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INTRODUCTION

One of the factors responsible for the loss of initial quality
in adequately refrigerated, pasteurized milk and milk products is their
widespread contamination with psychrephilic miercorganisms, A common
characteristic of the members of this taxonomically heterogeneous group
is that they grow sufficiently well, though rarely optimally, at re-
frigeration temperatures to damage severely the organoleptic quality
of dairy products in relatively short periods of time, This creates
a major problem in modern dairy practice which is magnified as it
becomes economically important to lengthen the time interval between
production and consumption of dairy foods,

The literature on the relation of psychrophilic microorganisms
to dairying is voluminous, The greater part of it treats their dis-
tribution and growth in contaminated dairy products with resulting
organoleptic quality deterioration while in refrigerated storage, How-
ever, comparatively little information deals with the changes in milk
conatituents in dairy products due to their growth, This may be due
to the fact that such changes do not share the commercial significance
of organoleptic quality deterioration., Although the organoleptic
detection of quality deterioration in dairy products almost invariably
precedes any visible changes in milk constituents, that such changes
are a part of this deterioration may be shown by other means,

Frequently the bacterial deterioration of milk and dairy products
is detected organoleptically as a bitter flavor, Since this bitterness
has often been associated with proteolysis, a study was made, using
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paper electrophoresis, to determine the changes in milk proteins asso-
ciated with the growth of psychrophilic bacteria,



Scope

The term "psychrophile" as used in the dairy industry has not
been strictly defined in practice, being indiseriminately applied to
all microorganisms growing in refrigerated dairy producta, Thomas
(80) listed 35 publications dealing with dairy psychrophiles wherein
the reported psychrophilic colony counts were determined using plate
incubation times and temperatures ranging from 2 to 28 days and 0
to 25° C,, respectively, The incubation time-temperature relation-
ship most often reported was seven days at 5° C,, which is that offi-
cially recommended in the United States for the detection of more
typieal paychrophiles (1), It has been suggested that the definition
of the term be restricted to include only those organisms capable
of growing in milk at 5% G, and which ave destroyed in milk by heating
at 62° 0, for thirty minutes (79).

Iypes and Distributiop
The temm psychrophile does not desoribe a particular taxonomic

group of micrcorganisms though it may be said that most dairy psychro-
philes are Gram-negative, nonsporulating rods,

A 1ist of psychrophilic bacteria given by Elliker (20) included
the genera Pgeudomomas, Alcaligenes, Escherichia, lerobacter, Achromo-
bacter, Chromobacter and Flavobacterium, with B, fragi, E. fluorescens,



. viscosa, B. putrefacions, Alc. metalcallgencs and Alc. viscosus
being examples of species common in deiry products,.

Schultz and Olson (72) isolated species in the genera Pseudomonas,
Aloaligenes, Achromobacter and Elavobacteriup s well as members of the
ooutonmpmdutwmmmdnom&o-mmnypnmpdlnk,
cream, chocolate drink and cottage cheese after one and two weeks of
storage at 4° C, Fluorescent pseudomonads alone accounted for appro-
ximately ome-half the isolates and the relative distribution of each
bacterial type was fairly uniform among the various products sampled
during sumer and winter seasons, Foster gt al. (22) state that
species of asporogenous, Gram-negative rods such as Pasudomonag have
been most often involved in outbreaks of spoilage at refrigeration
temperatures, and occasionally species of soil and water forms like
Alcaligenes, Achromobacter and Flavobacterium are found, Boyd et al.
(8) reported that the majority of spoilage organisms in samples of
comerelally pasteurized and homogenized nilk stored at 33 and 40° F.
were Gram-negative rods, most of which were killed by pasteurization
at 143° F, for 30 minutes, Watrous g} al. (84) recognized that the
psychrophiles isolated from pasteurized milk have been identified
largely as Gram-negative, monsporeforming rods with members in the
genere Psoudomonas, Flavobacteriup and Achromobacter predominating.
Dahlberg (13) found that ecoliforam hacterda increased more rapidly in
numbers than did total counts in pasteurized market milk held under
refrigeration, indicating that some coliforns also may be psychrophilie,

Sherman gt al. (73) studied both rew and pasteurized milks and
reported that the bacteria responsible for the spoilage of milk held
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just above freezing appeared to be mainly, if not entirely, Gram-nega-

tive, nonsporeforming rods largely of the genus Pseudomonag, and that
sporeformers apparently neither grew nor contributed to spoilage at

these temperatures,

Davis (14) states that in clean, raw milk held at 0O to 4° C,
for a few days, the psychrophilic microbes gradually predominate with
the most common genera being Pseudomonas, Achromobacter, Ghromobacterinp
and Micrococcusg along with the yeast Torulopsig and wolds Penicillium,
Sladosporium, Mucor and Thamnidiug. Marth and Frazler (45) found that
the predominant bacteria in raw milks held at farm bulk tank cooling
temperatures were Gram-negative rods in the genera jAchromobacter,

Aerobacter, Alcaligenes, Flavobacterium and Pseudomonas., Morrison and
Hammer (50) reported the isolation of P, fragl from 16,5 per cent of

176 lots of milk delivered by 14 producers to an Iowa milk plant, and
while no isolations were made from 17 lots delivered to a Kentucky plant
in June, 16 of 40 lotl delivered to the same plant in December yielded
the organism,

Robinton gt al. (68) studied the microbial content of 523 retail
samples including both raw and pasteurized creams, They found that 24.4
per cent of the samples had agar plate counts exceeding 500,000 per
milliliter when the plates were incubated four days at 8° C,

Parker gt gl. (61) showed that the species Alc. metalcaligenes,
P. viscosa and P. fragl may be responsible for defects commonly occur-
ring in refrigerated cottage cheese, Collins (11) also studied the
role of these three species in cottage cheese spoilage,



Hussong et al. (28) reported the isolation of P. fragli from
samples of abnormal milk, cream, cottage cheese and bulk condensed milk

and also from homogeniser plunger packing,

Sources

Psychrophilic microorganisms are usually present in raw milk, but
their presence in pasteurized dairy products is not to be condoned
in view of the fact that they do not survive pasteurization, therefore,
their presence denotes post-pasteurization contamination,

Watrous gt al. (84) listed water, soil, bedding and utensils as
probable sources of psychrophiles found in raw milks, Elliker (20)
believed soil and water on the farm to be the original sources of
psychrophiles, In Iowa, Morrison and Hammer (50) reported the isola-
tion of P. fragl from 51,8 per cent of all samples of dirt and other
materials examined that were likely to come in contact with milk,
However, in Kentucky, only 4.1 per cent of similar samples taken in
the summer yielded the organism compared to 37.4 per cent in December,
The organism was found in 71,4 per cent of 35 samples of barnyard soil
obtained from various states, being present in 90,9 per cent of the
samples from eastern states compared to 38.5 per cent from western
states (50). Such information emphasizes the wide distribution of this
frequently encountered psychrophile and its possibilities as a raw milk
contaminant, In fact, Olson gt al. (58) stated that all who have tried
to find psychrophilic bacteria in rew milk have succeeded, particularly
if their analytical procedure included incubation of poured plates for
a sufficient period of time within a temperature range of 5 to 10° C,
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Kennedy and Weiser (32) reported that 14 of 15 pure cultures of
psychrophiles, after being inoculated into milk, survived 145° F, for
30 minutes in considerable mumbers, Jeszeski and Macy (30) had only six
of 41 cultures of psychrophilic bacteria isolated from fresh butter to
survive laboratory pasteurization at 150° F, for 30 minutes, Erdman
and Thornton (21) had only four of 722 psychrophilie cultures to survive
laboratory pasteurization, Seversl other investigators (58, 61, 69,
83, 84) have presented data which indicate quite conclusively that the
presently known dairy psychrophiles do not survive proper pasteuriza-
tion,

