IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1963
Detection and signiﬁcance of enterococci in dairy
products

Devi Singh Saraswat
Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
& Part of the Agriculture Commons

Recommended Citation

Saraswat, Devi Singh, "Detection and significance of enterococci in dairy products " (1963). Retrospective Theses and Dissertations.
294s.
https://lib.dr.iastate.edu/rtd /2945

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa 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.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1076?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/2945?utm_source=lib.dr.iastate.edu%2Frtd%2F2945&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

DETECTION AND SIGNIFICANCE

OF ENTEROCOCCI IN DAIRY PRODUCTS
by
Devi Singh Saraswat
A Dissertation Submitted to the
Graduate Faculty in Partial Fulfillmeht of

The Requirements for the Degree of

DOCTOR OF PHILOSOPHY

Major Subject: Dairy Bacteriology

Approved :

Signature was redacted for privacy.
In Chérge of Majdr Work

Signature was redacted for privacy.

Head of Major Department

Signature was redacted for privacy.

D¢gn of Gréduate Collegk

Towa State University
Of Science and Technology
Ames, Iowa

1963



ii

TABLE OF CONTENTS

INTRODUCTION
REVIEW OF LITERATURE
Enterococci

Taxonomy
Detection
Distribution
Water, plants, insects, etc.
Feces
Foods
Dairy products

Other Indicator Organisms

Coliforms
Taxonomy
Detection
Distribution
Water, soil, feces, etc.
Foods
Dairy products
Yeasts and Molds

Comparative Studies.on Indicator Organisms
Water, soil, feces and plants
Foods
Dairy products
EXPERIMENTAL METHODS
Collection, Handling and Treatment of Samples
Experimental Butter
Enumeration Procedures
Total count
Enterococcus count

Coliform count
Yeast and mold count

Page

=

12
12
1k
16
17

21



iii

RESULTS

Relation of Enterococcus and Coliform Counts to the
Standard Plate Count of Milk

Grade A raw milk
Menufacturing grade raw milk

Relation of Coliform and Yeast and Mold Counts to the
Enterococcus Count of Butter

Experimental butter
Line~-run samples of butter
Contest butter samples

Occurrence and Significance of Enterococci and Other
Organisms in Cheddaxr Cheese

DISCUSSION

Relation of Enterococcus and Coliform Counts to the
Standard Plate Count of Milk

Grade A raw milk
Manufacturing grade raw milk

Relation of Coliform and Yeast'and Mold Counts to the
Enterococcus Count of Butter

Experimental butter
Line~run samples of butter
Contest butter samples

Occurrence and Significance of Enterococci and Other
Organisms in Cheddar Cheese

SUMMARY AND CONCLUSIONS
LITERATURE CITED

ACKNOWLEDGMENTS

Page
LL

L
bl
o7
62

62
9

91
96

96

96
100
102
102
106
109
111
113
118

132



INTRODUCTION

Many tests have been devised to judge bacterial quality of milk or
milk products. Each has its limitations and measures only a circumscribed
segment of product quality.

Much emphasis has been placed on the total bacterial count as an
index of quality. Milk with low total count is regarded as "quality milk"
without further question. The total count, admittedly, is a valusble test,
but does not provide complete information for evaluating a milk supply.
Total counts respond to massive contamination but do not properly reflect
nunerically small but physiologically significant infection. Milk cooling
may conceal unsanitary conditions when quality is measured by this test,
particularly with the better cooling facilities, including bulk tanks, now
used on many dairy farms. Reduction tests end the direct microscopic
count are of even less value. Dairy bacteriologists have, therefore, turned
toward enumeration of specific groups of organisms by the use of selective
medis as means of revealing improper milk hendling methods.

The presence of coliform organisms in lerge numbers in fresh milk is
‘almost invarisbly regarded as evidence of carelessness at some stage of
its handling. However, this test has been criticized by many workers on
grounds that it is lacking in specificity and has little or no correlation
with other tests and the keeping quality of milk. A plate or tube method
gives no indication of the probeble source of the organisms, whether they

be of fecal or nonfecal origin, Escherichia, Aerobacter or intermediate

types. Since routine procedure in the dairy or public health laboratories

does not usually inciude positive identification of colonies found growing



on the various selective media, it hasAbeen suggested that these tests are
of limited value. The use of the presumptive coliform test has been dropped
from regulations controlling raw milk grading in England; in France, it is
now required to count only the indole-producing coliforms in milk. Unfor=-
tunately, there is evidence that the true fecal types may lose the power
of indole formation. In the United States few public health authorities
assey raw milk samples either qualitetively or quantitatively for the pres-
ence of coliforms, but a limit is set for the numbers permiésible in certi-
fied milk. However, with the increased use of farm bulk tanks and pipeline
milkers, more laboratories are now turning to the coliform count on raw
milk to help ascertain the quality of sanitatidn used in milk production.

Because coliforms do not generally survive proper pesteurization, a
positive coliform test on pasteurized milk products virtually always indi-
cates recontamination. However, since the coliform organisms are a diverse
group their reaction to the adverse microenviromment encountered in certain
dairy products, such as butter, may be completely unpredictable.

Coliforms are widely distributed in nature and are found in water,
grain, soil and plants. They msy be present in virgin soil and water.away
from sources of pollution. They are also capable of multiplying in soil
and water., Coliforms organisms do not always constitute the major flora
of the intestines. They are usually outnumbered in the feces of man and
animals by certain species of streptococci. Recently, bacteriologists
have turned their attention towaerd the enumeration of enterococci in water
and various other products. Enterococci are invarisbly found in feces,

sewage and contaminated water; they are not found in potable water, most



virgin soil and sites out of contact with man and animal. Presumsbly they
do not multiply outside the alimentary cenal except in rich nutrient
menstrua. Evidence indicates the greater ability of enterococci over the
coliform group to survive in antagonistic enviromments. ZEnterococci may
survive for long periods of time in frozen foods. Consequently many bac=-
teriologists are now proposing the use of enterococci as a more dependable
index of sanitation.

Little work has been reported on the presence or significance of
enterococci in dairy products. Comparative studies with other indicator
organisms are almost lacking. This investigation was undertaken to collect
much needed information on, and assess the sanitary significance of entero-
cocci in raw grade A and wanufacturing grade milk, butter and other dairy

products.



REVIEW OF LITERATURE

Enterococci
Taxonomy
Recently, interest in the classification of enterococci has been
revived. Because of the distribution and import of this group, this con=-
cern has not been confined to any particular subdivision of microbiology.

nn

As an unfortunate result, the terms “Streptococcus faecalis,"” "entero-

coccus, " "enterococci," "fecal streptococei," "Group D streptococei," and

even "streptococci" are being used too loosely and too interchangeably to
describe the streptococcal organisms inhabiting the intestinal tract of
man and animals, water, soil, feces, foods, and dairy products. A criti-
cal examination of the physiological and serological classification of
these orgenisms may help to clarify some of the ambiguities present in
their nomenclature. |

Thiercelin (165) first used the term'enterococcus" to descrive, on
a morphological basis, a gram-positive diplococcus of intestinal origin.
Andrews and Horder (6) called a group of non-hemolyfic streptococci char-

acteristic of the human intestine, Streptococcus faecalis. Dible (L0)

thought that the two names were synonymous and suggested that they be
applied to a group of heat resistant diplococci commonly found in human
feces. Orla-Jensen (119) identified and nemed two of these heat resistant

diplococci, Streptococcus faecium and Streptococcus glycerinaceus without

relating them either to Streptococcus faecalis or to the "enterococcus."

Sherman (148) used the term "enterococcus” to designate & group of



streptococci comprising hemolytic, non-hemolytic and gelatin-liquefying

types. He thought thet the Streptococcus faecium and S8treptococcus

glycerinaceus of Orla-Jensen (119) were both synonymous with Strepto-

coccus faecalis of Andrews and Horder (6). Sherman (148, 147) regarded

the "enterococcus group" as comprising Streptococcus faecalis and its

varieties, liquefaciens and zymogenes, and the Streptococcus durans of

Sherman and Wing (153).
According to Bergey's Manual of Determinative Bacteriology (16) the
enterococci  (organisms belonging to the "enterococcus" group of strepto-

cocei) comprise S. faecalis, 8. faecalis var. liquefaciens, 8. faecalis

var. zymogenes, and 8. durans. These are the fecal streptococci which
share the Sherman criteria (148), i.e., growth at 10 and 45 C, at pH 9.6,
in 6.5% NaCl broth, in 0.1% methylene blue milk, survival at 60 C for 30
min., and production of ammonia in peptone broth. S. faecium, Orla-Jensen
(119), has not been recognized as either a separate species or variety in
this menual. There is considerable evidence, however, in recent litera-
ture to suggest that this species (or.variety) deserves individual recog-
nition.

Skaudhauge (156) differentiated S. faecalis from S. faecium by show-
ing that the former grows in & medium containing a 0.04% concentration
of potassium tellurite, whereas the latter is inhibited. Barnes (10)
observed that the two species share the Sherman criteria (148) but have
different reduction and fermentation reactions, in addition to the differ-
ent tellurite tolerance. Barnes (10), and Barnes and Ingram (11) reported

that 8. faecalis usually produces reduction, acid and coagulation in



litmus milk in 24 hr, but S. faecium shows less reduction and sometimes
only acid production. ILondon and Appleman (91) found that in vigorously
aerated glucose medium cultures, S. faecalis produces acetic acid and
acetylmethylcarbinol in a ratio of 1l:1, but the acetic acid-acetylmethyl-
carbinol ratio for S. faecium is 35:1. Kereluk (76) studied 307 isolates
of enterococci from frozen meat pies. He separated 8. faecium strains
from S. faecalis and its varieties by use of the identification scheme
of Barnes (10). He concluded that S. faecium is a separate and easily
distinguishable species of enterococcus deserving independent status.

The uée of serological methods has substantiated the biochemical and
cultural differentiation of enterococci from other streptococci. All
four members of the traditional enterococcus group and S. faecium possess
Group D antigen.

Shattock (145) first suggested that S. bovis also contains D antigen,
is serologically identical to other enterococci and should be included
in this group. Using preparations of type-specific antisera, Sharpe and
Shattock (143) designated 24 serological types within the Group D strepto-
cocci. Sharpe's (1k1) serological type of S. faecium became number 25;
1k new types described by Sharpe and Fewins (142) were added to the previe
ous list, thus totaling 39 serological types in Group D. Shattock (1lh)
thodght that there were more serological types within Group D, and that
the three broad divisions proposed by her within this group on physiologi-
cal grounds (viz., S. faecalis and its varieties; S. faecium and S. durans;
and S. bovis and 8. equinus) could be substantiated by serologicai studies.

Jones and Shattock (71), Medrek and Barnes (102), Papavassiliou (122) and



several other workers have reported on the serology of Group D strepto=-
cocei. ‘Finéings generally support the conclusions drawn by Shattock (1hk).
Elliott (42). found the cell-wall carbohydrate in Group D to be typé-speci-
Tic and suggested thet the D antigen is probably a polymer of glucosyl
glycerophosphate. Shattock (14k4) stated that in Group D streptococci the
group antigen is not an integral part of the cell wall, but is in the cell
contents which remain when the cell wall has been removed. Slade and
Shockman (157) found the protoplast membrane fraction of S. faecalis posi-
tive for the D antigen. They also noted thaf repeated washing of the

" membrane fraction results in gradual removal of the antigen.

Medrek and Barnes (102) reported that some Group D streptococeci,
when grown under certain conditions, did not yield HCl extracts which
would react serologically with Group D antisera. Sharpe (1h41) néted that
a common type antigen was present in both a strain of S. lactis and a
strain of 8. faecium which would allow them to react with both Group D
and Group N antisera. Gunsalus et al. (51) found that three strains
of S. lactis R had Group D serological reactions.

Smith and Shattock (162) isolated strains of S. equinus from horse
feces and found they belonged to Group D. The D antigen was produced by
all the strains examined, but was not always extracteble with HCl, al=
though broken cells always gave D antigen. Unlike S. bovis, which has
numerous serological types based on their capsular antigens--a character=-
istic in which it is distinct from other species within Group D (Medrek
and Barnes, 102'); the type antigens of S. equinus have not yet been stud-

ied. Bergey's Manual of Determinative Bacteriology (16) mentions that no



group-specific- antigen was demonstrated for this species, although Shermen
(147) noticed that some of his strains of 8. equinus reacted weakly with
Group D antisera.

Apart from the serological patterns, there are well-defined physiolo=-

gical differences between S. bovis, 8. equinus, 8. faecium and the four

original members of the enterococcus group which still find wider use with
the majority of bacteriologists. 8. equinus characteristically does not
ferment lactose and gives no reaction in litmus milk, whereas 8. bovis
ferments lactose and produces acid. Both grow at 45 C but do not share
any of the other criteria of Sherman (148) for enterococci. 8. bovis
hydrolyzes starch, is insensitive to lysozyme systems (Hartsell and Cald-
well, 56), and is the only streptococcal species capeble of using ammo-
nium salts as & sole source of nitrogen for growth (Wolin et al., 177).
Hartsell and Caldwell (56), hdwever, favored use of lytic techniques.
According to their findings 5. faecalis and its varieties were lysed by
a.. combination of lysozyme and trypsin, but not iysozyme alone; 8. faecium
and 8. durans were lysed by lysozyme alone; and S. bovis was completely
resistant to lysis. On the basis of their data they questioned even the

varietal designation for S. faecalis varieties liquefaciens and zymogenes,

and suggested that théy be called 8. faecalis with the ability to liquefy
gelatin and to hemolyze blood agar (regarded as variable characteristics).
It may be noted, however, that these two varieties were accorded independ-
ent designations before publication of the present edition of Bergey's
Manual of Determinative Bacteriology (16).

Colobert and Blondeau (27) recently reported that 8. faecalis, as



identified according to Sherman's scheme (148), proved to be constituted

of a great number of biotypes. According to them §. faecalis proprium and

S. faecium represent only two of these biotypes to which mey be added

S. durans and a hitherto undescribved type which they called S. innominatus.
It was further suggested by Defayolle and Colobert (39) that 8. faecalis
should be considered a collective strain (épecies), in which evolutive
buds are, in fact, functional biotypes, which might be identified under
names of varieties: proprium, faecium, durans, liquefaciens, innominatus,

N

etc. Sherman et al. (149) found the fermentation tests in 8. faecalis of

diverse nature and regarded them of minor descriptive value. No justifi=-
cation was seen in differentiation of the species on the basis of fermen-
tation tests. Shattock (146) reviewed the classification of S. faecalis
and associated streptococci. Bartley and Slenetz (13) suggested that all
streptococei commonly inhabiting the intestinal tract of man-and animals
be included within the enterococci. Kenner et al. (74) nemed S. bovis,

B. mitis, S. salivarjus and S. equinus, along with the enterococci, to be

included in "fecal streptococci.” These latter authors felt that undue
emphasis was given to enterococci.

There are bound to be wide variations in the distribution, source
and survival of all species of fecal streptococci. To consider them all
of the same sanitary significance would hardly be justified. The term
"enterococcus" is now being abused in the literature to such an extent

that a good term may be doomed to elimination.
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Detection

Many procedures and media for detection of the enterococci have been
descrived. Hartmann (55) used sodium azide in a medium for the selective
growth of mastitic streptococeci. This compound, while permitting the
growth of streptococci, suppressed the growth of other organisms. McKenzie
(100) used thallium acetate, and Fleming (47) used potassium tellurite for
a similar purpose. Both sodium azide and thallous acetate have since been
used in many media for the detection and enumeration of enterococci and
other fecal streptococci. The tetrazolium reduction activity of entero-
cocei and other bacteria wag. studied by Lexminarayana and Iya (86) who
found enterococci to be the most active of the organisms studied. This
property of enterococci has been utilized for obtaining counts on agar
plate media by observing the color reactions of colonies. Both triphenyl-
tetrazolium chloride and diphenyl~tetrazolium chloride are used in differ-
ent selective media for enterococeci.

Hajna and Perry (52) described "SF" medium which they claimed to be
highly selective for fecal streptococci from water, sewage, milk and for
growth of fecal strepﬁococci when transferred from other primary media.
Mallmenn and Seligmann (99) compared the Sodium Azide broth of Mallmann
(97), the SF broth of Hajna and Perry (52), and the Azide Dextrose broth
of Rothe as described by them (99). They found the Azide Dextrose broth
to be the best medium for the quantitative determination of fecal strepto-
cocel. Iitsky et al. (90), using Glucose Azide broth 2s a presumptive
medium, designed a new confirmatory medium, Ethyl Violet Azide broth,

which they reported as selective for enterococci. 2Zaborowski et al. (179)
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compared several liquid media and considered Azide Dextrose broth (99)
satisfactory for detection and enumeration of enterococci in frozen foods.
Using Glucose Azide broth, Childs and Allen (26) determined the most
probable numbers of S. faecelis by 'direct,' 'subculture,' and 'resuscite-
tion' methods, and found the last method the most specific for the organ-
. isms concerned. Chesbro and Evans (25) used a carbonate-buffered medium
ad justed to pH 10.0 and recommended it as a superior enrichment broth for
the detection of enterococci in fecal samples.

Several workers have used the membrane filter techﬂique to enumerate
enterococci in water: Slanetz et al. (159); Slanetz and Bartley (158);
Morelis and Colobert (108); Kenner et al. (74); and others. Slanetz and
Bartley (158) and Kenner et al. (74) advocated broadening of the entero-
coccus group to include all fecal streptococci, for which, they claimed,
their media were selective and satisfactory. These workers preferred the
use of the mémbrane filter and agar plate method over the multiple tube
procedure. Morelis and Colobert (108) used a much higher azide concen-
tration, semi-anaerobic conditions and shofter incubation.

Barnes (9) proposed two methods for the isolation and enumeration of
Group D streptococeci. The first consists of a presumptive count in Labe-
Iemco-Peptone Glucose broth containing thallous acetate, followed by con-
firmation by streaking on Tetrazolium Glucose agar. The other method
uses direct plating with this medium conteining agar. Differentiation
between the colonies of S. faecalis and its varieties, and those of the
other Greup D streptococci can be made on plates of this medium. The

selectivity of this medium is, however, questionsble. Barnes (8) stated
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that by increasing the sodium azide content of many media in order to
increase selectivity, S. bovis is often eliminated. The thallous acetate
media could be safer in this respect.

Mellmann and Kereluk (98), and Kjellander.(77)'developed selective
‘ plating media for detection and enumeration of enterococci in water, while
Ross and Thatcher (136) reported another medium for similar use in foods.
White and Shermen (172) devised a medium, Penicillin Azide agar, for the
enumeration of enterococci in raw milk. They reported that their medium,
although completely selective, partially inhibited the growth of S. durans.
A plating medium for the isolation and enumeration of enterococci in dairy
products was developed by Reinbold et al. (13k4).

Few comparative studies have been made to determine the suitability
of different media. Saraswat et al. (139) studied ten media to select a
pleting medium for the isolation and enumeration of enterococci in dairy
products. They selected Citrate Azide agar (13L4) after increasing the
sodium azide content of the medium to O.L g/liter. High recovery, selec~
tivity but not undue inhibition of enterococci and ease in obtaining and
interpreting results were the criteria used in selecting the medium by
these workers who thought that the organisms sharing the Sherman criterie
(148), including 8. faecium, formed the enterococcus group. S. bovis and

8. equinus did not grow on this medium.

Distribution

Water, plants, insects, etc. Enterococci have been reported to

be widely distributed in nature. Buttiaux (21) studied the incidence of
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differenﬁ species and varieties of enterococéi:in untreated water supplies
and reported their frequency in the following order: §. faecium, 82; S.
faecalis, 16; S. faecalis var. liquefaciens, 8; S. faecalis var. zymogenes,
1; 8. durans, 1; and S. bovis, 1. These organisms were present in almost
10% of the water samples examined. The samples were not known to be con-
taminated with fecal matter.

Recently, interest in the occurrence of enterococci in plants and com-
pareble materials, hitherto not considered sources of these organisms, has
‘been shown by some workers, chiefly Mundt and his co-workers. Mundt (111)
observed that enterococci were invariably present or absent in certain
plent species. They occurred in small numbers in enclosed tassels and
silks of corn, and in greater numbers after the floral parts had emerged.
Interposition of a mechanical barrier reduced the incidence of recovery
from flowers. He concluded that enterococci may be regarded as temporary
residents on plants, capable of limited reproduction, and‘may be dissemi-
nated among plants by insects and wind. Mundt and Johnson (113) isciated
Group D streptococci from plants and studied their physiological charac-
teristics. They concluded that, although there was some evidence for the
existence of an independent plant flora, no common property had been un-
covered until then to confirm such existence. 1In a recent publication,

however, Mundt et al. (112) suggested that 8. faecalis var. liguefaciens

is a potential epiphyte and that it reproduces on growing plants. They
indicated that this organism is capable of adaptation to an environment
substantially different from that of the intestinal tract.

In another study, Eaves and Mundt (41) reported that the
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non-hemolytic and non-proteolytic S. faecalis, S. durans, and S. bovis
were only infrequently present in vinsects, vhile the occurrence of S. fae-
cium and the proteolytic variants of S. faecalis was quite high. Since
flo\éers are visited briefly but repeatedly by insects, & mechanical
transfer from inséct to plant to insect is suggested. The latter types
were distributed fairly equally on insect legs, wings and mouth parts,
whereas all the types were present in the gastro-intestinal tract.

Hugh et al. (65) isolated enterococci from the oral éavity of 4% of
297 normal adults, and more frequently from the buccal cavity of patients
with ulcerated and malignant conditions of i:he digestive tract. The pres=-
ence of enterococeci in the oral cavity was not correlated with the state
of oral hygiene. S. faecelis was the most frequently encountered entero-

coccus species isolated from the oral cavity.

