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A series of experiments were conducted which indicated the
followring:

1, Zacterial counts from plates incubated at 5 and 22 C do
not adequately evaluate nill: quality when the millz has been held
in cold stora-e.

2. The counts obtained from plates incubated at 20 C are a
better criterion for determining the bacteria in nilk than the
25 C plate counts,

Growth curves of nillt stored at L,.5 C showed tiat psyclhro-
philic microorcanisms increased 10 to 100 fold during one day of
cold storage, “hen the psychrophilic population approached
10,090,000, an off-flavor could be detected in the millz, The
psychrophilic srowth occurrinz in rav milk adversely affects
the keeping quality of thie pasteurized producte TIased on these
findingss, raw and nasieurized mill: standards were prorosed,
desisned to insure the sale of rood quality mills,

Evidence was presented to show that psychrophilic counts are
a better criterion for determining post-pastveurization contamina-
tion than the coliform index, Surestions were siven to interpret
psychrophilic counts obtained from commercially pasteurized nills,

Certain species of ~ram ne;ative rods and micrococci are

predoninantly found in milk held at 1.5 Ce Tihese or_;onisms are

generally feebly saccharolytic and readily 1zilled by pasteurization,.

A nechanical ey was prepared for identifyinz mosi of +these

psychrophilic or-anisnse
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I, INTRODUCTION

At the present time, the dairy indusiry, as well as most
other agricultural industries, is faced with a problem unique in
the United States; namely, surpluses, Probably the best solution
to this unusual dilerma is in finding new products to malke use of
our excess cormodities, Dut while this long range research finds
answers to our problems, an attempt should be made to increase
consumption of these products,

The sale of milk is still the most direct and best method
of handling dairy surpluses. Alnost everyone appreciates the
value of this beverage, has made use of it, and can be sold on the
idea that some of his ills could be cured if he made more use of
ite The cost of milk is moderate, and it is readily available,
Our society has accepted its taste and we have desizned many foods
which use milk as a required additive, such as brealzfast cereals,
bakery products, desserts, etc,

lfluch emphasis has been and is being placed on selling more
nilk, TFor the sake of econony, every otier day delivery of past-
eurized milk to the consumer is now almost universal, and bullz
handling of raw milk at the farm is advancing so that within a
few years the milk can will be largely replaced by the refrig-
erated holding tank, In the area of distribution advances have
also been nmade to sell milk, Automatic dispensers and vending
machines now distribute milk 2l hours a day without the need of

constant supervision.



All these methods for selling milk are dependent upon re=
friceration. Although this method has lonz been used by the
dairies to conirol bacterial growth, its use has been greatly
extended so that it becomes necessary to determine if we have
not gone beyond its limits to prevent the growth of microor-
canisms,

In studying the effect of cold storage on milk, the once
accepted bacterial standards cannot adequately be relied upon to
insure good quality milk. For +this reason, an incubation temp-
erature below 35 C is recomrended for determining stendard plate
counts on milk,

Thus far we have concerned ourselves with the desire of the
dairy industries to sell good quality milk to the consumer, /e

.
should not overlook tne interest of the customer who purchases
the milk, 7/hen he buys milk, he has the right to expect a whole=-
some product free from potential hazards., Spreadin; disease by
milk is a primary concern to all those who are involved in dairy
work, but herd inspections, pasteurization, routine barn and dairy
inspections and systematic laboratory analysis, combined with
adequate local laws and trained personnel, drastically reduces the
possibility of disease transmission by merket milk, ‘ihereas the
consuner is reasonably protected from the possibility of ingesting
pathogens with his milk, he is not insured azainst a poor quality
milk or one that will lose its quality in a short time, Local and

state laws are designed to make sure tiat marlket milk has the



minimum butter fat content and conteins no additives, but they
fail Yo provect the purchaser from buying milk thet either has
or shortly will have a sour, bitter, putrid or other off-flavor,

The purvose of the present investigation is ‘Yo obtain more
information about organisms whici grow at refriseration tempera-
ture, The knowledge gained from this woriz will, it is hoped,
clarifyy some of the conflicting statements appearing in publi-
cations dealing with psychrophiles and lead to greater interest
in establishing psychrophilic standards comparable to the
standards now followed with the standard plate count.

In short, the ultimate aim of this work is to make the
dairy industry and the governmental agencies become more con-
cerned with the deleterious effect of bacterial growth at re-
frigeration temperatures., Once the attitude is accepted that
bacteria growing at cold temperatures are as harmful to milk

quality as is the bacterial multiplication in unrefrizerated

nmilk, techniques can be developed and standards adopted which will

aid the dairy in selling milk and insure the consumer azainst

receiving poor quality mnilk,
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II, LITSRATURE REVIEW
A. General characteristics of psyclhrophilic microorzanisms
l, Temperature relationships

Since the term psychirophile indicates a temperature relation=-
ship, & psychrophile is defined as an organism which grows best at
the lower limits of the temperature scale., To make a useful dis-
tinction among the psychrophile, mesophile and thermophile, arbi-
trary temperature ranges are to be established for each of the
groups. At present there are no universally accepted standards at
which an orzanism must show optimum growth in order to be classi-
fied as a psychrophile; hence, the definition of the term restis
with the individual concept of the particular investizator, Sone
of the susrested tem%erature ranres are sihown in table 1,

These authors have atitempted to establish a range as well as
an optinmum temperature for each of the groupse In so doing, an
organism is readily characterized, but such characterizations are
not very meaningful in the dairy industrye. Ior this reason, the
dairy bacteriolosist refers to psychrophiles as microorzanisns
which grow in milk during cold storaze. Since the storage temp-
erature of most dairy products is above the minimal temperature
for mesophiles, the orjanisms which are classified as psychro-
.philic by the dairy bacteriolozist are considered by most bacteri-

ologists as mesophiles with a low minimal temperature requiremente
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The different cardinal temperatures revnorted in the literature
can often be atiributed to the habitat studied., Papers dealing with
narine and fresh water microorganisms generally study bacteria whose
optimum temperature is below the microorganisms found in dairy pro-
ductse Since the marine microbiolozist uses the term psyclhirophile
to differentiate those organisms whose optinum temperature is below
27 C, the optimum temverature he sets for psychrophiles is lower
(ZoZell, 19446) then that adopted by the dairy microbiolozist who
is concerned wié% differentiation of organisms whose optimum temp=-
erature ranges up to 50 or 60 C, Attempting to clarify the termin-
ology of both groups of investigators, some propose the addition
of more descriptive terms. Frobisher (19LL) suzsests the term
oblizate psychrophile to describe the marine forms whose optimum
is near 5 C and whose maximum temperature is near 30 C, Sekhar
and Walker (1947) use the term facultative psychrophile to designate
those microorganisms which grow at 3 C, but whose optimum is abvove
20 Co Doth Seithar and vialker (1047) ond Davis (1051) reserve the
ternm psychrophile to correspond to Frobisher's obligate psyciro-
phile, but Davis (1951) would prefer the term psychroduric to
facultative psychrophile,

Although the terminology used is not worthy of heated debate,
standardizing incubation time and temperature is necessary before
general properties can be ascribed to psychrophilic microorganisnmse
Ilueh of the disagreement rezarding psychrophiles is caused by the

variety of incubation time and temperature used by the several
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enthors, Ior our purpose, the term psychrophile will be used to in-
clude those or;anisms predominanily found in mill stored at 4.5 C
and crowm in pour plates incubated at L5 C in 1} days, ZIssentially,
Creene and Jezeslzi (10 4), as well as others, hare used the term
psychrophile to imply a similar meaninge

The methods of estimating the optimun temperature for the
growth of an orjanism is generally by plate counts (Dorn and Raln,
103¢), althouch Tess (103L) feels thet total cell mass is a nore
accurate method, The optimum temperature of an orsanism determined
by cell volune is generally 10 C below the value obtained by plate
counts (Foter and Rahn, 1936; Dorn and Rahn, 1030; ilichell, 1050).

2. Thernal resistance

The lack of an established standard for defining psychrophiles
according to tenperature requiremnents results in difficulties to
characterize these organisms by other criteria. In the dairy in-
dustry where psychrophilic and thermoduric orjanisms are of import-
ance, there is an understandable reason for studying the heat tolerance
of psychrophiles, Iilost investijators feel that they cannot withstand
pasteurization (Sherman, Stark and Gunsalus, 1938; Sherman, Cameron
and “hite, 194l; Claydon, 1¢43; Thomas and Sekhar, 10L6; Thonas,
Thomas and Ellison, 10L; l‘oore, Tracy and Ordal, 1951; Togick
and Dur~wald, 1¢52; ‘iatrous, Doan and Josepiison, 1052; Olson,
Willoughby, Thomas and Ilorris, 1953; Olson, Parker and Iueller,
1055), while others believe that psychrophiles are not always

destroyed by pasteurization, The early observations of Ravenal,






Tastings and lfammer (1010) and Ayers and Johnson (1210), that
psychrophiles could be isolated from comutercially pasteurized
milk, has been shovm repeatedly, but whether all these orgonisus
pass through the pectcurization process or are a result of post-
pasteurization contanination, has not been established, Iurither=
nore, the difficulties of completely pasteurizing a batch of nill;,
either in the laboratory or in the deiry, are numerous so that
only when exireme carce is used will a nill: sample be efTectively
pasteurized,

Assuning that the pasteurization metihods have becen effecvive,
and no post-pasteurization contamination occurs, two explanations
are avallable for the presence of psychrophilic bacteria in the
pasteurized products some psychrophiles are thermoduric (Roadhouse
and Ilenderson, 1clil; Jezesli and i'acy, 1¢Lé; Zennedy and Vleiser,
1050; Asnton, 1C50; Erdman and Thorn®on, 1l95la) or mesophiles tiat
have adapted to grow at lower temperatures (Prescott, Dates
and lieedle, 1¢31; Curgwald end Josephson, 1C47; Rogick and Durswald,
1950; Ezdell and Dird, 1950).

The more recent worlz seerms to substantiate the concept that
psychrophiles are killed during pasteurization and the detection
of these orgonisms in pasteurized milk represents post-pasteuriza=-
tion contamination (atrous, Doan and Josephson, 1052; logicl: and
Burgwvald, 1952) fror water, poorly cleaned dairy equipnent (Thonas,
Thomas and Ellison, 190Lg) and mill bo:tles (Roriclk and Durmvald,

1052).






Be Types of psychrophilic microorganisms found in milk

Thus far the literature reviewed deals with the thermal chear-
ecteristics of psyciwophiles, A rmore precise definition of psy-
chrophiles could be obtained by exanining the types of nicroor-
genisns which are characterized as psychrophiles, but in this task
tazionomic problems are confronteds

The linited lmowledce and interest in classification and the
nunerous incomplete descriptions of species have not contributed to
stabilizing bacterial tazonory. Furthermore, the psychrophiles be=-
long to a croup of microorzanisms lackin; the attention of the

nedical or industrial investigsators; hence, their morphological
and physiological characteristics are less well defined than those
of their cousins who have readily ascribed harmful or beneficial
effects upon our lives, Although the genera eand species which have
been designated as psychropniles are subject to errors, enough asree-
ment exists so that some of the morpholopgical and physiological
characteristics of psychrophiles can be used to define this group of
croorranismns,

Ropgick and Burpgwald (1050) found that cocei and gran nezative
rods predomirate in cold storaze nilk, They (Rogicl: and Durgvald,
1952) found that of 167 cultures, avout i per cent were cocci and
35 per cent were non-spore-forming rods. Erdman and Thornton (1¢51b)
reported that of 722 cultures, Li5 per cent were rods and 55 per cent
were coccie About 65 per cent of the total isolates were gram neca-

tive, including 70 per cent of the rods end &2 per cent of the cocci,
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Thonas and Thomas (1¢L,7) found that 93 per cent of the psychro=-
rhilic bacteria from fearm water were sram nejetive rods, three per
cent were gram positive non-spore-forming rods and that over 50 per
cent of all the cultures were chromogenic belongsing to the genus

Pseudomonas or Flavobacteriun,

Fron a similar source Jones and Thormas (1¢50) also showred

tliat species of Flavobacteriun predoninated.

The gran negzative psjychrophilic rods reported in the litera-

ture belony to the renera Pseudomonas, Alcalir~enes, Achromobacter and
L [ 9 O )

Flavobacterivm, Pseudomonas species, grown at 0 to 3 C, were isola=-

ted by Forster (1887; 1302), Fischer (1308) and Sclmidt-Iielsen
(1002) from water, millk, soil and food products, Their optimun
growth was between 5 and 10 C at which temperature visible growth
appeared in six to eight days, Some of the strains reported were
lophilice Similar halo»nhilic psychrophiles were recovered by
Castell and icDermott (1942), Anderson (1¢l2), Castell and llapple-
beck (1652) and Tobin, Alford and leCleslkey (1¢cLl) from salt water
fish using 2 to 3 C incubation. Sherman, Cameron and Vhite (1¢ll),
Garrison end Zamrer (10L2), Jezesli and llacy (1¢L5), Tammer (1oiZ),
and Zrdman and Thornton (1¢51b) and others have isolated Pseudomonas
cultures from milk and dairy products having off-flavors and odorse
The temperature of incubation used by Iorris (10,2) was 17.8 C,
but the other investisators cited above used 0 to 8 C incubation,.
Erdnan and Thornton (1¢51b) found that their isolates did not grow

at tenperatures above 35,5 C. Psyciirophilic Pseudomonas cultures




11,

were also isoleted from fresh, frozen and stored meats by Sulz=-
backer (1¢50), Sulzbacler and I‘cLean (1C51) and Iirsch, Zerry,
Baldwin and Foster (1¢52), using plates incubated at 0 to 2 C,

Pseudomonas aerucinose, Pseudormonas fluorescens, Pseudomonas

schuylkilliensis, Pseudomonas chlororaphis, Pseudononas frazi and

Pseudononas reniculata were isolated by Dly (1954). Pseudononas

frazi has also been cited by lussong, Long and Iammer (1037),
orrison and Iammer (1041) and others as causing off-flavors in

deiry products. Pseudomonas putrifaciens has been reported (Clay-

don and Hammer, 1939; Derby and Ilammer, 1931; Long and Ilemmer,

1oli1; “agenaar, 1052) as well as Pseudornionas praveolens, Pseudomonas

rmucidolens (Olson and Eammer, 103!;) and Pseudomonas nigrificans

("hite, 19L0)es All of these species were crovm at L4 to 10 C and

were involved with off-{flavors and odors in dairy products, Law=

ton and Telson (1054) used Pseudoronas ovaelis, Pseudonmonas fluores-

cens, Pseudomonas cruceviae, Pseudomonas aquatile, Pseudomonas

reniculata and Pseudomonas frasi as representative ps;chrophiles,

Organisms belonging to the zenus Alcalijenes have been ob-

served by Castell and llcDermott (1CL2) in water, Sulzbacker and
I’cLean (1¢51) and Tanala, lozaki and Yoshida (1¢51) in fresh and
stored pork sausa~e and Anderson and Ilerdenberczh (1¢32), Thonmas
and Selhar (1046), Jezeslkd and llacy (10L6) and Alexander eand
Higzinbottom (1053) in dairy products at incubation temperatures
of 0 to 10 C. Anderson and Iardenbergh (1632) found that no grows

occurred at 3l to 35 C,



The species wiiich have been reported in the genus Alcalirenes

are Alcali~enes metalcalirenes and Alcelirenes faecalis found Yr
s 32 S

Bly (1¢54), Alcali~enes viscosus (Erdnan and Thornton, 1¢51b) and

Alcalizenes tolerans (Abd-el Ilalek and Gibson, 1952), which was

found in &0 per cent of the samples analyzed.