The likely sources of post-pasteurization contamination of
dairy products with psychrophiles are water supplies, processing equip=-
ment and containers, Rogick and Burgwald (69) found the main sources
of market milk contamination to be equipment and bottles, Parker et al.
(61) believed that the principal means by which cottage cheese spoilage
organisms entered the product were in the curd wash water and from
improperly cleaned and sanitized manufacturing equipment, Boyd (6)
also blamed these two means but added that the creaming mixtures used
in cottage cheese may be a common source, Watrous gt al. (84) recog-
nized improperly cleaned equipment as a source of psychrophilic contam-
ination and recommended rigorous cleaning methods, Morrison and Hammer
(50) found dairy plant equipment to be relatively free of B, fragi
but 9.7 per cent of Iowa plant water supplies examined ylelded the
organism, Long and Hammer (41) isolated P, putrefaciens from samples
of the water supplies in 14 of 29 creameries in nine midwestern states,
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Harmon (26) found samples from water supplies in 14 butter and 12 cote
tage cheese plants to be mostly free of coliform bacteria but to con-
tain psychrophiles, Corley et al. (12) in a study of samples from
butter plant water supplies found that 5 per cent ylelded P, putre-
faclieng and 25 per cent contained organisms that formed fluorescent
colonies on agar plates incubated at 21° ¢,

In a study of samples of water and butter obtained from butter
plants having spoilage difficulties, Jeseski and Macy (30) isolated
41 pure cultures of microorganisms, inecluding both caseolytic and
lipolytic types, capable of vigorous growth at 8° ¢,

Olson and Nielsen (55) concluded that there is great variation
in the bacteriological quality of home water supplies used by consumers
in recombining milk powders, These waters were found to contribute

significantly to the flora of freshly recombined milks but the clean-
liness of kitchen utensils used in the recombination process was likely
the more important factor influencing the subsequent keeping quality

of the milk under refrigeration,

S8ieberling and Harper (74) described a high-temperature short-
time heat treatment for plant water supplies, the use of which permit-
ted one plant having cottage cheese spoilage from psychrophiles to
produce a better-keeping product than previously attained with the use
of chemical sanitizers,

The coliform test for post-pasteurization contamination (1) is
known to be unreliable in indicating that pasteurised dairy products
are free from contamination with psychrophilic microorganisms (3, 54, 84).



Growth and Defects

The development of defects in dairy products by psychrophiles
may occur within periods of time involved in present marketing methods,

Prouty (66) reported that in some samples of raw milk held 48
hours at 37 to 39° F, there were psychrophilic counts exceeding one
million per milliliter and may have contributed to slight flavor de-
fects noted at this time,

Mikolajeik and Burgwald (47) found the bacterial counts on milk
samples stored seven days at 0 to 1,66° C, and 7.2 to 10° C. to be much
higher than the initial counts; in some instances as much as thirty
times higher, Rogick and Burgwald (69) found psychrophiles in all samples
of milk examined after one week of storage at 4 to 7° C, even though
none were found in 4.l-ml, quantities of milk taken directly from vat
or high-temperature short-time pasteurization systems, In this study
flavor changes developed only in raw milk samples during one week of
storage, indicating that extremely high counts were necessary to
 noticeable flavor changes.

Marth and Frasier (44) reported that psychrophiles grew faster,
especially after two days, in low count milk having less than 50,000
bacteria per milliliter, More samples of high count milk showed
appreciable growth within one, two, three, or four days at temperatures
of 36, 38, and 45° F, than did low count milk, In an earlier publi-
cation (43) they reported that in milk held at 36° F, little increase
in bacterial numbers occurred in three days but at 38 and 45° F.
significant increases occurred in some samples within one or two days.
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These workers believed that a 45° F, storage temperature for raw milk
was too high, They found no correlation between farm source of the
milk samples and growth of bacteria but did find that psychrophiles grew
better in summer milk than in winter milk, Marth and Frasier (45)
also studied the growth characteristics of several pure cultures of
psychrophilic bacteria inoculated into milk and held four days at

38° F, Most of the Pseudomonasg species grew rapidly and steadily
during the first two days and more slowly during the last two days.
Cultures of Achromobacter and Alcaligenes species grew rapidly during
the first three days and more slowly during the fourth, The Flave-
bacterium cultures tested failed to make any appreciable growth under
these conditions,

Hadfield (23) stated that psychrophilic growth in milk was much
more repid at 45 to 50° F, than at temperatures below 40° F,

Ksufmann and Andrews (31) concluded that the growth of psychro-
philes varies considerably; that the growth rate of the contaminating
organism may be more important in detemmining the length of the storage
period than the initial level of contamination; and that an average
initial psychrophilic count of less tham 10 per milliliter is readily
obtainable under good practical plant operating conditions.

Watrous et al. (84) reported that the psychrophilic count on
75 samples of raw milk after 10 and 20 days of storage at 5° C, in
many cases was considerably greater than the "total count," but the
"total count" on an average exceeded the psychrophilie,

Sherman gt gl. (73) found that pasteurized milk held at 0° C,
had slower bacterial growth than did raw milk of substantially the
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same quality or bacterial content, and that pasteurized milk, if not
recontaminated, kept from two to three times as long as raw milk of
the same quality end bacterial content,

Lawton and Nelson (35) in studying the growth characteristics of
psychrophiliec bacteria, some of which were isolated from commercial
milk sources, found that 21 to 25° C, was the optimum growth range for
the majority with their logarithmic phase of increase occurring within
the first 24 hours of growth, When the temperature was lowered to.5
to 10° C, the logarithmic phase was not entered until either the
24~ Yo 4B-hour or 48— to 72-hour interval, Their data showed that low
temperatures only retard the growth of some organisms and that the
logarithmic phase of increase lengthens as the growth temperature is
lowered from the optimum,

Boyd gt al. (7) found flavor deterioration to be correlated with
the growth of psychrophilic bacteria in commercially pasteurized and
homogenized milk stored at 33 and 40° F. In split duplicate samples
stored at these different temperatures, the average keeping quality of
the milk at the lower temperature was extended an additional 11 teo 14
days, In a later publication they reported that the deterioration of
flavor in all commercially processed samples examined was closely
associated with the growth of psychrophilic bacteria (8).

Burgwald and Josephson (9) reported that the development of
psychrophilic organisms in refrigerated pasteurized milk followed a
pattern similar to that of mesophiles except that after six days the
psychrophiles were far greater in number, They felt that the problem
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of flavor development during refrigerated storage is of little im.
portance if the milk is consumed within seven days but is apparently
of great importance during storage beyond seven days., Weese and
Henderson (85) found that good quality pasteurized milk under home
refrigeration retained a good flavor three to four days after delivery,
but after the fourth day there was decided flavor deterioration, They
observed that the awverage daily per cent of inerease in bacterial
count on the fifth and sixth day of storage was decidedly greater
than that on the third and fourth day.

