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Abstract:

The effect of "cold stress" on the recovery of coliform organisms was studied. Raw milk samples
.containing natural coliform populations and sterile milk inoculated with pure cultures of Escherichia
coli,, Aerobacter aerogenes and atypical coliform organisms were stored at various temperatures
between -23 and 9 C. The results indicated: 1. A substantial reduction in numbers of coliform
organisms in milk occurred when the samples were frozen at -23 C and stored at -15 C, Almost total
destruction occurred when samples were pre-incubated, 2. A substantial decrease in coliform
populations occurred at temperatures between -3 and 6 C. Destruction was greater when samples were
pre-incubated, 3. The temperature of maximum stability of coliform populations during 4 days storage
appears to be around 7 C.

4. Substantial increases in coliform numbers were observed at 8 and 9 C during 4 days, 5. Uncooled
raw milk samples showed a decrease in coliform numbers after one day while pre-cooled samples did
not.
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ABSTRACT

The effect of "cold stress" on the recovery of coliform organisms
was studied. Raw milk samples .containing natural coliform populations
and sterile milk inoculated with pure cultures of Escherichia coli,
Aerobacter aerogenes and atypical coliform organisms were stored at
various temperatures between =23 and 9 C. The results indicated:

1, A substantial reduction in numbers of coliform organisms in
milk occurred when the samples were frozen at =23 C and stored at =15 C.
Almost total destruction occurred when samples were pre-incubated.

2., A substantial decrease in coliform populations occurred at
temperatures between -3 and 6 C, Destruction was greater when samples
were pre-incubated. : .

3. The temperature of maximum stability of coliform populations
during 4 days storage appears to be around 7 C,

- 4, Substantial increases in coliform numbers were observed at
8 and 9 C during 4 days.

5. Uncooled raw milk samples showed a decrease in coliform
numbers after one day while pre-cooled samples did not.

K




INTRODUCTION

Refrigeration is playing an ever increasing part in the preserva-
tion and handling of food supplies. For example, milk is almost always
subjected to rapid copling and is often stored at near freezing tempera~-
tures for extended periods of time.

Centralized processing and wideépread distribuﬁion of foods has
led public health officials, as well as :industry, to rely, among other
things, on compliance with microbial standgrds as indicators of sanitary
conditions surrounding ‘the productian of many foods, Dairy producté are
good examples, | |

The coliform populationvof foods, especially milk,-.is.a common
sanitation indicator. The U, S, Public Health Service milk code and
ordinance (43) sets a maximum of 10 coliform organisms per ml. for
pasteurized milk, No standards for raw milk are inclﬁded but the
Montana Livestock Sanitary Board, which is responsible for milk éanitam
tion in Montana, and many commercial dairy concerns use‘the coliform
count as an indicator of raw milk quality. Standards vary, but coliform
counts of more than 100 per ml, are generally considered to be evidence
that better sanitary procedures should be employed.

Standard Methods for the Examination of Dairy Products (2); the
recognized proceduré upon which the U. Sc_Public Health Service milk
code and ordinance sets its standards, states tﬁat milk samples should
be cooled immediately after taking to 4 C or lower and stored at these
temperatures until analyzed. It does not specify whether the samples

-8hall be frozen. The U, S, Public Health Service publication "Examina-




D
tion of Foods for Enteropathogenic and Indicator Bacteria" (22) statess

"Once‘a specimen has been placed in a sterilized container, it

should, of course, be treated so that the bacterial contént does

not change." and further, "ideally, the food should be examined
within an hour after sampling, but, where loﬁger periods are
uﬁavoidables prompt refrigeration is essential."

To avoid freezing, the specimen can be kept cold by packing in
crushed ice, |

In Montana, it is often necessavy fo hold samples taken for
bacterial examination, for a period of time before shipping long distances.
"Sometimes it is further necessary to store the samples prior to analysis.

Sanitarians, while generaliy pleased with coliform counts as
indicators of sanitary conditions, invariably report instances where the
counts and visual inspection do nof seem to be in agreeément.