F_g_gg_é_ In a surwiey of feces from human beings of d‘ifferent ages
and from swine, cows, and sheep, Buttiaux (22) observed that streptococeci
were always present in the feces of man and swine, but were not necessar-
ily present in the feces of cows and sheep. 8. faecalis and its varie-
ties were more frequently found in man than in animals, but did exist
in animals. S. faecium was always present in sheep; it was found quite
frequently in cows, swine and also in man. Medrek and Barnes (101)
reported that S. bovis was the predominant species in cattle and sheep,

while other Group D streptococci--S. faecalis, S. faecium and S. durans,

were rarely found in cattle, although they formed a significant propor-

tion of the population in sheep. Kenner et al. (75) determined entero-

coccus densities in moist feces and reported that the median density

in millions per g was 0.16 for the cow, 2.29 for human, 2.10 for fowl,‘
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9.42 for sheep and 8.4Ofor the pig. According to these authors, the
enterococcus group amounted to 7T% of the total fecal streptococci isola-
ted from humen pollution and to only 10% of the fecal streptococci found
in pig feces. Cooper and Ramadan (29) isolated fecal streptococci from
the excreta of man, cattle and sheep and divided them into groups, some
of which were characteristic of the sources. According to these authors
characterization of & strain as typical 8. faecalis would indicate & human
source, while a starch-positive S. bovis would definitely point to animal
origin. 8. faecalis var. zymogenes, the most common hemolytic strepto-
coccus in the humen intestine, was isolated by Smith (163) from the feces
of the horse and the cow. The fact that this organism appears to be a
normal inhabitant of'the bovine intestine would be of interest in connec-
tion with its occurrence in milk.

In a study of feces from 100 pigs, Mieth (104) isolated 438 strains
ofAeﬁterococci and examined them biochemically and serologically. In
view of the relatively high incidence of 8. faecalis (6 pigs) and of its
variety liquefaciens (22 pigs), and of the probability that the entero-
coccal flora is food dependent and not specific for the host, he concluded
that it is not possible to consider these organisms as indicators of human
contamination. In another study, involving 105 humans of different ages,
Mieth (105) found 8. bovis in the feces of infants fed cow's milk; the
feces of adults yielded 8. faecalis and'var. liquefaciens and 8. faecium.
S. durens and &. faecalis var. zymogenes appeared infrequently in the .
feces of healthy people. In another investigation of 58 heifers and cows,

Mieth (106) found that 124 of 166 streptococcal strains from feces were
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S. bovis and 28 were S. faecium; the rest were atypical enterococci and
other species of streptococci and diplococci.

Colobert and Blondeau (28) reported varisble distribution of 8. fae-
ég;ig (implying the enterococcus group) in human and swine stools. None
of these were found exclusively in man or swine, particularly 8. faecalis

proprium, often considered characteristic of the human intestinal flora.

S. faecalis proprium amounted to 10% of the enterococcal flora found in
swine. Therefore, according to these authors, it was not possible to
recognize the origin of contamination by means of characterization of the
strains examined. The precision given by Tactorial analysis did not mod-
ify their conclusion. Barnes et al. (12) in a survey of the numbers and
types of Group D streptococci occurring in three bacon factories, fouand

S. faecium, a normally occurring organism in the gut of the pig and often
isolated from canned hams, outnumbered by S. faecalis which is rare in the

pig thereby suggesting human contamination.

Foods Ross and Thatcher (136) found enterococci present up to a
meximum of 140,000 organisms/g in 60 samples of food products fram Canada
and the United States. A reduction in counts up to 67.5% occurred on
cooking; only 10 out of 60 samples showed survival with individual speci-
mens retaining up to 1,900 organisms/g. Larkin et al. (84), using hot
water as in blanching, successfully decontaminated beans inoculated with
S. faecalis. A temperature of 88 C for 1 min. was sufficient to obtain
& 100% kill. Kereluk (76) listed the organisms of the enterococcus group
isoleted from various frozen meat pies in decreasing order of greatest

recovery as S. faecalis, 8. faecalis var. liquefaciens, and 8. durans.,
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Dairy products Abd-El-Malek and Gibson (1) identified strepto-

cocci isolated from raw and pasteurized milk of varying purity, as
 enterococci. White and Sherman (172) found that milk with high bacterial
counts contained large numbers but significantly smell percentages of
enterococci. Since large variations in both numbers and percentages
occurred, these workers thought it inadvisable to use the enterocqccus
count of milk as a criterion of quality. Sasaki et al. (140) isolated
348 strains of bacteria from 172 samples of raw milk collected from 19
plants throughoutrJa.pan; of these, 14t.9% were 8. faecalis, suggesting
that the enterococci form a significant portion of the microbial flora
of milk in that country. More S. faecalis were found in summer and autumn
then in winter and spring.

Iyenger et al. (68) tested for heat tolerance and found that S.
faecalis and var. liquefaciens were completely destroyed after 30 min.
heat treatment at 63 C in skim milk, when their concentration was less
than 50,000/ml. With higher concentrations of cells in the milk, partial
or full resiétance was shown. Sherman et al. (149) reported that S.
feecalis survived heating for 30 min. at 65 C in skim milk. Abd-El-Malek
and Gib.on (1), studying enterococcal strains isola.téd from milk, reported
that the formetion of acetoin from citrate and glucose was cammon, but
not & universal property of the enterococcus group. Williams (174) found
that the addition of autolysates from milk cultures of B. subtilis to
milk cultures of S. faecalis resulted in the formation of gaes in 2 days
at 37.5 C.,

Czulak and Hammond (34) used an active culture of S. dursns in the
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'short-time' method of cheese making in preference to S. thermophilus
because of the greater sensitivity of the latter organism to sodium
chloride. Kosikowsky and Dshlberg (80) found that S. faecalis was adapt-
able to the conditions in ripening Cheddar cheese. When added as starter,
these organisms increased rapidly during the cheese making process, and
persisted as the dominant flora throughout the ripening period, declining
in numbers only by sbout 50%. Dehlberg and Kosikowsky (37) &lso reported
£hat the use of 8. faecalis as starter hastened the ripening of Cheddar
cheese. Well-ripened cheese of medium flavor was produced in L4 1/2

months at 50 F when the mixed starter was used. Anderson (4) suggested
that the use of 8. faecalis starters was essential for the manufacture of
high grade Emmental cheese from pasteurized milk. Walter et al. (170)
obtained a United States patent on a process for manufacturing Cheddar
cheese using S. durans as & starter. Kosikowsky (79) reported that cheese
of the Mozzarrella type made from properly pasteurized milk with his DK
(S. faecalis) starter ripened as well as the raw milk cheese control. The
flavor and yield of the pasteurized milk cheeses were good. Pizza pies
mede with them were of excellent quality. Concentrations of from -0.2 to
0.5% DX starter were thought adequate for commercial operations. However,
the commercial epplication of this starter has not been made as yet.

Three strains resembling 8. faecalis were isolated by Feagan (45)
from ferm milks in Australis, which, when used as starter produced a
melty aroma in cheese curd. Rasdsveld (128) reported that a water-soluble
bitter constituent of bitter Gouda cheese was a polypeptide analogous to

a bitter substance found in milk cultures of S. faecalis. Substances of
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similar structure could be isolated from normal cheese as well. = Pette(126)
attributed the amounts of HQS in excess of those normally present in
Gouda cheése to the growth of streptococci resembling S. feecalis in most
characteristics. Tittsler et al. (169) noted that S. faecalis var.
liquefaciens greatly increased proteolysis and produced objectionable
flavors, ‘while S. faecalis had no such effect on cheese quality.

-Higginbottom (61) found no relationship between the keeping quality
and platé count of reconstituted roller-dried milks. 8. faecalis, along
with 8. thermophilus, was predominant in spray-dried whey. A plate count
bacterial standard not to exceed 5,000/g was suggested for high quality
roller-dried milk products. Crossley and Johnson (33) noted from the
bacterial flora of 671 milk powder samples that S. durans was & predomi-
nant organism. A varigble decline in bacterial numbers occurred during
storage. Jarchovske and Miller (69) stated that contamination of dried
milk with enterococci to the extent of 250 to 2,500 organisms/g was traced
to cracks in the agitator, in the evaporator and faulty seals. Replace-
ment of the seals and repair of the agitator resulted in a considersable
improvement in the bacteriological quality of dried milk.

Shermen et al. (150) identified a strain of organism, previously
reported to be implicated in outbreaks of food poisoning, as S. faecalis.
Among 34 strains of enterococci isolated by Evans and Chinn (43) from
human pathologiéal cases and other sources, one strain from milk powder
was designated as S. durans; the other, from pasteurized milk, was desig-

nated as §. faecalis var. zymogenes. Dangler and Steffen (38) isolated

a significantly high number of enterococci, i.e. more than 1 million/g
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from goats' milk cheese directly implicated in food poisoning outbresks.
Similarly 64 to 145 million enterococci were isolated from three 'cheék-
up' samples of goats® milk cheese and Mexican cheese by these workers.

osler et al. (120), from experiments on enterococcal food poisoning
in man, reported that six out of 26 human volunteers developéd symptoms
of acute gastric or intestinai.' aisturbance when samples of food on which
cultures of 8. faecalis ﬁad gr;)wn for 5 hr. at 37 C were ingested. Four
strains of 8. faecalis were used in these‘experiments » three of which were
isolated from human feces and the fourth from a can of evaporated milk im-
plicated in ai outbreak of gastro-enteritis. Two of the fecal strains
produced no symptoms of food poisoning; in the case of the other two
strains, 6 of the 17 persons who ingested them became ill. No ill effects
were produced with 20 hr. old cultures of the same strains. Buchbinder
et al. (18) isolated S. faecalis and S. faecalis var. liguefaciens from
foods, including evaporated milk, which were believed to be responsible
for four outbreaks of food poisoning.

Dack et al. (36) observed no ill effect in 25 subjects fed with doses
of k¢ x 107 to 317 x 107 S. faecalis organisms, in 10 persons given 100
to 500 g of cheese made with & strain of S. faecalis as starter, or in
six people given 100 to 300 mg of tyramine, the metabolic product of this
species supposed to cause food poisoning. Nevertheless, doses of 182 x

109 organisms of S. faecalis var. liquefaciens produced diarrhea in three

out of four subjects.
Bellamy and Gunsalus (15) thought that for the production of tyrosine

decarboxylase by S. faecalis more specific growth conditions and require-
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ments were needed than for active growth. Shattock (lkS) considered the
production of tyrosine decarboxylese & characteristic of S. faecalis and
its varieties; but regarded the probability of formation of tyramine quite
untenable unless these orgenisms were present in considerably large num=-
bers.

Auld and Parker (7) isolated S. faecalis from clinically affected
quarters of cows which, when inoculated with a mastitic serum and treated
with penicillin, responded well to treatment. They also found this

enterococcus species in up to three quarters of the normal udders of some

cows.
Other Indicator Orgenisms
Coliforms
Taxonomy The term "coliform was suggested by Breed and Norton

(17) to include those aerobic, facultatively anaerobic, gram-negative,
non=-spore forming bacteria which ferment lactose with gas production.

Numerous coliform types are known. Parr (125) suggested a classification

consisting of five groups: Escherichia coli, intermediate, Aerobacter

aerogenes, Aercbacter cloacae, and Klebsiella species. Malcolm (94, 96)

classified coliform strains isolated from milk as E. coli (one type), A.
aerogenes (one type), A. cloacae (one type) and intermediate (11 types).
The British Ministry of Health (107) suggested that seven types are ade~
quate for water analysis requirements, comprising E. coli (two types),
A. serogenes (two types), intermediate (two types) and A. cloacae (one

type). Wilson et al. (175) investigated the suitability of the coliform
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test for grading milk and proposed the addition of eight ‘irregular' types
to the seven types employed in water analysis.
The Report of Coli-Aerogenes (1956) Sub-Committee of the Society for

Applied Bacteriology (135) included E. coli (three types), Citrobacter

freundii (two types), Klebsiella aerogenes (two types), K. cloacae (one

type) and Erwinia carotovora (one type). In Bergey's Manual of Determina-

tive Bacteriology (16) the genus Citrobacter is not recognized and its

species freundii is regarded as Escherichia freundii, while the species

aerogenes and cloacae listed under Klebsiella in the above-mentioned report,

still are included in the genus Aerobacter. The genus Klebsiella of
Bergey's Manual of Determinative Bacteriology (16) does not include the
latter two species. Cowan (31) has reviewed the texonomy of the coliform
bacteria with particular reference to the a&bove-mentioned report. There

is wide disagreement over the classification of Enterobacteriaceae between

workers of different nationalities to whom bacteria of the coliform group,
particularly the intermediate types, have different meanings. All workers,
however, agree that the coli type constitutes the normal coliform flora

of human and bovine feces, and the aerogenes and cloacae types appear to

be common in soil and vegetation, but infrequent in feces if ordinary
methods of isolation are used.

Standard Methods for the Examination of Dairy Products (3) includes
a few unmentioned species of other lactose-ferhenting generea in addition

to the Escherichia and Aerobacter species. Furthermore, this reference

mentions that the application of the coliform test is intended neither

to detect fecal pollution specifically nor to identify E. coli in dairy
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products, but rather ‘to measure the general care' used to minimize bac-

terial contamination of dairy products.

Detection Both ager plate and multiple tube methods are used for
coliform determination. Because of the increased reproducibility and
probability of prompt confirmation of any doubtful colonies ;n appropriate
media, the solid media procedures are preferred. Standard Methods for the
Examination of Dairy Products (3) recommends Brilliant Green lLactose Bile
broth and Lactose broth of the ligquid, and Violet Red Bile agar, Deoxy-
cholate Lactose agar, Endo agar and Eosin Methylene Blue agar of the solid
media for the determination of coliform organisms.

Many workers, however, have evaluated the different techniques em~
ployed for detecting and enumerating coliform béctefia in milk and dairy
products. Kalshoven (72) preferred the Violet Red Bile agar plate method,
although with this medium Morris and Cerny (110) experienced difficulties
with heavily conteminated milk., Murray (115) recommended a 30 C plate
incubation temperature over 37 C. Simonart and Lambert (154), and Olsen
(117) suggested the use of penicillin in place of the basic dyes used at
present in the selective media for the coliform determination, as the

inhibiting agent against other orgenisms.

Distribution

Water, soil, feces, etc. In a survey of the coliform bac-

teria in feces and waters, Henriksen (57) reported from Norwey that strains
giving a negative Voges-Proskauer reaction and a positive indole or Lk C

reaction or both, should be considered E. coli regardless of the results
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of other tests. Only 29% of the water strains and 1.9% of the fecal
strains gave reaction patterns which were uncommon or unobserved in the

- fecal strains. He maintained that the main value of methods for detect-
ing E. coli in water may be to distinguish between recent and remote pollu=-
tion. Thomes et al. (167) found that the coliform content of surface soil
from a poliuted site, using Violet Red Bile agar plates, often exceeded
10h/g at 30 and 103/g at 37 C. E. coli was found to be present in small
proportion only. In unpolluted soil, high coliform counts wefe much less
frequent and E. coli type I was reiatively rare. In a study of vafious
geographical areas, Geldreich et al. (49) noticed that fecal coliforms
were usually aﬁsent or were present in relatively small numbers only in
undistﬁrbed soils, with most counts being less than 1.8/g. There was a
merked increase in numbers in soils of the polluted group, with depsities
‘between 3,300 and 49,000/g. Intermediate types represented 6% of the
2,348 strains isolated from undisturbed soils as compared to only 17% of
665 polluted soil streins.

In another investigation involving 4,512 strains of coliform organ~
isms from human, 2,339 from livestock, and 1,896 strains from poultry
feces, Geldreich et al. (48) found that the EC broth and Boric acid-
Lactose broth procedures had & 96.3 and 95.3% positive correlation, re-
spectively, with the coliform types from fecal sources. These findings
suggested that the EC or BAILB-positive coliform strains in water or wastes

indicate relatively recent fecal pollution.

Foods In an evaluation of the EC (Lk4.5 C) confirmation test

for the estimation of E. coli type I as an index of sanitary quality of
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frozen sea foods, Raj and Liston (129) found that 48 out of 163 samples
gave positive EC tests; but only 16 (or 33%) of the positive samples
actually contained fecal E. coli.

Dack (35) reported that some special types of coliforms present in
sufficient numbers in foods may cause illness. The relatively few coli-
forms found occurring naturally in frozen orange Jjuice concentrate did not

pose & public health problem.

Dairy products Sherman and Wing (152) observed that in

the case of high grade raw milk containing less than 10,000 organisms/cc,
the coliform test may have a place as a supplementary index of quality.
If it was used for such milk, the authors contended, a standard coliform
count of less than 100/cc would not seem to be unreasonable. For certi-
fied milk, they thought, & stendard of less than ten coliforms/cc did not
appear unduly stringent, in view of the fact that h8% of the milk samples
they examined, containing less than 10,000 organisms/cc, had a coliform
count of less than ten/cc.

The American Association of Medical Milk Commissioners, Inc. (3)
recognize a stapdard for the coliform count of not more than ten/ml for
certified raw milk. Coliform density standards for raw milk to be pas-
teurized do not appear to be widely used in the United States. Only one
state, New Hampshire, requires that the density of coliform organisms
shall not exceed 100/ml in raw milk to be pasteurized (3). The Milk
Ordinance and Code (127) prescribes the coliform standards for both grade
A and B pasteurized milk and milk products at not more than ten/ml, and

at not more than 200,000 and 1,000,000 total bacterial plate counts/ml
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for grade A and B raw milks respectively.

Fay (4lt) observed that the standard of ten coliforms/ml for certi-
fied milk was rigid and impractical for market grades of milk produced
under somewhat 1e§s exacting conditions. He also suégested that the use
of the coliform count on raw milk in farm bulk tenks mey prove valuable
in the future, not only as an index to contamination from poor practices

“surrounding the milk operation, but to poor cleaning énd senitizing of
the farm bulk tank itself.

Finkelstein (46) reported that, in raw milk, coliform bacteria were
present to the extent of less than 100/cc on an average where care was
used, and averaged588/cc where varying indifferent methods were used for
production on‘the farm, Proper pasteurization at 145 F destroyed praé-
tically all coliforms in milk.

Hiscox and Briggs -(62) reviewed the inadequacy of the coliform test
for milk, and observed (63) that in France only an indole-positive coli-
form count on milk is made. Smit (161), from the Netherlands, regarded
the presence of coliform bacteria in fresh‘milk as almost unavoidable.
He also noted that a considerable number of the coliforms found in milk
were true E. coli which haed lost the power of indole formetion. Smillie
(160) noted that a much higher proportion of test failures tﬂén formerly
experienced was due to heavier coliform contamination in milk of low bac~
terial count.

Kampe (73) found that in certified milk, A. serogenes dominated the
coliform flora all through the year, while in ordinary milk, E. coli

constituted a greater part of the coliform density throughout the year.
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Murray (116) reported that 52.4% of 1,114 semples of bottled raw milk
gave positive preSumptive results in MacConkey's broth. Of the 262 cul-
tures obtained from positive samples,- none of the strains of E. coli was
an enteropathogenic serotype., Anderson and Storgerds (5) reported that |
of 190 strains of coliforms isolated from raw and pasteurized milk, none
belonged to E. coli type I. Thom (166) traced coliform contamination to
milking equipment on 17 occasions, to the farm tank on eight occasions,
and to cows only on four occasions. He also noted that when gram-negative
rods were predominant in milk, rapid multiplication occurred at L4 C.

Gopalkrishna and Laxminarayana (50) found that in the case of farm-
produced milk in India, & majority of the samples tested gave coliform
counts below 1,000/ml with corresponding total counts below 100, ooo/mi.
Irregular types were predominant in milk followed by E. coli and A.
aerogenes. Morris and Edwards (109) noted a long lag phase of coliform
growth in raw milk and their destruction by a bactericidal substance
present in raw milk. |

Standard Methods for the Examination of Dairy Pro&ucts (3) s’ta.tes
that butter made with good sanitary methods shall not have a coliform count
of more than ten/ml. Madsen (92) tested butter, buttermilk. and wash water
for the presence of coliforms and found that the presence of these organ-
isms in butter was correlated with inadequate pasteurization or insanitary
factory conditions. Thomson (168) found that 19.1% of 719 samples of
export salted butter from New Zealand gave confirmed coliform tests using
MacConkey's broth as the presumptive medium.

Hammer and Yale (53) put coliform organisms into butter during
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churning and noted that in 10 days &t 7 C, Escherichia species did not
grow in salted butter. In unsalted butter, however, some of them did.
Aerobacter species sometimes grew in the salted butter and regularly grew

in the unsalted. In 10 days at 18 C, both Escherichia and Aerobacter spe-

cies grew in salted as well as in unsalted butter. The Aerobacter species
grew more rapidly, however, and reached higher numbers than the Escherichia
species. These authors further noted that 2.0 to 2.9% of the organisms of

the Escherichia-Aerobacter group initially present per ml of cream were

retained per ml of fresh unsalted butter. When water known to contain
coliform organisms was used to wash experimental butter, Corley and Hammer
(30) found that the coliforms were regularly present in unsalted butter and
were sometimes found in the salted butter. Commercial butter from plants
using water that commonly contained coliform organisms regularly cqntained
these organisms when not salted and sometimes contained them when salted.
S8ingh and Nelson (155) found that out of 294 samples of occmmercial
butter, many had coliform counts of less than two/ml. They also noted
that the field of applicability of the coliform count for butter appeared
to be for use on the line-run samples to detect sources of contgmination.
Too many uncontrolled factors affect the coliform count of commercial:
butter samples to permit satisfactory use of the test for control purposeé.
" In a survey of 170 churnings of washed and non-washed butters, Wnite
and Smith (171) found that 90% of the washed and 85% of the non-washed
samples showed no coliforms when 2.5 ml of a 1:10 dilution of butter were
plated. Only 5% of the washed and 10% of the non-washed butters had ini-

tial coliform counts exceeding ten/ml. Crossley (32) reported the
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incidence of coliforms in pasteurized creem, the storage vat, the churn
before starting, washed butter granules and salted butter at 5.0, 68.2,
73.3, 83.3 and 61.1% respectively. In 310 isolates from line~-run butter,

L6.4% were coli, 8.4% were intermediate, 43.9% were aerogenes-cloacse,

and 1.3% were irregular types.

Yale (178) determined thé coliform counts of 35 lots of experimentally
made pasteurized milk cheese, using Violet Red Bile agar. The rate at
which the coliform organisms died off, varied greatly with different lots
of cheese, so that the coliform count of cheese a few days, éf &8 few weeks
old, was not an accurate index of the initial coliform content. Sadek
and Eissa (138) in a study of 100 cheese samples, with & salt content of
2.1 to 10.2% and an acidity of 0.12 to 1.5%, found thet the incidence of
coliform contamination varied from less than two to less than l,OOO/g.
Acidity higher than 1.2% had an inhibitory effect on the growth of coli~
forms. Rasic (133) reported that during the msnufacture of white cheese,
there was active multiplication of coliform bacteria. A rapid decline in
their numbers followed during the ripening of the 16 samples of cheese
taken. They practically disappeared after a month's time. The period of
the dying off of these bacteria corresponded to the lowest pH levels in
the cheese, when the actual brine concentration was over 6%.