Babel (4) studied changes in raw milk held at 4.4° €. He found
that high quality raw milk showed a significant increase in total
bacteria after two %o four days and that this flora was made up largely
of psychrophilic types, Generally, the free fat acidity and amino-
nitrogen content of the milk increased slowly and sny abrupt increases
were accompanied by abrupt increases in numbers of bacteria, Also,
the rate of remnet coagulation varied considerably with extended holde
ing at this temperature and showed a direct relation to the type of
bacteria present,

Jezeski and Macy (30) state that psychrophilic bacteria in raw
milk may produce repiness, discoloration, proteolysis and bitter flavors,

Parker and Elliker (60) presented experimental evidence that pure
cultures of P. viscosa and P. fragl, in that order of activity, caused
appreciable losses in the diacetyl content of cottage cheese stored at
10° C, within 48 hours although the cheese retained its normal appearance,
A similar phenomenon occurred in 10 per cent reconstituted non-fat-dry-milk
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solids containing 6 p,p.m, added diacetyl, except that losses in diacetyl

were accompanied by corresponding increases in acetylmethylearbinel,
These losses in diacetyl were accompanied by the development of a flat
flavor, Their results indicated a direct relationship between diacetyl
content and the desirable aromatic flavor in cottage cheese, Pure
enltures of P, viscosa and P. Lragi isolated from gelatinous cottage
cheese were capable of rapidly reducing almost all the diacetyl pre-
sent in cottage cheese or milk whereas a culture of Alc, metalcaligenes
was much less active in such destruction, With P, viscosa and P. fragl
a complete loss of arome preceded the development of any apparent phy-
sical manifestation of spoilage, It was also demonstrated that the
diacetyl destroyed was converted to acetymethylearbinol and some
possibly to 2,3-butylene glycol,

Olson et gl. (57) pointed out that psychrophiles have been
responsible for considerable cottage cheese losses through tapioca or
slimy curd although fruity or unclean flavors are usually observed to
precede any apparent physical decomposition of the curd particles,

Boyd (6) states that the development of fruity and unclean
flavors and odors in cottage cheese results from the growth of psy-
chrophilic bacteria, This also may cause a condition known as tapioca
curd in which each curd particle develops a shiny, translucent sur-
face,

Collins (11) believed that fruitness in cottage cheese caused
by the growth of P, fragli was the defect most commonly limiting the
storage life of commercial cottage cheese, He found this species %o
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be the least retarded by low temperature in a study of P. yiscosa and
Alc, petalcaligenes.

Claydon and Hammer (10) found that butter wash water inoculated
with P, mephitica produced the typical skunk odor in experimental
unsalted butter in two to three days of storage at 21° C,

Atherton gt gl. (3) studied bacterial growth in commercially
pasteurized milk held at 4.4° C, They found that the average initial
psychrophilic counts were very low but increased sharply through 15
days of storage, Observed changes in the milk samples that accompanied
increases in bacterial content were losses in protein stability and
significant increases in vitamin By content, No changes in phosphatase
content due to microbial action, as had been reported by Hammer and
Olson (25), were observed im this study, These workers concluded from
their spoilage observations that the goal of milk processors should
be to bottle pasteurized milk which maintains an acceptable quality
during 12 days of storage at 4.4° C.

Olson gt gl. (56), at storage temperatures of 1, 4 and 7° C.,
obtained approximately 5-, 3- and 2-week periods, respectively, of
satisfactory keeping quality with milk concentrates prepared under
ideal sanitary conditions after pasteurization, They found that
bacterial growth oecurred at an appreciably greater rate in recombined
milk than in the concentrate from which it was made, Both bititer and
putrid flavors appearing to be associated with bacterial growth were
encountered in this study, Olson and Nielsen (55) later reported
that home recombined milks made from non-fat-dry-milk solids generally
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deteriorated rapidly during storage at 50° F, and bacterial counts of
several millions per milliliter after 48 to 72 hours of storage were
not uncommon,

Powell (65) stored samples of fresh raw crean at 35° F, for ten
days, He found that the acid coagulating organisms formed the largest
initial group, Both this group and the acid coagulating-peptonizing
group increased during storage but after eight days the peptonizers
predominated, The fresh cream generally had a good flavor but became
slightly bitter by the second day of storage and very bitter by the
eighth day, Flash-heating the cream at 155° F, greatly reduced the
number of peptonizing bacteria and they did not increase during sub-
sequent storage.

Elliker (20) included in a list of undesirable flavors caused
by psychrophilic bacteria in dairy products those described as fruity,
rancid, bitter, stale, musty and sour, with rotten and putrid odors
marking the advanced stages of decomposition, He stated that the abili-
ty of these organisms to produce lipase and proteolytic ensymes made
them particularly objectionable from the standpoint of off-flavers,

Olson gt gl. (58) believed that sconer or later all commercially
processed milk when held within a few degrees above freezing spoils
due to metabolic producte resulting from bacterial proliferation, To
this they attributed the flavor defects described as putrid, frulty and

unclean or sour, Changes in body and appearance may occur such as
thickening or ropiness and a green or yellow surface discoloration.
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Hussong et al. (28) made unsalted utter from pasteurized cream
inoculated with P, fragl. They found wide variation in the initial
numbers of organisms with great increases evident after three or four
days of storage at 7° C, Counts of over 50 million per milliliter were
rether ecommon with a few over 100 million, They reported that the
flavor production by P, fragl was inconsistent but the most common
changes was a "May apple® odor followed by rancidity., Sometimes with
certain strains this pattern did not occur and the butter became
cheesy,

Derby and Hammer (16) and Long and Hammer (41) studied quite
extensively the organisms involved in the surface-taint defect of butter.
The causative organism was first tentatively designated Achromobactep
putrefacions (16) tut later was classified as a member of the genus
Pseudomonag (41) and remamed P, putrefaciens. They found that when this
organism was inoculated into pasteuriszed cream and subsequently churned,
the resulting butter developed the surface-taint defect within two %o
four days at 15,6° C, and within seven to ten days at 5° C.

Stark and Scheib (77) isolated 486 pure cultures of bacteria from
atters, of which 96 per cent were capable of hydrelysing tributyrin,

77 per cent split milk fat and 63 per cent were proteolytic in milk,
These workers considered these three characteristics as oriteria for
the isolation of organisms capable of producing changes in the odor or
flavor of butter,

Moir and Russell (49) state that proteolytic bacteria may break
down the curd in butter and so adversely affect its flavor,
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Parker et al. (59) state that various Pseudomenadege are res-
ponsible for raneid, frity, fishy and a variety of other defects in
butter,
Several earlier investigators (15, 19, 27, 53, 67, 71, 7€) re-
ported on the relationships between proteolytic bacteria, proteclysis
of milk proteins and the resmulting off-flavors in Wtter bearing these

protein degradation products,
Van der Zent and Moore (81) studied the proteolytic activities

of P, fragl, P. finorescens and P, putrefaciens in skimmilk held at
temperatures of 5, 10, 21 and 25° G, for 16 days, All cultures were
proteolytic to varying degrees as determined by the production of
goluble nitrogen end the amino acids tyrosine and tryptophan, All
cultures showed proteolysis at the incubation temperatures used, There
was no evident relationship between level of population and proteslytic
activity, There did appear to be some relationship between the soluble
nitrogen content and the content of tyrosine and tryptophan. Only one
of these cultures feiled to show a short lag phase even at the lower
holding temperatures,

Hammer and Babel (24) state that proteclysis in milk and cream
is often accompenied by a bitter flavor due to the presence of "bodies"
such as peptones occurring among the protein decomposition products,
This bitterness may be evident before the appearance of visible signs
of proteolysis, Under practical conditions it occurs most frequently
in products held at a relatively low temperature,