Achrormobacter have been isolated in dairy products by Anderson

and Iardenbergzh (1032), Thomas and Selher (1045), Jezesli and ilacy,
(1chi6) and Alexander and Higrinbottom (1953)e These cultures grow
below 18,5 C but not at 34 to 35 C (Anderson and Iardenber;h, 1032).
They were associated with lipolytic spoilage of cream end off-flavor
of milk and butter.

Achromobacter have also been found in frozen meat (Sulzbaclker,

1050), fresh porlk sausaze (Sulzbaclker and lcLean, 1051), stored pork
sausage (Tanaka, llozal:i and Yoshida, 1¢51) and market hanburg (Zirsch,
Berry, Daldwin and Foster, 1952)., All of %these orsanisms grew with-
in the psychirophiliec temperature rance, Tobin, Alford and i'cCleslkey

(1cl1), Anderson (1c42), Castell and ilcDermott (1¢L2) and Castell

and llapplebeck (19052) isolated Achromobacter from spoiled salt

water fish, The species reported by Dly (195lL) from dairy procducts

isolated at 5 C are: Achromobacter butyri, Achromobacter deliarvee,

Achronobacter stationis and Achromobacter superficiale.

Psycarophilic members of the genus Flavobacterium have been

reported by Thomas and Seldiar (1045), Jezeski and lacy (10L45) and
Alexander and IIizginbotitom (1053) from dairy products. They have

(S5

also been observed in spoiled salt water fish (Castell and
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l‘applebeck, 1952). Sly (105l;) lists one species, Flavobacieriun

devorans.
Aerobacter has also Dbecn reported as a ps;chrophile isolated
fron dairy products (Zrdman and Thornton, 1051b; tly, 1o5lL).

llammer and Yale (1932) found Aerobacter aerogenes, Aerobacter

cloaca and Acrobacter oxrtocw:s Claydon (1¢43) also reporied find-

ing Aerobacter aerogenes, Aerobacter lipolyticum was found by

Harmer (19435).
Other gram nesative psychrophiles wihich have been found are:

Escherichia and Lactobacillus (Erdnan and Thornton, 1051b),.

Both streptococci and micrococci have been found as psychro-
philes in dairy products (Alexander and Iigsinbotton, 19053).

Foter and Nahn (1¢35), incubating at 0 to 5 C, found Streptococcus

fecalis, Streptococcus lactis and Streptococcus glycerinaceuse

Sherman and Stark (1931), using 10 C incubation, found Strepto-

coccus fecalis, Sitrertococcus glycerinaceus, Streptccoccus lique-

——

faciens and Streptococcus zymocenes,

*re

Sly (1954) found Ilicrococcus candidus, :‘icrococcus varians,

I“icrococcus congloneratus and l'icrccoccus caseolyticus when in-

cubating at 5 C,
Several other bacteria have been reported as psychrophilic

including menbers of tihe genus Corynebacterium, Lactobacillus

end Serratia (Zly, 1055) as well as Bacillus and Ilicrobacteriun

(Alexander and ILirsinbottom, 1053), but these are apparently

seldon encountered,



Yeasts have been found to grow at low temperatures in dairy
products (Jezesli and Ilacy, 10L6; Alexander and Iigginbottom, 1953);

as well as several nolds and Actinomycetes (Schmidt-llielsen, 1002;

Iuller, 1003; Derry and !'azoon, 193L4).

Some authors have characterized psychrophilic cultures on their
physiological action in milk, Pennington (1003) found that inert
and proteolytic or-anisms predominated in mill: stored near Q C,

Arers and Johnson (1910) , however, found more acid formers

1

than proteolytic types. They also reported tihat inert types wcre
nmost corrion and allaline producers least cormmone Blacliz, Prouvy and
Graham (1032) found 73 per cent of their isolates were inert and al=-
kaline producers, 25 per cent produced acid and one per cent wes
proteolytic,

Thomas and Selzher (1cL6), using 231 cultures, found that &5
per cent were inert in litmus milk, two per cent produced an acid
curd, six per cent produced acid feebly or not at all and nine per
cent peptonized milk,

“latrous, Doan and Josephson (1052) also found inert forms pre-
doninated while proteolytic types were seldom founde Upon incubation,
allzaline producers were more common than those forming acid,

Rogick and Burmwald (1950) characterize most of their psychro=-
philie cultures mainly as inert forms or acid producers, They
(Rozick and 3Burgwald, 1¢52) found over half of the psyclirophilic
cultures wore inert in litmus milk, 2C per ceant produced acid and
17 per cent caused litmus millt to beconme allzaline wien incubation

was at I} to 7 C, but at 35 C incubation only 13 per ceat were



e

vl

-

“n-

nal,

Ae’




15,

inert and & per cent produced acid, The allialine-forming sroup
renained constant in regard to numbers and action in litmus mill,
Of the 167 cultures they used in their study, only about four per
cent were considered to be "true" psychrophiles; i.e., they grew
at 4 to 7 C but not at 35 C, The effect of lowering the incubation
temperature below the optimun on the bacterial pihysiology has not
received siznificant attention to warrant generalizations, but it is
often assumed that proteolytic activities are increased at the ex=-
peanse of carbolydrate digestion, that pismentation is enhanced,
that lar~er populations and greater amounts of end products are
obtained and that cold stora;e increases the heat tolerance of
bacteria (Anderson and I‘eamrell, 1035; Foiter and Tahn, 19306;
Dorn and lahn, 103C; Thaiel, 10L0a, 10,0b; Jordan,and Jacobs,
1547)e

Ce Influence of psychrophilic microorsanisms on the keeping
quality of milk

In the discussion dealing with the types of psycirophilie
microorgenisns found in milk, some mention was made as to the
off-flavors and off-odors they produced, D3oyd (1053) and 3oyd,
Smith and Trout (1953) have shovm a direct relationship between
nilk spoilage and the psychirophilic plate count, althouzh they
were unable to evaluate the keepins quality of a milk when sanples
of freshly pasteurized mill were analyzed due to its low bacterial

population. Atherton (1053) has emphasized the fact that a total



psychrophilic count is not as closely related to milk deterioration
as is the specific type of psychrophile presents

The deleterious effects produced by the psychrophiles in milk
has generally been attributed to proteclytic and lipolytic action
(Black, Prouty and Craham, 193%2; Olson and iazmer, 193L; Ancerson,
1038; Powell, 1933; Gerrison and Iaxmmer, 19,2; Jezeski and llacy,
10l6; Jezeslki, 1952; Babel, 1953). An extensive interest has been
shovm in the lipase activity of psychrophiles (Lubert, Smith and
Thornton, 19L49; Kesta, XNelson and Peters, 1053; llashif and llelson,
1¢53%a, 1953b, 1953c)e In connection with their proteolytic activi-
ties, it is possible that some psychrophiles are capable of produc=-
ing toxin-like compounds in dairy products (Ravenal, Iastings and
Iarmer, 1010; Harmer, 194,3; Thomes, Thomas and Ellison, 1cl9). 1In
addition to these general methods of deterioration, certain orjzanisms
aro capable of causing specific undesirable effects, such as ropi=-
ness (Anderson, 1G42), medicinal or phenolic tastes (Claydon, 1543),
slime formation (Parler, Smith and Elliker, 19051; Davis and 3abel,
1o5L), or off-colors, as fluorescense, (Garrison and ilammer, 19L2)
and pirmentation (iiscock, 1035; Ellilker, Snith and Parler, 1951;

Jezeski, 1952).,
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ITI. EZPERLEITAL ITTTIIODS

A. Characterization of psychrophilic microorganisms

The procedure for plating milk samples used in this research
is that recommended by the American Public Health Association (1953).

The number of psychrophilic bacteria was obtained by plating
suitable dilutions of each milk sample, All platings were made in
triplicate, ‘/here counts were nade from the one ml plating, the
number was recorded as less than 10 unless the 1:10 dilution
showed one or more colonies, This was done to avoid inaccuracies
in counting dense plates containing milk particles from one ml
of wndiluted milk.

Replicate plates were incubated at 55, 35, 20 and 4.5 C for
1, 2, 5 and 1l days,

l. TFresh raw milk

The raw nilk samples came from several colleje barns., Barn A
contains modern dairy egquipment allowing for & maximum degree of
efficiency in maintaining high standard milke. Z2arn B is nore
typical of I'ichiigan barnse. Its equipment is modest, but in ex-
cellent condition., DBarn C is primarily an experinental barn
used to study nutritional problems, From the past records of
these three barns, the milk from barn A is unusually cleen in the
bacteriological sense, Barn B produces good quality milk although
below that of barn A, The milk from barn C is generally similar
in bacterial quality to that of barn Bs Dusty conditions in barn
C occasionally cause the bacterial count in the milk to be ;reater

from barn C than from barn E.
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Daily raw milk samples were collected from these three barns
for two weclis, Determinations for total and psycliirophilic micro=-
orranisms were made within three hours after milking, ilinety-six
raw milk samples were collected from barn C with sreat care to
prevent contanination during milking. The samples, collected
from individual cows during milliing, were plated in the laboratory.
and incubated at 35 and ;.5 C within one hour of collection. The
¢6 raw nilk sanples were obtained over a 16 day period; daily
collection beinz made., The 06 sanples represent milk from six cows,
15 samples per cow.

2. Stored raw milk

Fresh raw milk samples were obtained from barns A and B,
These samples were stored at 4.5 C for 10 days and plated every
two days to determine the thermophilie (55 C), total (35 C),

20 C and psychrophilic (L4.5 C) counts.

The ¢5 raw milk sanmples from individual cows previously
described were initially plated to obtain a total and a psy=-
chrophilic count. These milk sanples were then stored at L.5C
and psvchrophilic counts were deteruined for 2, L, 6 and 3 days.

%« Pasteurized milk
a. Laboratory

Two fresh raw milk samples were obtained from barns A and
Bs To compare the bacterial counts from pour plates incubated
at various temperatures, the bacterial populations of two raw

milk samples were deternined from plates incubated at 55, 35,
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20 and ;.5 C. The milk was then heated to 462.3 C ( f..( 0.1) for
5, 10, 20 and 30 minutes and the populations were ajain determ-
ined. The pasteurized samples (42,8 C for 20 minutes) were
then stored at L.5 C for 2, L, 6, 8 and 10 days. At each stor-
ace interval, populations were acain determined,
b, Com:ercial

Eighty-one commercial milk and cream samples were obtained,
These samples were collected from 23 I'ichizan dairies., Total
counts at 35 C, coliform, 20 C and psychrophile counts were made,
These samples represented: cream=line milk, homogenized milk,
skim milk, chocolate milk, homosenized frozen milk, skim frozen
nilk, coffee cream and whipping crean,

Be Isolation of pure cultures

1. Sanpling

Twenty fresh raw milk samples from barns A, B and C were
selected at random to determine the predominant types of micro-
orranisms obtained from plates incubated at 55, 25, 20 and L.5 C.
The sanples were stored at ;.5 C for 10 days. At intervals of
0, 2, Li, 6 and 10 dars, platings were made and incubated at 4.5 C.
Representative colonies were picled frem plates prepared from the
highest dilution, inoculated into broth and incubated at the appro=~
priate temperature until visible signs of growth were eviden<,
The purity of the cultures was determined by checking the appear=-
ance of the colonies in pour plates and the morphology of the

gran stain,






Anotiier set of 20 samples was collected from barn C,
These sanples were obtained from individual cows, Cultures
were picked from the plates incubated at L5 C.
2. Taxonomy
The characteristics which have been used to classifyy the

r

cultures were those prescribed by Bergey's anual (Breed, et.al.,

1948), but it was soon found that the natural key given in

Dergey's "anual was not suited for satisfactorily identifying a

large number of orgenisms, For this reason, the mechanical key
prepared by Slerman (19L2) for deternininz the genera of orcanisms
was tried with moderate success. After careful study and noting the

occasional deviation of Skerman's mechanical key from the natural

key of Bercey's l'anual, a modified key was prepared (see Appendix

A). The key was greatly simplified by including only the gram nezative
rods of the four genera which had been found in the largest numbers.
The coliform group was not included in the key since only a few
were detected; they were identified by their ability to ferment
lactose, their characteristic colonies on EiB agar and the LLViC
test. The gram positive rods and cocci were classified to their
genera wherever possible, with the aid of Skerman's key.

The predominant gram nezative rods and gram positive coccl
were further classified in groups resembling the species described

in Bergey's l'anual, Usinp the descriptions in the manual, a

mechanical key was prepared (Appendix A) for this task. Since the

descriptions were often not adequate for positive identification,
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the key occasionally does not allow for the separation of closely
related species, A further simplification was effected in the lkey
by omitting sucnh species which were exotic in <their habitat., ‘hen
an identification was completed, otihier characterizations were
made so as to confirm the identification with the description

given in Ler-ey's I'anual, ‘here no identification could be found

according ‘o the descriptions given in Derzey's llanual, the or-

ganisms were placed in sroups and their characteristics noted in
Appendix B,
The methods used to identify the isolated cultures are those

ye

given in the ‘anual of I‘ethods for Pure Culture Study of DBacteria

(comaitiee on bacteriological technique, Society of American Dacteri-
ologists).
3. Temperature studies

A study was undertaken to determine the influence of incubation
temperature on the plate count of milk, DRepresentative cultures
were grovm in sterile skim nilk at Li.5 C for six days. Triplicate
sets of plates were prepared and incubated at 35, 20 and L.5 C.