Crossley and Johnson (33) noticed that contamination of spray-dried
milk and whey powders could take place between pesteurization and drying.
Coliform species, particularly E. coli, disappeared rapidly on storage.
The authors concluded that the coliform test is only of limited value

when applied to stored powders, especially when the conditions and
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duration of storage are unknown.

Herschdoerfer and Ward (58) observed that indole production by coli=-
form bacteria does not occur when the pH of the medium drops to 6.0 or
below. They also stated that, in England, they do not attach any signi-
Ticance to coliforms or to E. coli type I as an indicator of the standard
of hygiene in ice cream making. Rao and Dudani (132), in a survey of 92
ice cream samples taken from manufacturing plants, found that 50% had a
standard plate count below 250,000/ml and 21% had a coliform count below
ten/ml. A tentative plate count standard of 250,000/ml and not more than

ten coliform/ml for ice creem in the Delhi area in India was suggested.

Yeasts and Molds

In making a yeast and mold count it is necessary to inhibit bacterial
growth by acidifying the medium. Standard Methods for the Examination of
Dairy Products (3) recommends the use of Potato Dextrose agar with reduc-

tion of the reaction to pH 3.5 ¥ 0.1 with sterile 10% tartaric or lactic
acid. Standard Methods for the Examination of Dairy Products (3) also

states that in good quality butter the yeast and mold count should not
exceed 20/ml. Higher counts in freshly churned butter samples indicate
one or more of the following: ineffective cleaning and sterilizing pro-
cedures, inefficient pasteurization, or carelessness in cleaning and han-
dling equipment. A high yeast and mold count, as with the coliform count,
does not accurately measure either the quality of raw materials or the
keeping quality of butter.

Based on the analysis of over 2,000 samples of salted butter made
from sour cream, Parfitt (124) proposed a standard of less than 50, 50-
100, 101-500 and more than 500 yeasts and molds/ml for butter produced

under good, fair, poor and very poor conditions respectively.
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Comparative Studies on Indicator Organisms

Water, soil, feces, and plants

Litsky et al. (89) found & positive correlation of +0.84 between
the numbers of E. coli and enterococci in water samples taken from the
Connecticut River during a 2-year period. Based upon the median value of
all samples collected in thié study, the density of enterococci was ap-
proximately 7.6 times that of E. coli. Winter and Sandholzer (176) noted
that in polluted waters, coliform bacteria persisted for a greater dis-
tance from the source of pollution than did the enterococci. Kjellander
(77) reported that fecal streptococeci did not survive in natural waters
for any length of time while the coliform bacteria not only survived, but
even multiplied in waters. The fecal streptococci were regularly found
in polluted waters in larger numbers than E. coli. This suggested that
fecal streptococci are more sensitive indicators of fecal pollution than
are the E, coli. It was further stated that 8. faecalis and its varieties,
S. faecium and §. durans were more resisteant to chlorine compounds than
were 8. bovis and the atypiéal strains which were sensitive to chloramine.
The‘coliforms occupied a position between the two streptococcal groups
mentioned, Burman (19) agreed with the findings of other workers regard-
ing the relatively greater ability of fecal streptococci than E. coli to
survive in various natural and antagonistic enviromments, but challenged
the tolerance of these organisms in a chlorinated water supply. According
to Malaney et al. (93) the median population densities in lightly polluted

farm ponds were 33/m1 for coliforms and 3.6/ml for enterococci. Horrock
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(64) reported finding fecal streptococci in great abundance in sewage
and in waters which were known to be sewage polluted, but which contained
no trace of E. coli. In a’stud& involving 215 water samples, leclerc and
Catsaras (87) found 8. faecium four times oftener than 8. faecalis among
the isolated species of fecal streptococei. In non-drinkeble waters,
fecel streptococci were found ih 80% and E. coli in 70% of the cases.

Cataldi and Montagna (2h) reported little difference in the fecal
flora of breast and bottle fed infants. Enﬁerococci were found in all
45 samples of feces examined while coliforms were found in only 42.
Ostrolenk and Hunter (121) examined specimens of feces representing ten
animals; enterococci were present in one-tenth to one-millionth of a
gram of feces in 49 samples, while coliforms were present in from one-
hundredth to one-10 millionth of & gram of feces. Smith (164) found that
the bacterial flora of the feces of all animels examined was closely simi-
lar in the early life irrespective of the feces; there also was & common
pattern of the composition of the fecal flora in adults of the same species;
there were low numbers of E. coli in the feces of rabbit, horse, and cattle.
Zubrzycke and Spaulding (180) reported on the basis of two series of stool
.cultures thaf members of the genus Bacteroides together with enterococci,
coliforms, diphtheroides and lactobacilli cénstituted more than 99% of the
total human fecal flora. Buttiaux and Mossel (23) observed that, from the
point of view of hygiene, all fecal contamination was equally dangerous,
whether originating from domestic or wild animals or from man.

In a study involving 369 samples of undisturbed soil, Medrek and

Litsky (103) found that 73.4% contained coliform bacteria. E. coli were
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present in 1.4% and enterococei in 2.2% of the semples examined. Mundt

et al. (114) isolated enterococci from 62% of samples of plants and soils
taken from esgricultural and inhabited aress, and from 22% of similar sam-
ples taken from unpopulated areas reasonably devoid of human and large
animal life. In 46 instances coliform bacteria were associated with the
enterococci.. Few of the coliforms were of the genus Escherichia. In 13
instences enterococci occurred without coliforms, in 21 instances coliforms
vere isolated without enterococci, and in 20 instances neither type of
organisms was obtained. Most enterococcus isolates appeared to be siﬁilar
to 8. faecium and few were similar to 8. f#Ecalis. These authors also

isolated enterococci from the atmosphere of a freezing-processing plant.

Poods |

Allen and Fabian (2) found little difference between the viability
of E. coli and 8. faecalis in the less acid foods. However, the latter
organism remained vieble longer than E. coli in the more acid foods,
especially orange juice and mayonnaise. From the bacteriological exami-
netion of unbottled soft drinks, Remaden and Abd-Elnaby (131) found 98.9%
of the isolated enterococci to be of animal origin. They thought entero-’
cocci were more relisble indicators of pollution than the coliform group.
Larkin et al. (81) examined 64 samples of commercially.frozen fruits,
fruit juice concentrates. and vegetables. Fecal streptococci were found
more consistently, and usually in greater numbers, then coliform bacteria.
These authors in another study (83) observed that §. faecalis and S. fae-

calis var. liquefaciens apparently did not decrease in numbers in
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inoculated orange concentrate stored at -10 F for 147 days, while the
numbers of E. coli fluctuated consjiderably.

From a study of 456 commercial, freshly frozen chicken pies, Hartman
(54) reported that enterococcus counts were more closely related to total
counts than were the coliform counts, while the coliform counts were more
closely related to enterococcus counts than to total counts. Wilkerson
et al. (173) found that freezing inoculated turkeys at =30 C and storing
at -2 to -10 C reduced percénteges of coliforms more than those of entero-
cocci. Burton (20) suggested that the enterococci might prove superior
to the coliform organisms as an indication of fecal contamination in frozen
foods, as fecal streptococci were most likely to survive the storage tem-
perature, although the coliforms seemed to be the best test organisms
before freezing and storing.

Raj et al. (130) pointed out that the consistently high recoveries
of enterococci frém frozen sea foods and the low and erratic recoveries
of coliforms from the same ssmples were indirect evidence of the value
of enterococci as better indicators of contamination in sea foods. Larkin
et al. (85) also reported that fecal streptococci were present more fre-
quently and in larger numbers than the coliform bacteria in frozen fish

products. These authors in another study (82) with E. coli, S. faecalis

and 8. faecalis var. liquefaciens inoculated onto green beans, compared
the viability of these organisms stored at Q0 F for more than 200 days.
The numbers of enterococci remained constant, while the numbers of E. coll

decreased significantly during storage.
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Dairy products

After studying 192 samples of raw milk and 19 samples of pasteurized
milk, White and Sherman (172) reported that enterococci constituted O.h4
and 0.1% respectively, of the total bacterial population. Higginbottiom
(60) found less than ten coliforms/ml in 14 raw milk samples before the
change and in ten samples after the change from surface cooling to refrig-
erated farm bulk tank for milk storage, while the numbers of enterococci
were reduced from 30 to ten/ml in the chenge-over. Olsen (118), from the
results of the study of a large number of samples taken consecutively from
many farms, shbwed that, even though a greater amount of coliform infection
was found in the higher than the lower plate count samples, & surprisingly
large percentage of samples with high plate counts were, nevertheless, to
all intent and purposes, free from coliform infection. He further stated
that the coliform determination of raw milk, in contrast to heat~treated
milk, can only be regarded as a supplement to the determination of total
bacterial count, and that so far as raw milk was concernmed, the coliform
determination could not be compared for accuracy with the latter,

Johns (70) kept two heifers in unusually unclean conditions to deter-
mine the value of the coliform test in assessing the cleanliness of cow's
udder and teats. By milking with bacteriologically clean machines, he
found that the total bacterial count increased roughly ten-fold, but the
coliform count remained surprisingly low, only two counts exceeding ten/ml
with a maximum of 83/ml, suggesting that the coliform test cannot be re-
lied upon to reflect unclean udders and teats. Lethem (88) stated that

the emphasis of control should change from buildings and equipment, to
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methods .of handling which might be difficult to control.

ﬁunter (66) noted that the number of coliforms was greatly influ=-
enced by temperature and was closely correlated with the total count of
milk. Of 21,569 mixed samples of cow's milk taken under fair conditions
of cleanliness, Malcolm (95) found 48.3% free from coliform bacterie in
0.1 cc amounts. The positive samples had an average total count of
160,000 and the coliform-negative samples averaged 25,000 bacteria/cc.
Bartram and Black (14) noticed excellent correlation between coliform
and total counts of milk; 93.5% of the samples having total counts below
10,000/cc were coliform-negative, while the average total count of the
positive and negative samples was 80,000 and 6,700/cc respectively.
Hiscox and Briggs (62), in a review, questioned the value of the coliform
test for milk on the grounds of its failure to detect the nature and
source of contamination and the limitations of the techniques used.

Higginbottom (59) observed that the growth of E. coli type I could
be reduced to one-half of that occurring in pure culture by the growth
of associated bacteria. The reduction in gas formation was observed in
the presence of 8. faecalis and its variety liquefaciens, and 8. lactis.
Iya and Frazier (67) also noticed that 8. lactis suppressed, slightly,
the growth of A. aerogenes in a mixed culture grown at 20 C. The effect,
however, decreased when the temperature was increased.

Parfitt (123) found, from the analysis of over 1,000 samples of butter
from 60 different plants, that only 16.9% had a positive coliform test in
0.1 ml quantities. No relationship waes found between the yeast and mold

count of the butter and the presence of coliform organisms or between the
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keeping quality and the presence or absence of the coliform group in but-
ter. Of 1,058 samples of Australian butter taken from 49 plants, Roughley
and McLeod (137) reported 76.9% had ten coliform bacteria or less/ml and
64.5% of the samples had 20 yessts and molds or less/ml.

Kjellander and Nygren (78) examined 287 sampleg of spray-dried milk-
and found that only 1% had more than 30 coliforms/10 g while 54% of the

samples contained more than 30 fecal streptococci/10 g of dry milk.
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EXPERIMENTAL METHODS
Collection, Handling and Treatment of Samples

Unless otherwise noted, all milk, butter and cheese samples were
collected, cooled, transported and plated according to the procedure
described in Standard Methods for the Examination of Dairy Products (3).

A total of 119 samples of bulk-cooled grade A raw milk from 16'pro-
ducers delivering milk to the Iowa State University Dairy were obtained.
Other grade A raw milk samples were cobtained from 211 producers supplying
milk to four Central Iowe dairy plants. Most of this milk came from farm
bulk tanks. Some samples were taken from cans as they were delivered at
the plants. The temperature of the samples varied from 37 to 43 F when
collected.

| To determine the effect Qf storage on the growth of different groups
of bvacteria, 90 of these samples were held at 7 C for 7 days. After plat=-
ing, 49 of the raw milk samples were laboratory pasteurized (62.8 C for
30 min) to study the survival of the various groups of bacteria. The
procedure describved in Standard Methods for the Examination of Dairy
Products (3) was used.

The 120 samples of manufacturing grade raw milk, representing & like
number of individual producers, were collected from cans as they were
delivered at four Central Iowa dairy plants.

The 375 samples of commercial butter used in this study were, in
most instances, obtained from various Iowe butter contests and exhibits.

Some, however, were taken directly from creameries within the state.
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Line-run samples were collected from 20 different churnings a£ eight
Iowe creameries. Samples were taken at the following points or procedures
along the line: raw cream, pasteurized cream, cream from the holding vat,
cream from the churn at the start of churning, cream from the churn after
2 min. of churning, buttermilk, unwashed butter granules, weshed butter
granules, salted, finished butter and salted, finished butter after hold-
ing at T C for T days.

The 72 samples of Cheddar cheese were obtained from two Iowa cheese
contests and three Iowa cheese plants. Six samples were cured at 38 F

for 5 months and were examined at monthly intervals.
Experimental Butter

- Strains of coliform bacterie were isolated from butter and were then
tested for salt tolerance in nutrient broth. 8everal selected strains
were identified; a single strain each of E. coli and A. serogenes that
could not grow in more than 4.0% salt and a single strain each of E. coli
and A. serogenes that could grow readily in 10.0% salt were chosen. These
strains were designated as salt-sensitive (S8) and salt-resistant (SR).
Similarly, one typical strain of 8. faecalis and one of S. durans, both
capable of growing readily in 8.0% salt, were selected from & large num=-
ber of enterococcus cultures isolated from dairy products.

Glass churns, plastic filter screens, filter cloths, distilled water
used for washing and stainless steel beakers used for working and holding
fhe butter were sterilized in an autoclave at 121 C for 1 hr. Whipping

cream was heated in sterile pyrex flasks at ebout 93 C in & steam chest
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for 30 min. It was then quickly cooled in ice water and was stored over
night at 3 C,

One ml each of a 2h-hr culture of enterococcus and coliform were
added per kg of cream in the churn. Nine churnings of cream were inocu-
lated as follows:

1. S. faecalis + E. coli (SS)

no
°
[

. faecalis + E. coli (SR)

j02
o

faecalis + A. aerogenes (SS)

F W
L2

faecalis + A. aerogenes (SR)

Ut
132

durans + E. coli (SS)

(S)Y
112

durans + E. coli (SR)

-3
12

durans + A. serogenes (SS)

o
o

durans + A. aerogenes (SR)

. faecalis + A. aerogenes (SR) + butter culture.

\O
1L

The cream was churned observing precautions to avoid contamination.
The butter granules were washed in sterile distilled water and the butter
was worked in a sterile stainless steel beaker with a mechanical mixer.
The mixing screw was flamed in alcohol and was cooled before use. The
butter from each churning was divided into two lots, one of which was
kept without salt;IE% salt was added to the second lot. Half of the un-
salted and salted butter from each churning was worked properly; the re-
maiﬁing half was worked poorly. The absence of free moisture droplets as
shown by indicator paper and appearance served as criteria to determine
proper working. Appearance of free moisture indicated insufficient work-

ing. It took 6 min to work the butter properly. The improperly worked
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butter was mixed for only 1.5 min. In the last experiment, butter culture

was added in the amount of 2.0% to the salted butter and 3.0% to the un-

salted butter.

Appropriate controls were used to assure freedom from accidental con-

tamination by unwanted enterococci and coliforms. All butter samples were

immediately placed at 3 C and were kept at room temperature only as long

as was necessary for handling.

Ten 2-0z samples from each lot of butter were placed in screw-capped

jars. The samples were held and examined as indicated:

1.

2.

7-
8.
9.
10.

After L4 hr at 3 C.

After 24 hr at 3 C.

After 3 days at 3 C.

After 1 week at 3 C.

(After 1 week at 3 C, one sample was placed in the freezer
at =20 C to be examined after 8 weeks of storage).
After 2 weeks at 3 C.

After 3 weeks at‘é c.

(The remaining samples were then transferred to a 10 C
cabinet).

After 3 weeks at 3 C and 1 week at 10 C.

After 3 weeks at 3 C and 2 weeks at 10 C.

After 3'weeks at 3 C and 3 weeks at 10 C.

After 1 week at 3 C and T weeks at =20 C.

The experimental butter mede in the preceding manner contained nine

different combinations of organisms, two different salt concentrations,
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and two different working treatmenté, amounting to 36 different lots.
Thus 360 samples of experimental butter (10 different sampling periods
for each lot) were plated for enterococci, coliform and yeest and mold
content. The chemical composition for each lot was determined by a

routine Kohman analysis.
Enumeration Procedures

Total count
Standard plate counts were made on all raw samples of milk using
a 32 C plate incubation temperature. Total plate counts on cheese samples

were obtained by incubation of the plates at 21 C for 5 days.

Enterococcus count

Enterococcus counts were made on all samples of milk, butter, and
cheese studied in this work. The Citrate Azide agar of Reinbold et al.
(134), modified by increasing the sodium azide concentration to 0.k g/

liter, was used as described by Saraswat et al. (139).

Coliform count

Coliform counts were made on all samples of milk, butter, and cheese.
Violet Red Bile agar and a plate incubation temperature of 35 C were used.
The medium ﬁas prepared as described in Standard Methods for.the Exemina-
tion of Dairy Products (3) except that sterilization at 121 C for 12 min
was employed. Individual bottles were kept at 3 C and were used within

the week following preparation.
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Yeast and mold count

Yeast and mold counts were made on all samples of butter used for
this thesis. Acidified Potato Dextrose agar plates were incubated at

room temperature inside the drawers of the working table to avoid con-

tamination.
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RESULTS

Relation of Enterococcus and Coliform

Counts to the Standard Plate Count of Milk

Grade A raw milk

The Standard Plate, enterococcus and coliform counts of 330 grade A
and 120 manufacturing grade raw milk samples were used in this study.
Ninety samples of grade A raw milk were held at 7 C for 7 days to study
the effect of storage on the bacterial populations. An additional 48
samples were laboratory-pasteurized to determine the effect upon survival
of the various bacterial groups. Each count presented in the following
10 tables is en arithmetic average of duplicate plate counts.

The Standard Plate, enterococcus and coliform counts of grade A raw
milk are presented in Table 1. The results show wide variations between
counts. Higher total counts are usually accompanied by higher counts of
both enterococci and colifonm‘bacteria. But many samples with high total
counts have surprisingly low enterococcus and coliform counts. Similarly,
samples with higher enterococcus counts tend to have higher coliform
counts. Many samples with high enterococcus counts also have relatively
low coliform counts and vice versa. The averages of all samples exsm-
ined were: Standard Plate Count, 100,000/ml; enterococcus count, 20C/ml;
and coliform count, l30/m1. The percentages of the average enterococcus

and coliform counts of the total count were 0,20 and 0.13, respectively.
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Table 1. Standard Plate, enterococcus and coliform counts of grade A

rav milk

Standard Entero- Standard Entero-
Sample Plate  coccus Coliform Sample Plate coccus Coliform

No. Count/mlL No. Count/ml
1. 660, 000 50 3,500 36. 65,000 140 8
2. 150, 000 350 10 37. 14,000 6 3
3. 38,000 35 43 38. 53,000 5 23
L, 154, 000 88 5k 39. 1,700,000 4,000 20
5. 29,000 L 2 L40. 21,000 3 1
6. 8,000 7 3 L1, 55,000 9 11
Te 87,000 180 o) L2, 140,000 10 160
8. 150,000 33 12 43, 81,000 520 320
9. 1,800,000 630 33 L, 62,000 150 20
10. 7,000 15 10 L5, 480,000 190 38
11. 36,000 35 12 46, 4,200,000 90 80
12, 6,000 i 67 47, 430,000 32 7
13. 18,000 L 15 L8. 940,000 26 92
4. 1,000,000 3,000 2,300 L9, 150, 000 140 87
15. 470,000 17 22 50. 150, 000 50 1k
16. 170,000 1,100 1 51. 12,000 460 20
7. 27,000 120 13 52. 9,000 8 13
18. 1,800,000 780 . 390 53. 22,000 330 530
19. 18,000 1h 36 5k, 51,000 12 L
20. 82,000 L8 22 55. 26,000 5 34
2l. 59,000 42 11 56. 32,000 54 350
22. 340,000 990 12 57, 40,000 s 8
23. 9,000 100 8 58. 4,000 1 L
2k, 180,000 1k T 59. 5,000 7 L
25. 12,000 11 37 60, 12,000 1 2
- 26, 34,000 2,400 170 61. 11,000 25 6
27. 4,000 62 15 62, 300,000 2,400 1,700
28. 110,000 3,600 450 63. 20,000 1 11
29. 5,000 1 5 6k, 77,000 36 31
30. 47,000 98 2 65. 11,000 50 19
31. 10,000 18 48 66. 18,000 13 T 15
32. 130,000 17 8 67. 13,000 780 18
33. 3k, 000 63 13 68. 4,000 it 9
34, 39,000 1 69. 35,000 20 66

3
35. 170,000 60 140 70. 21,000 50 280
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Table 1 (Continued)

Standard Entero- Standard Entero-
Sample Plate coccus Coliform Sample Plate coccus Coliform
No. Count/ml No. Count/ml

T1. 4,000 31 52 106, k7,000 1 1k
72. 8,000 8 9 107. 22,000 28 5
73 4,000 1 i 108. 61,000 53 67
Theo 10,000 1 11 109. 18,000 9 10
75. 11,000 19 12 110. 16,000 2 i
T6. 13,000 16 35 111, 76,000 8 21
7. 38,000 10 i 112, 42,000 280 80
8. 23,000 290 bl 113. 28,000 kko 13
T9. 3k, 000 17 300 11k, 36,000 230 3
80. 4,000 50 12 115. 38,000 450 6
81. 6,000 160 1 116, 15,000 75 5
82. 1,000 63 12 117. 22,000 2 33
83. 45,000 960 510 118. 150,000 56 29
8k. 16,000 80 6 19. 10,000 61 37
85. 18,000 10 140 120. 12,000 41 1
86. 58, 000 85 450 121, 6,000 -1 9
87. 3,000 4o 78 122, 6,000 1 3
88. 140,000 240 31 123. 9,000 26 2
89. 1,000 1 2 124, 18,000 L 29
90. 9,000 . L3 10 125, 20,000 55 33
9l. 250, 000 110 190 126, 13,000 3 . 3
92. 35,000 16 9 127. 25,000 150 | 2k
93. 14,000 43 16 128, 34,000 1L 6
ok, 24,000 110 b 129, 5,000 10 32
95. 32,000 6L40 1k 130. 70,000 18 Loo
96. 12,000 56 5 131. 18,000 100 60
97. 17,000 18 58 132. 64,000 12 110
98. 59,000 67 210 133. 97,000 210 340
99. 8,000 T2 82 13k, 18,000 76 170
100. 4,000 Ly 5 135. L, 000 2 5
101. 5,000 1 1 136. 3,000 10 2
102. 75,000 3 1 137. 6,000 3 13
103. 12,000 39 1 138, 4,000 1 6
10k, Th, 000 230 630  139. 260,000 180 L20