18

Pelezar and Reid (62) state that microbial proteolysis, depend=
ing upon the organisms involved, results in the accumulation of varying
amounts of soluble nitrogenous products imparting an alkaline reaction
and bitter taste to the milk, P. yiscoss and P, putrefaciens may
cause this condition,

Pennington (63) investigated extensively the bacterial growth
and chemical changes occurring in raw milk held at a temperature of
«1,67 to ~0,55° C, for periods of five and six weeks, In comparisons
of "eclean" or certified milk to ordinary market milk, the clean milk
maintained an acceptable quality throughout the storage period while
the market milk deweloped bitterness by the end of the fourth week and
bitterness with an unpleasant odor by the end of the fifth week under
these conditions, Bacterial increases, as determined by three plating
methods, occurred throughout the storage period, These enumerations
were made by incubating one series of plates one day at 37° C, followed
by three days st room temperature, another series at 20° C, for five
days and another at the sample storage temperature for four to six
weeks, The analyses for nitrogen distribution showed that the casein
of milk in cold storage was rapidly digested until finally more than
50 per cent of it was changed to soluble compounds such as caseoses,
amino-acids and probably peptones, The rapidity of the digestion varied
with different samples but was pronounced at the end of two weeks of
storage. It was thought likely that proteolysis at these temperatures
was caused by enzymes native to the milk rather than by those of
bacterial origin, and a series of preliminary experiments seemingly
substantiated this belief, In a later publicgtion Pennington gt gl.
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(64) presented data establishing the fact that bacterial enzymes were
quite important in the degradation of the proteins in raw milk at 0° C,
This work prompted the conclusion that the proteolysis of casein is
primarily bacterial while that of lactalbumin is due to mative milk
enzymes, However, it was apparent that bacterial flora and native
enzymes, by their combined action, effected more rapid proteclytic
changes than were produced by either agent alone, Alse, the total
proteolytic activity observed in these experiments proceeded in the
mamer of a tryptic digestion wherein the true proteins pass through
caseose and peptone forms in their degradation to amino-acids,

Paper Elsctrophoresis

Milk Protein Analvels
The use of paper electrophoresis in the investigation of bio-

logieal fluids, particularly for qualitative and quantitative fractiona-
tions of blood serum proteins, is thoroughly discussed in at least

three texts (5, 37, 87). The latest of these (37) only briefly mentioned
the use of the method in research on milk proteins, The available
literature to date dealing with paper electrophoretic studies of milk
proteins is meager,

Zweig and Block (88) appear to be among the first to report the
use of paper electrophoresis in the separation of milk proteins, Their
mothod wvas an adaptation of that previously developed by Durrum (18)
for the separation of blood serum proteins, They worked only with
casein and its components apart from the complete milk protein system,




20
therefore, paper electrophoretic data on whey proteins were not included.
The relative mobilities of the casein components obtained in this study
compared favorably with those obtained by the Tiselius electrophoretic
method, These workers believed that the concentrati on of gamma-casein
in vhole casein was too low to permit its being detected unquestionably
by this method,

MacRae and Baker (42) successfully used paper elsctrophoresis to
separate quantitatively alpha-, beta- and gamma-casein from whole
casein suspended at 5 per cent concentration in veronal buffer at pH
8,6 with an ionic strength of 0,05, The analysis was dome on large
sheets of relatively thick filter paper horiszontally placed in the
apparatus, They apparently obtained positive migration of the slower-
migrating gamma-casein, The separated components were visualized by
staining with dyes Azocarmine or Naphthalene Black, The relative per-
centage of each component was determined both by direct photometry and
Kjeldahl nitrogen contents, These methods gave comparable resalts,

In estimating component percentages these workers applied correction
factors, which they derived empirically, to lessen the error caused
both by different dye-binding capacities of the components and deviaw-
tion from Beer's law, From their corrected analysis data they eati-
mated that whole casein contained 60 per cent glpha-, 32 per cent beta~
and 9 per cent gamma-component,

Libbey and Ashworth (38) carried out the paper electrophoretic
separation of casein using a phosphate buffer at pH 12,3 with an
ionic strenggth of 0,19, They claimed that the casein was clearly
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vesolved into three fractions in a Spinco apparatus during 30-hour runs
with 20 to 30 milliamperes of current at a temperature of about 4° C,
The level of sample application was found to be critical, The best
results were obtained using a 0,01~ to 0,02-ml, quantity of a 10 per
cent concentration of whole casein suspended in the buffer, The high-
est degree of resolution was obbained by placing the samples on the
strips as near as possible to the cathode side of the Durrum type cell.
The seperated proteins were made visible by staining with bromophenol
blue, These workers reported the approximate relative distribution of
the casein fractions, based on areas beneath scanning curves without
correcting for tailing errors, as 50 per cent alpha- and kappa-, 45
per cent beta- and 5 per cent gamma-casein,

Lindquist (39), Lindquist gt al. (40) and Storgards and Lindquist
(78) used paper electrophoresis as a means of studylng changes in
casein occurring during the ripeming of different cheeses, They
stressed the fact that even though a linear relationship exists between
the optical density and the comcentration of a specific protein when
dyed, different proteins have differemnt dye-binding capacities and
there is good reason to believe that this is also true of the decom-
position products of casein, They cautioned, therefore, against
draving too far-reaching conclusions from the quantitative data ob-
tained by electrophoretic analyeis, However, they believed that the
method did afford several new possibilities for research in cheese
chemistry,
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Weigt (86) described a relatively simple procedure for the paper
electrophoretic snalysis of milk serum (whey) proteins, In this pro-
cedure approximately 0,08 ml of clear, supernatant whey, obtained after
the isoelectric precipitation of casein in milk, was separated on
each paper strip, The electrolyte used was a sodium veronal-sodium

acetate tuffer of pH 8,6 and fonic strength of 0,1, The electrophoretic

runs were 16 hours long at 18° C, A constant voltage of 150 v, was
applied to the strips, The procedure ylelded characteristic curves
comparable to those obtained by the Tiselius method, The separation
of fiwe protein fractions from normal milk serums was reported, The
fractions were tabulated with the range of the relative per ceat of
each as follows: euglobulin, 5.7 to 15,7 per cent; pseudoglobulin
3.1 to 11,8 per cent; alpha-lactalbumin, 15,0 to 31,8 per cent; beta-
lactoglobulin, 44.7 to 67,7 per cent; and, blood serum albumin, 1,3
to 6,2 per cent, These fractions are listed in the order of their
increasing electrophoretic mobility,

Lecce and Legates (36) used paper elsctrophoretic analysis in
studying changes in the whey protein of milk from cows with acute
mastitis, They found the whey protein pattern of milk from mastitic

quarters to be markedly altered from the normal, The outstanding changes

in the patterns were the appearance of a fraction migrating at the rate
of blood-serum albumin and a relative increase in the amount of immne
globulins, For milk obtained from 43 normal quarters grouped into
three categories they reported means of the per cent of the various
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vhey proteins ranging from 13 to 20 per cent immune globulins, 27 to
39 per cent alpha-lactalbumin, 47 to 60 per cent beta~lactoglobulin and
0 to less than 1 per cent blood-serum albumin, given in the order of
increasing mobility, They also observed that whey samples from some
quarters contained a trace amount of a fraction migrating faster than
blood-serum albumin and another fraction migrating between beta-
lactoglobulin and alpha-lactalbumin,