To deter:ine the hea®t tolerance of the isolates, 10 ml of
L2 hour cultures grown in skim milk at 20 C was placed in sterile
test tubes and heated to 62.5 C for 30 minutes. After rapidly
cooling, the cultures were placed in a 20 C incubator for three
days after which pour plates were made and incubated at 20 C for
five days to determine the presence of organisms, The same

procedure was followed using a five da old culture prowm as

L5 C in skim milk,



Ce Influence of psychrophilic microorcanisms on the keeping
quality of milk

I'rom five to 10 gallon lots of fresh rawv nillk were obiained
fronm barn L.

One group of raw nill samples was pasteurized at 32,3 C for
39 nminutes, A portion of the fresh pasteurized nil% was inocula-
Ted with a 0.2 per cent amount of a rapidly srowing psychrophilie
culture knowm to produce off-flavors in milk. th the inocula=-
ted and uninoculated pasteurized milk samples were stored at 1.5 C
and cxanined every other day for any off-flavors and for their
bacterial content,

A second group of raw milk samples was stored at .5 C. A
portion was removed every otner day and pasteurized., The pasteur=-
ized portions were divided into two sets; one set was inoculated.
Both the inoculated and the uninoculated samples were stored at
;5 C and tested every otier day.

All of the pasteurized milk samples were tasted for off=-
flavors and plated for total and psychrophilic counts at two
day intervals until deterioration was evident. The flavor
testing was done under the direction of Dr. G, I"alcolnm Trout
from the Dairy Zepartment of Ilichijan State University. The
rilk was scored satisfactory (indicated by a 0 in the tables)
or wnsatisfactory ( £ to AEL depending upon the extent of

flavor deterioration). This tvpe of scoring was used in
v & O



p lace of the conventional rethod to overcome confusicn in eval-
v eting such flavors in milk which are not atiributanle to

b acterial grovwth,

lo Red
—_e



IV, RISULIS

A. General characteristics of psychrophilie microor;enisms

le Fresh raw milk

The average numbers of bacteria found in 1, fresh raw nilk
sanples from three barns are recorded in table 2, The results
obtained from these samples indicate that the totel counts (35 C
incubation) were highest in the milk from barn 3, /ith two ex-
ceptions, tre individual counts made over the two week period,
were consistently hisher from barn B than from either barns A
or Co The individual and average bacterial counts from barns
A and C were not significantly different., The psychrorhilic
counts of the fresh raw milk from these three barns indicated
that the raw milk from barn B had relatively more psychrophilic
nicroorganisns; barn C had a moderate number and bern A an in-
sirrificant number,

When rilk samples were collected directly from indivicdual

cows (table 3) and immediately pleted in the laboratory, an

averare of 5l psychrophilic and 3,500 total colonies were counted.

These counts are similar to those obtained from barn C in the
previously mentioned study (table 2), althouzh the total count
is somewhat higher, Io individual cow was observed to produce
rnilk consistently low in bacteria,
2. OStored rawr nilk
The counts obtained from raw milk stored at l;.5 C for 10

days, recorded in table l;, indicate tl:at the storace period does
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TABLE |}

Dacterial populations from plates incubated at various temperatures

of two rew mill: samples stored at [i,5 C for 10 days

l. Barn A
Days storage at Plates incubated at (C)
L5 ¢ 55 25 20 L,.5
0 £10 3,300 L, 300 10
2 <10 3,100 5,000 100
L <10 2,300 7,100 10,000
6 <10 1,100 1,800,000 320,000
8 <10 790 16,000,000 5,000,000
10 <10 1,000 56,020,000 33,000,000
2. Barn B
0 130 2,000 25,000 170
2 160 16,000 55,000 5,000
L 260 6,300 310,000 Lo,000
6 100 3,100 17,000,000 040,000
) 130 4,500 100,000,000 100,000,000
10 90 6,00 350,000,000 350,000,000
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not allow growth of those orzanisms which are normally found on
55 end 35 C plates. The psychrophilic population, however, in-
creases lojarithmically as indicated in the counts from the 20
and ;.5 C plates. The 20 C counts indicate an initial lag
period,

Later, in a study of leeping quality, data are presented
that show a slight variation from the %5 C counts recorded in
table L, but a similar marked increase in psvchrophilic counts
occurs,

A log averaze of the 95 stored raw milk samples is presented
in fizure 1 which is typical of the psychrophilic growth rate in
all the milk samples exanined; i.e., a 10 to 100 fold increase
generally occurs after two days of storace at L5 C,

2, Pasteurized milk
a, Laboratory

The bacterial counts of tito fresh raw millz samples that were
heated at 62,8 C for 30 minutes are presented in table 5. The
thermophilic bacteria were not affected by the pasteurization
temperatures while the remaining types of becteria were materially
decreased within the first five minutes of heating, The psychro=-
philic population was rapidly destroyed as indicated by both the
plate counts shovm in table 5 as well as in subsequent plates
from the heat treated milk after six days storage at L.5C. In
all cases where the initial psychrophile count was below 10 per

ml, no growth could be detected in the six day stored milk, In
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TABLE 5

The effect of holdine fresh raw milk at 62,8 C for various time

intervals on tne bacverial population

l, Barn A
Plate counts

Tine held at Incubation temperature (C)
62,8 C (min.) 5 35 20 L5
0 1, 2,200 3,500 10
5 12 27 L2 <10
10 20 13 20 <10
20 21 6 3L <10
30 17 12 26 < 10
2, Barn B
0 130 18,000 20,000 500
5 130 1,000 650 350
10 200 1,50 230 200
20 210 Loo 320 £ 10

Wl

30 200 350 170 <1




the milk sample from barn B, which was treated for 10 minutes
and showed a psychrophile count of 200 bacteria per ml, the
psychrophile count after six days storage was ¢S5,

“hen the pasteurized (62.8 C for 20 minutes) nilk was
stored at L;.5 C, none of the plate counts, rerardless of the
incubation temperature, indicated that bacterial growth had
occurred in the sample, The plate counts of these samples
stored for 10 days are shown in table 6.

tlhen pasteurized milk was prepared from fresh reaw milk, the
bacterial counts (table 6) are not significantly different from
the counts of pasteourized milk obtained from 2, L, 6 or 8 day old
raw rilk (tables 7-11), Ilowever, the pasteurized milk obtained
from 10 day old raw milk of barn B had an initially higher bac=-
terial population (table 11) which increased during storage.

This difference is probably a result of incomplete pasteuriza-
tion which resulted from the presence of curds in the raw milk,
be. Comnmercial

Plate courts of the commercially pasteurized mill: samples
are given in table 12, Of the 81 somples tested,22 have 35 C
counts above the maximum allowable by the State regulation, i.e.,
50,000 bacteria per ml or above (lichigan Allied Dairy Association,
1oLc). TForty-eizht samples contained coliforms, Dased on the 35 C
count and the coliform plates, 53 samples could be re’ected, and
since this renresents over 70 per cent of the samples, we are rea-
sonably safe in assuming that these samples do not represent a

particularly good milk supplye.

5le



TASIE 6

Bacterial populations of two laboratory pasteurized milk samples

obtained fron fresh raw milk and stored for 10 days at .5 C

l, Barn A
Plate counts
Deays stored Incubation temgera.ture (CB; _
55 55 0 oD
0 17 12 26 <10
2 < 10 20 30 <10
L <10 30 23 < 10
6 12 21 2l <10
8 2l 26 20 <10
10 < 10 51 38 £ 10
2. Barn B
0] 200 %250 150 £ 10
2 1.0 Loo 2,0 <10
L 20 530 210 <10
6 30 600 230 <10
8 20 550 220 <10

10 Lo 5110 250 <10




Pacterial populations of two laboratory pasteurized milk samples

TADLE 7.

obtained from two cay old raw nilk and stored for 10 Gays 8%t Leb C

23

l, Carn A

Pays stored

Plate counts

Incubation temperature (C)

55 22 20 L;a5

2 16 Lo <10 <10
L 10 <10 10 £10
6 10 20 1 <10
8 <10 20 20 <10
10 11 60 50 <10

2. DBarn B

2 10 100 120 £10
i 12 300 150 <10
6 11 300 220 <10
8 13 5L0 280 <10
10 10 800 3L0 <10
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;

Bacterial populations of two laboratory pasteurized milk saaples
obtained from four day old raw milx and stored for 10 Cays at /1.5 C

1. 3arn A
Plate counts

Days stored Incubation temperature (CZ
55 25 20 1e5
2 <10 20 10 <10
L <10 20 20 <10
6 <10 %0 20 <10
8 <10 Z10 10 <10
10 <10 20 20 <10

2, Barn B

2 10 300 a0 <10
L %0 %00 160 <10
6 50 310 170 €10
8 Lo Loo 270 {10

10 50 1,50 370 £ 10




TAZLE 9

Sacterial populations of two laboratory pasteurized milk sanples
obtaiaed from six dar old raw milk end stored for 10 days a3t L5 C

o)

l, Earn A
Plate counts
Days stored Incubation temperature (C)
59 25 20 L5
2 <10 20 Lo <10
L <10 Lo 20 <1lo
6 <10 20 Lo <10
8 £ 10 20 20 <10
10 <10 10 20 <10
2, 3Barn B
2 50 300 270 <10
L 00 Lico 270 <10
6 Jo 600 300 <10
8 50 50 2380 <10

10 Lo 500 Lioo <10




TASLE 10

Bacterial populations of two laboratvory pasteurized millk samples

[ORY

w

obtained from eirht day old raw milk and stored for 10 days at

L5 C

l., Barn A

Plate counts

Day's stored Incubation temperature (C)

55 35 20 L5

2 10 50 20 <10

L 20 Lo Lo <10

6 10 20 Lo <10

8 20 60 50 <10

10 10 20 30 <10

2. Barn B

2 1L 200 200 Q)

L 10 2Lo 170 <10

6 10 100 150 <10

8 20 180 120 <10

10 50 210 120 <10




TACLE 11

obtained from 10 day old raw nillk end slored for 10 days at L.5 C

l, Barn A

Days stored

Plate counts
Incubation temperature (C)

5T

55 25 20 L5

2 <10 10 Lo <10
L <10 20 20 <10
6 <10 50 20 <10
8 <10 60 20 <10
10 <10 50 20 <1

2, Barn B

2 70 550 820 500
L 80 700 900 L3o
6 80 030 1,L00 1,000
8 50 1,200 1,500 1,900
10 70 1,700 3,000 2,000




TATLE 12

Bacterial populations of mill and cream from several llichian

nillc plants

AN

Type of Dairy Plate counts

sanple 35 C 20 C coliforn 15 C

Cream-line A 2!,000 54,000 0 61,000

nilk B La,000 110,000 L
c 27,000 3,200 0 1
D g:l-,oo 7’520 0 30
E 74,000 20,000 o) g2
F 31,000 37,000 L5 60
G 16,000 23,000 0 33
H 15,000 2k, 000 1 20
I 1';,000 23,000 0 2l
J 51,000 13,000 0 20
K 65,000 ol;, 000 0 200
L < 3,000 200 0 300
m 10,900 1,800 2 <10
| 15,000 31,000 39 20
0 < 3,000 14,000 1 21
P <3,000 %,200 1 30
Q L;.;.;,ooo hé,oao o 1,8:])8
R 34,000 52,000 0 <
S &00,000 859,900 0 180,000
T 1;2,000 114,000 1 700
U 1!},000 23,000 0 20

Horozenized A 118,000 $3,000,000 0 >3,000,000

nilk B 22,000 25,000 1o 50
c 23500 7,500 2 L1
D 33,000 12,000 6 Lo
= 150,000 190,000 170 &0
F > 3,000,000 >3,000,000 25 >3,000,000
¢ 35,000 52,000 0 200
L 8,400 >3,000,000 0 15
I 30,000 79,000 125 12
J 55,000 61,000 20 13,000
g 100,000 1,0,000 8 <10
<3,000 1,000 0 £00
I < 3,000 2,700 0
N 18,000 oo 3 <
5 » 06 5,000 )30(2 13
P : §’83\8 6,200 2(.,) 20

<)5,00 3,?00 1) S0

Q < 3,000 h, 500 5 1,300
R £ 3,000 15,000 0 20
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TASLE 12 (continued)

Bacterial populaticons of milk

and creen from several 'ichiran

29«

milk plants
Type of Dairy Plate counts
sanple 25 C 20 C coliforn L5 C
Homogenized S(bottle) <3,000 11,000 72 5,300
nilk S(carton) <3,000 1,700 0 £10
T 1,000 8,200 1 1,000
v 28,000 35,000 5 13,000
W >3,000,000 23,000,000 0 23,000,000
X 10,000 230, 300 L3 63,000
Y L.L,000 90,000 0 L3
z 330,000 1, %00 2 60
AA 33,000 100,000 2 <10
AA(frozen) 23,000 39,000 1, £10
Skim milk R 3,300 1,000 0 3,300
S £3,000 10,000 3 9,700
T <£3,000 1,000 1 <10
U < 3,000 L, 900 6 2l
v 10,000 5,200 12 20
X 3,000,000 23,000,000 D300 >3,000,000
AL 13,000 61,020 0 10
AN frozen) 18,000 26,000 0 L1
A3 < 3,000 6,000 0 20
Chocolate R 200,000 710,000 0 530,000
milk T 2,000 5,400 8 2,500
U 70,000 270,000 250 150,000
AA < 3,000 6,100 0 1
Coffee G 17,000 11,000 0 11
crean J 110,000 23,000,000 2320 > 3,000,000
K 170,000 115,000 &l 2,700
L 5,000 9,000 L1 2,000
1t £ 3,000 2,500 Lo 12
1 220,000 »3,000,000 >300 >3,000,000
0 5,000 700 35 20
P {3,000 2l;,000 18 3,500
R 62,000 220,000 15 190,000
U £3%,000 >3,000,000 L 700
v > 3,000,000 >3,000,000 0 >3,090,000
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TASLE 12 (concluded)

EBacterial populations of milk and cream from several I'ici:izan

R
milk plants
I odaldadl

Type of Dairy Plate counts

sample 35 C 20 C coliform L5 ¢C

Thipping A >3,000,000 >3,000,000 >200 > 3,000,000

crean E 29,000 85,000 140 25,000
D 21,000 53,000 5l 19,000
E >2,000,000 >3,000,000 0 >3,000,000
F 13,000 23,000,000 a, >»3,000,000
Q >3,000,000 23,000,000 >30 23,000,000
v 500,000 >3,000,000 0 >3,000,000
W 23,000,000 >%,000,000 0 3,002,000




The results of counts obtained from plates incubated at 20 C
are generally hizher than comparable results from 35 C incubated
plates, Eighteen samples had 50,000 or more bacteria per ml as
indicated in counts from plates incubated at both temperatures.
Only four samples rave counts of 50,000 or more at 35 C incuba-
tion but not at 20 C, while the renaining 15 sanples were showa
to have 50,000 or more bacteria per ml at 20 C incubation but not
at 35 C. Since the dilutions made to determine plate counts from
35 C incubation were 1:100, 1:1,000 and 1:10,000, the results from
25 C incubation include counts between 3,020 and 3,000,000, ‘en
less than 30 colonies were counted on plates made from the 1:100
dilution, the counts were recorded as less than 3,000 bacteria per
ml of semple., Similarly, when more than 300 colonies were counted
on plates prepared from the 1:10,000 dilution, the counbs were
estimated as greater than 3,000,000, Iowever, 68 sanples counted
from plates incubated at 25 C had counts between %,000 and 3,009,000,
and these samples, when comnpared to similar counts from 20 C incu-
bation, were generallyllower than the latter. OCnly in 1l cases,
about 20 per cent, were the counts from %5 C incubation higher than
the comparable 20 C countse

The psychrophilic microor;anisms were present in 77 of the
21 milk sarples while coliform bacteria were found in LS sanmples.