105. 2,000 1 1 140, 84,000 120 43
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Table 1 (Continued)

Stendard Entero- Standard Entero-

Sample Plate coccus Coliform Sample Plate coccus Coliform
No. Count/ml ’ No. ' Count/ml

k1. 3,000 120 8 176, 16,000 13 1
1k2, 21,000 110 hio  177. 4,000 2 3
143, 4,000 19 8 178. 8,000 25 2
14k, 46,000 3,400 1,600  179. 300,000 660 93
145, 20,000 130 i 180. 65,000 71 15
146, 60,000 22 110  181. 20,000 150 83
7. 68,000 180 550 182, 280, 000 230 L1
148, 13,000 61 83  183. 7,000 17 8
149, 3,000 26 29 184, 17,000 4o 390
150. 3,000 6 3 185. 27,000 92 35
151. 7,000 2 7  186. 11,000 48 2L
152, 6,000 12 1 187. 3,000 6 : 42
153. 150,000 200 1,200 188. 21,000 6 43
154, 53,000 110 48  189. 1,000 3 2
155. 5,000 130 13  190. 9,000 1 16
156, 26,000 2,800 630  191. 4,000 17 6
157. 6,000 20 15 192. 18,000 75 760
158. 49,000 Ll 3,200  193. 140,000 59 17
159. 16,000 220 120 194, 52,000 100 4
160. 43,000 16 310  195. 500,000 1,100 L6
161. 9,000 9 71 19%. 7,000 14 25
162. 9,000 2 55  197. 52,000 68 480
163. 12,000 1k L 198, 360,000 Lo 420
164, 10, 000 1 5 199. 7,000 140 62
165. 10,000 11 1 200. Lo, 000 92 48
166. 270,000 290 1,700  201. 62,000 2,200 S3
167. 51,000 75 96  202. 1,000 9 6
168. 27,000 - 120 5 203. 9,000 6 b
169. 94,000 1,800 L 204, 11,000 5 1
170. 7,000 8 8  20s5. 5,000 12 Ly
171. 55,000 25 130  206. 13,000 25 8
172, 20,000 100 11 207. 98,000 L2 500
173. 47,000 10 120  208. 11,000 12 27
17k, 22,000 T 9k 209. 5,000 7 130

175. 11,000 3 15 210. 3,000 8 10
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Table 1 (Continued)

Standard Entero= Standard Entero-

Sample _ Plate coccus Coliform Sample Plate coccus  Coliform
No. Count/ml No. . Count/ml
211, 6,000 L 60 246, 19,000 52 450
212. 2,000 1 15 2k, 9,000 2 1
213. 15,000 250 82 248, T,000 16 8
21k, 2,000 9 18 2h9, 42,000 Lo 210
215. 13,000 13 23 250. 34,000 12 120
216. 2,000 3 w251, 27,000 67 35
217. L, 000 8 8 252 10,000 3 3
218, 6,000 1L 36 253. 35,000 11 L
219. 110,000 9 T 254, 220,000 250 46
220, 3,000 15 20  255. 5,000 1 2
221. 1,000 3 4 256, 44,000 570 110
222, 1,000 3 5 257. 10,000 3 27
223, 3,000 -2 10 258, 9,000 2 21
224, 2,000 2 17 259. 13,000 230 400
225. 64,000 34 260  260. 99,000 100 380
226, 22,000 19 120  261. 53,000 270 48
227, 3,000 b 17 262. 100,000 130 160
228. 2,000 I 9 263. 100,000 750 130
229, 2,000 1 1 264, 95,000 11 L9
230, 5,000 22 3 265, 66,000 110 320
231. 3,000 L 3 266. 100, 000 65 91
232. 2,000 i 13 267. 17,000 96 2k
233. 38,000 9 88  268. 6,000 39 L
23k, 310,000 27 350 269. 15,000 15 48
235. 8,000 L 26 270, 8,000 9 5
236, 2,000 1 1 271. 26,000 Lo 7
237. 21,000 9 330 272, 12,000 65 3
238. 38,000 110 1 273. 23,000 25 23
239. 60,000 45 86 27h. 67,000 160 13
2ho., - 62,000 L 210  275. 4,000 2 1
2h1, 400,000 2,600 1 276. 11,000 1 2
242, 93,000 2,200 8 277. 26,000 12 39
2h3, 22,000 17 70 278, 13, 000 130 3
24l 22,000 26 1 279. 96,000 150 16

2u5, 31,000 e 9 280. 20,000 180 20
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Table 1 (Continued)

Standard Entero- Standard Entero-
Sample Plate coccus Coliform Sample Plate coccus  Coliform
No. Count/ml No. Count/ml
281. 140,000 3,200 28 306. 13,000 380 55
282. 27, 000 8 1 307. 18,000 59 1,200
283. 20, 000 60 1 308. 10,000 7 3
28h, 10, 000 1 1 309. 24,000 1,100 2,100
285.. 13,000 . 730 20 310. 14,000 3 31
286. 57,000 16 13 311. 7,000 150 2l
287. 6,000 = 2 3 312, 13,000 6 18
288. 57,000 5 8 313. 9,000 65 5
289. 4, 000 48 L 31k, 11,000 19 970
290. 3,000,000 11 10 315. 360,000 25 23
291. 28,000 3 28 316, 4,000 19 3
292. 4,000 20 1 317. 10, 000 26 5
293. 1,500,000 1 2 318. 10,000 2 41
294, 25,000 20 2 319. 37,000 12 3
295, 22,000 250 60 320, 51,000 Lo 2
296. 23,000 130 10 321. 71,000 62 L
297. 39,000 10 170 322, 9,000 110 32 -
298, 100, 000 920 h 323. 14,000 11 ' 1
299. 7,000 1 1 324, 9,000 18 8
300, 11,000 110 71 325, 73,000 1 2
301. 22,000 10 21 326, 100, 000 3 1
302. 43,000 8 30 327. 750,000 450 170
303. 760,000 170 450 328, 31,000 1,800 47
30k, 130,000 7 630 329, 20,000 950 17
305. 24,000 4 1 330. 18,000 300 7
Average 100,000 200 130

% Total Count 100  0.20 0.13
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The frequency distribution of samples according to bacterial content

is presented in Teble 2.

Table 2. Frequency distribution of the bacterial content of 330 samples
of grade A raw milk

Per cent of samples in range

Standard Plate  Enterococcus count/ml Coliform count/ml
Count/ml £ 110  11-100 100 £1-10  11-100 =100
£ 1-30,000 24 .8 25.8 9.7 28.2 27.0 5.2
30-200, 000 5.5 14.8 11.2 8.2 12.7 10.6
> 200,000 0.3 2.7 5.2 1.2 3.6 3.3
Total 30.6 43.3 26.1 37.6 k3.3 19.1

The date in Table 2 show that although only 8.2% of the samples hed
total counts of more than 200,000/ml, 69.4% had more than ten enterococci
and 62.4% samples had more than ten coliforms/ml.

The data relating to the variations in the levels of the Standard
Plate, enterococcus, and the coliform counts are presented in Table 3.

Table 3. Variations in the Standard Plate Counts of 330 sémples of grade A

raw milk corresponding to variations in the enterococcus and
coliform counts

Enterococcus count/ml Coliform count/ml
4 1-10 11-100 >100 < 1-10 11-100 >100

_No. of samples 101 143 86 12k 143 63
Average SPC/ml 35,000 110,000 180,000 66,000 110,000 150,000

Ratio of SPC 1 3.1 5.1 1 1.7 2.3
between groups
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The average total count of the samples with high average enterococcus
counts was considerably larger than the average total count of the samples
with low enterococcus count. The average total count of samples with ten
enterococci or less/ml was nearly one~half of that of the sampleé with
ten coliforms or less/ml. The average total count of the samples with
high coliform count was also larger than the average toﬁal count of sam~
ples with low coliform count. But the ratios were not as wide as with the
enterococcus count. The average total count of samples with high entero-
coccus count was larger than the average of samples with high coliform
count.

The analysis of variance of the Standard Plate, enterococcus, and
coliform counts is presented in Table k.

Taeble 4. Analysis of Variance of the Standerd Plate, enterococcus. and
coliform counts of samples of grade A raw milk

Degree of Sum of Mean

Source of Variation Freedom Squares Squares F Valuel
Standard Plate Count 329 141,072,715

Enterococcus and 2 1,780,201

coliform counts

Coliform count 1 21k, 783 21k4,783 1.79
Enterococcus count 1 1,235,029 1,235,029 10.28
Deviations 327 39,292,511k 120,161

lp value = variance ratio.
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The F values for the enterococcus and the coliform counts were 10.28

and 1.79. This suggests that the relationship between the enterococcus

count and the total count is highly significant.

On the other hand, there

is no significant relationship between the coliform count and the total

count of grade A raw milk.

The effect of storage on the bacterial counts is shown in Table 5.

Under the conditions of storage described, the enterococci grew slowly

while the coliform bacteria multiplied at a more rapid rate,

increase of the total count was intermediate.

The rate of

Table 5. Effect of storage at T C for 7 days on the Standard Plate,
enterococcus . and coliform counts of grade A raw milk
Initial ____After 7T days at 7 C
Sample Standard Entero- Standard Entero-
No. Plate coccus Coliform Plate coccus Coliform
count/ml
1. 5,000 1 5 170,000,000 100 3,800,000
2. 47,000 98 2 420,000,000 6,000 2,700,000
3. 10, 000 18 L8 310,000,000 6,000 k4,500,000
L. 130,000 17 8 370,000,000 100  k&,000,000
5e 34,000 63 13 430,000,000 3,000 2,800,000
6. 39,000 <1 3 240, 000, 000 <1 300,000
7. 170,000 60 140 900,000,000 1,000 2,800,000
8. 65,000 140 8 410,000,000 1,000 1,100,000
9. 14,000 6 3 370,000,000 1,000 20,000
10. 53,000 5 23 210,000, 000 100 3,900,000
11. 1,700,000 4,000 20 65,000,000 130,000 7,000,000
12, 21,000 3 <1 380,000,000 100 1,000
13. 59,000 9 11 130,000,000 1,000 k4,000,000
1k, 140,000 10 160 370,000,000 100 38,000,000
15. 81,000 520 320 430,000,000 1,000 16,000,000
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Initial ____After T days at 7 C
Semple Standard Entero- ‘ Standard Entero-
No. Plate coccus Coliform Plate coccus Coliform
count/ml
16. 62,000 150 20 190,000,000 18,000 500, 000
17. 480,000 190 38 800,000,000 29,000 2,200,000
18. 4,200,000 89 80 800,000,000 28,000 3,700,000
19. 430,000 32 7 1,100,000,000 21,000 21,00
20. 9L0, 000 26 92 1,300,000,000 100 2,000,000
2l. 150,000 140 87 1,300,000,000 1,000 22,000,000
22, 150,000 50 1k 210,000,000 2,000 1,800,000
23. 12,000 L60 20 36,000,000 5,000 39,000
2k, 9,000 8 13 260, 000, 000 330 160,000
25. 22,000 330 530 180,000,000 1,400 280,000
26. 51,000 12 L 9,000, 000 50 30,000
27. 26,000 5 34 150,000,000 110 630,000
28. 32,000 54 350 250,000,000 500  L,000,000
29. 40,000 45 8 140,000,000 Loo 6,000,000
30. 4,000 1 L 33,000,000 300 600,000
31. 5,000 7 N 60,000, 000 100 4,000,000
32. 12,000 1 2 60, 000, 000 50 550,000
33. 11,000 25 6 9,000, 000 180 97,000
3k, 300,000 2,400 170 110,000,000 13;000 9,000,000
35. 20,000 1 11 32,000,000 40 200,000
36. 77,000 36 31 60,000,000 350 1,300,000
37. 11,000 50 19 37,000,000 520 12,000
38. 18,000 13 15 200,000,000 270 11,000
39. 13,000 780 18 190,000,000 9,000 25,000
‘40, L,000 L2 9 26,000,000 550 300,000
41, 35,000 20 66 120,000,000 3,300 3,700,000
L2, 21,000 50 280 110,000,000 1,100 2,500,000
43, L, 000 31 52 60, 000, 000 310 85,000
L, 8,000 8 9 33,000,000 200 160,000
L5, ;000 <1 L 56, 000, 000 <1 3,000
46, 10,000 <1 11 82, 000, 000 <1 3,000
L7, 11,000 19 12 Tk, 000, 000 360 500, 000
L8, 13,000 16 35 200,000,000 40 3,800,000
4o, 38,000 10 1k 77,000,000 140 260, 000
50. 23,000 290 b L, 000,000 700 130,000
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Injtial ____After 7 days at 7 C
Sample Standard Entero- Standard Entero-
No. Plate coccus Coliform Plate coccus Coliform
count,/ml

51. 34,000 17 300 200, 000, 000 40 3,500,000
52. 4,000 50 l2 190,000,000 1,500 1,500,000
53 6,000 160 11 77,000,000 430 6,000
54, 1,000 63 12 200,000,000 2,500 3,000
55. 45,000 960 510 510,000,000 130,000 70,000
56. 16,000 80 6 110,000,000 1,L00 1,000
57+ 18,000 10 140 19o:ooo:ooo 100 5,100:000
58. 58,000 85 450 300,000,000 1,900 4,500,000
59. 3,000 Lo 78 88, 000, 000 160 160,000
60. 250,000 110 190 350,000,000 4,700 8,500,000
2%' 32,000 i6 Z 28,000,000 800 k4,100,000
. 14,000 3 1 9,000,000 1,500 95,000
63. 2k, 000 110 L 260,000,000 74,000 11:ooo
gg. 32,000 6hg 1k 190,000,000 81,000 2,000
. 12,000 5 5 110,000,000 4,700 1,000
66. 17,000 18 58 100,000,000 6,300 s;ooo,ooo
gg. 59,000 67 210 7,000,000 23,000 6,000,000
69. E,ggg Zi 8§ igg,ggo,ooo 3,too 13,000
. , : ,000,000 5,400 1,000
70. 5,000 <1 <1 7,000, 000 30 1,000
T1. 75,000 3 <1 61,000,000 Lo 1,000
T2. 12,000 39 1k 19:ooo:ooo 2,900 2301000
73 T4, 000 230 630 980,000,000 7,500 16,000,000
% . lég, 880 ful 14 67, 000, 000 <1 1,000
. ,000 0 13 160,000,000 8,700 53,000
76. 36,000 230 3 110,000,000 6,000 8,000
17 38,000 450 6 260,000,000 13,000 10, 000
78. 15,000 75 5 35,000, 000 900 2,000
g9. 22,000 2 33 130, 000,000 80 680, 000
0. 150,000 56 29 470,000,000 3,900 80, 000

81. 10,000 61 37 120,000, 000
» 000, 1,500 370, 000
22. 12,000 ] 1 110,000,000 3,700 2,000
82 . ,000 <1 9 8,000, 000 10 1,000
St 6,000 1 3 27,000, 000 20 2,000
5. 9,000 26 2 83,000, 000 160 3,000
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Initial After 7 days at 7 C

Sample Standard Entero- Standard Entero-

No. Plate coccus Coliform Plate coccus Coliform
count /ml

86. 18, 000 Ll 29 330,000,000 1,500 240,000
87. 20,000 55 33 90,000,000 1,700 12,000
88. 13,000 3 3 27,000, 000 60 5,000
89. 25,000 150 2k 240,000,000 1,200 11,000
90. 34,000 1L 6 370,000,000 1,400 240,000
Average 120,000 170 70 300,000,000 7,600 2,400,000
% increase over initial count 250,000 4,500 3,400,000

The effect of pasteurization on survival of different types of bac-

terial groups has been presented in Table 6.

Table 6., Effect of laboratory pasteurizetion on the Standard Plate,

enterococcus and coliform counts of grade A raw milk

__Raw _ Pasteurized

Sample Standard Entero- ' Standard Entero-
No. Plate coccus Coliform Plate coccus Coliform

, count/ml

1. 6,000 160 11 580 <1 <1
2. 1,000 63 12 530 <1 <1
3. 45,000 960 510 1,600 <1 <1
b, 16,000 80 6 110 <1 <1
5. 18, 000 10 140 810 <1 <1l
6. 58, 000 85 k50 560 <1 <1
7. 3,000 4o 78 130 <1 <1l
8. 140, 000 2ko 31 130 <1 <1l
9. 1,000 <1 2 60 <] =1
10 9, 000 43 10 390 <1 <1
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Table 6 (Continued)

Raw Pasteurized

* Sample Btandard Entero- Standard Entero-
No. Plate coccus Coliform Plate coccus Coliform
count /ml
11. 250, 000 110 190 150 <1 <1
12. 35,000 16 9 120 <1 <1
13. 1k, 000 43 16 500 <1 <1
1k, 2k, 000 110 L 250 <1 <1
15. 32,000 640 1h 800 <1 <1
16. 12,000 56 5 350 <1 <1
17. 17,000 18 58 2,000 <1 <1
18. 59,000 67 210 3,000 <1 <1
19. 8,000 T2 82 100 <1 <1
20. I, 000 L 5 100 <1l <1
21. 5,000 Z1 <1 150 <1 <1
22, 75,000 3 1 250 <1 <1
23, 12,000 39 1k 850 <1 <1
2k, Tk, 000 220 630 850 <1 <1l
25, 2,000 <1 z1 200 <1 <1
26. 47,000 <1 1k 200 <1 <1
27. 22,000 28 5 150 <1 <1
28. 61,000 53 67 750 <1 <1
29, 18,000 9 10 150 <1 <1
30. 16,000 2 " 2,000 <1 <1
31. 76,000 8 21 250 <1 <1
32. 42,000 280 80 350 =1 <1
33. 28,000 Lho 13 430 <1 <1
3h. 36,000 230 3 120 <1 <1
- 35, 38,000 450 6 380 <1 <1
36. 15,000 75 5 260 <1 <1
37. 22,000 2 33 T70 <1 <1
38. 150,000 56 29 700 <1 <1
39. 10,000 61 37 20 <1 < 1
Lo. 12,000 b1 1 30 <1 <1
hi. 6,000 £1 9 20 <1 <1
b2, 6,000 1 3 230 =1 <1l
43. 9,000 26 2 70 =1 =1
L, 18,000 Ll 29 110 <1 <1

L5, 20,000 55 33 70 <1 <1
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Table 6 (Continued)

____Raw rasteurized
Sample Standard Entero- Standard Entero-
No. Plate coccus Coliform Plate coccus Coliform
count /ml
U6. 13,000 3 3 L4o < 1 £
L7, 25,000 150 2l 4o £ 1 <1
L8, 34,000 1k 6 250 <1 - &1
Average 3k, 000 110 61 460 <1 <1
% reduction in counts after pasteurization 98.6 100 100

These results show that more than 98% of the total bacteria and all
of the enterococci and coliform bacteria were destroyed during the pas-
teurization treatment. This was further confirmed by failure of both
enterococcus and coliform colonies to appear on plates made from milk held

for 7 days at 7 C from all lsboratory-pasteurized samples.

Manufacturing grade raw milk

The Standard Plate; enterococcus and coliform counts of the manufac-
turing grade raw milk samples are presented in Table 7. The data clearly
show that variations between individual counts of manufacturing grade raw
milk were far wider than with grade A raw milk. The counts in each of the
three bacterial numerical groupings were usually much higher ihan in grade
A milk. However, in many samples the counts of each type also were quite
low. The average Standard Plate Count was 2,000,000/ml, the average entero-
coccus count, 5,600/ml, and the average coliform count, 6,400/ml. The

enterococcus and coliform counts were 0.28 and 0.32%, respectively, of the
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total bacterial count.

The frequency distribution. of the bacterial cohtent of samples is
given in Table 8. While nore then two-fifths of the samples had total
counts of 200,000 or less/ml, more than one-third of the samples had total
counts of more than 1,000,000/ml. Less than one-third of the samples had
enterococcus counts of 100 or less/ml, and 45% of the semples hed coliform
counts of 100 or less/ml.