It was the objective of this stud} to:” 1) evaluate the changes
in the recoverable coliform organisms due to cooling and sforage of milk
samples at different refrigerator temperatures; 2) to determine a range
in storage temperatures that will result in minimum change in the
vecoverable coliform organismsy and 3) to determine, if possible, whether
various cooling and storage temperatures might be responsible for the
occasional inconsistencies reported by sanitarians between coliform

v

counts and visual inspections,




LITERATURE REVIEW

The coliform group, The coliform group of bacteria includes all

aerobic and facultatively anaercbic gram-negative nénssporéfonmipg-méds
capable of fermenting lactose with.the broduction of acid and gas at
32 C. Wwithin 48 hr. (2),

To minimize potential hgzards to public health and assure pro-
cessing and handling of milk under sanitary conditions, bacterial indices
are ufsed° The coliform organisms are commonly employed in the daivry
industry, as sanitary indicator organisms, because of their wide distri-
bution, their destruction by pasteurization (7), and the availabiiity of
comparatively rapid and simple testing procedures.

Eschierichia coli and Aerobacter aerogenes--the two main organisms

in the coliform group, grow well in milk and ferment lactose rapidly, In

absence of a fermentable carbohydrate, Escherichia coli may be mildly

proteolytic and produée indol, whereas, Aerobacter aerogenes is unable

to do this. Escherichia coli is found in manure, dirty utensils and

soil and it always occurs in the intestinal tract of man and vertebrate

animals, Aercbacter aerogenes is frequently found on grains and feeds,

and also in the intestines of man and many warm blooded animals.,
Most raw milk supplies harbor these organisms,which, owing to
their unrestricted occurrence, are not necessarily of fecal origin.,
Since they iqvariably are destroyed by proper pasteurization, their
presence in heat treated dairy products signifies either inadequate

pasteurization or post-pasteurization contamination (7).




" Angelotti (22) gave.the folldwing classifications

T

The coliform group is also responsible for producing gas and a

number of flavor defects in milk and milk products, Aerobacter aerogenes

may cauSe ropiness in milk (7)., ‘ : ) o

Media for coliform bacteria. Several liquid and solid media are
available for the detection and enumeration of coliform organisms; Lac=- -
tose broth, lauryl sulfate tryptose broth and brilliant green léctoée
broth are commonly used as liquid media, The first is the least inhibiw.
tory and the last is the most inhibifory (18, 32, 46), Among the solid
media, violet red bile agar (VRB agar) and desoxycholate lactose agar
are generally used, Kereluk and Gunderson (19) reported that VRB agar
and deéoxy;holate lactose agar gave comparable results, Silverman Sﬂﬁﬁﬁﬁ&
(37) and Nickerson (31) found that desoxycholate lactose agar gave
excellent results. Yale (47) reported desoxycholate lactose agar gave
the best results among ten media studied, including VRB,

Deep red colonies 0,5 mm. or larger on VRB and desoxycholate

lactose agar are considered coliform organisms (2). In addition to the

coliform group, Proteus, Alcaligenes and Achromobacter species produce
small, atypical red colonies (11).

The confirmation and differentiation of the coliform group is
based on a series of physiological tests known as IMViC reactions,
These letters represent indole produbtion; methylﬁrédﬁreaétiog,vages«

Proskauer reaction, and citrate utilization respectively. Lewis and
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Tdble I. Types. or varieties of coliform organisms

Organism Indole Methyl Voges- Citrate
’ Red Proskauer

Escherichia coli:.