Modl and Owen (48) reported the use of paper electrophoresis,
along with paper chromatography and fluorescence under ultra-violet
light, in studying the qualitative and quantitative distribution of
riboflavin and allied compounds among the milks of several mammalian
species,




EXPERIMENTAL MATERIALS AND METHODS

All skimmilk used in this study was obtained from the University
Creamery and had been commercially separated, Duplicate samples of
approximately 1500 ml, in quantity were aseptically removed from the
pasteurizing vat within five minutes after the end of the 30-minute
hold period, placed in closed sterile 2.1, Erlenmeyer flasks and
cooled in an ice bath, The pasteurisation temperatures ranged from
145 to 146° P, while the space heater temperature at times rose to
165° P, A total of six pairs of samples were used in the study,

The flask closures were laboratory designed for ease of manie-
pulation, for tightness during sample agitation and to reduce the danger
of the sample adsorbing undesirable flavors from the external atmosphere,

When the samples had cooled to near ice bath temperature one
received a 0,5 to 1,0 per cent inoculation with a pure culture of the
bacterium to be studied and the other sample was held untreated as the
control, The samples were subsequently stored in a refrigerator at 3
to 5° C, and examined at lif~day intervals during a 42-day period, The
samples were hand agitated daily except on Sundays,

The bacteria studied were three species in the genus Pseudomonas,
namely, P. fragl, E. fluoresceng and P. putrefaciens. The E. fragl
(4973) and P. fluoresceng (11251) were obtained from the American Type
Gulture Collection (ATCC), 2112 M Street, N, W., Washington 7, D, C,
The P. putrefacieng was obtained from the culture collection maintained
by the Dairy Microbiology Laboratory at the University of Tennessee,
Stock cultures of these bacteria were maintained at 3 to 5° C, on
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slants of milk-protein hydrolysate (M-PH) agar. These were activated

monthly by transferring to tryplose phosphate broth containing 0,1 per
cent agar (17) and incubated 24 hours at 21° G, The 24-hour broth
cultures were used Lo inoculate fresh agar slauts which were incubated
24 hours at 21° G, before the cultures were returned to cold storage,
Working cultures were maintained in tubes of phosphate agar broth,
These were stored with the stock cultures at 3 to 5° C, and were trans-
forred weekly, followed by 24 hours incubation at 21° C, before being
placed in cold storage.

All skimallk sample inocula were prepared by transferring a
loopful of a working culture to fresh phosphate agar broth and incubating
it 24 hours at 21° C, A loopful of the 24~hour broth culture was in-
oculated into sach of two screw-cap culture tubes containing 10 ml,
of skimmilk which had been heated 13 minutes in an autoclave at 15
pe8.i, pressure, The inoculated tubes of skimmilk were held in a 5° C,
refrigerator and on the sixth day were used to inoculate a trial
sample of pasteurized skimmilk,

The periodic examinations made at l4~day intervals on the dupli-
cate trial samples included emmmeration of contained bacterial popu-
lations, organoleptic evaluation of the milk and paper electrophoretic
analyses of the milk proteins,

Two general bacterial populations were enumerated, These were
differentiated on the basis of growth temperature and are referred to
as total count and psychrophiliec count, The total count included those
bacteria which produced visible colonies in M-PH agar plates within
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45 to 51 hours incubation at 32° C, while the psychrophilie count in-
cluded those bacteria which had produced visible colonies in M-PH

agar plates on the seventh day of incubation at 5° C, The enumerations

vere made essentially according to officially recognized procedures (1),
except that the gelatin-phosphate dilution medium of Naylor and Smith (51)
was substituted for the phosphate buffered distilled water normally used

for sample dilutions,

The organoleptic evaluations were made by an experienced milk judge
assisted at times by one or two others, The appearance and intensity of
odor and/or flavor of the samples were recorded as given by the judge
with no attempt made to assign numerical scores,

The milk proteins were obtained for electrophoretic analysis
by precipitating the casein at pH 4.6 with the dropwise addition of
42,5 per cent lactic acid to 200 ml, of milk under vigorous agitation,

The precipitate and whey were separated by cemtrifugation in 250-ml,
flasks followed by decantation of the supernatant whey., The centri-
fugations were for thirty minutes at 2500 r.p.m, using a 4~place centri-
fuge head 7 inches in diameter, The vecovered precipitate was twica
washed by resuspension in 50 ml, of distilled water at 4 to 6° C., as sug-
gested by MacRae and Baker (42), followed by vacuum filtration through
Whatmann No, 1 paper, The washed casein was resuspended in a minimum
guantity of distilled water, then freeze-dried to yleld a fine, white
powder containing approximately 14 per cent nitrogen, The ntir re-
suspensions of casein were made using a laboratory homogenizer, All
freese~drying was done with an apparatus usually operated at a
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pressure of 20 to 50 microns of mercury as measursd with a McLeod type

gaugse
Immediately after decantation from the casein the whey was fil-

tered through a Seitz filter to remove bacterla and any remaining parti-
cles of undissclved precipitate, This ylelded a clear, greenish-yellow
fluid, A 150-ml, quantity of the whey was then placed in cellophane
dialyzer tubing of 1 1/8 inches in diameter and dialyzed 44 hours at

4 to 6° G, against six liters of distilled water, which was refreshed
three times at 12-hour intervals, The pH of the whey was determined
both before and after dlalysis, A 100-ml, quantity of the dialyzed
whey was freeze-dried to yield a product containing approximately 12
per cent nitrogen,

All nitrogen contents were determined by a micro-Kjeldahl
method (2). A steampdistillation apparatus required for these deter-
minations was comstructed in the laboratory, Duplicate determinae-
tions on each sample were usually within two-tenths of 1 per cent and
were averaged to arrive at the nitrogen content subsequently used in
protein suspension standardization calculations,

The proteins were prepared for electrophoretic analysis by re-
suspending the dried materials in sultable buffers at concentrations of
1 per cent protein nitrogen, A barbiturate buffer, containing 3,7 g.
of barbital (barbituric acid derivative) and 20,5 g. of sodium
barbital (sodium dlethylbarbituate) per liter, of pH 8,6 and ionic
strongth of 0,1 was used for both casein and whey protein analyses
until it wes learned that a borate buffer, containing 4.96 g. of
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borie acid and 4.0 g, of sodium hydroxide per liter, of pH 11,5 and
ionic strength of 0,1 permitted improved resolution of the casein
fractions, The borate buffer was employed for the casein analyses
during the latter two-thirds of the study, including four of the six
trials, Whay protein analyses were made in the barbiturate buffer
throughout the study,

The electrophoretic analyses were made using a Spinco Model R
Paper Electrophoresis System, This apparatus was equipped with one
electrophoretic cell which analyzed eight strips per run, The strips
were of Schleicher and Schull 2043A mgl paper, A 0,01-ml, quantity of
a buffer suspension of protein from the control and inoculated sample
was applied to each of four strips during an electrophoretic run, The
electrophoretic separations were allowed to continue for 16 hours at
4 %0 6° C,, the cell being operated in a room held at this temperature,
A constant voltage was applied to the strips, The caseins were separated
at 140 v. with a mean initial current of 5,8 milliamperes (ma,) which
inereased to a mean terminal current of 7,0 ma, The whey proteins were
separated at 200 v, with a mean initial current of 7.0 ma, which in-
ereased to a mean terminal current of 8.9 ma.