Lie Isoletion of pure culbures

The types of microcr-anisms most commonly found in the pour

L1,



rlates from the 20 fresh raw milk sarples are shown in %tatles 13,
1, 15 and 1%,

~

In table 13 are recorded %thie results obtained from the 55 C
incubated plates. The predominant orzanisms were gram positive

spore-forming rods and Actinorycetes, Three sram positive rod

could not be identified; they may have been menbers of the r~enus
Tacillus, but no spores were detected., The five cocci which could
also not be positively identified were ~ram positive tetrads,

The isolates from the 75 C incubated plates are classified

in talle 1ll;. Tacillus and Actinomcetes were still predominant,

but no Streptococcus was found. Contrary to the 55 C isoleates
>2J ’

13 gram nejative rods were isolated as well as 1l cultures be=-

longing to the senus "icrococcus,

fron the 20 C plates (table 15) predominantly gram nerative
rods and sram positive cocci were isolateds These tyres were also

isolated from the -5 C plates but less frequently. Actinom;cetes

and Bacillus cultures were evicdent, but all of the types isolated

~

from the 35 C plates were also found in the 20 C plates,
Of the 105 culivres isolated from the psychrophilic plates
(teble 15), 45 or about 41 per cont telenzed to the zenera

-~

Alcali-enes, Achromohacter, Ilavobacierium and Pseudomonas,

Alcalizenes was most frecuently found in the milic from barn C.
The cultures obtained from tihe milk of barns A and I were too few
to indicate tne predomirant jenus, but menters of the genus lavo-

bacterium appeared to be found less frequently than the other

cenera, The larrest number of gram positive orcanisms belonging to
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L7.

2 single genus were found to be members of cenus !'icrococcus,
Orzanisms listed as "others" in table 15 were as follows:
barn A- two Aerobacter, one mold; barn C- 20 yeasts and nine
molds,

The 20 fresh raw milk samples from individual cows in barn
C cave similar results (table 17). leembers of the "3ig Four"
genera were again most frequently found while the yeasts and

nolds were not uncomnones Of all the genera listed in table 17,

Achromobacter and Pseudomonas were found in the fewest samples,
P

b. Stored raw milk

The 20 samples of stored rew milk from the three berns gave
the results shown in table 18,

As would be expected, the same orzanisms a:peared after 10
cays es were originally present, Zowever, it is interesting %o
note that, the cram ne-ative rods, particularly Psendonones, re-
rmained prominent, The yeasts, molds and Aerobacter strains were
not as prevalent efter 10 days storage as they were in the fresh
milk, while members of the genus I'ierococcus were commonly found
throughout the storage period. 'ithin the groups listed as llicro-

coccus and acterium were seversal streins of gram nesative or

grem variable orzanisms, On subsequent transfers at 20 C all of

the cultures listed as l'icrococcus beceame more gream positive than

——

gram necsative, Some of the strains listed as Dacterium were de-
cidedly gran ne~ative, but could not accurately be placed in any
of the pram ne-ative genera defined by Breed et.al. (1cL5). The

grem positive or rram variable strains failed to produce endospores,



° ¢ 0 ° T T 62l ¥
i ¢ ° © 0 0 0 1 12 ¥
’ ¢ ! 0 0 0 2 0T i
i ° ° © 0 0 T 1 G0z 1
i ' 0 ¢ c 0 0 g GOT 3
i ° ! ° t 0 0 T A
i ° ° ° 0 T 0 2 921 ¥
0 n 2 0 1 o . . —
i ! ! ° ° 0 0 2 60T X
H ' ° © 0 < T 2 LT ¥
¢ ¢ ° . c 0 2 2 et u
° ! ° ° T 0 1 2 61 X
SpIOl  $35B8J WMWMMm |owwwmw a:wmwwwww noMMWMMM SOUBSTTBOTY seTdures MO0 JO

tsaeued ey} 03 Zurduoreq sJaqumi]

Jo Jequmy] uoTgvuldTseqd

) UJIBq UT SMOO TBUPTATPUT WOJIJ US83 S[TTW MBJI YSoJIJ WOJJ pe3slosT sustusdaooxotuw oTTTydoayofsg

LT TIEvL



7

LT e1as3 woxJ 838(

*

Lt 2¢ L 72 17 89 19 8¢ 19 81830

1 T ¢ 1 0 LT ¢ 9 6 ot
¢ T 2 g 0 91 g e o1 9
c 7 I u T ct 9 11 T1 i
i 9 0 1 T L L L 9 S
(o] 0z ¢ 6 2 o1 A A G2 «0

SN0000  J0708Q SBUOW  UMTJ03 98] 03089 souos (sAep)

SPTO;] $73SBOJ UMTJIo308g =OJOT]! -0Jdoy =0pnaesJg ~0ABT] =OWOJILOY =T[BOTY ATTU

teIoued oayg o3 Jurduofeq sJI8qUMYy]

Jo oly

ATTW #8JI pols Jo soTduss (g WOJJ pO3BTOST SUSTURSJI00JOTU OTTTHJIOIY0AS]

8T TITVL



504

Be Taxonory

l., I’icrococcus

Sixty-one micrococci were isolated from 35, 20 and L5 C
plates. Ioriy-seven of these cultures came from fresh raw milk
while the remaining 1!} were from stored raw millz, All of the 1
cultures fronm stored raw milk were picked from L5 C incubated
plates, Fourteen otier colonies were picled from Lj.5 C incubated
plates prepared from fresh raw millz, Eleven and 2Z cultures cane
from 35 and 20 C incubated plates respectively,

Thirty-six of these isolates were readily classified accord-
ins to the descripition given by Sreed et.al. (1¢42) while 25
were not, The 36 cultures which had %ihe characteristics to match
the descriptions given by Dreed et.al. (1048) belonged to 10
species, while the remaining 25 cultures were placed into 11
~roups. The distribution of the 61 cultures is showm in tadle 19,

The predominant types of micrococci were "icrococcus conzlon=-

eratus and l’icrococcus epidermidis; the former fouad in plates

incubated at 20 and ;.5 C, the latter found in the 35 and 20 C in-
cubated plates, I’icrococci beloaging to jroups D and X were also
frequently encountered, but never in 35 C incubated plates, The

cultures identified as llicrococcus freudenreichii, l’icrococcus

caseolyticus and those in groups 2, D, E, F, Il and I did no%

initially grow at 35 C but after several transfers at 20 C, all

cultures except one strain of I’icrcccccus freudenreichii and

three strains of Ilicrococcus caseolyticus grew at 35 C,




TATIE 19

Tipe of micrococei isolated frem pour plates incubated at various

temperatures

Ilame of organism Ilumber of Source
cultures Plates incubated at (C)
35 20 1',05
Iicrococcus luteus 2 0 1
IZicrococcus ureao 2 0 2 0
~Ilcrococcus freuden- 2 0 1 1
reichii
licrocoacus flavus 1 1 0 0
Iicrococcus conglon= 9 0 L 5
erasus
I'icrococcus varians 1 1 0 0
Ticrococcus cascoly - 6 0 1 5
ticus
icrococcus anrantia- 2 1 0 1
cus
Iicrococcus epiderni- 10 6 0
dis
J'icrococcus roseus 1 1 0 0
Croup A * 3 1 0 2
Group B 2 0 0 2
Grouvp C 1 0 1 0
Group D 6 0 o 6
Group E 2 0 0 2
Group F 1 0 0 1
Group G 1 1 0 0
Group i 1 0 0 1
Croup I 1 0 0 1
Group J 3 1 2 0
Group K L 0 i 0

For a description of each group, see appendix B,



Strains of l'icrococcus epidermidis, sroups G, J and X could not

be detected after 1!} days incubation at ;.5 C.

2, Alecgli-enes

Bighty=-two cultures of Alcali-~enes were obtained, five from
—————————————
35 C, eicht from 20 C end 29 from ;.5 C incubated plates. All of
the cultures were readily characterized as showm in tadble 20,

Alcali~enes faecalis was only picked from 25 C plates; the

. -

remaining five species were found on the ;.5 C plates, Alcali-

genes boolieri was isolated most frequently.

Ze Achromobacter

The 50 Achromobacter cultures were classified as showm in

table 21, All of the cultures except one sroup were comparable
to the descriptions ~iven by Breed et.als (17L5). The descrip-

tion of this rroup is given in appendix B, ota this unidenti-

oo

fied sroup and Achromobacter superficiale were the predominent
——

Achronobacter,

lis Flavobacterium

The descriptions which are ziven by Ereed et.al. (1SL3)

to distinsuish members of the genus Flavobacterinm are not con-

plete enough to allow for adoquate separation as is indicated in
table 22, The 5L culbtures did fi% into 10 ~roups; six of which are
comparable to the descrirtions riven by Dreed et.al. (104,0). The

remaining four ;jroups are probably also given in Eergey's ''anual,

but too incompleteoly described to warrant conclusive identification,



Tyres of Alcali~enes

P
s

TA3LE 20

olated from pour plates incubated at various

e
teareratures
et -t ettty

nane of organisn Iurber of Source
cultures Plates incubated at (C)

35 20 L5
Alcalisenes faecalis 3 3 0 0
Alcalirenes viscosus 13 0 2 11
Alcalirenes metalcali-enes 19 1 5 13
Alcalirenes bookeri i 1 1 32
Alcaligenes recti 2 0 0 9
Alcaligenes marshallii L 0 0 L




s\

Types of Achromobacter isolated from pour plates incubated
a¢ various teiperatures

lame of orsanism Iwaber of Source
cultures Plates incubated at (C)

25 20 L.5

Achromobacter liquefacions 3 0 0 3
Achromobacter iophagunm 1 1 0 0
Achromobacter delicatulum 2 0 2 0
Achromobacter cycloclastes i 1 0 3
Achromobacter superficiale 13 0 0 13
Achromobaster butrri 6 o 2 L
Achromobac ter eurydice 5 0 0 5
Achromobacter delmarvae 3 1 0 2
Group A * 15 0 2 11

* . s . .
For a descrintion of this group, see appendix B



TAZLE 22

Types of IMlavobacterium isolated from pour plates incubated at
various temperatures

Tame of orranism Ilunber of Source
cultures Plates incubated at(C)
35 20 L
Flavobacteriun devorans 2 1 0 1
Flavobacterium suaveolens 3 0 1 2
Flavobacteriun invisibile 6 1 0 5
Tlavobacterium lactis 7 0 1 6
Flavobacterium esteroarona=- 2 0 0 2
ticun
Tlavobacterium ferrusineun 1 1 0 0
Group A * 9 0 0 o]
Group B 2 0 0 2
Group C 5 0 0 5
Group D 2 0 2 0
Group E-1 7 0 1 5
Group E-2 5 0 3 2
Group E-3 3 1 0 2

For a description of each group, see agpendix B



\1
O
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5 Pseudoronas

Since 73 out of 738 Pseudomoras cultures were obtained from
plates incubated at LL.5 C, the results of classifying this group
of orzanisms applies pariticularly to psychrophilic Psendomonsas,
The findinzs recorded in table 23 iadicated that two groups,

Pseudomonas pavonacea and Pseudomonas ovalis accounted for near-

ly 75 per cent of all Pseudomonas cultures,

C. Temperature studies

The representative psychropiile cultures subjected to
02,8 C in slim nilk failed to show any growth after the heat
treatment.

Ilost of the 23 cultures (tadble 2) grew better at 20 C
than et either 35 or L.5 C. ‘Thereas the ;1.5 C counts were
generally comparable to the 20 € plate counis, the 75 C plate
counts in seven cases fell far below the counts from the 20
and 4.5 C incubaited plates., Although the cultures may have
crovm at 35 C, the colonies on the pour plates were often too
small to count with any dezree of accuracy,.