Table 7. Standard Plate, enterococcus and coliform counts of manufactur-
ing grade raw milk

Standard Entero- Standard Entero-
Sample Plate coccus Coliform Sample Plate coccus Coliform

No. Count/ml No. Count/ml
1. 8k, 000 T2 220 21, 6,000,000 20,000 88,000
2. 320,000 170 by 22, 460,000 1,100 49
3. 110,000 78 13 23. 27,000 2 N
L, 110,000 300 7 2k, 500, 000 95 1
5. 34,000 350 370 25, 17,000 160 1
6. 59,000 13 33 26. 83,000 7 1
Te 340,000 370 L6 27. 14,000 190 90
8. 99,000 320 11 28. 430,000 2,600 690
9. 92,000 370 78 29. 3,700,000 7,600 30, 000
10. 29,000 - 46 68 30. 5,800,000 6,000 5,000
11. 3,500,000 600 23,000 31. 1,000,000 2,200 70
12, 400, 000 350 56 32. 1,800,000 810 180
13. 7,000 7 11 33. 3,600,000 36,000 1,700
1h. 130,000 60 1,100 3k, 270,000 10 70
15. 3,800,000 3,000 800 35. 430, 000 340 1,800
16. 2,500,000 1,300 1 36. 440, 000 120 310
17. 3,000,000 10 6 37. 81,000 3,200 2,400
18. 400,000 32,000 500 38. 2,800,000 30,000 40
19. 30,000 35 7 39. 3,100,000 28,000 1,300

20. 350,000 600 13 ko. 250,000 17,000 1,100
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Standard Entero- Standard Entero-

Semple Plate coccus Coliform Sample Plate coccus Coliform
No. Count/ml No. Count/ml
b1, 190, 000 1 2,100 76. 1,500,000 2,400 1,500
42, 2,100,000 2,100 45,000 7. 400, 000 30 10
43. 6,000,000 30,000 L0, 000 78. 31,000,000 130 59,000
hh, 30,000 950 10 T9. L40, 000 800 9,800
b5, 560,000 3,500 1,300 80. 600, 000 540+ 100
46. 2,800,000 3,200 200 81. 3,000,000 6,300 5,400
k7. 3,900,000 9,000 16,000 82. 50,000 10 10
48. 3,100,000 28,000 4o 83. 2,000,000 760 930
b9, 1,200,000 9,500 18,000 8k, 340,000 2,400 600
50. 81,000 240 2,700 85. 30, 000 10 10
51. 150,000 50 80 86. 1,700,000 8,700 37,000
52. 3,200,000 18,000 120 87. 30,000 10 10
53. 1,800,000 10,000 14,000 88. 50, 000 10 20
5k, 540,000 42,000 16,000 89. 460,000 170 1,900
554 40,000 9,400 370 90. 40,000 30 30
56. 130,000 1,200 100 91. k4,000,000 7,000 970
57 60,000 350 Lo 92. 1,400,000 34,000 35,000
58. 30,000 390 350 93. 30,000 10 10
59. 40,000 160 90 ok, 2,300,000 260 5,900
60. 110,000 600 70 95. 900, 000 190 10
61. 20,000 10 10 9. 40,000 30 10
62. 80,000 4,900 360 97. 1,500,000 36,000 20,000
63. 30,000 70 10 98. 1,100,000 460 190
6l . 120,000 3,700 60 99. 5,300,000 26,000 45,000
65. 22,000,000 36,000 3k4,000 100. 280,000 5,600 7,500
66. 9,400,000 32,000 12,000 101. 50,000 1,100 1,400
67. 80,000 160 24k 102, 1,800,000 270 110
68. 1,300,000 6,600 1,200  103. 38,000,000 16,000 29,000
69. 40,000 20 10 10k, 200, 000 20 30
T0. 60, 000 10 1,000 105. 60,000 340 590
71. 500, 000 490 28,000  106. 40,000 70 20
T2, 800,000 3,200 11,000  107. 40,000 10 10
73. 40, 000 10 30 108. 6,800,000 11,000 1k4,000
Th. 30,000 20 20  109. 3,500,000 5,900 33,000
75. 1,100,000 20,000 3,000 110, 470,000 3,300 3,700



60

Table 7 (Continued)

Standard Entero- Standard Entero-
Sample Plate coccus Coliform Sample Plate coccus Coliform
No. Count/mt No. Count /ml
111. 430,000 90 20 116. 240, 000 10 30
112, 30,000 10 10 117. 120, 000 280 120
113. 12,000,000 35,000 36,000 118. 300, 000 10 20
11k, 3,900,000 80 1,800 119. 6,500,000 90 12,000
115. 60,000 320 900 120. 670,000 20 60
Average 2,000,000 5,600 6,400
% Total Count 100  0.28 0.32

Table 8. Frequency distribution of the bacterial content of 120 samples
of manufacturing grade raw milk

Per cent samples in range

Standard Plate Enterococcus count/ml Coliform count/ml
Count/ml £1-100  >100 < 1-100  >100
<. 1-200, 000 23.4  18.3 29.2 12.5
200, 000~1, 000, 000 5.8  18.4 12.5 11.7
>1,000,000 2.5 31.6 3.3 30.8
Total 31.7  68.3 45.0 55 .0

The variations in Standard Plate Counts and the corresponding varia-

tions in enterococcus and coliform counts are presented in Table 9.
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Table 9. Variations in the Standard Plate Counts of 120 samples of manu=-
facturing grade raw milk corresponding to variations in the
enterococcus and coliform counts

Enterococcus count/ml Coliform count/ml

< 1-100 -7 100 < 1-100 =100
No. of samples 38 82 54 66
Average SPC/ml 470,000 2,700,000 380,000 2,800,000
Ratio of SPC between 1 5.8 1 T4

groups

The results show that the total counts of the samples with higher
enterococcus counts were considerably larger than the total counts of the
samples with lower enterococcus counts. Similar increases were observed
in total counts of samples with high coliform counts. The average totel
count of samples with 100 coliforms or less/ml was lower than the average
total count of samples with 100 enterococci or less/ml. But the ratio
was wider than the ratio of total counts of samples with high and low
enterococcus counts.

| The analysis of variance of the Standard Plate, enterococcus and
coliform counts is presented in Table 10.

The F values for the enterococcus and the coliform counts were 2.29
and 33.09. This suggests that the relationship between the coliform count
and the total count was highly significant. On thebother hand, a signifi=-
cant relationship between the enterococcus and the total count did not

exist in the manufacturing grade raw milk.
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Table 10. Analysis of Variance of the Standard Plate, enterococcus and
coliform counts of samples of manufacturing grade raw milk

Degree of Sum of Mean

Source of Variation Freedom Squares Squares F Valuel
Standard Plate Count 119 3,08L4,604,971
Enterococcus and 2 963,948,111

coliform counts
Coliform count 1 599,793,782 599,793,782 33.09
Enterococcus count 1 h1,611,119 41,611,119 2.29
Deviations 117 2,120,656,860 18,125,272

lF Value = variance ratio.

Relation of Coliform and Yeast and Mold

Counts to the Enterococcus Count of Butter

Experimental butter

| Experimental butter was prepared in nine separate churnings from
cream inoculated with eight different combinations of an enterococcus anda
coliform culture; one was inoculated with an enterococcus, a coliform and
a flavor culture. Half of the butter was salted and half was left unsalted;
out of each half, one portion was properly worked and thé other was in-
sufficiently worked. Ten samples were taken from each of the 36 portions
thus made. They were kept at 3, 10 and -20 C as stated under experimen-
tal methods, and were examined at intervals of 4 hr, 24 hr, 3 days and 1,

2, 3, &, 5, 6 and 8 weeks.
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The effects of salting, working, storage temperature. and time on
the enterococcus counts of butter are summarized in Table 11 and on the
coliform counts in Table 12. The chemical composition of the experimental
butter is presented in Table 13. Averages of the enterococcus and coli-
form counts, as presented in Tables 11 and 12, ere summerized in Teble 1k,

The data presented in Table 13 indicate that the butter had a fairly
uniform composition.

The data presented in Tables 11 and 14 indicate ' that the viable
counts of entérococci decreased on storage. Howeier, the decline was
gradual and slow (Figures 1 and 2). A fairly large number of these organ-
isms were able to withstand the micro-enviromment of butter as well as
the frozen storage. Salt has a somewhat detrimental effect on these
organisms, but, nevertheless, a large number of them persisted during the
8-week storage period. There was multiplication of 8. durans in unsalted,
poorly worked butter, the highest count being in the Pourth week when the
temperature of storage was increased to 10 C. No such increase in the
numbers of §. faecalis was observed.

The coliform orgenisms also persisted in unsalted butter (Tables 12
and 14). The E. coli strains gradually decreesed in numbers (Figures 3
and 4). Both strains of A. aerogenes multiplied in large numbers during
storege. The largest increase in numbers was registered during 10 C
storage (Figures 5 and 6). Salt has a pronounced effect on the survival
of coliforms, most of which were killed during the imitial 4 hr. prepara-
tion period. The salt-resistant strains persisted longer then the sensi.

tive strains. A. aerogenes can tolerate salt better than E. coli. The
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Teble 11. Effect of salting, working, storage temperature and time on the

Churn- Storage
ing Treatment given 3C
No. Inoculum % Salt Working L hr 2L hr 3 days 1 wk

1. S. faecalis - Proper 160,000 140,000 170,000 120,000 13
+ - Poor 89,000 73,000 91,000 54,000 6
E. coli(ss)l  2.00 Proper 64,000 37,000 35,000 39,000 U
1.95  Poor 110,000 41,000 34,000 56,000 7!
2. S. faecalis - Proper 81,000 73,000 35,000 57,000 ¢
+ -  Poor 89,000 61,000 68,000 75,000 1K
E. coli(S8R)2 2.00 Proper 71,000 68,000 26,000 27,000 2
1.95  Poor 43,000 30,000 33,000 17,000 k<
3. S. faecalis -  Proper 149,000 51,000 91,000 110,000 T
+ -  Poor 50,000 28,000 74,000 91,000 8¢
. A. aerogenes 2.00 Proper 27,000 22,000 21,000 21,000 3(
(88)1 1.95  Poor 53,000 28,000 32,000 32,000 L
L. 8. faecalis - Proper L6,000 72,000 75,000 - 66,000 {
+ -  Poor 61,000 110,000 61,000 92,000 9t
A. aerogenes 2.00 Proper 32,000 31,000 60,000 55,000 3¢
[8R)2 2.05 Poor 30,000 40,000 62,000 63,000 5C
5. 8. durans -  Proper 26,000 19,000 21,000 13,000 1]
+ "~ - Poor 19,000 21,000 15,000 27,000 2%
E. coli(ss)t 2.00  Proper 10,000 3, 400 2,900 3,100 c
1.95  Poor 60,000 7,700  4,Lo0 3,600 @ €
6. S. durans -  Proper 5,400 8,100 12,000 7,300 €
+ 5 -  Poor 5,900 9,900 16,000 14,000 3]
E. coli(SR) 2.00  Proper 2,300 2,100 3,k00 3,000 ¢
2.05  Poor 5,400 L, 600 3,000 5, 700 3
7. S. durans -  Proper 9,400 16,000 7,200 11,000 &
+ -  Poor 6,900 16,000 12,000 19,000 14
A. aerogenes 2.00 Proper 2,300 2,700 3,300 3,800 3
- (s§)1 2.00 Poor 5,k00 7,000 6,200 6,300 4

)

salt sensitive.

8

salt resistant.
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Storage temperature and time

3C 10C -20C
24 hr 3 days 1 wk 2 wk 3 wk L owk 5 Wk 6 wk 3 vk
count/ml
140,000 170,000 120,000 130,000 70,000 81,000 83,000 69,000 56,000
73,000 91,000 54,000 60,000 7C,000 95,000 19,000 65,000 23,000
37,000 35,000 39,000 41,000 28,000 25,000 26,000 24,000  1k,000
41,000 34,000 56,000 74,000 55,000 40,000 30,000 31,000 33,000
73,000 35,000 57,000 76,000 69,000 43,000 35,000 31,000 17,000
61,000 68,000 75,000 110,000 85,000 70,000 60,000 45,000 38,000
68,000 26,000 27,000 27,000 24,000 22,000 22,000 6,000 25,000
30,000 33,000 17,000 k49,000 33,000 27,000 30,000 16,000 30,000
51,000 91,000 110,000 175,000 81,000 76,000 48,000 35,000 2L,000
28,000 7,000 91,000 88,000 59,000 Lk,000 77,000 41,000 22,000
22,000 21,000 21,000 30,000 20,000 17,000 8,000 11,000 17,000
28,000 32,000 32,000 k41,000 25,000 15,000 13,000 17,000 20,000
72,000 75,000 . 66,000 87,000 64,000 72,000 34,000 57,000 20,000
110,000 61,000 92,000 95,000 98,000 65,000 48,000 49,000 26,000
31,000 60,000 55,000 38,000 38,000 34,000 22,000 22,000 16,000
40,000 62,000 63,000 50,000 57,000 39,000 32,000 34,000 16,000
19,000 21,000 13,000 11,000 16,000 13,000 9,900 10,000 2,700
21,000 15,000 27,000 23,000 22,000 18,000 14,000 26,000 27,000
3,400 2,900 3,100 5,400 3,500 3,300 1,200 800 2,100
7,700  4,LOo0 3,600 6,900 4,500 3,800 1,900 900 2,300
8,100 12,000 7,300 8,200 11,000 6,200 3,700 5,000 700
9,900 16,000 14,000 37,000 58,000 36,000 6,900 19,000 9,300
2,100  3,k00 3,000 2,800 1,600 1,500 900 500 200
L,600 3,000 5,70 3,700 2,500 2,800 1,700 800 300
16,000 7,200 11,000 8,800 5,800 5,900 12,000 k4,000 2,400
16,000 12,000 19,000 14,000 13,000 41,000 21,000 29,000 6,000
2,700 3,300 3,800 3,500 2,800 1,700 700 400 1,100
7,000 6,200 6,300 4,600 3,600 2,400 1,200 800 5,300
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Churn- Storage
ing Treatment given 3C .
No. Inoculum % Salt Working L hr 24 hr 3 days 1 wk

8. 8. durans -  Proper 9,k00 6,200 14,000 6,900

—x -  Poor 7,500 8,400 14,000 16,000 1
A. aerogenes .00  Proper 2,k00 2,800 2,600 1,700
(8R)° 1.95 Poor 3,l00 5,400 3,200 3,200
9. S. faecalis -  Proper 43,000 100,000 94,000 100,000 10
x -  Poor 110,000 120,000 110,000 110,000 10
A. aerogenes 2.00 Proper 38,000 47,000 39,000 42,000 3
+ (BR)® 1.95 Poor 69,000 64,000 62,000 53,000 3

Starter




Storage temperature and time

3C 10C -20C

r 24 hr 3 days 1 wk 2 wk 3 wk 4wk 5 wk 6 wk 8 Wk
count,/ml

00 6,200 14,000 6,900 5,700 7,200 5,k00 3,800 2,500 2,300
00 8,400 14,000 16,000 14,000 20,000 69,000 35,000 6,300 9,700
00 2,800 2,600 1,700 1,200 800 500 300 300 1,200
00 5,400 3,200 3,200 1,900 1,200 800 600 600 2,400
00 100,000 94,000 100,000 100,000 82,000 77,000 65,000 38,000 15,000
00 120,000 110,000 110,000 100,000 120,000 100,000 95,000 77,000 16,000
00 k47,000 39,000 k42,000 37,000 36,000 29,000 28,000 27,000 1k4,000
00 64,000 62,000 53,000 35,000 35,000 37,000 37,000 24,000 15,000
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Table 12. Effect of salting, working, storage temperature and time on th

Churn- Storage
ing Treatment given 3C
No. Inoculum % Salt Working & hr 2k hr 3 days 1 wk :

1. E. coli(SS)l - Proper 10,000 12,000 9,800 3,300 L
+ -  Poor 9,700 10,000 8,000 1,000 l

S. faecalis 2.00 Proper 5 4L <1 £l

1.95 Poor 50 £l -2l 41
2. E. coli(SR)? - Proper 135,000 30,000 19,000 23,000 2
+ -  Poor 43,000 33,000 37,000 35,000 2t

S. faecalis 2.00 Proper 30 12 6

- R 1.95  Poor 80 20 60 16
3. A. aerogenes - Proper 9,500 5,300 L,800 180,000 Lo
T Ty E (85)! -  Poor 2:300 ’850 11,000 600,000 1,80«

S. faecalis 2,00 Proper 2 2 2 14

- 1.95  Poor 10 8 60 470
4., A. merogenes - Proper 82,000 130,000 130,000 100,000 8l
= 7% (8R)® - Poor 140,000 170,000 140,000 130,000 1l

S. faecalis 2.00 Proper 500 570 40 260

- T 2.05  Poor 1,700 1,200 650 4180

5. E. coli(ss)! - Proper 20,000 23,000 23,000 8,400
I -  Poor 35,000 18,000 18,000 13,000 {

S. durans 2.00 Proper L6 150 L2 6

- 1.95  Poor 6L 60 22 L
6. E. coli(SR)® - Proper 19,000 34,000 35,000 29,000 2
T Ty - Poor 37,000 44,000 49,000 39,000 3

S. durans 2.00  Proper 620 330 260 120

' 2.05  Poor 1,200 210 190 92
7. A. aerogenes - Proper 31,000 55,000 41,000 120,000 12
- ""+'£E 88) - Poor 18,000 25,000 51,000 990,000 3,20
S. durans 2.00 Proper L 86 6 6 ‘

- 2.00  Poor 58 L20 260 450

salt sensitive.

lsg
°sR

salt resistant.



ge temperature and time on the coliform count of experimental butter

Storage tempersture and time

3C 10C -20C
24 hr 3 days 1 wk 2 wk 3 wk 4wk 5 wk 6 wk O wk
count,/ml
12,000 9,800 3,300 12,000 7,200 12,000 7,500 1,900 <1
10,000 8,000 1,000 4,100 4,500 6,900 7,200 3,700 <1
£1 £1 PANR L1 <1 £1 Z1 pan i Z1
P - £ 1 panN L1 £ 1 <1 Z1 <1 L1
30,000 19,000 23,000 27,000 22,000 7,700 6,900 4,200 680
33,000 37,000 35,000 26,000 2k, 000 30,000 77,000 38,000 1,300
12 5 6 6 6 2 Z1 £1 2
20 60 16 60 10 L Z1 Z1 2
5,300 4,800 180,000 490,000 230,000 600,000 810,000 470,000 L6
850 11,000 600,000 1,800,000 1,200,000 2,100,000 1,100,000 180,000 3,700
2 2 1k 16 2 2 Z1 Z1 <1
8 60 470 1,900 270 2,700 26 22 <1
30,000 130,000 100,000 84,000 82,000 720,000 550,000 1,600,000 12
70,000 140,000 130,000 110,000 100,000 130,000 410,000 1,200,000 Lo
570 740 260 16 6 36 16 62 2
1,200 650 480 3k 10 32 48 280 <1
23,000 23,000 8,400 7,400 7,300 3,700 3,500 1,800 £1
18,000 18,000 13,000 8,000 8,000 4,000 L,300 2,500 4o
150 42 6 6 2 £1 41 <1l <1
60 22 L 2 2 2 £1 <1 <1
34,000 35,000 29,000 24,000 17,000 17,000  1k4,000 6,600 900
4h,000 k49,000 39,000 34,000 21,000 22,000 76,000 61,000 3,500
330 260 120 2 2 2 41 <1 <1
210 190 92 8 2 22 460 2ho 2
55,000 141,000 120,000 120,000 980,000 920,000 1,200,000 350,000 12
25,000 51,000 990,000 3,200,000 9,500,000 8,300,000 1,100,000 1,400,000 12,000
86 6 6 1,200 3,400 830 600 90 <1
420 260 450 L, 500 13,000 19,000 19, 000 2,600 <1
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Table 12 (Continued)

Churn-~- Storage t
ing Treatment given 3C

No. Imoculum %.Salt Working L hr 2L hr 3 days 1 wk 2
cC
8. A. aerogenes - Proper 140,000 110,000 150,000 94,000 100,
~F (8R)% - Poor 170,000 180,000 300,000 160,000 130,

S. durans 2.00  Proper 450 270 150 32

1.95 Poor 900 1,700 290 130
9. A. aerogenes -  Proper 77,000 78,000 42,000 370,000 660,
"+ (SR) -  Poor  LB0,000 TLO,000 550,000 L30,000 620,

S. faecalis 2.00 Proper 58 34 18 26

+ 1.95 Poor 26 35 1L 12

Starter




Storage temperature and time

3C 10C -20C

Y 24 hr 3 days 1wk 2 wk 3 wk 4wk 5 wk o wk O Wk
count/m1

00 110,000 150,000 94,000 100,000 85,000 78,000 260,000 370,000 22
00 180,000 300,000 160,000 130,000 180,000 1,500,000 2,800,000 1,700,000 230
50 270 150 32 2 2 2 2 2 <1
00 1,700 290 130 N 36 2,000 380 6,300 P
00 78,000 42,000 370,000 660,000 610,000 2,200,000 2,400,000 3,500,000 L
20 740,000 550,000 430,000 620,000 710,000 1,600,000 4,800,000 4,600,000 6
58 3k 18 26 6 10 170 70 2 Z1
26 35 1L 12 6 15 190 6L Lo <1




Table 13. Chemical composition of experimental butter
Churn-
ing Treatment given Moisture Fat Curd Selt
No. Inoculum Salt Working % % %
1. S. faecalis + E. coli(ss)t Unsalted Proper 17.50 81.40 1.00 -
o - " Poor 17.00 81.90 1.10 -
" " Salted Proper 16.50 80.50 1.00 2.00
" " " Poor 16.70 80.30 1.05 1.95
2. o + E. coli(SR)2 Unsalted Proper 17.10 81.90 1.00 -
" ™ " Poor 17.50 81.50 1.00 -
" " Salted Proper 16.90 80.10 1.00 2.00
" " " Poor 16.90 80.10 1.05 1.95
3. " + A. aerogenes(8S)1 Unsalted Proper 16.60 82.40 1.00 -
" T " Poor 17.00 82.00 1.00 -
" " Salted Proper 17.00 - 80.05 0.95 2.00
" " " Poor 16.90 - 80.15 1.00 1.95
b, " + A. serogenes(SR)® Unsalted Proper 16.80 82.20 1.00 -
" - " Poor 16.60 82,40 1.00 -
" " Salted Proper 16.60 80.40 1.00 2.00
" " " Poor 16.90 80.10 0.95 2.05
5. S. durans + E. coli(ss)' Unsalted Proper 16.15 82.80 1.05 -
T " " Poor 16.35 82.65 1.00 -
" " Salted Proper 17.00 80.00 1.00 2.00
" " " Poor 16.50 80.50 1.05 1.95

ss
23R

salt sensitive.

salt resistant.,

89



Table 13 (Continued)

Churn=
ing Treatment given Moisture Fat Cuxd Salt
No. Inoculum Salt Working % %- % %

6. S. durans + E. coli(SR)? Unsalted Proper 16.40 82.60 1.00 -
- T T " " Poor 16.60 82,40 1.00 -

" " Salted Proper 16.20 80.80 1.00 2.00

" " " Poor 16,70 80.25 1.00 2.05

7. " 4 A, aeroﬁgnes(ss)l Unsealted Proper 17.00 82.00 1.00 -
" - " Poor 17.10 81.90 1.00 -

" " Salted Proper 16.80 80.20 1.00 2.00

" " " Poor 17.00 80.05 0.95 2.00

8. "+ A aero§gnes(SR)2 Unsalted Proper 16.90 82.10 1.00 -
" - " Poor 17.00 82.00 1.00 -

" " Salted Proper 16.70 80.30 1.00 2.00

" " " Poor 16.50 80.50 1.05 1.95

9. S. faecalis + A. aerogenes(SR)? Unsalted Proper 16.00 82.65 1.35 -

+ Flavor Culture

" " " Poor 16.10 82.60 1.30 -

" " Salted Proper 16.50 80.25 1.25 2.00

" " " Poor 16.00 80.80 , 1.25 1.95

salt sensitive

salt resistant

&g
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Table 14. Average enterococcus and coliform counts in experimental butter

No.of
Churn- Storage temperatu
ings Treatment given 3C

Inoculum Aver. % Salt Working 4 hr 24 hr 3 days 1 wk 2 wk
count,/ml
S. faecalis & - Proper 84,000 85,000 92,000 88,000 93,000 7
T L -  Poor 72,000 68,000 73,000 78,000 88,000 T
" L 2.0 Proper 49,000 40,000 36,000 36,000 3k4,000 2
" L 2.0 Poor 59,000 35,000 40,000 42,000 54,000 L
S. durans b - Proper 13,000 12,000 14,000 9,600 8,400 1
" L - Poor 9,800 14,000 14,000 19,000 22,000 2
" b 2,00 Proper 4,300 2,800 3,100 2,900 3,200 :
" L 2,00  Poor 5,500 6,200 4,200 k4,700 L, 300 '
E. coli(ss)l 2 - Proper 15,000 17,000 16,000 6,000 9,800
2 -  Poor 22,000 15,000 13,000 7,000 6,000 {

" 2 2.00 Proper 26 75 21 3 3

" 2  1.95 Poor 57 30 11 2 1
E. coii(SR)2 2 - Proper 27,000 32,000 27,000 26,000 25,000 2
" 2 - Poor 40,000 39,000 43,000 37,000 30,000 2

" 2 2,00  Proper 330 170 130 63 L

" 2 2.05 Poor 650 120 130 54 3k
A. aerogenes 2 -  Proper 20,000 30,000 23,000 150,000 300,000 60
55)12 -  Poor 10,000 13,000 31,000 800,000 2,500,000 5,00
" 2 2.00 Proper 23 Lh 4 10 590 :
" 2 2,00 Poor 3k 210 160 460 3,200 ¢
A. aerogenes 22 - Proper 110,000 120,000 140,000 97,000 9k, 000 8l
T (8R)-2 -  Poor 160,000 170,000 230,000 150,000 120,000 1l

" 2 2.00 Proper 500 420 440 150 9

" 2 1.95 Poor 1,300 1,500 470 300 19

1sg = salt sensitive.