Variety I . + T4 - -
Variety II ' - ‘ + - -

Escherichia freundiig

Variety I , - - + - i.
Variety II ' + + - o +
Aerobacter aefogenes:
. +
Variety I - - + -
. + ) .
Variety II : - - o * Lt

Cold and heat stressingc.'Considerable work has been’done‘on
the effect of "heat stressing" oﬁ the recovery of ﬁicroorganiSms‘(lS)o
whereas, little information can be found on the influence of “cold
stressing" on the recovery of micrdorganisms except where the cold.stress
involves freezing of the product (5). |

. Kereluk and Gunderson (20) inoculated E. ggii into chicken gravy
and storéd it at =21 C, The number of organisms recovered was reduced
from 5,600,000 per ml. to 66 per ml. in 481 days. Larkin SzaiﬁgA(2l)
inoculated E. gg&i!inté green beans and found a significant decrease in
the numbers recovered when stored at -18 C. for several weeks,

Fitzerald (6) found a marked decrease in numbers of E. coli in frozen
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pork stored at =4 C., Hilliard and Davis (13) concluded that, with
freezing temperatures, there is much less destruction of bacteria in
milk or cream than in pure tap wateroi They attributed this to the
physical protection of the bacterié by the colloidal and solid matter in
suspension,

Weiser and Osterud (44) reported there are two kinds of bacterial
death that occur due to freezing. These are: 1) freezing effect, which
is the result of freezing itself, and 2) storage effect, which is a slow
but continual attrition of c&lls when held in the frozen state.,

Sedgwick and Winslow (34) compared the death rates of typhoid
organisms suspended in tap water at 0 C., with similar suspensions held
at 1 C. and found the reduction‘of viable organisms to be essentially
the same in each case. They concluded that the process of destruction
at low temperatures was continuous above and below the freezing point,
depending upon the factors of time and temperature.

Borgstrom (3) reported that at temperatures where ice is formed
in the suspending.liquid, a certain proportion of microorganisms in the
suspension is always killed, irrespective of the rate at which the suspen-
sion is frozen., There is some controversy, however, as to whether ice
formation takes place in bacterial cells, and if it does, what its role
is in microbial death during freezing (3). Luyet (24) found no ice
particles in frozen staphylococci. Majur2(26)_found no intracellular

ice formation in Saccharomyces cerevisiae when frozen slowly, whereas,

on rapid freezing, there was evidence of ice formaticn within the cell.
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Keith 217) suggested that microbial death during freezing Qas

due to an enorinous increase in the concentration ofldissblved solutes in’

the unfrozen.portion of the ﬁedium and the cbnéequent fapid loss of;wgﬁer_

from the cells by osmosis, Mé;haqical crushing by the ice formed.is'

- held to be the cause of death by others (15, 26), |

B Lion et al. (23) and Dimmick et al. (4) considered free ra&i;al

formation to be responsib;e'for storage death. It is suggested that

this may explain the lower death rate in cultures preserved by freeze

drying. Measuring paramagnetic resonance, Lion et al. (23) found the

approximate number of magnetic centefs'prdduced by oxygen in dried E. coli

cells to be about 2 x 1016 . spins per gram, or approximately. 5,000 free:.

radicals per dried cell, In Serratia marcescens, 200 free radicals weré
fofmed'per cell (4). A correlétion was indicated between the death pro=
cess and the concentratibn of free radicals,

When bacteria are held in the frozen state, they continue to lose
viability &t a slow rate, which is depeﬁdent on the storage tempebaturéc
’In‘generala the ibwef'the holding temperature; the lower the rate of
killing (15). There is some evideﬁce thaf temperature rénées between
=l Co and ~10 C. are the most lethal (5),

'Inéraham (15) stated that the percentage of survival of a,cﬁlﬁure
of bacteria when frozen and théwed is dependent, in a complex manner,—on:
15 the suScéptibility of the particular strain to death by freezing and
~the physiological state of the cellsj 2) the rate of cooling; 3) the

medium in which the cells are suspended;.4) the maximum temperature to




-
which the cells were exposed; 5) the period of time the cells are held
in the frozen statej 6) the rate of subsequent warming; and 7) the
medium on which the cells are plated to observe colpny.formation,

Straka and Stokes (39) termed "injured" cells incapable of growth
on a simple medium but were capable of growth on a complex medium. Cells
that grew on either medium were considered unharmed and those that could
not develop on eilther, dead.