D, Ianfluence of psychrophilic microorzanisms on the
lzeeping quality of milk

The plate counts of four raw mill: samples stored at L5 C
ere recorded in table 25. In a similar run previously described,
the 25 and 20 C plate counts were initially higher than the
L.5 counts, but within a short storase period, the psychrophiliec

count equaled the other counts., The ponulation determined in 35 C



5Te

TABLE 23

Types of Pscudoronas isolated fronm pour plates incubated at
various temreratures

llfame of orsanisms Tumber of Source
cultures Plates incubated at (C)
25 20 L5
Pseudomonas chlororanhis 2 0 2 0
Psendononas srntuntha 3 0 0 3
Psevdomonas fluorescens 5 1 1 3
Pseudononas pavontcea 27 0 o] 27

Pseudomonas eniculata

= =
: o
o
=

Pseudononas srneyanca 9 0 1
Pseudomonas iodina, 2 0 0 2
Tooi 010008 © arasdiia

Psondomonas ovalis =2 0 ! 21
Psoudomonas convexa 1 0 8] 1

Pseudomonas irrmobilis 1 2 0 1
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TATLE 25

Tacterial count of stecred raw millz usins several incubation
temperatures

Days stored at Sacterial count

Lssc Incubation temperatvre (C)
75 20 1e5

1, 77ilk sanple A
1 11,000 15,000 2,100
2 7%,000 50,000 29,000
L 1,500,000 2,200,000 1,150,000
5 1,700,000 £,000,000 15,000,000
e 42,000,000 45,000,000 55,000,000
o 102,000,000 200,000,000 2,0,000,000
12 070,020,000 2,700,000,000  L4,500,000,000

I7ilk sanple B

0 £,L00 5,00 170
2 25,000 73,000 €,720
L 115,000 100,000 250,000
6 2,400,000 2,500,000 13,000,000
8 ;2,000,000 215,020,000 57,002,000
12 620,022,000 550,032,000 723,032,000
220,000 210,000 1,000

10,000 ¢L0,000 €70,000

%00,000 8,200,000 7,500,000

1,700,000 57,020,920 2,000,000

2,400,000 1¢0,020,000 110,000,000

12,000,000 1,1100,000,000 ©20,009,000

sanple D

0 £3,000 27,000 57
2 22,100 4,000 110
i 13,100 150,000 £0,000
6 15,000 1y79,000 400,000
8 £0,000 =,103,000 5,000,000
10 2,902,000 31,000,000 27,000,000
12 25,000,000 1,©0,000,000 15,022,020
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plates, as opposed to the 20 and l;.5 C plates, failed to increase,
From the data in table 25, a sliphtly different trend can be noted,

3, .

he init

3

ial 35 and 20 C plate counits were well above tlie psyciro=-
phile count, but within two to four days, the psychrorhile count
was as high as the counts obtained from the other plates, ‘7ith
milk samples A and B, except for an occasional variation, all
plates gave similar countse The 75 C plate counts from milk
sanples C and D indicate a definite la;, especially in the

latter case, but the increase in the psychrophile count is event-
ually reflected in the counts from the 35 C plates,

A portion of milk sample C, which was pasteurized irmredi-
ately, was divided into five parts. OCne part was stored without
inoculation while the other four parts were inoculated with an
actively growing pure culture., The plate counts and taste char-
acteristics of these mill sanples are recorded ir table 25, The
uninoculated milk did not deteriorate after 15 days, altiuouzh the
psychrophile count increased slichtly. The inoculated milk
sanples had off-flavors when the psychrophile count was 10 to
100 million, which occurred at varying times of storace depend-
ing on the amount of inoculum and the rate of srowth of the
particular organism.

The milk sanples A and D swere pasteurized in two day in=-
tervals as shovm in tabtle 25 and inoculated with 0.2 ml of a
reav nilk sample containing £22,000 psyclrophiles, The subse

quent growth of ps;chrophiles and the deterioration of nilk



61,

TATIE 25

Plote counts and taste cof a pasteurized rav nillk sannle from
fresi raw mille (Seanple G5 tavle 25)

Days stored et Plates incubated at (C) 0rf-teste

-

J_[_.j c Z5 1}-05

1, Uniroculated

0 1,700 10 0
2 1,100 10 0
L 1,200 10 0
6 2,500 10 0
e 3,000 10 0
10 1,200 11 0
12 5,000 &5 o
1, 5,100 c5 0
15 £,700 700 0
2. TInoculated with Flavobacterium (E-2)
0 1,200 c70 0
L 1,700 1,000 0
8 3,300 9,000 0
12 5,100 272,000 0
15 145,200 2,500,000 0

2+ Inoculated with Pseudonconas ovalis

0 1,700 330,000 0
L 1,L.c0 2,800,000 0
g 1,L00 11,500,000 0
12 50 110,000,000 £
16 1,300 1y70,000,000 AAAE

'« Inoculated with Alcali-enes viscosus

0 1,00 3,002,000 0

L 2,000 12,090,000 P

8 L;,000 19,000,000
12 10,000 28,000,000,000 AL
15 270,000




TATIE 26 (continued)

Plate counts ornd taste of a pasioiriz
‘resnoroaw nilk (JSample C

ed raw millz so-le fron
; tavle 25 )

Deys stored at Plates incubated at (C) Off-taste

L5 C 35 l15

o

N

5. Inoculated with Flavobacteriun (A)

0 2,000 1,700,000 0

L 2,000 2,000,000 £

8 20,000 150,009,000 /;-’l
12 300,000 209,000,000 1L
16 46,000,000 372,070,000 curd

6+ Inoculated with I'icrococcus conclomeratus

0 1,000 125,000 0

n 5,500 370,000 0

38 10,000 15,000,000 0
12 59,000 39,002,000 £
16 1,100,000 !y2,000,000 Doed
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proceeded as indicated in tavle 27, DIoth rawv nill: samples, having
a psychrophile count above 50 million, produced pasteurized milk
which was unfit for consumption. Lilkewise, the pasteurized milk
produced from raw nilk with a low psychrophile count, was able to

withstand more psychropiilic growth before the mill developed an

off=flavor.



TAZLE 27

. 3 . . . . Y : l
The rete of deterioration of nasfeurized mill: prepared from rav nilk stored at 1,5 C for
various tires and inoculated with a mixed population of psyciarophiles

Iy

- —

Pasteurized milk Psychrophile Age of raw nilk at time of pasteurization (days)
stored (days) count * 0 1 2 L 6 8 9 12 12

1, 2ilk sample A

0 700,000 T T T A \»\\\\\ - A
1 1,302,000 - 0 0 0 \M\ e/ S --
5 7,000,000 -~ 0 0 0 \x\\ AL e -- -
3 12,000,000 - 0 0 £ L - -- - --
I 79,097,000 - 0 K\\ \Q - S — - --
5 120,007,000 - AL 4L \\ - — - - -
2o Vilk sanple B
0 ©50,000 0 =0 0 0o £ == HH -
1 1,200,000 0 == 0 0 £ \% - SO —
2 12,092,000 o -- 0 0 w\x AL - - -
3 2!1,000,000 o == 9 0 AAdL e _— -
L 00,099,000 0 -- 0 £ N\ -— -- -— -
5 229,099,000 A— \ s AL e - — -
6 1,101,093,00 LI - (A P - - - -~ -

-

~

The psyciirophile count is an average of plates prepared from all raw milk stored for various times
The individual counts from milk stored from 0 to 13 days varied to the same extent as did the
triplicate plates from a singzle milk sample
dash (=-) indicates that no exaninations were made _

a zero (0) indicatss that the sample had no objectionable off-flavor resulting from bacterial growth
plus signs A\ to AAA) indicate that the sanple had an objectionable off-flavor resulting from
bacterial grovith

G AVE o

'
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V. DISCUSSION

A. Relationsiip between total (35 C) and psychrophile (L.5 C)
plate counts

In eveluatiny the bacterial quality of fresh raw millk from
three barns (table 2), the total count would indicate tha% the milk
from barns A and C was superior to barn B, with the milk from barn
C beinr slightly better than the milk from barn A, Using the psy-
chrophilic count, tiie milk samples from barn A had a lower psy-
chrophilic population than similar samples from barn C; the latter
containing a psychrophile population equal to about four per cent
of its total count, The psychrophile population of the milk from
barn B is equivalent to about 10 per cent of its total count, The
data in table 3 also support tihie contention that the total count
cannot be used to evaluate the psychrophilic population. In fact,
the averase of 16 milk samples which had the highest total count was
found to have the lowest psychrophilic po-ulation.

Cne of the serious defects in basing conclusions on the

data in both tables 2 and 3 is the relatively low bacterial pop-
ulations of the milk samples, This is especially true of the
psychrophilic microor;anisms, However, studies showin; the
differences in the total and psjychrophilie populations over a
period of cold storage (tables I, 12, 2l;, 25 and 25) clearly
indicated the fallacy of using bacterial counts obtained from

pletes incubated at 35 C to evaluate the bacterial quality of



milke The total counts in both sanples used to obtain the results
civen in table i actually decreased upon storage, while the psy-
chrophilic microor-anisms nmultiplied lo-erithmically., Although
such a drastic difference cannot be demonstrated in the values
showm in table 25, those data also indicate that (1) the total
count of fresh raw milk is rsreater than the initial psychrophilic
count, (2) the total and psychropnilic counis approximate each other
in four days of cold storage and (3) after four days the psychro=-
philic population is higher than counts obtained from plates incu=-
bated at 25 C, These findings are in general asreement with those
reported by Ayers, Cook and Clermmer (1718) and Babel (1053) who
found that rew milk held at Ly C for four to five days showed
only a 10 to 100 fold increase by counting plates incubated at 32 C,
The data in tavle 12 are useful in showingz the errors which
can be expected when the 35 C plate count alone is relied uvon to
Judze the vacterial gquality of milk. In discussing these data, the
milk samples have been arranged into four general croups as surcested

in Stendard I'ethods for the Exanination of Dalry Products (Anerican

Public Ilealth Association, 1053)., These croups are characterized as
follows:

Group 1= milk containing a bacterial content, by the standard
plate count, with a good safety marzin., Arbitrarily the bacterial
count for this group was set at 10,000 per ml or below;

Group 2~ nillk containing a bacterial population above 10,000

but belcw 50,000 per ml. This group represents marsinally acceptabdble
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nilk, only slightly below the maximum limits of the bacterial
content;

Group 3= millt which is marzinally in violation of the accepted
standard of 50,000 per ml, but not rrossly contaminated, the upper
limits being 100,000 bacteria per ml;

Group li= milk indicating gross contamination by its bacterial
population of over 100,000 per nl,

In separating the {01 corrercial milk samples into tiiese four
groups, 30 met the requirements of group 1, 23 of -roup 2, 7 of
group 3 and 16 of group L. The 30 samples in group 1 included 13
waich had a total plate count below 3,000 poer nl, The psychro=-
philic populations in these 1T samples were pencrally below 100
per nl (11 samples), but three milk samples had a psychrophiliec
population abvove 3,000 per ml, Of the remaining 12 milk samples
in group 1, seven had a psychrophile content below 100, one vias
below 1,000 and the remaining four samples had a psychrophile
content between 1,000 and 53,000

The bacterial counts recorded in table 28 indicate that
milk with a low 25 C count generally had a lower psycirophiliec
population elthough a significant number of samples had psychrophile
counts above 100, A few samples had a hizher psycirorhilic popula=-
tion than is indicated by the total count, The mill: samples placed
into group 2 generally contained few psychrophiles, but in this
sroup, as with subsequent groups, the mill samples contained

either very few or a larse number of psyciwrophiles, The milk
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TAJLE 28

Classification of several comuercially pasteurized nill and crean
salezs into groups based on their bacterial population obtained

from plates incuvated ot 75 C

Croup Tlumber of samples havin: psycirophile populations
Less than Less than Less than Creater than
100 1,000 195,000 10,900
Group 1- 15 3 8 1

ot over 10,000 bac-
teria per ml as de=-
ternined by counts
from plates incubated
at 35 C

Group 2- 13 2 1 7
betvieen 10,000 and

;9,000 bacteria per

ml

Group 3= L 1 0 2
betireen 50,000 and

100,000 bactoria

per nml

Group L= 2 0 1 13
over 100,000 bacteria
per ml
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in group l; generally contained a psyclwophilic population as

1

h or hi-lier than the count from plates incubated at 25 C.

A reason for the dissinilarity Vetlwcen counts made from
plates incubated et 35 C and ;.5 C is obtainable from *tables
25 and 26, All of the 23 psychrophilic culbtures srowa in skim
nilk for six days at ;.5 C, reached a povulation above 100,000 as
determined by the ps;chrorhilic plate count, Ilowever, the counts
from the 35 C incubated plates revealed that one-third of the
cultures attained counts below 100,000 and only in two cases
were the ccunts obtained from plates incubated at 25 C sirnifi-
cantly higher thon from plates incubated et ;.5 C. Similarly,
the crowth rate of psychrophilic cultures as indicated by
plates incubvated at 35 and 1.5 C (table 26) showed slight re-
semblance to eacl: other,

The unpredictable counts from cold s soraze milk, using 35 C
incubated plates, can also be showm from the data reported ty
Chaffee (1¢52) who stored 15 cormercially pasteurized mill: sanples
for four dg's and found that the counits , upon storare, decreased
in ‘o samples, remained about the same in 11 samples and increased
in three of the samples, “hen Clson, iilloucshby, Thomas and Zlorris

™

(1c53) stored pasteurized milk a2t !5 T for seven dars, +they also
obtained results from the 75 C incubated plates whichh in one case

increased, as did the psychrophilic ponulation as determined by

incubatinz pletes at 7 C, while in another case, the 35 € plate
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save results which indicated a lag in growth of the bacteria

e

n the stored milk, The data of Leet (1930) and likolajcil: and

Surpgweld (1053) also indicate the unreliabilityr of determining

the bacterial count of milk stored under reflrigeration by 35 C
iacubation.
That some psychrophilie microorzenisms do not grow at 37 C

has been shown by Iaines (1¢3.) who found little or no growitih at

27 C by Escherichia coli, one strain of Flavobacterium, two

strains of Pseudononas, five strains of Achromobacter and tio

cultures of yeast,

D. Relationship between counts fromn plates incubated at 20 C
and the otrer (35 and 4.5 C) incubation temperatures

The bacterial counts riven in tables !} and 25 would indicate

that the psyciirophile population apvro:iimates the counts of

the

plates incubated at 20 T, This coandition existed particularly

in milk samples which had been stored uader refrizeration for

a period of time. Counts of fresh mill: obtained from plates
incubated at 20 C, however, are influenced by thie becterial
populetion counted on plates incubated at 55 Co Ths similarity
ol the counts from the plates incubated at 20 C and 35 C can

best be shovm when the psychrophilic population is neglizible,

as is the case in fresh raw milk (tables I and 25) and in the
laboratory pasteurized mill: samples (tables 5 to 11). The re=
lationship between the counts of plates incubated at 20 and L.5 C,

from the data in table 12, can be illustrated when the milk
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samples are placed into sroups based on the counts obtained
at 20 C (tadle 29). In general, the acreenent beiween these

W 1o
counts were better than those from 35 and l;,5 C incubation
(table 28)., This fact can be showm by noting t:at the nunber of
acceptable milk samples based on the 35 C plate count (groups 1
and 2 of table 20) is 50, while the number of accepitable milk
samples based on counts from 20 C incubated plates (groups 1
and 2 of table 20) is Li7. If the classification of mil samples
based on the psvelhirophilic population, as indicated in tables 28
and 29, is accepted, L8 samples it in%o the first two groups

.

s similar to the results obtained from the plates incuba-

}ae

which
ted at 20 Co Counts from plates incubated at 35 and 20 C showed
noderate acreecreat wiien the mill samples were placed into general
classés based on their bacterial counts as wras done in table 30,
Counts from 20 C incubation indicated that 47 sanples were accept-
able, while 53 sanples wrere acceptable according to the counts
from plates incubated et 35 C. Dased on these data, the 20 C
incubation is nore favorable for bacterial growth than 25 C,.
I'elson and Caler (105l), basing their conclusion on extensive

data collected to determine the optimum incubation conditions

for enumeratins bacteria in mill:;, recorriend 21 C for four days

or 25 C for three days which is in accord with our practice of
incubating at 20 C for five days. Trrom pure culture studies,
Lawrton and lielson (105)) also conclude that the optimun temper=-

ature for psychrophiles found in milk is in the range of 21 to 32 C.
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TAIIE 29