23R = salt resistant.




ounts in experimental butter

-

Storage temperature and time

] 3C 10C -20C
hr 3 days 1 wk 2 wk 3 wk b wk 5 wk 6 wk 8 wk
count/ml
,000 92,000 88,000 93,000 71,000 68,000 50,000 48,000 39,000
,000 73,000 78,000 88,000 78,000 69,000 59,000 50,000 27,000
,000 36,000 36,000 3k4,000 27,000 25,000 20,000 16,000 18,000
,000 40,000 42,000 54,000 43,000 30,000 26,000 25,000 25,000
,000 14,000 9,600 8,400 10,000 7,600 7,400 5,400 2,000
,000 14,000 19,000 22,000 28,000 k41,000 19,000 20,000 13,000
,800 3,100 2,900 3,200 2,200 1,800 800 500 1,200
, 200 4,200 k4,700 4,300 3,000 2,500 1,300 800 2,600
,000 16,000 6,000 9,800 7,300 7,600 5,500 1,900 L1
000 13,000 7,000 6,000 6,300 5,500 5,800 3,100 20
75 21 3 3 1 <1 £1 41 <1
30 11 2 1 1 1 <1 Z1 Z1
000 27,000 26,000 25,000 20,000 13,000 11,000 5,400 800
000 43,000 37,000 30,000 23,000 26,000 77,000 50,000 2,400
170 130 63 L L 2 £1 <1 1
120 130 54 34 6 13 230 120 2
000 23,000 150,000 300,000 600,000 760,000 980,000 k10,000 29
000 31,000 800,000 2,500,000 5,000,000 5,000,000 1,000,000 780,000 8,000
L 10 590 1,700 810 300 L5 1
210 160 460 3,200 6,800 12,000 9,000 1,300 Z1
000 140,000 97,000 9k, 000 84,000 400,000 410,000 1,000,000 17
000 230,000 150,000 120,000 1ko,000 800,000 1,600,000 1,400,000 140
420 440 150 9 b 19 8 32 1
500 470 300 19 43 1,000 420 3,300 L1
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temperature and time on E. coli (salt-
sensitive) in experimental butter
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Table 15. Recovery of enterococcus and coliform organisms in butter
made from inoculated cream

salt sensitive

%

salt resistant

Treatment No. inoculated No. recovered %
Inoculum % Salt Working in cream in butter recovery
count/g cbunt/ml

S. faecalis - Proper 760,000 8k, 000 11.00
- Poor " 72,000 9.50

2.00  Proper " 49,000 6.40

2.00  Poor " 59,000 7.70

S. durans - Proper 120,000 13,000 10.30
- - Poor i E,aoo 8.00
e b 7

[ ] ] L)

E.coli (88)1° - Proper 220,000 15,000 7.00
- Poor " 22,000 10.00

2.00  Proper " 26 0.01

1.95  Poor " 57 0.03

E. coli (SR)Z - Proper 380, 000 27,000 7.00
- ' -  Poor " 40,000 10.00
2.00 Proper : 330 0.09

2.05 Poor 650 0.17

A. aerogenes - Proper 250, 000 20,000 8.00
Essjl - Poor U 10,000 .00

2.00 Proper " 23 0.01

2,00  Poor " 3k 0.01

A. serogenes -  Proper 860,000 110,000 12.80
(sr)2 - Poor n 160,000 18.40

2.00 Proper " 500 0.06

1.95 Poor n 1,300 0.15

1ss =
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Table 16, Effect of frozen storage on the enterococcus and coliform
counts of experimental butter

Treatment given Temperature and time of storage %
Inoculum % Salt Working 3 C for 7 days =20 C for 7 wk. Recovery

count/ml

S. faecalis -  Proper 88,000 39,000 4l ,30
- Poor 78,000 27,000 34,60
2.00  Proper 36,000 18,000 50,00
2.00  Poor 4o, 000 25,000 62.50
S. durans -  Proper 9,600 2,000 20,80
-  Poor 19,000 13,000 68.00
2.00 Proper 2,900 1,200 k1,40
2.00  Poor 4,200 2,600 61.90

E. coli (8S)! -  Proper 6,000 . 41 0
- Poor 7,000 20 0.28

2.00 Proper 3 L1 0

1.95 Poor 2 41 0
E. coli (SR)2 - Proper 26,000 800 3.10
- Poor 37,000 2,400 6.50
2.00  Proper 63 1 1.60
2.05  Poor 5l 2 3.70
A. serogenes - Proper 150,000 29 0.02
i gs)t -  Poor 800, 000 8,000 1.00

2.00  Proper 10 L1 0

2.00 Poor 460 <1 0
A. aerogenes - Proper 97,000 17 0.02
E 8R)e - Poor 150,000 140 0.10
2.00  Proper 150 1 0.66

1.95 Proper 300 <1 0

salt sensitive

1ss
2SR

salt resistent
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former organism also showed some growth during storage of the salted but-
ter. Frozen storage killed most of the coliforms in butter. The working
of bu£ter had a marked effect on the counts of both enterococci and coli-
forms. In poorly worked butter, the orgenisms showed noticeably irregular

trends in survival or destruction.

Recovery of enterococci and coliforms in butter made from inocuiated
cream is presented in Table 15. From 3.5 to ll.O% of all of the entero-
coccl inoculated intd cream were recovered in the butter. The coliforms
were recovered from 4.0 to more than 18.0% in unsalted and less than 0.2%

in salted butter.

The effect of frozen storage on the enterococcus and coliform counts
of butter is summarized in Table 16e Approximately 21.0 to 68.0% of the
enterococcus members present initially survived the T-week storage at -20 C,
Less than 7.0% of the coliforms survived frozen storage. The salt-resist-
ant strains of the coliform bacteria showed bvetter survival under frozen
condition in butter. There was a tendency toward better survival when
the initial coliform counts were large. The percentage of surviving coli-
forms was larger in poorly worked than in properly worked butter.

The flavor culture added to butter did not have an effect on the

enterococcus or coliform count of butter as stored in this study.

Line~run samples of butter

Line-run samples of butter were obtained from 20 different churnings
at eight creameries., BSamples were collected at ten consecutive points
along the processing line. Results are presented in Table 17. Examina-

tion of the data shows that raw cream contained the highest number of



Table 17.

Enterococcus, coliform

80

and yeast and mold counts

of line-run samples

Enterococcus count/ml

Salted

Cream Cream Un-
Pas- from after washed butter -
teur- hold= Cream 2 min. butter after
Churn~ Raw ized ing from churn-Butter gran- Washed Salted 7 days
ing Plant cream cream vat churn in milk ules butter butter at 7 C
To. Te. (1) (2 () B (5 ® (O ) (» a0 @
1. 1 1,00, 000 1 100 90 87 220 6 3 2 <1 8,000,
2. 1 1460, 000 8 17 7 27 L6 3 2 1 2 3,800,
3. 1 1,100,000 1 22 2, 20 - Lo 3 2 1 <1 L,700,
. 2 1,200 <1 41 «1 &1 <l <1 - <1 <1 L2,
Se. 2 1,000 «1 <1 «£1 «1 «l1 <1 - L1 zl 220,
6. 3 360,000 1 - - 21 250 38 17 13 150 750,
Te L* - 2,800 2,900 2,900 3,100 950 100 - 59 Lo
8. L¥ - Lo 700 740 1,200 L8O 120 31 1
9. L* - 25 21 65 180 il 23 - 3 2
10. 5 45,000 <£1 2 1 3 2 2 L1 2 1 L3,
11. 5 350 - L1 - 2 15 11 1 <1 <1 1,
12, 5 - - 97 50 60 160 9 13 10 6
13. 6 850,000 <«£1 100 130 140 310 27 13 72 70 1,500,
L. 7 64,000 <1 66 96 160 340 20 - 26 32 37,
15. 8 - - 1,000 1,000 1,100 1,800 200 140 74 67
16. 6 - - 250 350 330 380 68 55 39 30
17. 7 - - 250 340 600 1,100 100 - 67 3L
18. 1 - <1 900 1,000 800 1,200 120 100 30 12
19. 5 50,000 <1 «1 «£1 8 13 7 2 1 <l gL0,
20, 5 50,000 <1 <41 <1 7 12 L b 3 2
#pyerage 280,000 1 170 210 200 290 30 30 20 2, 1,800,

*Cream was separated from pasteurized milk and no further heat: treatment was given

#*Average of churnings using pasteurized cream only, excludes churnings no. 7, 8

an



Coliform count/ml Yeast and mold count/ml

Line~run samples Line-run samples

1) (2) (3 W (5 (&) (7) (8)(9)(20) (1) (2)(3) (L) (5) (6) (7) (8) (9) (10) -

0,000 11,300 86 75 55 9 7<£1<112,000413 7 9 22 1<1 9 7
)0, 000 L 130 120 140 L50 20 28<£1«117,00041 1 2 L 29 L 2 1 2
0,000 <1 38 51 210 500 27 19<£1<«1 17,0001 3 17 27 39 8 9 10 6
12,000 <41 <£1 «£1 <1 <1 <41 -<lel 100<141<«l<€1<]l <1 -<«1l<l

0,000 <1 L1 <1 L1 «£1 41 =-<4l<l 5<€141£1<«1l<cl €1 - <l<l
0,000 41 - - 3 380 37 272141 12,000 1 - = 1460 LEO 370 330 270
- 3,600 4,200 5,300 6,500 L,100 470 -<1&1 -4 L2 39 38280 25 - 320 300
- 9,700 8,700 11,000 16,000 12,000 230 =<l«l -4l 22 50 74 240 33 - 230 170
- 1,500 2,200 2,000 2,000 3,600 200 =<l<«l - 910 12 28 280130 =~ 190 120
13,000 1 £1 <£1 2 2 1 2 1«1 140<1<€1 1<l <l 9 5 <1<l
1,700 - 6 - 2 2 €1 £1 <1<l 13 =<1 = <41 <1 4€1<1<€1<1
- S & 5 18 90 13 11<1«1 - =241 <41 <1 1<1 5 <141
0,000 <£1 110" 330 L4so 1,700 73 39 6 1 1,300<1l L4 3 22120 15 27 180 240
17,000 <£1 1 1 17 17 1 =<1<«l 1704141 €1 2 1 <41 =~-&£lel
- - 190 400 390 500 39 1l <1<l - =Z141<1xl1 <1<l 4l <l
- - 1,300 1,600 1,900 2,600 110 33 1, 6 - ~<1 210150 240 28 19 56 23
- - 1,100 1,600 2,000 2,900 130 =~<41l<l - - 2 2 94110 63 - 2 2
- £1 3,000 3,400 3,500 13,000 600 L20<1l<cl -<1 7 11 21 32 26 1 L4 L
0,000 <1 <1 <1 1 2 41 £1€1c]l  120<1 142141l <41 U 1<l
- z1 1 <1 5 110 3 2<1l«l -<1<1 €1 £1<L1 <1<l <1«

10,000 £1 L450  L80 510 1,300 63 L6 2 2 5,500<1 8 17 19 62 37 36 35 33

n to the cream.

and 9.
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Figure T. Enterococcus, coliform, and yeast and mold
counts of line-run samples
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organisms. Pasteurization of the cream eliminated almost all organisms

of the three groups. In one of the plenis, pasteurized whole milk was
separated to obtain cream for churning. This cream was noﬁ given any
additional heat-treatment. As & result, relatively high numbers of entero-
cocci, coliforms, and yeasts and molds were present in the cream and the
unsalted butter made from the cream.

The most important singlé source of contamination in the line was
the holding vat. The largest numbers of the enterococcus and the coliform
organisms were introduced at this point. Churns, particularly the wooden
ones used at three of the eight plants surveyed, also contributed to the
microbial flora of the butter, particularly the yeasts and molds. A large
proportion of all three types of organisms was eliminated in the butter-
milk, leaving the butter granules lower in the microbial content. Washing
of the butter granules further reduced the number of organisms in the
butter. In one instance, more'enterococci were introduced into washed
butter than were originally present in the unwashed granules. In another
case, the salting operation, or, perhaps the water used to control the
moisture level of the butter, added to the enterococcus count. Otherwise,
salting, as well as the holding of butter at 7 C for 7 days, had an inhi-
bitory effect on the enterococeci, and completely eliminated the coliforms
in most cases. 1In one case, both enterococci and the coliforms registered
a substantial increase in numbers during the holding period. Some reduc-
tion in the yeast and mold count occurred during storage of salted butter
at 7 C for 7 days. In two cases, however, the counts showed an increase

on storage. The general pattern of microbial contamination of butter
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along the processing line is graphically presented in Figure 7.

Contest butter samples

Samples of butter were obtained from several Iowa contests. The
samples were taken from larger quantities of salted butter and were
about one week old. The results are presented in Table 18. The average
énterococcus, coliform, and yeast and mold counts were 25, 5. and 18/ml
of butter, respectively. There appeared to be little relationship be-
tween the microbial content and the quality of butter. Of the 57 sam=-
ples with judging scores of less than 90, high microbial content (more
then ten enterococei or coliforms or more than 20 yeasts ané molds /ml)
was observed in 22 samples compared to 35 samples having low counts. Of
266 samples having scores of 93 or over, high microbial counts were
present in 46 samples while 220 samples hed low counts.

The frequency distribution of the contest butter samples according
to microbial content is presented in Teble 19.

Only a small number of samples had all three types of organisms
present. Approximately one-third of the samples did not have any of
these organisms. Enterococci were present in three-fiftha of the samples,
yeasts and molds in about one~fourth, while the coliforms ﬁere present
only in a small number of samples. Enterococci alone were present in
more than one~-third of the samples, while only & small percentage of the
semples had yeasts and molds alone. No samples of butter contained the
coliform orgenisms alone. More than ten enterococci/ml were present in
21.3% of the samples and more than ten coliforms/ml in only 5.1% of the

samples; 9.3% of the samples had more than 20 yeasts and molds/ml.
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Table 18. Enterococcus, coliform. and yeast and mold counts of butter

samples
Yeast Judg- Yeast Judg-
Entero- Coli- and ing Entero- Coli~ and ing
Sample coccus form mold score Sample coccus form mold score
No. count/ml No. count/ml
l. <1 <1 <1 98 36. 1 <1 8 91
2. 2 £1 <1 96 37. <1 <1 <1 98
3. 6 <1 <1 96 38. <) <l Z1 9k
k, 8 <1 <1 96 39. £1 1 L 96
5. «£1 21 <1 97 40, 2 4 <1 90
6., 2 <1 <1 98 b, <1 <. <1 97
7. <1 =<1 <1 97 k2, <1 <1 <1 97
8. 1 30 . 10 92 W3, <1 <1 <1 98
9., . 6 z1 =1 90 by, -1 <1 <1 95
10, =<1 < 1 <1 98 ks, 250 70 90 8k
11, 290 270 120 85 L6, <1 <1 £ 98
12, =21 =1 <1 97 L7, 8 £1 <1 95
13. 26 <1 10 97 48, 38 <1 8 96
1k, 2 <1 21 97 kg, =«1 L1 Z1 98
15, 97 2 T 95 50, «1 <1 <1 98
J
16. 17 <1 50 96 51. 67 L Z1 93
17. 2 <1 <1 98 52. 31 6 Z1 89
18. 2 6 <1 96 53. 8 L Z1 95
19, <1 <1 <1 97 5h, 4 L1 12 93
20, .2 <1 <1 97 55. <1 <1 8 98
21, <£1 <1 <1 97 56. 1 Z1 £1 100
22, b b 4o 93 57. 290 22 £1 95
23. =1 Z1 £1 gl 58. <«1 <l <1 98
2k, 41 <1 <1 95 50, <1 <1 1 ok
25. 63 <1 <1 97 60. 1 £1 <1 97
26, 10 £1 <1 98 61. 2 <1 <1 97
27, <1 <1 10 95 62, <1 <1 <1
28, <1 <l <1 97 63. 2 <1 10 95
29, I <1 <1 96 6k, 48 <1 <1 98
30, <1 Z1 L 95 65. 2 <1 <1 97
31.. 3 <1 <1 97 66, 1 <1 £1 99
32. <«1 <1 10 98 67. <1 <1 b 96
33. <1 <1 20 96 68. L <1 <1 98
34, 1 <1 <1 97 69. 52 <1 <1 97
35. <1 <1 30 95 70. 5 21 <1 92
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Table 18 (Continued

Yeast Judge Yeast Judg=-

Entero- Coli- and ing Entero- Coli- and ing
Sample coccus form mold score Sample coccus  form mold score
No. count/ml No. count/ml ‘
Ti. 26 £1 6 96 109. L Z1 Z1 95
72. 6 £l £1 96 110, Z£1 £1 =1 8l
3. 8 <1 £1 81 111. 22 <1 Z1 88
The 1 Z1 L 97 112, <1 Z1 <1 98
5. L L1 £1 97 113. 1 £1 <1 91
6. L2 L 80 93 11k, 5 =1 <1 98
7. L Z1 30 95 115. =«1 <1 <1 98
78. 2 Z1 Z1 98 116. 1 £1 <l 98
9. £1 L 8 9l 117. <1 <1 <1 98
80. «£1 L1 £ 97 118. 75 3k 1,000 ™
81. «1 Z1l 10 7 119. 2 £l £1 97
82. <1 Z1 £1 92 120, <1 320 20 92
83. <1 Z1 <l 99.6 121. <1 £1 <1 91
8k, 1 Z1 I 96 122, 5 <1 <1 95
85. 1 £1 Z1 97 123, 5 L1 <1 98
86. 50 al Z1 99.8 124, L1 <1 <1 99.h4
87. 2 Z1 40 95 125. 1 2.1 21 96
88. 15 <1 600 75 126. 1 Z1 <1 98
89. <«1 1 <1 99 127. £ 1 <1 <1 96
90. 32 <1 Z1 99 128, 31 L <1 ol
91, «£1 <1 Z1 98 129. 2 <1 <1 97
92, <1 £l Z1 98 130. <Z1 <1 =1 92
93. 12 L 10 93 131, <1 <1 <1 95
oly, 3 Z1 6 96 132. 2 L N 8l
95. «£1 <1 i 91 133. <1 1 900 - 85
96, <£1 £1 <1 98 13k, 14 £1 8 95
97. «1 <1 <1 97 135. <£1 <1 <1 95
98, «1 <1 <1 100 136. 5 P Z1 95
99. £1 4 10 93 137. <£1 <1 <1 93
100, 1 £1 16 96 138. <1 <1 Z1 92
101. <1 £1 8 96 139. 2l £1 L 96

102, «£1 Z1 <1 98 - 140, 12 £ <1 98
103. =1 <1 Z1 88 1k, 7 Z1 Z1 96
10k4, 1 <1 Z1 93 w2, 1 < 1 Z1 99

105. 2 Z1 Z1 89 143 400 80 Ly 92
106, 5 Z1 L 88 Wy, 1 <1 Z1 98
107. 2 £l <1 96 15, 1 £ 1 <1 99

108, <«1 £1 Z1 98 146, 1 <1 <1 98



86

Table 18 (Continued)

, - Yeast Judg- Yeast Judg-
Entero- Coli-~ and ing -~ Entero- Coli- and ing

Sample coccus  form mold score Sample coccus form mold score

No. - count/ml No. count/ml

147, 6 £ 1 £ 96 185, 1 <1 6 85
w8, 41 <1l £1 95 186. 62 16 =1 91
1k9, 46 Z1 L 93 187. 9 6 <1 96
150. 2 £1 8 ok 188. 16 2 <1 ok
151. 17 - <£1 <1 98 189, 3 £1 <1 98
152, «£1 . L i 93 190.° 3 8. 60 87

153. <1 £l =zl 99 191. 120 <1’ 160 85
15k, <1 <1 £1 99 192, <1 <1 97

2
155, <£1 1 ko gl 193. 6 Z1 2L 92
156, <«£1 <1l <1 97T 19k, 6 Z1 <1 96
157. 2 <1 <1 98 195. b <1 54 85
158. L <1 10 87 196. 120 24 20 87
159. <Z£1 <] <1 88 197. 6 Z1 L1 96
160. 6 L] L 84 198. <«1 <] <1 99
161, 1 Al 21 98 199. 8 <] L 95
162. 5k 6 100 91 200, «£1 £ <1 97
163, <1 <l <l 99.2 201. L £1 21 98
16k, 7 Z1 <1 97 202, 2 <1 <1 L
165. 10 £1 <1 92 203. 13 <1 <1 97
166. 1 6 8 95 20k, 2l 10 <l gk
167. 330 24 4o 9k 205. 500 Z1 <1 80
168. <1 1 <1 88 206. 5 2 1 96
169, <1 170 20 90 207. <1 <1 <1 85
170. <1 30 8 9k 208. 4 Z1 <1 99
171. 1. «1 <1 96 209, 46 2ko <3 82
172, <1 Z1 <1 98 210. 12 <1 16 90
173. <1 <1 z.1 96 211, 8 2 <1 96
17k, 2 <1 1 96 212, <1 <l 1L 85

