods, 9%;
93 miscellaneous associeted bacteria, 8%; 67 lactoktecilli, 6%;
34 miscellaneous gram-negative rods, 3% and five other mis-
cellaneous microorganisms, 0,5%.

To ascertain thet the plating procedure used to isolete
microorgenisms 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 oktained 2t 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 ager plates
incubated at 7 C, none initiated growth at 45 C. This indi-
caeted that commercial lactic starter cultfures are not a

source of enterococci in Cheddar cheese.
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APPENDIX

Composition of Bacteriologicel Medie Expressed
gs Grams per Liter of Distilled Water

Special Trypticese-soy eger
Trypticese, B3L
Phytone, BBL
Sodium chloride
Sodiuwn citrete
I~cystine
Dextrose
Bacto-agar
Adjust to pd 6.7 before zutccleving.
Autocleve at 121 C for 20 mimn.

Trypticese-soy btroth
Trypticese, EBL
Phytone, B:iL
Sodium chloride
Sodium citreste
Potessium phosphate, dibesic
Dextrose
Adjust to pH 7.0 tefore sutocleving.
Lutoclave et 1zl C for 15 min.

lethy. red Voges-Proskesuer medium
Becto-Feptone
Dextrose
Potassium phosphete, dibasic
Adjust to pd 7.2 vefore autocleving.

~

Autocleve 2t 1<l C Tfur 15 mirn.

Besel medium for carbohydrete fermentetion
Becto-Yeest extract
Bscto-Proteose peptone, Difco
Pnerivl red
Adjust to pH 7.5 before sutoclaving.
Autocleve at 1zl C for 15 min.

Indole medium

Bacto-Iryptone

dacto-Beef extrect
Autocleve at 121 C for 15 min.
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