Classification of several commercially pasteurized milk and crean

sanples into ;roups based on the bacterial ponulation obtained
from plates incubated at 20 C

Group rumber of samples having psychrophile
ponulations
Less than Less than Less than Greater than
100 1,000 10,000 10,220

Group l- 17 2 L 0
not over 10,000
bacteria per ml

Croup 2=~ 16 1 6 1
between 10,000 and

119,000 bacteria

per ml

Group 3- 5 2 0 Iy
between 50,000 and

100,000 bacveria

per ml

Group lj- L 1 0 13
over 100,000 bac=-
teria per ml
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TASLE 30

Relationship between the classification of several commercially
pasteurized milk and cream samples by counts from 20 and 55 C
incubated plates

N

Groups based on funber of samples in

35 C incubation sroups based on 20 C incubation
1 2 3

Group 1 21 6 0

Group 2 2 1 9 3

Group 3 0 2 2 3

Group L 1 1 0 il

Total samples
1, From plates incu- 2|, 23 11 23
bated at 20 C

2. From plates incu=- 30 28 7 16
bated at 35 C
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Ce Simificance of the psychrophilic count
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nvesti-ators asree that the initial psychrophilic popula=
tion of milk is too low to warrant placing any signiflicance upon it,.
Furthermore, it is often assuned that determining particular types
of psychrophiles in milk is a better criterion for evaluating milk
quality <than plate counts. That the initial psychrophile count is
low in fresh raw millk is generally substantiated by the results pre-
csonted in tables 2 and 3 and the initial counts shovm in tables
’4 end 250

Tvio exceptions, however, do exist as indicated in the averaze
count of 2,000 psychrophiles per ml of raw milk from barn B (table 2)
and the 16,000 count from milk sample C shovm in table 25, That
the initial psychrophile count is prouvably not sisnificant in de-
ternining milk quality is indicated in the data from the stored
nilk samples given in tables Iy and 25, The initial count has no
particular affect on the growlth of psycirophiles in mill during
cold storage. In this respect, the data here presented agree
with the conclusions dravm by otier investigators,

Thether only perticular species of psychrophiles are involved
in producing off-Irlavors or lowering the kecping quality of milk,
as implied in the literature, cannot be established in our find-
ings. Vhen the psychrophilic population increased above ten
nillion, the mill: sample showed sicns of dederioration (tables 26

and 27); re-ardless of the trpes of psychrophiles multiplying in



the milk, A situdy of the published data further supports this
contention. The data piven by Day and Doan (19556), for example,
show that off-{lavors developed in milk when the 25 C plate

counts were from 7 to 320 million or had an average population

of about 20,000,000, The psychrophilic bacteria reached a pop-
ulation of ten million in raw milk within four to eight days of
storage at .5 C (tables L4 and 25), The effect of using stored
raw nilk in which varying amounis of psychrophilic groirth had
occurred was indicated in table 27, “hen the raw milk sample A
was stored six days at l}.5 C, it develoved a psychrophilic count of
57,000,000 under the same storage conditions, Doth of these raw
nilk samples with the above mentioned psychrophilic counts, and raw
milk samples with higher counts, produced pasteurized millk which
had an undesirable taste., Similarly, the datea in table 27 indicated
that raw milk samples with a high psychrophilie population will
affect the lecping quality of the pasteurized milk sample if the
latter is contaminated with psichrophiles,

That cormercially pasteurized milk and cream are generally
contaninated with psychrophiles was evident from the data in table
12, Only eight of the £1 samples had less than 10 psycarophiles;
1,2 sanples had less than 100 psychrophiles per nl of mill or creanm
tested.

The data in tabdbles 5, 6, 7, 8, ¢, 10 and 11 tozether with

the pure culture studies indicated ratiier clearly that pasteurization
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of milk was very effective in killing psychrophilic bacteria
even in high populations, and that the thermoduric population,
counted on plates incubated at 20 and 35 C, did not grow at L;.5 C.
“hen colonies were not found on Li.5 C incubated pour plates
containing one or 0.1 ml of mill sample, it was not safe to assun
that psychrophilic microorzanisms were absent in the millk sample,
but after the milk was stored for six to 10 days and no psychrophilic
crovith could be detected, tiiere was no reason to suspect that ps;chro-
philes were initially in the millt sample. Babel (1053) also failed
to show any growth of or-anisms in six samples of laboratory past-
eurized nilk when stored at li.l; C for five days using counts from
plates incubated at 32 C,
“7ith the above factors in mind, a series of standards is pro-
nosed basod on the psychrophilic count of rawv and pasteurized milks

1, Raw milk should contain less than 100,000 psychrophiles per
ml of sample at the time of pasteurization. In terms of time, it
is survested that the dairy collect the raw milk from the farms
every other doy, and pasteurize the millk within three days alver
milking, Murthermore, the raw nilk must be rapidly cooled and
held at ;.5 C or lower.

2. The pasteurized milk should contain less than 10 bpacteria
per nl if samples are collected at the dairy, and less than 100 at
the time it reaches the consumer,

3e A series of ;rades based on the psychrophilic count is

reconmended, comparable to the grading recommended by the American
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Public fealth Association (1G57) for the standard plate count,
The sreding succested is as followss

Crede 1. Cood cuality pasteurized mills with satislactory

leeping quality; pasteurized nill: from fresh reaw rilk and

which has a »nsychrophile count of less than 10 bacteria per nl,

S

Grade 2. -‘ar-inally accenteble rasteurized nill;; similar

to zrade 1, but with a psyelwrophilic count betireen 10 and 100
bacteria per nl,

Crade Z,  ‘ar:

w

[ED

nally unaccentable pesteurized millz; commercial

nilk with a psyehrophilic population betwieon 100 end 1,000 bacteria

Grade lie Unecceptable posteurized corriercial milk with a
psyehrophilic count above 1,000 bacteria per nl,.
These standards are proposed more to stirulate collec-
tion of ndditional data to test the validity af the resulis ov=-
tained in <this research than as a tool to e applied without

further worlze, The proposed standards are desirsnred to sunplexent

the presently accepted bacterioleosical methods rather than replace
thems Thel” arc desisned to fill the zop which nowr exists. The
direct count of raw mill;, standerd plate count and coliform count
of pesteurized millz are well estabdlisihied, mainly on the basis of
preventing the spread of disease, Jut no standards have as et
been developed rclative to the leepins quality of millzs; the vsy-

chropitilic standards civen above are proposed for this purposes

In connection with these standords, it is interesting to note
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the statement made by DJavis, Twigs and Urisht (1061):

"3ullk raw rnilk would leep about three days, cormercially

pasteurized nill: about seven da;’s and laboratory past-
eurized milk about 70 days when neld in the resion of
2c."

2l b

The findinss when the psyc.ropnilic population are used as
an indicator for post-pasteurization contamination do not arree with
the results obtained when coliform orzanisms are used for the same
purpose, 7Zo cormpare the two fests with the data shom in table 12,
table 71 was prepareds In discussing these results the following ceri-
teria were used:

1. Altkougzn it is possible, and walouhielly “ozlrn’ 12, to pro-
duce mil¥% with less than 10 psychrophile colonies per ml, only 10
per cent of the samnples met this conditions Even thoush a psychro=-
philic population less than 10 may indicate post-pasteurization, for
the purpose of this discussion it will be interpreted in the neja-
tive.

2, A psychrophilic population greater tiian 10 colonies per nl
will be accepted as representing post=-pasteurization containations

3e Psychrophilic populations detreen 10 and 100 colonies per
nl, group 2, will be ianterpreted as showing no sirns of psychro=-
philic growth,

Le A psychrophilic population between 100 and 1,000 colonies
per ml, zroup 3, will be assumed to represent moderate psychro-
philic growth during a short (about one day at L.5 C) storaze

period.



TAZLE 31
Differences in using the psi-chrorphilic and coliform porulations
—r e e e e
as indlcavors ol posi-pasteurizaitlon coatanination
Psyciarophile Coliform
population Iurber of population Tumber of
(bacteria per nl) samples (bacteria per ml) sanples
Group 1 8 Less than 1 3
less than 10 Less than 10 L
Creaser than 10 1
Croup 2 pi=4 ‘Less than 1 13
between 10 and Less than 10 13
100 Greater than 10 11
Group 3 6 Less than 1 L
between 100 and Less than 10 2
1,000
Group L 33 Less than 1 11
more than 1,000 Less than 10 5
Creater than 10 17
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5 “Ten the psychrophilic population is between 1,000 and
10,000 bacteria per ml, group L, it will be interpreted as repre-

senting srowth equivalent to tiree days of storaze at .5 C.

-

4 - . . . - .
Oe A psyciwophilic populetion above 10,000 colonies per ml

of sample will be considered to represent extensive psychrophilic
growth over an extended storase period,

Te Less than one coliform per ml of sample will be inter-
preted as indicating no contanination,

8e A coliform count betireen one and 10 will be interpreted as
representing moderate post-pasteurization contaninations

Qe ‘hen the coliforn population is greater than 10, gross con-
tanination will be assuneds

Using the above criteria in examining the data in table 71,
out of eizght milk samples which show no sizns of post-pasteuriza=-
tion contanination by their psychrophilic population, five iere
indicted according to the coliform test. One of these five samples
siowed signs, based on its coliform content, of gross contamination.
Yo explanation can be given for this discrepancy. Iieither were the
counts from plates incubated at 75 or 20 C substantially different
in milk containing coliforms than in the samples with less than one
coliform per ml, Lilewise, it is hardly conceivable that milk
can be contaminated afiter pasteurization by bacteria which do nov
exhibit psychrophilic characteristicse
Only about 60 per cent of the milk and crean samples, indicat-

ing post-pasteurization contamination by their psyclhrophilic

7
o



nopulation, contained coliform or;anisms, 3ased on the coliform
test L0 per cen of the samples, incriminated by their psychro-
philic count as being contaminated after pasteurization, gave no
indication of post-pasteurization contaminatione In view of
these findings, the psyehrophilic populations should be determ=
ined routinely on pasteurized millk to determine post-pastieuriza-
tion contamination and the extent of storage of the milk,

Some arsurent may arise acainst using the psychrophilie
population because it fails to evaluate the extent of conbtamina-
tion., This arzument is Jjustified assuning that the coliform
test is able to make such an evaluation, The extensive worlk of
Sherman and Wing (1933), Dahlbvers (1545, 1940a, 19.5b) and llelson
and Baker (195)) supports the view that coliform orranisms multiply
in milk and, therefore, their numbers in millt cannot be used to
determine the decree of post-pasteurization contamination,

Yelson and Baker (125!t) conclude that the psychrophile count is
probably a better indicator of post-pasteurization contamination than
the coliform test, but they suzsest retaining the latter because it
cives quicker results, The validity of their arjument cannod be
disputed, Tven in the short incubation time recorriended by the
Anerican Public Ilealth Association (1¢53), the psychrophile pop-
ulation could not be obtained until five days after the sample

was received in the laboratory wihile a coliform index could be

deternmined in one day. In addition to the delay, determinations
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of psychrophilic counts would involve equipment for cold storaze
incubation, more laboratory equiprent, as Petri dishes and dilution
bottles, and more space, These are problems that will retard the
use of psychrophilic counts as indicators of post-pasteurization
contanination, but no one has convincing evidence that the psy-
charophilic count is not a good criterions On the contrary, there
is every indication to believe that measuring the psychrophilic
population is superior to measuring the coliform content of a

dairy sample for evaluating post-pasteurization coantanination,

The only arzument in favor of retaining the coliform index
to measure rost-pasteurization conteamination is the speed in which
results can be obtained., The question to be answered in maliing a
choice between these two methods is, how sisnificant is post=-

asteurization contamination? If the people concerned with
dairy products feel that this type of contanmination is not an
important consideration, then the coliform test should probably
be maintained. Tor three basic reasons, the adoption of a
nethod based on the psychrophilic content of commercial milk
for determining post-pasteurization contamnination would be more
appropriate:
1, the test is more accurate than the one presently employed,
2. a psychrophilic index would zive some idea of the polential
keeping cuality of the milk and
3 & psychrophilic count would indicate the relative aze of

the milk,
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D, Characteristics of psychronhilic nicroor-onisms

The term psyciwophilic microorjanicm is tirousihout this

ceper as it applies to the dairy industry. That is, microorcanisms
te in dalr:r products after cold storare, Thus far,

evidence has been presented to show thatv the psycaroriilic microor-

1 -

thien either 35 or

~anisns have an optimun termperature nearer 29 C
1.5 C, %:a% some swecies have a wide terpersture ronce in which
~rowth occurs end that they are illed by pasteurization, Their
crowth rate in millz at ;.5 C incubation approximates an increase
of a loz in one or two dz's (fimure 1). Tlien these psyclronhiles
aave crovm in rmills o the extent tiat their population is from

1,032,000 to 100,000,000, they impart an off=-flavor to Uhe mill,

~

"he t;wes of bacteria normally encountered (tavle 1o) were
feebly saccharolytic gram necative rods and ram positive coccie

The ~rom ne~otive rods belony To the ~enera Alcalirenes, Achromo-

bacter, Flavovacterium and Psevdomionas, OSome dairy barns nay,

however, cxhidbit their ovm particular ps;chrophilic population,
as is indicated in the results obtained from barn C (tatles 15
and 17)e I2sed on their prevalence in stored nill (sable 12),

Pseudoronos species tended to be the most rrolilic of the sran

ne-ative ~roup. JAerobacter, as well as jeests and molds, appeor

L

to be more transient then asents to e considered sisoni

in causing ofl=flavors,
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T taxonony primorily in-

dicate the need for a bedter metlod vo identify orsanisms, Zven

where an adequate description of an or;jonisnm is ovailable, the

descriptive manuels do nov sult the iavestirator deternining the
topes of orjanisms in a particular habisat,

Three strains of micrococci arpeared to predominate (table

-]

“icrococcus con~lomeratus, llizrococeus

)

2) a5 psrchrophiless

caeseolrticns and a strein desinated as licrococcus D, L the

——

cram nenabive psrelhrophiles (tatles 20, 21, 22 and 23), Pseudo-

menas pavonacea is most commonly found followed by Alcalizenes

Looleri and Pseudrmonns ovallse Alcalirseres meotalcali~enes and

-~
()