175. 180 120 Loo 80 213. <1 £1 <1 93
176. 2 <1 <1 97 21k, 2 <1 <1 98
177. £1 <1 <1 87 215. 210 <1 <l 97

178. 17 26 120 86 216, Z1 <1 Z1 95
179. 2 <1 <1 90 217. 25 2 10 81
180. 2 <1 <1 99 218. <1 <1 <1 97
181. 1 £ 1 <1 96 219. <«£1 <1 L ol

182. 12 £1 <1 96 220, <1 <1 <1 87
183. 6 <1 <1 96 221, <1 21 <1 97
18k, <1 <1 <1 96 222, <£1 <1 <1 88
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Table 18 (Continued)

Yeast Judge Yeast Judg-
Entero- Coli-~ and ing Entero- Coli- &and ing

Semple coccus form mold score Sample coccus form mold score

No. count/ml No. count/ml

223, <1 =1 £1 98 263. <<£1 <1 <1 98
22k, 1 <1 £ 1 9k 26k, 6 <1 <1 93
225, 1 <1 <1 97 265. 1 <1 =1 97
226, 1 <1 L 92 266. 120 L 120 82
227. 6 <1 8 85 267. 880 <1 <1 92
228, <1 <1 <1 93 268, =«z1 sl =<1 81
229, <1 <1 <1 97 269, <1 <l . 21 88
230, b <1 <1 100 270. 3 <1 Z1 88
231. 3 <1 <1 ok 271, <1 <1 10 93
232, 1 <1 <l 81 272, 1 <1 <1 99
233, 1 £1 <1 84 273. 1 Z1 1 98
23k, 34 2 <1 95 274, 1 Z1 <1 97
235, <1 <1 <1 96 275. 2 <1l <1 96
236, <1 <1 <1 99 276. 3 <1 =1 96
237. 3 2 <1 98 277. <1 Z1 18 98
238. 9 <1 <1 96 2718, Z£1 <1 <1 88
239, 160 140 12 89 279. 2 <1 <1 99
2ko, 15 2 <1 96 280, 2 <1 <1 96
241, 2 <1 <1 90 281. <1 <1 <1 98
242, 92 18 <1 96 282, 2 <1 1 89
2k3. <£1 Z1 <1 96 283. <1 <1 <1 100
2Lk, 3 <1 <1 89 284k, <1 <1 <1 98
2L5, 6 Z1 =1 83 285, 2 <1 <1 98
246, <«1 <1 <1 99 286, «1 z1 Z1 97
247, 21 =1 <1 91 287. <1 Z1 Py 97
248, 6 2 <1 96 288, <1 <1 <1 99
249, 3 Z1 <1 97 289, <1 <1 <1 88
250, <«£1 <1 <1 97 290, <£1 <1 L 95

251, <£1 <1 Z1 97 291, «1 <1 Z1 100
252, <Z1 <1 <1 95 292, 3 £1 <1 99
253. L Z1 4 96 293. 1 <1 <1 96
254k, <1 <1 £1 97 29k, 2 <1 Z1 90
255, <41 <] <1 96 295. «£1 <1 <1 90

256. 23 6 <1 9k 296. 3 <1 <1 88
257, <£1 <] <1 97 297. 660 1 120 95
258. 100 48 <1 90 298. 66 <1l £ 1 89

259. «1 £ 1 <1 97 299. 580 £1 <1 98
260. 2 Z1 Z 1 99 300 <1 Z1 <1 ok
261, <«1 Z1 <1 96 301. 100 <1 400 80
262. 2 <1 <1 98 302. 1 <1 <1 97
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Table 18 (Continued)

Yeast Judg- Yeast Judg-
Entero- Coli- and ing Entero- Coli- and ing
Sample coccus form mold score Sample coccugs form mold score
No. count/ml No. count/ml :

303. 55 <1l 32 93 341, 1k Z1 32 97
30k, <1 £ <1 86 32, £1 <1 £ 1 98
305, <£1 Z1 <1 97 343. T30 <1 34 91
306, <1 £1 £ 1 98 3Lk, L6 Z1 <1 95
307. £1 L1 <1 96 345, «1 <1 <1 98
308. T £1 <1 98 346, 1 £1 <1 89
309. 140 40 180 88 347. 1 <1 Z1 97
310. L <1 20 86 8. =«21 Z1 8 95
311, <1 <1 <1 98 349, <1 <1 £ 1 97
312. 1 £ 8 91 350. 11 <1 <1 98
313. <£1 Z1 <1 ol 351. T <1 < 1 98
31k, 2 1 <1 83 352, 1k <1 < 1 98
315. 2 <1 L 95 353. <£1 <1 <1 98
316. 1 £1 <1 97 354, <1 <1 <1 98
317T. Z£L1 <1 <1 97 355. L1 L1 <1 97
318. 10 £1 220 82 35. <1 <1 T -
319. 75 Z1 Z1 98 357, 1 <1 2
320, 2 £1 <1 9k 358, L1 <1 6

321. 1 <1 <1 96 359, <1 =1 <1
322, £1 £ <1 98 360, <1 <1 1

323. <1 £1 Z1 96 361, 150 41 270
32k, 100 <1 <1 9l 362, 40 <1 300
325, 1 <1 8 ok 363. 1k <1 170
326, 33 10 £1 92 36k, 2 <1 120

327. T Z1 Z1 98 365. 1 Z1 £ 1
328. 1 L1 <1 ol 366, <1 <1 <1
329. 89 <1 <1 95 367. 6 <1 <1
330 1 Z1 Z1 98 368, 70 1 2Lo
331. Z£1 <1 <1 89 369. 32 <1 <1
332. 1 Z1 £ 1 100 370. 67 <1 1

333. 110 L <1 95 371. 30 6 23
33k4. 30 8 Z1 86 372. 3L Z1 2
335. «£1 Z1 -1 97 373, 12 <1 L
336, £ 1 Z 1 <1 90 3The. <1 <1 <1
337. £1 <« 1 <1 98 375. 2 <1 =1
338. Z£1 Z1 <1 100

339. 2 <1 <1 98 Average 25 5 18
340, <1 £ 1 <1 98
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Table 19. Frequency distribution of the microbial content of 375 samples
of contest butter

Per cent of sample in range of
Enterococcus Coliform  Yeast and
Type of indicator count/ml  count/ml mold count/mi  Total
organism present 1-10 >10 1-10 >»10 1-20 >20

1. Enterococcus, coliform,

yeast and mold 0.8 5.6 2.9 3.5 2.1 k3 6.h
2. Enterococcus and )
coliform 2.1 4.3 5.6 0.8 - - 6.4
3. Enterococcus, yeast
and mold 6.9 5.1 - - 7.7 k.3 12.0
L, Coliform, yeast and
mold - - 0.8 0.8 1.6 0 1.6
5. Enterococcus alone 28.8 6.k - - - - 35.2
6. Coliform alone - - 0 0 - - 0
7. Yeast and mold alone - - - - 4.8 0.8 5;6
8. None - - - - - - 32.832.8
Total 38.7 21.3 9.3 5.1 16.3 9.3 32.8100.0

Data showing;the relationship of enterococcus and coliform counts to
the keeping quality of butﬁer are presented in Table 20. No relationship
existed between the enterococcus and coliform count and the keeping qual-
ity of bﬁtter. Samples with high enterococcus and coliform counts had high
keeping quality scores whereas samples with low counts also had low keeping
quality scores. Enterococci showed both increase and decline in numbers
in butter samples during the holding period, but the coliform organisms,
with the exception of only a few cases, usually showed marked decline in

numbers during the keeping quality test period.



Table 20,
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Relation of enterococcus and coliform counts to the keeping
quality of butter

- Initial _After 10 days at 21 C_  Keeping quality
Sample Enterococcus Coliform Enterococcus Coliform score: 15 pts.
No. count/ml
1. 43 L 43 L 15
2. 63 <l 12 <1 15
3. 2 L 2 <1 15
b, 250 70 3,100 230 15
5e 38 <1 8 <1 15
6. 67 L L 6 15
T. 31 6 5 <1 10
8. 8 L 7 <l 15
9. 290 a2 79 3 15
10. 48 <1 9 <1 15
1. 52 <1 35 <1 15
12, 5 £1 <1 £1 13
13. L2 L 210 8 15
14, <1 b 530 <1 15
15. 50 <1 k50 36 14.8
16. 32 £1 3,000 <1 15
17. <1 L £1 <1 0
18. 5 3k 57 130 15
19. <1 320 <1 <1 15
20. 31 L4 36 <1 15
2l. 2 I 8 <1 15
22, Loo 80 180 5 15
23. L6 <1 8 <1l 15
2k, £1 .t L1 <1 15
25. 5k 6 67 <1 15
26. 1 6 <1 <1 15
27. 330 2l 970 <1 15
28, <1l 170 L 3,200 15
29. <1 30 2 10 15
30. 180 120 150 48 15
31. 170 26 380 2,200 15
32, 62 16 59 6 15
33. 10 6 7 2 15
3k, L 78 1 61 13
35. 120 24 43 1 15
36. 24 10 15 L 15
37. L6 24o 42 100 15
38. 160 140 58 120 15
39. 92 18 70 86 15
ho. 2k 6 130 b 13
bi. 100 L8 L9 12 10
ko, 120 L 410 5 15
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Occurrence and Significance of Enterococci

and Other Organisms in Cheddar Cheese

Totél, enterococcus, and coliform counts were made on T2 samples of
Cheddar cheese. Observations on the presence of gas in cheese were also
made. The results are presented in Table 21. Averages were 21,000,000/g
for the total count, 160,000/g for the enterococcus count, and 2,600/g
for the coliform count. There was no relationship between the entero-
coccus and coliform counts and the presence of gas in cheese. Gassy
cheese had low coliform counts, and both high as well as low enterococcus
counts., Similarly, gas was &@bsent in cheese with high enterococcgs and
coliform counts.

Samples of cheese kept at 3.3 C were examined for total, enterococcus,
and coliform counts at monthly intervals over a 5-month period. The re=-
sults are presented in Table 22. There was a progressive decline in the
bacterial numbers of all groups, and a substantial decrease in the total
count. In one case the total count was reduced to less than 1% of the
initial count. The deeline in the enterococcus counts was slow and less
marked, being 60% on an average. The coliforms showed & more rapid de-
crease and none of these organisms was present in the cheese at the end

of three months.



Teble 21. Total, emterococcus. and coliform counts. and their relationship to the presence of gas
in Cheddar cheese
Entero- Pres-~ Entero-~ Presg-
Sample  ¥Total coccus Coliform ence Sample ¥Total coccus Coliform ence
No. count/g of gas No. count/g of gas
1. 29,000,000 36,000 27,000 Slight 26. 17,000,000 k,100 <10 None
2. 17,800,000 560, 000 2,700 Some 27. 14,000,000 88,000 20 Some
3. 87,000,000 2,200,000 30,000 Some 28. 6,500,000 41,000 20 None
k. 26,000,000 9k0, 000 11,000 Slight 29, 11,000,000 51,000 <10 None
5. 32,000,000 2,600,000 100,000 Some 30. 13,000,000 46,000 <10 None
6. 130,000,000 6,000 10 None 31. 7,300,000 51,000 20 None
7. 11,000,000 78,000 10 None 32, 20,000,000 9,600 10 None
8. 8,800,000 24,000 780 Some 33. 2,300, 000 790 <10 Some
9. 6,000,000 460 10 Some 34, 6,800,000 4 100 <10 None
10. 16,000,000 250, 000 100 Some 35. 18,000,000 2,500 <10 Some
11. 12,000,000 30,000 50 Some 36. 16,000,000 1,600 <10 8light
12. 10,000,000 410,000 4,600 None 37. 33,000,000 L, 200 <10 Slight
13. 5,900, 000 17,000 £10 Slight 38. 8,900, 000 1,000 <10 None
1, 12,000,000 2,500 50 None 39. - 50 <10 Some
15. 23,000,000 62,000 1,500 None Lo. - 1,800,000 L50 Some
16. 21,000,000 69,000 110 None b1, - 46,000 <10 Some
17. 14,000,000 470 <10 Slight L2, - 38,000 <10 None
18. 12,000,000 200 10 Some L3, - 100 <10 Some
19. 18,000,000 15,000 10 Slight Ly, - 47,000 60 Some
20. 11,000,000 10,000 <« 10 None L5, - 700 <10 Some
21. 19,000,000 1,800 <10 None L6, - 1,100 <10 None
22, 68,000,000 20, 000 4,400 None L. - 300 30 Some
23. 7,500,000 60 <10 Some 48, - 500, 000 150 Some
2k, 17,000,000 840 <10 Slight Lo, - 50, 000 <10 Some
25. 14,000,000 1,200 <10 Some 50. - 17,000 20 Some

* .
Plates incubated at 21 C for 5 days.

26



Table 21 (Continued)

Entero- Pres- Entero- Pres-
Sample  ¥*Total coccus Coliform ence BSample *Total coccus Coliform ence
No. count/g of gas No. count/g of gas
51. 1,800 190 Bcme 63. 20 <10 None
52, 7,000 <10 Slight.  6h. 1,200 50 Some
53. 610,000 <10 Some 65. 200,000 180 None
5k, 1,800 < 10 None 66. 1,800 1,100 None
55« 240 <10 None 67. 310,000 90  Mich
. 45,000 10 Some 68. 2,200 <10 None
57. 1,600 <10 Some 69. 930 <10 None
58. 960 30 . Some T70. 160 <. 10 None
59. T10 - £10 Some T1. 170 < 10 None
60. 100 20 Much T2. 1,300 <10 None
61. 2,900 <10 None '
62. 2,300 <10 None Average 21,000,000 160, 000 2,600

*Plates incubated at 21 C for 5 days.

€6
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Table 22. Variations in total, enterococcus and coliform counts during ripening of Chedd
Initial 1 mo. 2 mo. 1

Sample kntero-  Coli- Entero~ Coli- Entero-C
No. Total coceus form Total coccus form Total coccus i
cour

1. 29,000,000 36,000 27,000 6,600,000 680,000 2,200 2,800,000 260,000

2. 7,800,000 560,000 2,700 5,700,000 5L0,000 1,200 2,800,000 220,000

3. 87,000,000 2,200,000 30,000 53,000,000 L4,300,000 3,700 15,000,000 1,500,000

Le 26,000,000 940,000 11,000 16,000,000 L430,000 2,400 2,100,000 140,000

5. 32,000,000 2,600,000 100,000 '25,000,000 1,600,000 20,000 8,000,000 280,000

6. 130,000,000 6,000 10 5,000,000 2,600 £1 7,400,000 2,700<
Average 52,000,000 1,100,000 28,000 19,000,000 1,300,000 5,000 6,300,000 400,000




>ddar cheese (3.3 C)

3 mo. Iy mo. 5 mo.
y=G011= Entero=Coli=- Entero~Coli- ¥ntero-~-Coli=-
3 form Total coceus form  Total coccus form Total coccus form

Junt/g
)0 10 6,200,000 770,000«1 4,200,000 L470,000<1 14,200,000 280,000 <1

0 80 2,600,000 340,000<1 3,800,000 310,000<1 2,100,000 140,000<1
0 10 26,000,000 1,300,000«1 19,000,000 1,400,000<41 18,000,000 1,800,000<1
0 50 10,000,000  330,000«1 7,500,000 340,000<1 1,000,000  58,000«1
0«1 7,800,000 540,000<1 6,700,000 200,000<1 7,600,000  350,000<1

0<1 1,300,000 3,600<€1 820,000 3,200<1 410,000 2,300<1

0 25 9,000,000 550,000<1 7,000,000 450,000<1 6,000,000 L40,000<1
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A=TOTAL COUNT
8, B:ENTEROCOCCUS COUNT

\ C=COLIFORM COUNT
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Figure 8. Variations in the total, enterococcus, and coliform
counts during ripening of Cheddar cheese (3C)
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DISCUSSION

Relation of Enterococcus and Coliform Counts

to the Standard Plate Count of Milk

Grade A raw milk

The production and handling of milk is frequently difficult to con-
trol. As & result, wide variations in bacterial comtemt occur. Gross
contamination, use of inadequately cleaned utensils and improper cooliﬁg
will substantially increase the total count of milk, On the other hand,
rigid observance of general cleanliness reduces the total count. In some
instances, however, milk produced under good, clean conditions, but im-
properly cooled, will have a high total count, .a.lthough ﬁhé humber of
some specific bacterial types considered indicative of poor sanitary
quality may remeain low. Badly contaminated milk, promptly cooled and
held at a low temperature, may have a low total count but yet contain a
significant number of organisms indicative of poor quality. Therefore,
bacterio'logical test results must be ‘ihterpxeted with caution.

Total and coliform coﬁnts are generally made to tes’ the quality of
milk and milk products. The American Association of Medical Milk_ Comn~
missioners, Inc. (3) recognizes & coliform cour® standard of not more than
ten/ml for certified milk.‘ Only the State -i New Hampshire requires that,
_in raw milk to be pasteurized, the count of coliform organisms shall not
exceed 100/ml (3). The Milk Ordinance and Code recommended by the U. S.
Public Health Service (127) prescribes the coliform standard for both

grade A and B pasteurized milk and milk products at not more than ten/ml.
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According to this code, total plate counts shell not exceed 200,000 and
1,000,000/ml for grade A and B (manufacturing) grade raw milks. Recom-
mendations for the enterococcus count of milk or milk products have not
been given.

Wide variations in the total, enterococcus, and coliform counts of
: gra.de. A raw milk have been observed in this investigation (Table 1).
Enterococei constituted 0.20% and coliforms 0.13% of the average total
count of & large number of semples. V;Ihite and Sherman (A72) reported
that the enterococcus count formed 0.40% of the {;otal count of raw milk
studied by them. These authofscoﬁsidered this a low percentage. They
also noticed wide variations in counts. Because of these observations,
they thought it inadvisable to use the enterococcus count as a criﬁerion
of milk quality. This view is not substantiated by the present investi-
gation.

In a limited number of raw milk samples, Higginbottom (§0) 'found an
average enterococcus count of 30/ml and a coliform count of less than
10/mi.

The present work shows that the average total bacterial count of
the test samples of grede A raw milk was low, being only lO0,000/ml. Only
about 8% of the samples had total counts exceeding the limit of 200,000/ml
prescribed for grade A raw milk (Table 2). Fewer samples in the low
enterococcus category, than in the low coliform group, had high total counts.
This indicates a closer relationship between totél numbers and enterococci
than between total numbers and c&liform bacteria. The average coliform

count of 130/ml was far in excess of the ten/ml recommended for certified
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milk. This count was even greater then the 100/ml permitted by New Hemp-
shire for raw milk for pasteurization. Only about 28% of the samples exa-
mined in this study met the requiremeﬁts for total and coliform counts

for certified milk. By raising the total count from 30,000 to 200,000/ml
to include all grade A specifications, the percentage of acceptaﬁle sem=-
ples rose only 8% from 28% to 36%. This indicates that most of the sam-
ples with ten coliforms or less/ml were found in the low total count group
with counts of 30,000 or' less/ml.

A similar pattérn‘within narrower ranges wes evidenced by the entero-
cocci. The average enterococcus count at 200/ml for grade A raw milk was
higher than the average coliform count. A relatively lower percentage of
samples, 25%, with ten enterococci or less/ml were found in the 30,000 or
less/ml total count group. A lower percentage, 5.5%, than in the case of
coliforms, would be added to this group by including samples representing
total counts between 30,000 to 200,000/ml.

The percentage of samples, 26%, with more than 100 organisms/ml was
higher for enterococci than the 19% for the coliforms. The average total
count of samples with enterococcus counts of ten or less/ml was lower than
the average total éount for samples with ten coliforms or less/ml (Table 3).
This is significant; this fact also affected materially the ratios between
total counts of samples with enterococcus and coliform counts within the
ranges of ten or less/ml, more than ten to 100/ml, and more than 100/ml.
The ratios of total counts within these three categories of samples were
1.0, 3.1,and 5.0 for enterococci and 1.0, 1.7, and 2.3 for the coliforms,

respectively. There was a considerable difference between the F values
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of the enterococcus and the coliform counts, a&s obtained from the analysis
of variance of the total, enterococcus, and the coliform counts (Table k).
The findings suggest that the relationship between the enterococcus and
total counts was highly significant. A significant relationship did not
exist between the coliform and total counts of grade A raw milk.

Sherman and Wing (152) considered a coliform count of less than ten/
cc for certified milk not unduly stringent. Similarly, a coliform stand-
ard of less than 100/cc was reasonable for high grade raw milk in the
opinion of these authors. Fay (44) observed the standard of ten coliforms/
ml for certified milk as rigid and impractical for market grades of milk
produced under less exacting conditions. Finkelstein (46) reported that
coliforms were present in raw milk to the extent of less than 100/cc
vhere care was used, and averaged 588/cc where indifferent methods were
used in production. Johns (70) found that milk produced under unclean
conditions had a high total count, but a low coliform count. He suggested
that the coliform test does not reflect udder cleanliness. Thom (166)
traced coliform contamination to milking equipment on 17 occasions, to
the farm tank on eight occasions, and to the cows only on four occasions,
suggesting that the chances of coliform contaminetion were greater from
the milking equipment than the bulk tank or the cow. He also noted rapid
multiplication at 4 C when gram-negative rods predominated the milk flora.

In view of the findings of the present investigation, the entero-
coccus count seems to be a more sensitive test than the coliform test to
evaluate the sanitary quality of grade A raw milk. Other workers have

not reported on enterococci. However, their findings, s mentioned
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previously, do suggest that the coliform test is not a suitable index for
determinaetion of the quality of raw milk. In the light of the observa-
tions of Sherman and Wing (152) and of Fay (44) concerning the coliform
standards of certified and grade A raw milk, certain generalizations can
be mede on the use of the enterococcus count. Since about one=-fourth of
the samples examined in the present study had an enterococcus count of
ten or less/ml and & corresponding total count of 30,000 or less/ml, it
is proposed that a quality standard based on the enterococcus count should
require a count of ten or less for certified raw milk. About 71% of the
samples examined had total counts of 200,000 or less/ml and an entero-
coccus count of 100 or less/ml. It is, ﬁherefore, proposed that grade A

raw milk should not have an enterococcus count exceeding 100/ml.

Manufacturing grade raw milk

Almost two~thirds of the manufacturing grade samples exemined in this
study had total counts of 1,000,000 or less/ml (Table 8). About one~third
had enterococcus counts of 100 or less/ml and the remaining two-thirds of
the samples hed more than 100/ml. The coliform counts of 45% of the sam-
ples were 100 or less/ml and the remaining samples contained more than
100/ml. The averages were: total count, 2,000,000/ml; enterococcus count,
5,600/ml; and the coliform count, 6,400/ml (Table 7). The average total
count of samples with 100 or less coliforms/ml was lower than the average
total count of samples with 100 or less enterococci/ml (Teble 9). The
ratio of average total counts of samples with less than 100 indicator
organiSms/ml was lower for enterococci than for the coliform organisms.