At the end of the electrophoretic runs the strips were prepared
for scanning by a modified Spineco procedurs for blood serum analysis
(75). A stepwise schedule of the procedure used follows:

1., The separated protein om the strips was denatured and bound
in place by heating for 30 minutes in an oven at 120 to 130° ¢,

2. The strips were given two 15-minute quiescent rinses in
methanol,
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3, They were then stained during a l-hour immersion in a 0,1
per cent solution of bromphenol blue in methanol,

Le ‘The stained strips were given three successive 5-minute
rinses in fresh aqueous solutions of 5 per cent acetic acid,

5, The rinsed strips were gently blotted between sheets of clean
hlotting paper,

6, The blotted strips were heated for 15 minutes in an oven at
120 te 130° ¢,

7. Within 1 hour of scamning the strips were placed in an
ammonia-saturated atmosphere for a 1l5-minute period,

The scamning of the strips in the Analytrol ylelded characteris-
tic curves from which the relative quantities of the separated protein
fractions were derived, The curve peaks representing different pro-
tein fractions were delimited by sketching in their Gamssian distri-
bution enrves, then eavefully drawing vertical lines pervendicular to
the base line and extending through the points of intersection of the
Gaussian curves (75), The vertical lines were also extended downward
through the integrator trace line drawn at the bottom of the curwve
sheet, The quantitative data for each delimited faction were then ob-
tained from the integrator trace line which recorded the curve area in
0.)-8q, cm, units,

No corrections were attempted for possible differences in the dye-
binding capacities of the various fractions, or for the tailing effect

of the more rapldly-migrating components (5).
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The various protein fractions were not identified during the
study and are therefore referred to by number in the text, However,
the nénonolatum of Jenness gt al. (29) may be applied, as the elec~
trophoretic curves obtained were quite similar to those found in the
literature (33, 34, 46, 70, 86).



RESULTS AND DISCUSSION

The microbial growth which occurred in both the control and the
inoculated samples throughout the 42-day storage period is represented
by the data in Table 1,

The control samples showed little or no psychrophilic growth, In
only one trial with P, fluorescens did a measurable increase in the
psychrophilic colony count occur, and that was on the final day of the
storage period, There was no good explanation for this, However, in
every trial the total count tended to increase from about the midpoint
to the end of the hold period, Perhaps some pasteurization-resistant
organisms became acclimated to the low temperature enviromment with
extended holding and eventually began to multiply, Davis (14) believed
that this could happen, However, it did not appear likely in any trial
that the mesophilic growth, as d-tor-iaad by the total counts, was
sufficient to alter the control milk constituents to a degree measurable
by the methods used in the study,

Good growth was obtained in all trials with the three pure cul-
tures studied, This is indicated by the marked increases in the average
total and psychrophilic counts on the inoculated samples, Generally,
these increases occurred throughout the storage period, not being con-
fined to any particular part of it, In the samples inoculated with RB.
£ragl end E. putrefacieng the average psychrophilic count alwvays ex-
c-oded the concurrent average total count, Whersas, the reverse held
true for all samples inoculated with P, fluorescens. One explanation



TABLE 1

OF SKIMMILK STORED AT 3 TO 5° C,

AVERAGE TOTAL COUNTS (TC) AND PSYCHROPHILIC COUNTS (PC) ON CONTROL AND INOCULATED SAMPLES

NS .
Bl

) 7y
Gulture  Sample TCA  pcb TC  PC

{(Per Milliliter®)

11,07 <10.0

5.21

<10,0 _
190,0M  14,0M 350.0M 71,0M 850.0M

<10,0

bpiates incubated 7 days at 5° C,
°!vo trial average,
eInoculated sample.

dhw m.
fThousands,
&4llions,
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for this is that this particular culture, P. fluorescens, may have had
a less psychrophilic cultural temndency,

Quantitative data obtained by the paper electrophoretic analysis
of the proteins in high quality pasteurized skimmilk are given in Table
2, Typical paper electrophoretic patterns, from which these data were
obtained, are illustrated in Figure 1, The data in Table 2 include the
means of all determinations of the relative per cent of each protein
fraction in all control samples of skimmilk used in the study, At this
point, a consideration of these results in relation to those of similar
work reported in the literature may add to the gemeral understanding of
the overall results obtained from this study.

Of three reports (38, 42, 88) on the paper elsctrophoretic analysis
of whole casein from normal milk, the quantitative results obtained here
(Table 1) agreed closely only with those reported by MacRae and Baker
(42). However, ome apparent difference was observed, These workers
obtained a definite anodic migration of gamma-casein, corresponding to
casein fraction one (Table 2 and Figure 1), which did not oceur in this
study, A possible explanation for this lies in the differences in the
apparatuses used, The electrophoretic cell used by MacRas and Baker (42)
held only one 8- by l6-inch sheet of filter paper in a horizontal posi-
tion surrounded by a minimum of ambient atmosphere to be stabilized,

The cell used in this study held 10, 3~ by 30-cm, strips suspended over
a ridgepole with a relatively much greater ambient atmosphere to
stabilize per sq, em, of paper, It is possible that a more accelerated
evaporation-diffusion phenomenon occurred in the latter cell, which



TABLE 2

MEANS OF THE RELATIVE PER CENT OF EACH PROTEIN FRACTION
IN SIX CONTROL SAMPLES OF SKIMMILK AS DETERMINED
’ PAPER ELECTROPHORECTICALLY FOUR TIMES AT
14~DAY INTERVALS

- (Per Cent) "
9.34 29.53 61,13
Whey Protein Fractions
——————

18,88 5.86 19,76 9449 biye28 1,73



35

CATHODEG—-i—MIGRATION DIRECTION—>ANODE
3

CASEIN

WHEY PROTEIN

Figure 1, Typical paper electrophoretic patterns of the pro-
teins from high quality pasteurized skimmilk,
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counteracted the mobility of the slow-moving casein fraction to the
extent that it was unable to underge definite anodic migration and,
therefore, remained essentially at the point of sample application,

The higher pH and ionic strength of the buffer used in the present study
also may have contributed to this result,

The results obtained from the analysis of whey proteins (Table 2
and Figure 1) agreed reasonably well with the corresponding results
reported in the literature, The relative values given in Table 2 for
whey protein fractions S, two, four, and five correspond, respectively,
to the values for immne globulins, alpha-lactalbumin, beta-lactoglo-
bulin and blood-serum albumin reported by Lecce and legates (36).

Also, they correspond to fractions 4 and 5, Immuneglobulin; 3 alpha-
lactalbuming 2, uwmgiémun; and, 1, Serumalbumin as reported
by Weigt (86), The whey protein paper electrophoretic patterns of the
control samples in this study differed from those reported by the above
workers mainly in the number of appearing fractions, Consistently, six
protein fractions were clearly resolved from the control sample wheys
in this study while the above workers reported the consistent appearance
of only four, However, Lecce and Legates (36) occasionally observed a
trace amount of a fraction migrating faster than blood-serum albumin
and another fraction migrating between beta-lactoglobulin and alpha-
lactalbumin but reported no pertinent quantitative data, Whey pro-
tein fraction three (Table 2 and Figure 1) corresponds to the latter
occasionally appearing fraction of Lecoe and Legates (36), Whey pro-
tein fraction one (Table 2 and Figure 1) apparently had no correlative
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fraction in the paper electrophoretic patterns as reported by other
workers, It is possible that the appearance of whey protein fractions
one and three (Table 2 and Figure 1) was due to degradation and inter-
action products that resulted from the heat treatment of pasteurization
upon the original, discrete proteins in the raw milk (34). Also, the
whey proteins were analyszed after being dried and resuspended at rela-
tively high concentration in a foreign fluid, This is likely to have
affected the paper electrophoretic patterns obtained,

The paper electrophoretic patterns and relative percentages of
normal milk protein fractions obtained in this study were somewhat
different from others reported in the literature, However, due to
differences in sample preparation techniques and electrophoretic
apparatuses used, these differences do not necessarily denote funda-
mental disagreement, That no fundamental dinpupnt exists may be
shown by the prt;por conversion of the relative per cent of each milk
protein fraction, as determined paper elsctrophoretically by the various
workers, to the per cent of the total milk protein it represents, By
such conversions it is shown in Table 3 that the quantitative data on
normal milk proteins obtained in this study are in line with the milk
protein composition data of Jenness gt gl. (29), Larson and Rolleri
(34) and MeMeekin (46).