Achromebacter snnerficiale wvell as Alcali~enes viscosus and an

o

Achromnbacter strain desisaated as proup 4 are also not uncostion,

i

TMavobacteria were less common than the other sram negative proups,

and no one narticular species was predominant,

te

The increased predoninance of Pseudononas during sterage, as
indicated in the results ;iven in table 13, was particularly note=-

vorthy in light of the worl: reported by Tobin, Alford and ellesier

{1c41) and Cas®ell and “"anplebeel (1752), Stud-ing fish deterioration,

l—lv
3
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Tobin and his co~worlers initially isolated cocc

canisms belon:;ing to the renera Tacillus, “chromobacter, I'lavo-

.

bacterium, Aerohacter, Dschierichia and Pseudomonas, but as the

fish deteriorated in cold storage, practically pure cultures of

Ty

Pseudomonas and Achromotacter remained,  Studrins this shl

population furtier, Castell and I'anpledeclk (1052) show that in
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pure culture at 2 to 7 C incubation, Pseudomones cultures grow 55

times faster than cultures of I'lavolbac®eriim, but in mixed cultures,

the ratio of Flavobacterium to Pseudomonas is 1: >10,000. They

conclude, quite logically, that Pseudomonas probably inhibits the

development of Tlavebacteriunm strains,

The differences in the t,pes of psyclwrophilic orpanisms
given in this paper and those reported in the literature can be
partly explained by the individual techniques employed. Sons
investizators have used special nmedia and nethods (e.;., ‘'acenaar
and Jezeslki, 1052) to find a particular organism suspected as being
the causative azent of spoilaze, This is particularly true in the

pepers dealinz with Psendoronas frasi and Psendomonas putrifaciens,

Murthermnore, the incubatins temperature is extremely importent in
deternining the types of orranisms which will predominate in stored
he terperaiure of storaze a5 4.5 C was selected because it
aprroximates the temperature recommended by the Arerican Public
TZealth Association (1753) and, it corresronds ‘o the temperature

at which mill: should be stored. Zeviation, however, has been

made from the incubation time recommended by the American Public
Zealth Association (1¢57) which suzzests five days. In using a

1, day incubation period, only s5lishtly hisher counts wwere ob-
tained, but the colonies were lar-er malzin
count, ther incubation periods and temperatures waich have been
used are: 1045 C for 13 days, L.5 C for seven days (Zrdnan and

Thornson, 125la); L=7 C for 12 dars (Rosicl: and IDur~wald, 1052);



5 C for 10 days (‘vatrous, Doan and Josevhson, 1052); 6.7 C for 10

for 10 days (Clson,

(@]

-
-~

illouchly, Thomas and lorris, 1557); 1

«Q

deys (Dahlber-, Adems and leld, 1753); 7
7

for five days (Prouty,

1055); LJy C for 20 dar's (EBoyd, 1953).



VI. COICIZSICH

A scries of exreriments has been conducted which indicate

pe

the follewring:
1. Only bacterial counts from plates incubated at ;.5 C zave

a trae picturs of the Dorehroniiilic se-lnotien in nmiliz,

Ce hen the psyclhirorhilic population of raw mill: multinlied,

which decreases the

4.

it inperted a characteristic to the raw milk
ltecping quality of the pasteurized milk,

Ze Psichircphiles were killed by pasteurization.

e Pasteurized mill developed an off-flavor when %he poychro-

rhile porulation reached a particular level of growth,

Se Certain species tended to predominate in millk stored at

1.5 C for several dars,



VII. STIIIATY

From the discusssion on the rclationship betisecn plate counts

irculated at 35 and L.5 C, counts fron plates incubated at
22 D Vs

(o5

5°¢C

S}

not reflect the psychrophilic populetion of the sanple.
The inivial count from the 75 C incubatecd pletes is hizher

1 the pegrerrophilic population, Tith cold storace, thie counts

¢,
e
&

from plates incubated at 75 C nay decrease or increase slightly,
The psychrophilic population increases ranidly -rith storace , and
after four days of cold storase, the psiehrorhilic population is
greatver than indicated by counts from plates incubated atv 5

Some corrercially pasteurized miliz sanples, which would be judsed
gocd or satisfactory by the count obtained
25 C, would not be considered satisf{actory on the basis of the psy-
chrorhilic population. An insisnificant number of the orzanisms
which are predoninantly found on plaies incubaied et L.5 C srew
better at 75 C; most rrew practically as well at both temperatvres,
Cne-Lhird of the cultures studied did poorly at 77 C as compared to
the counss obitained from the h.; C incubated platess “len miliks is
stored at !;.5 C and no psychrophilic -rowih is evident from rlates
incubated at 1.5 C, the counis from 35 C incubated plates also will
not show si-ns of btactericl -rowrth durin-s storasc.

bdadiie |

In short, the counts from pletes inculated at 25 C can De used
to evaluate carelesc handling of milk or impreper relrircration,
should not bte the criterion for julsin~ the general bacterial qualily

of mill,



An exarination of counts obtained from the plates ircubated
et 20 C and those at 35 C indicate tlat tie latter femperaiure is
nore rearly oxbtimum for prowtih of bacteria found in nil¥r, Tlhe
plote counts obtained upon incubation at 20 C are influenced both
by the or-onisms found on plates incubated at 35 C and /1.5 C, which
e:xmlains the hi-her counts obtained at 20 C incubtation. This fact
invelidates the use of 20 C incubation for determining the psychro-
philic populaticn in milk even thoush 20 C nmore closely approximates
the optimum temperature for the ~roup of orzanisms, Iiowever, the
fact that at 20 C incubation hicher counts are obtainable than ab
25 € walidates the use of incubation temperatures belowr 35 C,.

Daw mill cenerally contains a small population of ps;ciwrn=-

.

philic microorzanisms, This population increases to avout

e

10,000,000 in four to eight dayse If this millt is pasteurized

v ’
the pasteurized product will probably have an off-flavor, Pagsi-

l -~ v

eurized mill: does not contain psvehrophilic microorrzanisms unless
post-pasteurization contamiration occurs, Ilost comriercial milk
contains a low psychrophilic population. Pasteurized mill: ob-
tained from fresh rar rillz will -enerally not have any off=-
flavors due to psychrophilice rmltiplication until the psycehrophilic
population epproaches 10,000,030 bacteria per ml, If the raw millk,
from which the pasteurized procduct is obtained, is stored for a

- b4
period of time, the pasteurized product will deteriorate velere

the psycarophilic population reaches 10,000,000 per ml. A series

of standards is projosed, based on the psycircrhilic population



of rew and pasteurized mill wiiich will saferuard the dairy and tle
consumer from selling and receiving poor quality millc recpectively
The maximum psychrorhilic count recorriended for raw rillt is 100,000
bacteria per ml and 120 for pasieurized milk; the latter being
probatly too conservative a fisure,

From the discussion on the relationship between psyclhirophilic
and celifcrm plate counts as indices of post-pasteurization, data
have been cited indicating that the psychrophilic population is

obably a nore sensitive measure, Iather than reasure the ecxitent

of contamination, the psycihropliilic population is su;;ested to be

used as an evaluation of wl:ethier or no

[
R3

ost-pasteurization con=-
tanminetion has occurred and the relative holding time of the nill,
The following charecteristics are prorvosed to desirnate psy-

chrophilic microorcanisms in millce

le They generally have an optimum terperature above L.E C and
velow 75 C; some may srow at 75 C.

2o Their r~rowth rate approximates a log increase every 4
days of storage at L5 C in mills,

7e Ther impart an off-flavor to milk when their population
has developed to 1,000,000~ 100,000,000 bacteria per rl,

l,s They are feetly saccharolytic and predominanily sram nera-

tive, consistins of the jenera Alcali~enes, Achromobacter, [lavo-

bacterium and Pseudononas,




5¢ Ilembers of the pgenus l'icrococcus are the most cormrcn gsran

positive croup.

6e Yeasts ond molds mzy be present in lar-e numbers depending
on the perticular berne.

7e Psichrophiles are killed by pasteurization.

Ce Certain species of the genera llicrococcus, Zsendormonas,

Alcali-~enes and Acliromovacter tend to predominate.

A mechenical key has becn prepared to aid in classifying

psychrophilic becteria assoclated with milk,



D
i)

APFEIDIX A

l'echanical izey for the identification of microor-anisms isolated
from milk

2

1. Generic key to the gram nebative rods

2, 1ey to the renus 'icreecocnus

7e ey to tho rerus Alcali 'enes

Le ey to the penus Aclhromobacter

5e¢ ey to tihe ;jenus Flavohacteriunm

Oe Tley to the renus Pseudemoras




Generic ley to the sram nerative rods*

1., Ilotile 2
Lon-notile 7
2, Polar flozella Pseudononas
Peritrich&te flazella ?
5e Litmus milk allaline L
Litrus millk not alikaline 6
Le Yellow to orargse piment 5
o yellow to orange pismen Alcalirones
S5« Acid from slucocse Wa"oﬁ ceteriur
o acid from glucose hlcallieones
be TYellow to orance pi-ment Flaretocteriun
Jo yellow to orange pirment acarono.acter
7+ Crecn fluorescent water Pcendrroneas
soluble pirment
o green fluorescent water 8
soluble pi-ment
e Litrus millz alltaline 9
Litrus milk not all-aline 11
Ce Yellow to oranse pi-ment 10
o rellow to orange pigment Alceli-enes
10, 1Ilitrate reduced to nitrite Tlovobacteoriun
Titrate not redvccd ‘o nivrite Llcall eues
11, Yellow to oranze pigment Tlavotacteriun
o yellow to orange ripmen sachroiiooacter

Coliformn group not included



ey to the genus llicrococcus
1, Pirment formed
o pizment formed
2. Gelatin liq'efied
Gelatin not liquefied
%e liitrate recduced o nitrive
Uidrate not reduced to nitrite
Le Lituws mllh acid
Litmus nilk allzaline
Se Littus millk coe-uleted
Litmus milk not coamulated
be Pigment yellow
Pirment red to orance
Te Litrus millk peptonized
Litnus mil¥ not peptonized
Ce Pigment yellow
Pirment red to orance
O« Litrwus reduced
Litrmus not reduced
10, !Yitrate reduced to nitrite
itrate not reduced to nitrite
11, Pirment yellow
Fimment red to orange
12, Litmwus milk coarulated
Litrus milk not coajulated
13, Litmus mili acid
Litmus millz ellzaline
1, Litwus nilk acid
Litious nmillz allzaline
llo reaction in litmus milk

—

e

Titmus nill:
Litrus nillk

coa~ulated
net coaulated

3crccoccus con~loner

etus

icrococcus n"0~~ncCs

7

V2T e

‘icrococcus

aureus

caseolyticus

‘icrococcus

citreus

Croup A

J"icrococcus roseus

Vicrococcus flavus

ierococcus freudenre

cichii

T'icrococcus varians

11
13

12

1

13

:"ierococcus aurantiacus

urOdP D

licrococcus cinnabvare

15

rrodocirceus

Ticreccoccus cinnaLarers

16
17



17.

15,

o
e

21,

r
n

n
ol
.

r
=3

e

Acid from lactose
o acid from lactose

lotile
llon-motile

Pimment yellow
Pi;*oﬁt red o oren:e

Gelatin liquefied
Gelatin rot liquefied

-1vruve rcduced to 1 itrite
litrate not reduced to

peptonized

Litm Iz not peptonized
Litrmus millz acid

Litrws nillz all-aline

Lo reaction in litws nilk
Litrus millz acid

Litmus nmillz allzraline

0o recaction in lithus nill

RS

litrate reduced to nitrite
Ziitrate net reduced to nitrite

Litmis mills acid

Litmus millz all-aline

o reaction to litmis milk
Litrus nmilk acid

TLitmus nill allzaline

lo rewction to littus nmill

Iz coarulated
i not coarulated

licroccecceus

c.5

Cﬂ»ﬂnr*_\ ro'1s

TErOCOGeus

TLens

“icrococcus a-ilis
Jlerccoceus cinnauarels
licrococcus lutcuc
19
Group C
"icrococcus rrodochrous
iroup D

22
n)
i
Ticreococcus casenl-ttiecrs
N —
]
Tierecceccus e~ifermidis
Jroun B
Croun 7
Tizrococcus freudenreich
Ticroccceus livuelacliens
troup G

~7

<O

27

N 13
oaaranslac's

pos

I

icroceccus vreae
Croup J
Jrecup X
Tierncoccus candiduas




rn
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e
)

to the genus Llcali-enes
———————

Gelatin liqueZied
Gelatin not liquefied

otile

Ton-motile
litrate reducecd to nitrite
Mitrate not reduced to nitrite

Jocile
Jlon-metile

- N
YA
..orines

Jopines

s produced in milk
s not yproduced in milk

~ R 5 | J S Y
Crovt hester

as
5C
Crowrth better at 2

Le5cC

—
(@]
<
e
B

;05

N

5¢C

\D
ON
)

2
L

3

Aleali-enes marshallil
Alralisenes rectl
Alcalisenes Leolsd

—
5]
7

revaleali-enes
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1,

2.

ey to the renuvs Achromobacter

Totile

don-nmotile

Celatin ligquefied
Gelatin not licuelied

itrate reduced to nitrite

L

itrate nct reduced to nitrite

Some reaction {en nrally acid,
reduction and peptonization)
in litmus milk

lo reaction in litmus nilk

Litrus milk acid

lo reaction in litmus nilk

ve

Titrate reduced to nitrite
I'itrate not reduced to aitrite

Iitrate reduced To nitrite
itrate not reduced to nitrite

Gelatin liquefied
Celatin not liquefied

Gelatia liquefied
Gelatin net liquefie

Lerrorobae

e

~ P

[ SN}

Zelicatulunm

Achromnbacter

ionha~'m

Achromobhacter

er:

@

t

Acrorobacter

)'T1
u,r-,

icial
o

acizn

()

[4]

"
is

F"O‘l

L.

Achronobacter

crecloclastes

’LD LI.O-..C u!lv uVr

PRI
surerficiale

~

(6]
(@]
7

A

Aclronovac




ey to the

1.

\D
.

10.