This suggests that in manufacturing grade milk, the coliforms represented
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the quality better than the enterococci. The F value for the enterococcus
count was considersbly lower than that for the coliform count (Teble 10).
This suggeste that the relationship between the coliform count and the
total count was highly significant. A significant relationship hetween
the enterococcus and total count, unlike the case of grade A raw milk,

did not exist in manufacturing grade raw milk.

The present study, therefore, reveals that the coliform count is a
better criterion of quality for manufacturing grade raw milk than the
enterococcus count. In view of the limited number of samples examined
in this study, and the consideréble variations noticed in individual
counts, it does not appear reasoneble to propose any limits for either of
these indicator orgenisms in manufacturing grede rew milk.

The grade A raw milk samples with an average total count of 120,000/
ml, an enterococcus count of 170/ml and a coliform count of 70/ml, when
held at 7 C for 7 days, showed increases of 250,000, 4,500, and 3,L400,000%,
respectively (Table 5). The fact that coliform organisms grow at a much
faster rate at lower temperatures than enterococci is considered impor-
tent. Because of modern technology, some milk mey be held on the produc-
ing farm for up to three days before delivery to the plant. In view of
these considerations, the coliform test cannot be relied upon as a suit-
able test for milk quality.

| Samples of raw milk, with average counts of 110 enterococci/ml and
61 coliforms/ml, when laboratory pasteurized failed to show growth on
selective media (Tsble 6). Coliforms generally do not survive proper

pasteurization treatment. Survival of a heat treatment of 65 C for 30
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min by S. faecalis was reported by Sherman et al. (149). Iyengar et al.
(68) reported that both S. faecalis and its variety liquefaciens survived
& heat treatment of 63 C for 30 min when the counts were more than 50,000/
ml in skim milk. The maximum enterococcus count in the samples used in
this study was 630/ml. Growth was not shown by either enterococci or

the coliform bacteria in laboratory-pasteurized éamples of milk held for

7 days at-7 C. It may be presumed that either the organisms did not sur-
vive the heat treatment because of their low numbers or that the selective

nedium failed to permit growth of the heat-treated cells.

Relation of Coliform and Yeast and Mold

Counts to the Enterococcus Count of Butter

Experimental butter

| Coliform and yeast and mold counts have long been employed as routine
tests to determine the adequacy of pasteurization and sanitary conditions
in the butter industry. The presence of these organisms in finished
butter is considered to be due to inefficient pasteurization of cream or
carelessness in the handling of the product. The coliform or the yeast
and mold count run on butter does not accurately measure the quality of
raw materials used or the keeping quality of butter.

Many uncontrolled factors affect the coliform count of commercial
butter samples. As a result, many workers doubt the applicability of this
test for quality control purposes. The strain of organism, the moisture
and salt content, the degree of working, the storage temperature and time,

all affect the coliform count of finished butter to a large extent.
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The experimental butter that was prepared for the study of the effect
of salting, working, storage temperature and time on enterococci and coli-
forms, had a fairly uniform composition (Table 13).

This study shows that the enterococcus strains gave a more gradual
and lesser decline in butter during storage than the coliforms (Tables 11,
12,and 1k4; Figures 1 to 6). Salt had an effect in reducing the entero-
coccus count of butter to some extent. In poorly worked butter, S. durans
even showed some growth, which was more‘marked during the storage. period
of butter at 10 C than at 3 C. The uneven distribution of moisture in
poorly worked butter might cause accumulation of free moisture. This
would permit the subsequent growth of organisms which the transfer of
buttgr from 3 C to 10 C might stimulate. No storage growth was observed
in the case of 5. faecalis inoculated in experimental butter. S. durans
seems to withstand the micro-enviromment of butter better than S. faecalis.
As a result, it was able to show some growth in the poorly worked butter.

In unsalted butter the coliform organisms also persisted dﬁring the
storage period. The E. coli strains, both salt sensitive as well as salt
resistant, showed a gradual decline in numbers during the storage pericd.
In the case of the A. aerogenes strains, there was appreciable growth
from the first week in the salt-sensitive strain, and from the fourth
week in the salt-resistant strain when the storage temperature was raised
to 10 C. Salting killed most of the E. coli, although a small number of
the salt-resistant strain persisted for a long period. Salting also
greatly reduced the numbers of A. aerogenes strains. Only a few of the

salt-sensitive organisms were present in butter in the first week of
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storage, but they did grow later on to quite an extent. This was a fast
growing strain as was shown by its growth in large numbers in unsalted but-
ter during the éorresponding storage period. The salt-resistant A. aero-
genes survived salting in larger numbers than the salt-sensitive strain
initially, but, in properly worked butiter, eventually decreased on stor-
age. However, in poorly worked butter, there was an appreciable increase
in numbers, particularly at 10 C.

Although few coliform organisms can survive the salt treatment, cer-
tain strains are, nevertheless, capable of multiplying during storage if
the butter has not been worked properly.

The recovery of both enterococcus and coliform organisms in butter
from inoculated cream was relatively comparable in the case of unsalted
butter (Table 15). In salted butter, however, the enterococci were re-
covered in lower numbers than from the unsalted butter, while the coli-
forms were nearly eliminated. Less than 0.2% coliforms inoculated in
cream. were recovered from the salted butter.

About one-fifth to two-thirds of the numbers of enterococci present
in the butter initially, survived the frozen storage. Relatively few
coliforms were able to survive T-weeks storage at -20 C (Table 16). ILess
then 1% of the initial inoculum of both strains of A. eerogenes and the
salt-sensitive strain of E. coli survived this storage period. The salt-
resistant strain of E. coli survived up to 6.5% in unsalted and to 3.T%
in salted butter.

There is little work reported on experimental butter mede with coli-

form-inoculated cream. Information on enterococci is completely lacking.
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Hammer and Yale (53) reported that, in butter made from inoculated cream,
Escherichia species did not grow in 10 days at 7 C in salted butter, al-
though, in unsalted butter, some could grow. Aerobacter species sometimes
grew in salted butter and regularly grew in unsalted butter. They further
reported that the Aerobacter species grew more rapidly and reached higher

numbers than the Escherichia species. They also noted that only 2.0 to

2.9% of the numbers of the Escherichia-Aerobacter group initially present
per ml of cream were retained per ml of fresh unsalted butter. Relatively
higher percentages of coliform organisms than reported by Hammer and Yaie
(53), were retained in butter in the preseﬁt study. Although these au-
thors did not discuss the salt resistance or mention the species or organ-
isms used in their work, the findings are in general agreement with those
of the present work. Singh and Nelson (155) introduced three strains of
E. coli and two strains of A. aerogenes into cream before churning. They
reported that the strain of organism, the amount of salt, and the tem-
perature of storage affected the coliform population of butter.

The various strains of coliform bacteria are affected, differently,
by salting, working, and exposure to storage temperature and time. The
‘fate of thesevorganisms after conteminating a butter supply is highly
unpredictable; depending on the effect of the factors mentioned above, a
large portion of these organisms may be completely eliminated. On the
other hand, a few organisms could grow to appreciable numbers. Therefore,
the coliform count cannot be used as a satisfactory test for control of
the sanitary quality of butter. This study has demonstrated that entero-

cocci do not grow in properly worked butter, and do not decline in numbers
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appreciably in salted butter during the ordinary course of storage. These
organisms survive the frozen storage in far greater percentage, while the
coliform organisms are almost eliminated. It is, therefore, suggested that
the enterococcus count should be substituted for the coliform count as a
more relisble test for measurement of the sanitary quality of commercial

butter supplies.

Line-run samples of butter

The study on experimental butter has shown that the coliform test can-
not ve relied upon to measure the sanitary quality of either fresh or staored
butter. It has been common practice for many years, however, to use the
coliform test on line-run samples to detect sources of contamination.

Using the enterococci, coliform. and yeasts‘and molds as indicator
organisms, experiments were carried out to evaluate the sensitivity of
these test organisms for detection of the sources of contamination in but-
ter. This study indiceted that raw cream had high counts of the three types
of orgenisms (Table 17). They were almost completely destroyed during pas-
teurization of the cream, however (Figure 7). The largest contamination
with bothventerococci and coliforms occurred after the pasteurized cream
was transferred to the holding vat. Wooden churns, particularly, contri-
buted to the contamination. Yeasts and molds were introduced into the
cream from the holding vat and from the churn in appreciable numbers.

A large proportion of these organisms was eliminated in the butter-
milk, leaving the butter granules lower in coﬁnt. In one of the plants

using an old wooden churn, however, the number of both enterococci and
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coliformsin the unwashed butter granules was larger than in the cream two
min after the start of churning, even though a larger proportion of these
organisms had already been eliminated in the buttermilk. This count ine-
crease may have been due to & continuous addition of these organisms

from the churn during churning. Wooden churns are hard to clean and
sanitize and provide ample chances for contamination.

Washing usually reduced the numbers of organisms, but in a few cases
all three types actually increased after washing. A good supply of wash
water is, therefore, essential for high quality butter. In one instance,
because of the salting operation, or perhaps due to the water added to
adjust the moisture level of the butter, the enterococcus count increased.
Holding the salted, finished butter at 7 C for 7 days in one instance in-
creased the enterocoecus count more than ten-fold. This occurred in the
ssmple involving the wooden churn previously mentioned. This increase
could have been due to the development of a resistant flora in the churn,
since the coliform bacteria in this butter also survived the salt treat-
ment and later increased in number on holding at 7 C for 7 days. Other-
wise, both salting and holding of butter at 7 C for 7 days partially re-
duced the enterococcus count and completely eliminated the coliforms in
most cases. Frequently, more yeasts and molds then were formerly present
in the unsalted butter were found in the salted butter. This suggests
their introduction into butter either during or following the salting
operation. Some reduction in the yeast and mold count occurred during
storage of salted butter at 7 C for 7 days. In two cases, however, the

counts showed an increase, indicating growth of these orgenisms in salted
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butter,

Little work has been reported on the coliform determination of line-
run samples in butter and information on enterococci is completely lacking.
Crossly (32) reported the incidence of coliform bacteris in pasteurized
cream, storage vats, churns before starting, washed butter grenules, and
salted butter at 5.0, 68.2, 73.3, 83.3, and 61.0% respectively. These
fesults were baged on the gualitative estimates of coliforms in line-run
samples and did not include the numbers infecting the product at each
stage as was done in the present study. The results of this study are in
general agreement with those of Crossly, even though his data showed &
relatively higher incidence of coliform bacteria in salted butter than in
the present work. White and Smith (171) found that 5% of the washed and
10% of the non-washed butter that they studied, had high initial coliform
counts exceeding ten/ml. This suggests & loss of organisms in the washing
of butter. Corley and Hammer (30) reported that commercial butter, from
plents using water commonly containing colif'orm orgenisms, regularly con-
tained these organisms when not salted and sometimes contained them when
salted. Singh and Nelson (155) reported that coliform counts detected
contamination early in the processing operation more accurately than did
yveast and mold or total plate counts. This study is again in general
agreement with those of these earlier workers, although their reports
did not cover all stages of the manufacturing process.

This work shows that coliforms were present in large numbers in the
initial stages of butter msking, but were considerably reduced on salting

and storage. Yeast and mold counts were variable. On the other hand,
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the enterococcus population showed & more consistent trend throughout the
entire manufacturing process, even surviving the salting and storage peri-
ods. It is suggested that determination of their numbers would form a more
reliable evaluation of the sanitary quality of butter than the coliform or
yeast and mold counts. More than half of the churnings in this study had
enterococcus counts of ten or less/ml in the finished salted butter. Most
of the low count samples ceme from plants using metal churns and gcod,
sanitary practices. 1In one plant using exceptionally clean practices, none
of the three types of organisms could be detected at any stage of operation
in two different churnings from pasteurized cream to salted butter. Although
the number of churnings used in this study was small, they were représenta-
tive of different plant conditions and practices. It is indicated that
butter made with good, sanitary practices shoﬁld not contain more than ten

enterococci/ml.

Contest butter samples

This study involving fairly large numbers of contest butter samples
representing many plants, shows that 60.0% of the samples contained
enterococci while the coliform and the yeasts and molds were present in

only 1h.k and 25.6% of the samples (Tables 18, 19). Enterococci were the

sole indicator organism in 35.2% of the samples while yeasts and molds
were found in 5.6% and coliforms in nnﬁe of the samples. About one-third
of the samples had no indicator organisms.

This study also revealed little relationship between the initial
quality or the keeping quality of butter and the enterococcus, coliform
or yeast and mold counts (Teble 18, 20). Of the 57 samples with scores

of less than 90, high counts (more than ten enterococci or coliforms or
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more than 20 yeasts and molds/ml) were observed in 40% of the samples. Of
266 semples having scores of 93 or more, high counts were present in 17%
of the samples. A possible relationship, on a numerical basis, mey exist
between poor quality of butter and high indicator organism count. These
results should be interpreted with caution since samples of butter con-
taining unusually high counts had both poor as well as excellent judging
scores.

Similar results were previously obtained by Parfitt (123) who found
no relationship between the yeast and mold count of butter énd the pres-
ence of coliform organisms or between the keeping quality and the presence
or absence of the coliform group. After examining a large number of sam-
ples from 49 Australian plants, Roughley and Mcleod (137) reported that
76.9% had ten coliform bacteria or less/ml and 64.5% of the butter sam-
ples had 20 yeast and molds or less/ml. The results of the present study
are in general agreement with the findings of these workers.

Because of the large percentage of samples containing enterococci with
or without colifofms or yeasts and molds, and in view of the results from
experimental butter and line-run samples, it may be conclﬁded that the
enterococcus count is a better sanitery quality test for butter than the
coliform or yeast and mold counts. Since a much larger number of samples
hed ten enterococci or less/ml, it may be concluded that butter mede under
good sanitary conditions should not have more than ten enterococci/ml.
Also, a vast majority of the samples had 20 yeasts and molds or less/ml.
The present standard (3) of not more than 20 yeasts and molds for good

quality butter appears to be reasonsble.
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Occurrence and Significance of Enterococeci

and Other Organisms in Cheddar Cheese

Enterococci are adaptable to the conditions that exist in ripening
Cheddar cheese. These organisms enter the milk as natural contaminants,
multiply during the chéese making process, and persist as one of the
dominant bacterial groups throughout the ripening process. They have
been associated with the deveiopment of flavor in cheese and have even
been regarded as being involved in the production of gassy cheese.

This study shows that enterococci were present in appreciable numbers
whereas coliform bacteria were present in small numbers (Table 21). Al-
though the samples were collected from plants reported to have gas trouble,
there appeared to be no relationship between the enterococcus and the
coliform counts and the presence of gas in the cheese. Only two samples
out of the 72 examined, which had an appreciablé amount of gas, had
relatively lower enterococcus and coliform counts than others which had
little or no gas, but had higher enterococcus counts with or without high
coliform counts.

In the small number of samples taken and examined during the ripening
veriod of cheese, a substantial decline occurred in the total count. The
total count was reduced to less than 1% of the initial count in one case
(Table 22). The decline in the enterococcus count was less and slow, LO%
of the initial flora remaining at the end of 5 months. The coliforms
showed a more rapid decrease after the first month; none of them were

present in cheese at the end of 3 months (Figure 8).
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Yale (178) observed that the rate of the disappearance of coliforms
in cheese was quite varieble. The coliform count of cheese a few days or
e few weeks old was not an accurate index of the initial coliform content.
Rasic (133) reported active multiplication of coliform bacteria during
the menufacture of white cheese and rapid decline in their numbers during
ripening. They practically disappeared after one month.

The data presented in this study are in general agreement with the
findings of other workers. However, little work is reported on the pres-
ence of enterococci in cheese. Comparative studies such as those reported
in the present study, are lacking in the literature. This study may serve
to provide a small portion of the much needed information on the presence,
significance, and survival of this important group of bacteria in Cheddar

cheese. Indeed, this simple survey raises more questions than answers.
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SUMMARY AND CONCLUSIONS

This study was undertaken to assess the sanitéry significance of
enterococci in raw grade A and manufacturing grade milk, butter, and
other dairy products.

A total of 330 samples of grade A raw and 120 samples of manufactur-~
ing grade raw milk were exsmined using Standard Plate, enterococcus, and
coliform counts. Enterococcus, coliform, and yeast and mold counts were
run on 360 samples of experimentally mede butter, 200 line-run samples
collected at ten points from 20 churnings at eight Iowe creesmeries and
on 37% exhibit butter samples collected at several Iowa contests.
Seventy-two samples of Cheddar cheese, including six taken during & 5-
month ripening period at monthly intervals, were examined for total,
enterococcus and coliform counts.

The Citrate Azide agar of Reinbold et al. (134), modified by increas-
ing the sodium azide concentration to O.4 g/liter, was used as described
by Baraswat et al. (139).

Wide variations betﬁeen the Standard Plate, enterococcus and coliform
counts of individual samples of raw milk were observed. The averages for
the grade A samples were: Standard Plate Count, 100,000/ml; enterococcus
count, 200/ml; and coliform count, 130/ml. The percentages of the average
enterococcus and coliform counts of the average total count were 0.20 and
0.13. Only 8% of the samples had total counts of more than 200,000/ml,
nearly 70% had more than ten enterococci/ml and 62% samples had more than

ten coliform orgenisms/ml. The F values obtained from the analysis of
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variance of the three bacterial counts, were 10.28 for the enterococcus
and 1.79 for the coliform count, suggesting that the relationship between
the enterococcus and the total count was highly significant. The entero-
coccus count was considered a more sensitive test than the coliform count
when used to evaluate the sanitary quality of high grade raw milk. A
quality standard of ten or less enterococci/ml is suggested for certified
rav milk and an enterococcus count not to exceed 100/ml for grade A raw
milk.

The averages for manufacturing grade raw milk were: Standard Plate
Count, 2,000,000/ml; enterococcus count, 5,600/ml; and coliform count,
6,400/ml. The percentages of the average enterococcus and coliform counts
of the average total count were 0.28 and 0.32. About two-thirds of the
samples had total counts of 1,000,000 or less/ml, &bout one-third had
enterococcus counts of 100 or less/ml and 45% of the samples had coliform
counts of 100 or less/ml. The F values for the enterococcus and coliform
counts were 2.29 and 33.09, indicating & highly significant relationship
between the coliform count and the total count. Contrary to the findings
for grade A raw milk, the coliform count is a better criterion for evaluat-
ing the sanitary quality of menufacturing grade raw milk than is the
enterococcus count.

Samples of raw milk with average counts of 110 enterococci/ml and
61 coliforms/ml were lsboratory pasteurized; the enterococcus 8nd coliform
organisms did not survive., There was no growth on selective media when
pasteurized samples held at 7 C for 7 days were again plated. It is be~

lieved that enterococci do not usually survive pasteurization if present
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in small numbers in raw milk.

Average increases of 250,000% in the Standard Plate Count, 4,500% in
the enterococcus count and 3,400,000% in the coliform count were shown
in grade A raw milk held at 7 C for 7 days. Because of the high rate of
growth of coliformsat low temperatures, it is suggested that determina-
tion of their numbers ig of little value in raw milk.

In experimental butter made from inoculated cream, the enterococci
showed a more gradual decline in numbers during storage than did the
coliforms. Growth was not observed in the case of S. faecalis, while S.
durans showed some growth in poorly worked unsalted butter during the
storage period. Salt had some effect in reducing the enterococcus count
of butter. In unsalted butter, the E, coli strains showed & gradual de-
cline in numbers, while the A. aerogenes strains grew appreciably during
storage. Salting eliminated most of the E. coli, althbugh a small number
of salt-resistant strains persisted for & longer period. Salting also
greatly reduced the numbers of A. serogenes, but they were capable of grow-
ing during the storage period, particularly in poorly worked salted butter
when the storage temperature was increased from 3 C to 10 C.

From 3.5 to 11.0% of the enterococei inoculated in creem were re-
covered in butter; from 4.0 to more than 18.0% of the coliforms were re-
covered in unsalted butter and less than 0.2% in salted butter.

About two-fifths to two-thirds of the enterococei survived frozen
storage at -20 C for T weeks in butter. Lese than 1% of the A. aerogenes
and salt-sensitive E. ¢oli survived frozen storage; the salt-resistant

E. coli survived up to 6.5% in unsalted and 3.7% in salted butter,
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indicating better durebility of this strain among the coliforms for frozen
storage.

Almost all of the enterococci, coliforms, and yeasts and molds were
eliminated during pasteurization in commercial buttermaking. Most con-
tamination in the line came from the holding vats and churns, particularly
the wooden ones. Washing reduced the microbisl numbers in most cases,
but the largest portion of the microbial flora in butter was eliminated
in the buttermilk. Salting and holding of butter at 7 C for 7 daysvhad
some effect on the enterococcus count, but produced almost complete de-
struction of the coliforms. There was alsc some reduction in the yeast
and mold count. They occasionally showed some subsequent growth.

The average microbial counts in contest butter samples were: entero-
cocei, 25/ml; coliforms,5/ul;and yeasts and molds 18/ml. About 17% of sam-
ples with quality scores of 93 or above, had high microbial counts, while
Lo% of samples with scores of below 90 had high microbial counts. There
appears to be at least some relationship between the high enterococcus,
coliform, and yeast and mold counts and poor quality butter.

Enterococci were found in 60%, coliforms in 1k.4%, and yeasts and
molds in 25.6% of the samples examined. There was found to be no rela-
tionship between the microbial counts of the three types of orgénisms and
the keeping quality of butter.

Since the enterococci are affected much less by the strain differ-
ences, salting, working, and storage temperature and time, persist more
durably in the manufacturing line and are found more frequently in com-

mercial butter than coliform organisms, it is suggested that the
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enterococcus count is & more meaningful test than the coliform count as
a criterion of the sanitary quality of butter. A standard of ten entero-
cocel or less/ml is suggested for good quality butter.

The average initial bacterial counts in young Cheddar cheese were:
tqtal count, 21,000,000/g; enterococcus count, l60,000/g; and coliform
count, 2,600/g. No relationship was observed between ﬁhe enterococcus
and coliform counts and the presence of gas in cheese., The total counts
showed a substantial decrease during the ripening period. The decline
in the enterococcus count was slow and less marked. The coliform becteria
showed a more rapid decrease; none of them were present in the cheese at

the end of three months.
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