The paper olcctmphorouc patterns of casein and whey proteins
obtained in this study appear susceptible to the application of the
nomenclature of Jenness ¢t al. (29) and Larson and Rolleri (34),
although the protein fractions separated were not identified.
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However, the electrophoretic patterns obtained in this study closely
resemble those obtained by moving boundry elsetrophoresis (33, 34, 46).
Therefore, since the nomenclature suggested for use (29, 34) is
directly applicable to moving boundry electrophoretic patterns, its
application to the patterns obtained in this study seems temable, This
being the case, casein fractions onme, two and three (Figure 1) corres-
pond, respectively, to alpha-, beta- and gamma-casein, And, whey pro-
tein fractions 8, two, four and five correspond, respectively, to
immune globulins, alpha-lactalbumin, beta~-lactoglobulin and "blood"
serum albumin while one and three are, as yet, unamed component members
of the "proteose-peptone" fraction, These relationships are given in
Table 3, :

The data in Table 4 show the deviations from the controls ob-
tained by the paper electrophoretic analyses of total casein in the
control samples at the indicated storage intervals, The data in Table 5
are a similar treatment of the results of the whey protein analyses,
Theoretically, it may be assumed that there was no difference between
either the total casein or total whey protein of the control samples
and corresponding inoculated samples when analyzed on the day of inocu-
lation, The data show that apparent differences did exist, These
differences reflect the volumetric difficulties inherent in the
necessary handling of the proteins in so mamy different ways preceding
the actual paper electrophoretic analysis, Since similar sample
preparation difficulties have been reported (34, 40) they do not
appear to be peculiar to this particular study., However, the mean



TABLE 4

AVERAGE PER CENT OF DEVIATION FROM THE CONTROLS FOR TOTAL CASEIN

(Per Cent®)

0 8,76 0.75 2,78
14 ~2.40 10,29 .44
28 1,76 ~0,20 4.82
42 -0,61 4453 18,50



TABLE 5

AVERAGE PER CENT OF DEVIATION FROM THE CONTROLS FOR TOTAL WHEY
PROTEIN IN SKIMMILKS INOCULATED WITH PURE CULTURE BACTERIA
AND SUBSEQUENTLY STORED AT 3 T0 5° ¢,

0 2,11 5.67 5.39
AVA ~3.16 0,85 -17,71
28 ~1.48 0.08 =36.73
42 ~5432 ~9.21 ~40,66
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of the differences in the initial casein analyses on the control and
inoculated samples was 3,8 per cent, while this value for the whey pro-
tein analyses was 4.4 per cent, These values indlcate that reasonably
good reproducibility was obtained in the paper electrophoretic analysis
of proteins from duplicate samples of skimmilk, Also, it should be
stated that the minor differences obtained in the analyses of total
proteins from duplicate samples are unlikely to be reflected in the
relative per cent of each protein fraction,

The data in Table 4 indicate a slight decrease in total casein
with the growth of P. fragl and apparent increases with the growth of
B. Lluorescens and P. putrefacieng at the end of the 42-day storage
period, These data are misleading, Actually, average decreases in
total casein occurred with the growth of all three cultures but these
decreases were obscured in the amalytical results due to the faect that
all protein suspensions were standardized at a concentration of 1 per
cent protein nitrogen before electrophoretic analysis, The apparent
increases in total casein may have been caused by a greater dye-
binding capacity on the part of the remaining protein,

In contrast to the results for the casein analyses, the whey
protein data in Table 5 indicate that definite decreases in total whey
protein had occurred by the end of the 42-day storage period, despite
the fact that the whey protein suspensions were also standardized at
a 1 per cent protein nitrogen content before electrophoretic analysis,
This strongly suggests that not all of the nitrogen recovered in the
freeze~dried whey from the inoculated samples represenied protein with
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the dye-binding capacity necessary to paper electrophoretic analysis,
It is noted that P. fragl, B. fluorescens and P. putrefacieps effected
decreases in total whey protein in that order of increasiag amounis,

Quantitative data are given in Table 6 on the changes in casein
Aad in Table 7 on the changes in whey proteins with the growth of B,
Lragi. These changes are illustrated in the characteristic paper
electrophoretic curves in Figures 2 and 3, For casein, a marked de-

crease in fraction two is indicated along with a less marked decrease
in fraction ome, The total decrease in these fractions is balanced by

a near corresponding increase in fraction three, This compensating
effect, a result of sample standardization, was apparent in all casein
analyses in this study.

A similar compensating effect also occurred in the whey protein
analyses, The data in Table 7 indicate that sizeable decreases were

effected in fractions two and three with the most wmarked decrease being

in fraction three, The decrease in fraction four, though of nearly the

same magnitude as that im fraction three, is not nearly as marked as

that in fraction two and three, Fraction four was reduced only by about
one-fifteenth its original content while fraction two wes reduced by

cne-{ifth and fraction three by more than one-half, Fraction "A" was an

atypical fraction of cathodic migration which appeared only on the final

day of analysis, This fraction may have been composed of peptides re-

sulting from protein degradation, Pepiides containing a predominance of }
basic amino-acids would be expected to migrate towards the eathode, ‘
Lindquist et gl., (40) found that similar fractions appeared in cheese

during ripening.



TABLE 6

AVERAGE DEVIATION FROM THE CONTROLS IN THE MEAN RELATIVE PER
CENT OF EAGH CASEIN FRACTION IN SKIMMILKS INOCULATED
WITH PSEUDOMONAS FRAGI AND SUBSEQUENTLY
STORED AT 3 T0 5° ¢,

(Per Cent?®)

0.09 ~0,57 0.48
0.40 -0.24 ~0,16

0
14
28 1,05 ~9.61 8.56
42

"‘1079 ‘70 8‘ 9062
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Figure 2, Representative paper electrophoretic patterns of casein
from samples of skimmilk at the end of the storage period in trials with

P, fragi.
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CATHODE e—}— MIGRATION DIRECTION —/> ANODE

CONTROL

INOCULATED

Figure 3, Representative paper electrophoretic patterns of whey
proteins from samples of skimmilk at the end of the storage period in
trials with P, fragi.
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The quantitative data on the changes in milk proteins with the

growth of P, fluorescens are given for casein in Table 8 and for vhey
proteins in Table 9, Mgures 4 and 5 illustrate these changes, The

changes accompanying the growth of this organism were very similar to
those obtained with P, fragl, except that no atypical fraction appeared
in the whey protein, The same casein and whey protein fractions were
decreased but to a lesser degree,