11,

12,

cenus Flavobacteriu

lotile

lon-notile

Celatin liquefied

elatin not liquefied
witrate reduced to nitrite
itrate not reduced o nitrite
Indols forned

Indole not formed
Litrmus milk ellzaline

o reaction in litrmus nilk
Titrmas nmills allzaline

o reaction in litmus nillk
Litrms millt pertonized
Litmus =il not peptonized

7 acid
- allzaline
in litmis milk

Litmus il
Littus nil
I’o reaction

Celatin liquefied

Celavin not ligquefied

itrate reduced nitrite
Ilitrate not reduced Lo niitrite

acid
all-aline
in litrus nille

Litmus reduced

Litrms not rcduced
Litmus mills rentonized
Litmus milk not peptonized

Acid from lactose
o acid from lactose

o\l \J N

C i~

Tlavobacterium suaveolens

=

Clavobacteriwa rhenams

= - : : s
Flaroracteriuwa diffuswt or

lavonacterivm ri

cense

L marinan

Flavobacterium lactis
Group A

Mlavobhacteriw: invisidble

FRCI.
U.L\"\-

esteroaroma

pon

ferru;-incun

[

balus Zinunm

I"lavobacteriun
Tlavobacteriun




17.

15,

Litrms nill pepntonized

Litous rilk not nepvonized
Acid from gslucose

o acid from slucose

ivrate reduced to nitrite
Zitrate notu reduced to nitrite

Acid from zlucose

Ilo acid from ;lucose
llow pirment
Cran~e vicmen
Litrus milk peptonized
Litmus nills not peptonized

Acid fron clucose
o ecid from ;lucose

Li‘mas reduced
Litius not reduced

te reduced to nitrite

te not reduced to nitrite
Acid and ~as from ;lucose
Only acid fron

glucose

L

CA-
e
(]
23
£
[e)
P
[N

oonas

Fee

3

Litmus milk allzaline

lo reaction in litius nilk

(gley
A

Group 3
(Flavebasteriu lutneco~"
Slavonhacseriun ferrug wl)

Tlavotacteriun

Terrusinewn

17

L]

ucatum

]

steroaromaticun

Tlavoracteriunm

lavohacteriun

i P g
L Lo cAQc e i

a3y

Tlavrohaecte

rlatonuc ter.un

)
Q
3
3
N »—‘-

ne
r

oo Lﬁ Yo'

o
o
,_; ,

P

Grou
by

(Flavovacteriun

n C
aroborescens or

Tlavobacteriwm ferru. ineun)
Tlarolacteriun a~tahile or
Ilavovacteriuwn ferrujineun

Mlavobhacterium

2l
25

proteus or

rlavobecterium

nrevi

aGroup

D

(Tlavobacterium brevi or

Slavo:

sacteriunm

flavotenue)

Croup

E-1

(Tlavoracteriun brevi or

TTavouacueriun solare)

Croup E=C

('»'“'ln

PO

rosacterium bhrevi or

Tlorooacteriunm solare)

oY roup
(Flavo

bnc,orlum

O
~ s

bhrevi or

Tlavooacteriwa so.are)




*

Tey to the genus Pseudomona

l. Gelatin liquefied 2
Jelatin rnot licuefied 15
o groveh on ~elatin Tseudomonas erythra

2. T1'otile 3
on-r.otile 15

2. Crows better at 35 C than L

at 20C
Jrovs better at 20 C than 5
at 25 C

Lo Litmus nill: acid Pseudomonas caviae
Litrus milk allalin Pcevdoronas el lusa

S5 ILiftms niliz acid 6
Litmus nilk allzaline &
Zio reaction in litmus milk Pseudlononas syncyanea

Je :itrate reduced to nitrite Pseudomonas perolens
Uitrate not reduced to nitrite 7

Te ndole formed Pseudomonas fairmountensis
Indole not formed Pseuczolonas fraci

3. Indole formed 9
Indole rot formed 10

Ce Iitrate reduced %o nitrite Pseudomonas 1 xo-enes
Iitrate not reduced to nitrite monos scavyllilliensis

10, Distinct yellow to oran-e sol-  Pseudoronas synxantha
uble pigment produced in
crean

o distinct rrellow to oranze 11
pisment in creanm

11, Iitrate recduced to nitrite 12
Titrate not reduced to nitrite 1
The terminolory and descriptions of the genus Psendomonas are
based larcely on the recommendation of Immes (1. 5la, 1<,1b),
Accordins to Iaymes, this is " essentiallr as it will appear
in the next edition of Per-ev's 7anug£ﬁ,i.e., the seventh editicn.




12,

13.

1.

15.

o
e

Litrus ilk coagulated
Litrms milk not coaulated
Litrmws reduced

Litmas not reduced

Litmus millz peptonized
Litiws mill: not peptonized

iJitrate reduced to nitrite

itrate not reduced nitrite
T‘otile
llon-notile
Crows better at 25 C than
z2) C
Crows better at C than
75 C
oo v
Titrate reduced to nitrite
Titrate reduccad to nitroren
litrote not reduced

Acid from rlucose
o ocid fron

r1\r‘

wW

3P

Sy

1 hydrolyzed
1 1046 nhydrolyzed

Indole formed

Indole not formed

Litmus millc 2llzaline
Litrms riliz not allzaline
Litmis nmillt coasulated
Litmus nillk not coajulated
Indole formed

Indole not formcd

Lit:us ni allaline

j'\
Titrms nillr not allaline

-
a3

Ps

N
UCoInon

121,

chlercraniis

Poavdnamaora

(%]

monas V)d vr

co.:aere:s

moulle var.)
P

Pse :4ono“°9 iodina,

-~

Tsendoronas

"“‘ClI"’ .

Psrudormponas i—akils
coudomoncs immiebilis
ho) ; 3
Pcendomonas chtutzeri

b s 3.
Tsen domonas striata
V“‘ .
U507 J01.000S raconis
Fseudomenas ratonis,
f:h”j,“nﬁﬁs Tralucioa
Pseudoucnas puticda

4. . R

sir.aca

3 PR

cesrolitie




[AD]
]

102,

Litrus milk acid Pscvdemonas decrnclrtica
Litrmus rilk not acid Fsoudemonus »-tida,
Tzeuwdnronns dcsmol--tica

—

Starch !r-drolrzed =

a 3 U I U P e TAmA - FIR

Starch neot krdrol;zed Peevidomonag striato,
r‘-"(\ A N . S 0y -
FESEEAR RSO M QD BERC . ats]

TLitrus millk allzaline 'seudoriones striata

2 - CRE TR DY KN - 3 S~ e ~ ~ b NN

Titus nil': nov allzaline FRICL RS 5 olrtcTornlis
TPooncomonas lusia

Litmus mill acid Fsondo
11 allzalin P 1
o reaction in litmus nill: Pp)

.y s . .
Acid in zlucose rzanisronos arvilla,
I'zerlcimonas caloria
A E I ~1u - LRI .o vt aa
7o ecid in ~lucose £oeuuo.cnus craciviae

i)
J&—
Fseoudormonas ranitica
>
s
v . A ) . o ex
Litous milk acid FPseudoions inco-nita
=2 .
LR L 1. s T -~ .~ A B
Titomus rills allzaline Foonlormonis ira

acid Jsendononas rmosa
allzaline roouniencind miluonversil
—
4

‘CouCOoToONSS convella
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Appendix 3

le < liecroccceus

Croup A. Tram
Ton-nictiles Anpear
it produces
on arar ere

cous roceus exc
=~ of ~elaline, Co
re

detecteds A
a0t hydrolrzed
useld a3 the sole nigrﬂ*c
~
A

’ :3 C "n-\(‘

Jrows ey i >
Grour L. Gram positive coccl occurrinc sing
Ion-“Jv-le. Jzrplolezically sinmilar to T"icrecnccus var
Tellow pirzent prodvced, Celatin nob liguclicd, Joic.izs on arar

are cirCLlar, e:tire, meotl, convesx and rellowe In broth rmode
turtia and yellow iment develcrs, Litrws nillc turns allao-

line; e 1it o coasulation or rentonization
frox 3 lucose end lac%eose, Starch is

tn
O
[a I O_. i
-4

O
(]
0.
.

(o

itue is

wwags detecicde Acid
aot Iydrolyzeds Ind
is used ac the so
o

~ . R N A
LTOWS 236 e v

o
8
(@)

Group C. Cram positive cocci ccourriny singly and in clusters,
bon!

3

Jon-motile., Siniler to Iicreococcus concidus excert it produces an

oraan~e pi-ment, Celetin nol licuelied, Colonies on oroxr are cir=-

culer, entir, srocotlh, coave: and orante, In bLroth sli-ht pellicle,

heavy © 19""y end slizht rellewr scedinent develors, Litmus mill:
ci 5 no reduction ol livmus or coomilation cnd pertonization

of the milk detected., Acid produced from ~lucose and laoctoses
is n : ¢
4.

"““ halad
ve d se0

2
11
Starch ot *"droly:ed. Indole is no% formed. Axroniuvm aszid

phospihate is not us ec the sole nitrecen source, itrefte is net
reduced tc nitrite. Cr we a5 W5 C, 20 C and 35 C; ltest at 22 C,

CGroup De OCram positive coccl ccourring in c’uotnro. lon-notiles
Appecrs %o We similer to -~rour 2 recoried b D1 (1000) excopt it
produces a pinlt pisment, Zelatin no% liquefied, Colonics on azer
are circe ular, entire, smoctl, convex and pinlzs I Lrotlh moderate
turvidiyyy and pinl sediment develons, Litmis millz is unchonzeds

Zo acid produced in slucese or lactoses Starch is net Iydrelyzed,
Indole is nct formed, .mrtonium acid nhesphate
source of nitrogen. Iitrate is not reduced to n
lie5 € ond 20 C; poorly at 35 C,

cd a3 the sole
teos Crows ati

}e
(%]
L’)

}Jo

v
Tr

}_l.

Group Z. Gran positive cocci occurring in pairs and clusters.
Ton-motiles Appears o be sinmilar o -~roup 1 reported by iy (105!))
except no pisment was observed, Gelatin licueflicd, Coleniec on
acar ere punctiform, entire, smooth, raised and transluceant. In
broth, moderate turbidit;r end sranular scediment develorse Liunus

‘0 coarmlation, peptonization cr reductica wwas

» o

mill turns alizaline,



Cetectede Acid is procduccd fronm ;lucose but not from lactoses
Sterch is not ydrol:zed, Indole is not formed, Aumonium acid
phosphate is used as the sole niirosen source itrate is re-

cuced to nitrite. Crows at L5 C and 2) C; n t at 25 Ce

Croup T Gram positive coccil occurring sinzly and in pairs.
llon-rmoviles Celatin liguefied. Colonies on arar are punciiform,
entire, smooil, convex and opajues In lroth, moderate turdbidiyy
end sraauvlar scdiment develops. Litrus nillt turns slizhtly acid
without coarulation, peptonization or reduction. Acié produced
from glucose but not from lactose, Starch is not hydrolized,
Inuo-e is not forned, Arrmonium acid phos»nhate is not used as th
oole n*tro ed source, ..itrate is redvced ‘to nitrite, Crows at
LeZ € and 23 C; no% at 5 C.

Group G, Cram variatle cocci occurrin~ in clusters. :lon-
motiles, Ilorrcholozically similar to Ilicrococcus ureas., 3clatin
liguefieds Colcunies on a~ar are circuler, e-nuire, °*dbva, rcised
and tronslucent, In broth, moderate turbidity and viscid sedimen
developse Litmus millz remains unchanzed; no coajulation, pepton-
izetion or reduction was detecteds o ocid produced from slucose
or lactose., OStarch is no 'ycrol"zed Indole is not formed.
Ammonium acid phosphate is used as the sole ritresen source
sitrate is nct reduced to nitrite. Grows at 23 C ‘and 5 Cs not
at LL.5 C.

0 ¢k

Grouvp e Similar to jroup C except that ~elatin is net lique=-
fied, nitrate is reduced to niirite and rrowth occurs at L.5 C and
20 C; not av 25 C,

Croup I. Similar to sroup I except that litnus milk turns
allzalire and acid is produced from glucose,

Group Je Cram variadle cocci occurrins sin=ly, in rairs and
in clusters, llon-mctile, ADrears to Te identical to rroup 2 by
1y (109%). Celaiin not lirvefied. Coloniez on eror are circular,
entire, smootil, convex, slisternin; and white. In broth, noderate
turbidity and viscid sediment develons, Litmus millz remains un=-
chansed; no cosa-ulation, peptonization or reduction was detected,
7o aocid produced from slucose or lactose., Starch is not hydrolyzed,
Indole is not formed, Armonium acid phosnhate is uvsed as the sole
nitroren socurce, liitrate is not reduced to nitrite, Crows at 20 C

1

and 55 C; not at 1.5 C.

Group Ze Cram positive cocci occurrin: in pairs and in clusterss
Ton-riotile. Illost closely resembles [icreecoccus candidwus, Jelatin
not linuvefied, Tolonies on a-ar arec nunctiform, entire, smootl,
convex and vwiite, In troth noderate turbidify and pellicle cdevelcpse




10(\1.

Litms nillz turns acid; is coa-ulated and peptonized. ITeduction of
the litmus occasionally occurse Acid is produced from ~lucose and
lactose, S<tarch is not hrdrolyzed. Indole is not preoduced, An=-
monium acid phosphate is no% used as tie sole nitrozen source,
TIitrate 1s not redvuced to nitrite., OCrows at 20 C and 25 C; not

i
t L5 Co






Ce Achromchacter

Croup A. Gran negative, non-motile rods occurrins sinsly,

Gelatin not liquefied. Colonies on a~ar are punctiform, entire,
smooth, ¢listeninz, trenslucent and sreye. In broth, moderate
turbidity, prey pellicle and viscid sediment develops. Litmus millt
turns acid, cocrulates and peptonizes, The litmus is reduced,
Acid is produced from rlucose but not from lectose. Starch is
hrdrolyzed,s Indole is not formed, Iitrate is reduced to nitri

Crows at .5 C and 20 C; not &t I3 Ce

i3



10,

2o Ilavobacteriim

Group A. The cultures isolated o near to have characteristics
identical to lavobhacterium lactis except that it causes litmus
millk to turn allalire,

Zroup 2, This ~roup has characteristics wiiich fit both Flovo-
bacteriun lutescens and Tlevobacteriun ferrusineun,

Sroup C, This group aas chaerccteristics which 1% bDoth Flavo=-
bacteriuwn arbvorescens and Ilavobhacterium ferru-ireun,

Croup D, This ~roup has choracteristics waich fit both [ avo-
hacterium brevi and Flavobacteriwn flavoi~nue

Group E,
bacterium »res

This rrovp hes chearacteristics wnich fit both IMlavo-
eus and Ilavcbhacteriwn Tlavotenne

froup = nes be

Crovp E-1 turns litrus nillk acid;

allzaline; Gro

en further subdivided on its action in litimus milk,
Group E=2 turns litrmus milk
does not chaixre litmus milice

v

Tea?

up L=3
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