The quantitative data on the changes in milk proteins with the
growth of P, putrefacliens are given for casein in Table 10 and for vhey
proteins in Table 11, Pigures 6 and 7 illustrate these changes, These
data show that more marked changes in the milk proteins were effected
in a shorter period of time with this organism than with the other
two studied, A greater reduction in casein fractions one and two than
with the other organisms is indicated, A much greater loss in total
whey protein is shown by the data in Table 5, This loss is illustrated
by the difference in the total area enclosed by the characteristic
curves of the control and the inoculated samples (Figure 7). The
atypical fraction "B" of anodic migration (Table 11 and Figure 7)
appeared on the fourteenth-day analysis and wes present at the end of
the storage period, Fractions in this genersl location have been
observed by other workers (33, 34, 36), Since this atypical fraction
appeared to be of much greater magnitude than those reported in the
literature, it may be that it is composed, at least in part, of
protein degradstion products, In this case the anodic migration tendency

of this fraction could have been caused by a predominance of acldie
amino-acids,



TABLE 8

AVERAGE DEVIATION FROM THE CONTROLS IN THE MEAN RELATIVE PER
CENT OF EAGH CASEIN FRACTION IN SKIMMILKS INOCULATED WITH
AND SUBSEQUENTLY
STORED AT 3 5° ¢,

(Per Cent®)

0 0.40 -1,11 0.71
14 ~0,15 -1,73 1.89
28 2,09 -1.79 «~0435
42 ~0,88 «3.T7 4465

B
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Figure 4. Representative paper electrophoretic patterns of
casein from samples of skimmilk at the end of the storage period in

trials with P, fluorescens.
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Figure 5., Representative paper electrophoretic patterns of whey
proteins from samples of skimmilk at the end of the storage period in
trials with P. fluorescens.



TABLE 10

AVERAGE DEVIATION FROM THE CONTROLS IN THE MEAN RELATIVE PER
CENT OF EACH CASEIN FRACTION IN SKIMMILKS INOCULATED WITH
PUTREFACIENS AND SUBSEQUENTLY
STORED AT 3 TO 5° ¢,

Days
of —S880in Fractions
Storage . 2 2
(Per Cent®)
O 0 .03 10 59 ’1. 67
14 1,35 ~10,82 .47
28 «5,02 -17,20 22,22
‘2 "'7.43 "'14008 21. 51

STwo trial average.
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Figure 6, Representative paper electrophoretic patterns of
casein from samples of skimmilk at the end of the storage period in

trials with P, putrefaciens.
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lfCA'l'l-IODE €'|—MIGRATION DIRECTION /> ANODE
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Figure 7. Representative paper electrophoretic patterns of whey
proteins from samples of skimmilk at the end of the storage period in
trials with P, putrefaciens.
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There were changes in the milk proteins which were observed to
be common to the growth of the three cultures studied. Perhaps the
most outstanding of these was the reduction of casein fraction two which
suggested a preferential degradation of that fraction on the part of
these bacteria, This was not anticipated, but according to McMeekin
(46) the different components of casein may be unequally susceptible
to enzymatic hydrolysis,

The second change common to all cultures was the more or less
marked decreases in whey protein fraction three, This particular
electrophoretic component is a part of the "proteose-peptone™ fraction
of the whey proteins, The "proteose-peptone® fraction, being composed
primarily of simpler protein groupings, might be expected to be utilized
by the bacteria more readily than the more complex true protein fractions
of the whey proteins,

Thirdly, a sharp peak was always evident in the electrophoretic
patterns of casein from inoculated milk after considerable bacterial
grovth had occurred, usually by the end of the second week of storage.
This peak appeared at the point of sample application., Similar peaks
have been observed in the patterns of proteins from cheese during
ripening (40). In both cases such peaks appeared after the proteins
were subjected to bacterial action, It may be that a denaturation
took place which caused some of the protein to be so strongly adsorbed
to the paper that it underwent no electrophoretic migration.

The appearance of the atypical fractions "A" and "B" might be
explained by the work of Pennington (63) who concluded that caseoses,
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amino-acids and probably peptones are produced by lLacterial action at
the expense of the digested casein, It is not unlikely that the produce
tion of such materials may result in the formation of distinct electro-
phoretic fractions or contribute to existing electrephoretic fractions
of similar composition,

The data in Tables 12, 13, and 14 summarize the flavers produced
in the skimmilk with the growth of proteolytiec psychrophiles, A bitter
flavor was produced in the inoculated sample in all trials, With )
putrefaciens a putrid odor developed during the latter part of the
i'bo‘ragﬁ reriod, The frequent detection of a rancid odor may be ex-
plained by the fact that these Pseudomonag species are alse lipolytic
and the small amount of fat remaining in commercially separated skime
milk, when hydrolyzed, is sufficient to give rancidity,

All inoculated samples were observed to change in color as come
pared to that of corresponding control samples. This was noticeable by
the end of the fourth week of storage, Also, many of the inoculated
samples showed a tendency for casein flocculation upon warming to room
temperatures, This was inconsistent as to sample and interval of
storage except for the two trials with P, putrefaciens. With this
organism the casein flocculated by the end of the fourth week of storage
wvithout wvarming the milk to room temperature, These flocculations were
not due to isoelectric precipitation of the casein as the pH of the
milk was never lowered to that point, It is uncertain as to whether
this flocculation resulted from bacterial coagulating ensymes or from
denaturation of the casein through degradation to the extent that
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its structure no longer permitted it to remain in a completely dis-

persed phase,
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SUMMARY

Samples of high quality pasteurized skimmilk were inoculated with

pure cultures of Pseudomonas fragl, Pseudomonas fluorescens and Pseu-
domonas putrefaciong and subsequently stored at 3 to 5° C, for a
period of 42 days, Bacterial growth, protein qhangu and flavor
changes in the milk were studied, respectively, by agar plate counts,
paper electrophoretic analysis and organoleptic examination made on
the samples at 1l4-day intervals during the storage period,

Good growth with these bacteria was obtained throughout the
storage period in all trials, This was indicated by both the total
and psychrophilic counts made concurrently, Low tetal counts were
maintained by the control samples throughout the storage period and
a measurable increase in the psychrophilic count occurred in only one
control sample during the entire study,

The changes in the milk proteins with the growth of these
bacteria involved the total protein content, the relative percentage
of the various protein factions and the appearance of electrophoretically
different fractions, A preferential degradation of specific protein
fractions by these bacteria appeared likely, This was partieularly
true of casein fraction two, or beta-casein, and vhey protein fraction
three, a part of the "proteose-peptone" component in milk, An atypical
whey protein fraction appeared with the growth of P, fragi and P,
putrefacieng., These fractions exhibited opposite electrophoretic
migratory tendencies, which indicated they were of different composition,
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Though these fractions likely were composed of the degradation pro-
ducts of more complex proteins, the exact sites of their origin
" were not known,

In most trials bacterial growth was accompanied by a flocculaw
tion of the casein which was not due to isocelectric precipitation,

This was evident only very mear the end of the storage period except
vith P, putrefaciens, with which it was evident always by the end of
the fourth week,

Along with electrophorectically detectable changes in the milk
proteins, the growth of all organisms studied was accompanied by the
development of a bitter flavor in the milk, This flavor varied both
in intensity and in time required for development by the different
cultures, With PB. putrefaciens putrefaction was evident by the end
of the storage period, Also, it was demonstrated by the control samples
of skimmilk that pasteurized milk may retain an acceptable organocleptiec
quality during relatively long periods of time if adequately refrigerated,
provided there has been no post-pasteurization contamination with
psychrophilic microorganisms,
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