There are conflicting claims regarding the relative susceptibili--
ties of microorganisms to death by freezing., Haines (9) found that

Pseudomonas aeruginosa, Achromobacter, E. coli and Staphylococcus varied

in susceptibility to death by freezing; the first being the most suscep-
tible and the last, the least. Straka and Stokes (39) found very little

difference among the susceptibilities of P, fluorescens, P. ovalis,

P. geniculata and E. coli. It is generally agreed (3) that yeasts and
molds are less susceptible than bacterias-and that psychrophiles and
mesophiles are equally Suscep;tible° Gram-positive species are more
resistant to cold temperatures than gram-negative speciesh(lo9 25) and
spores are more resistant than vegetative species (3).

The effect of the rate of freezing on death seems to be a minor
one (15), Also, there is some controversy about thé specific effect of
fluétuating temperature on microorganisms in the freezing temperature
range (3). If the fluctuating temperature passes through the thawing
point of the product, it might be a decisive factor, but in most systems

freezing and thawing are not clearly defined and & definite freezing
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point is hard to locate (3). Whether the microbial cells are frozen is
doubtful (3). |
It has been peported that non-sporeforming bacteria are the most
sensitive to temperature drops (42) during the logarithmic phase Wﬂile
they show little susceptibility during the lag and the intermediary
phases (12). The longer thé culture is held at 6 C. the greatér.is,its

susceptibility to low temperatures and the greater the increase in its

sensitivity (12). This would imply that cooling of foods prior to

freezing would induce a greater killing effect.,

Adaptation to a new temperature range. The lowest temperature for
bacterial growth seems to be in the vicinity of =10 C, (14). The optimum
temperature for growth is not changed by cultivating at temperatures

above or below the optimum, - For example, Jemnnison (16) found no signifi-

cant changes in the generation times of E. coli, A. aerogenes, Serratia

marscescens, and Chromobacter violaceum., The generation time at a given

temperature was the same whether the cultures used for inoculation were
first subcultured for .several weeks at room temperature (22 C.) or ét
22, 27, 32, 37 or 42 C, Numerous other investigators have been unable
to change the growth temperature ranges (15) by: 1) serial transfer at
the extremes of the growth temperature ranges; 2) briéf exposures to
temperatures above or below the range; or 3) exposure to high osmotic
pressures., However, Allen (1) found a decrease in the.minimum tempera=
ture of aerobic sporeformers on continued laboratgry cu;'l.ture° Ingraham

(15) concluded that,. in general, the temperature range for growth of an
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organism is not readily changeable.

Effect on metabolism, A number of individual metabolic activities

of microorganisms are influenced by low temperatures and in many instances
the effects are different from those on growth (5). Weiser (45) stated
that most metabolic activities are greatly slowed at low temperatures,
Thiel (41) showed an increase in the ratio of acetic acid formed to the
sugar utilized as the incubation temperaturé is lowered. Spores of many
bacilli germinate at temperatures as low as 5 C., (30).

Less is known about the effects of low temperature on micro-
organisms than ahoyt the effects of heat, perhaps because of the shorter
commercial history for freezing (3).

In a review of low temperature microbiology, Farrell and Rase (5)
point out that comparatively little data has been reported on the effects
of cooling mesophilic microorganisms to temperatures below the minimum
for growth but above the freezing point of the suspending liquid.,

_ Borgstrom (3) surmised whether some microorganisms, like some
higher plants, have cfitical temperature levels which cause death far
abové freezing.,

Marth and Frazier (28) reported that the predominant bacteria in
raw milks held at farm bulk cooling tank temperatures were gram=

hegative rods of:the following genera: Achromobacter; Aerobacter,

Alkaligenes, Flavobacterium and Pseudomonas. When inoculated into raw

milk and held at 3 C. for four days, most of the Pseudomonas cultures

grew rapidly and steadily for the first two days but more slowly during

=
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the last two days. The Achromobacter and Alcaligenes cultures grew

rapldly for the first three days and more slowly during the fourth,

while the Aerobacter culture grew the first day, then stopped for two

days and resumed growth again. Flavobacterium cultures failed to grow
appreciably. |

Cold shock., First repérteé by  Sherman and Albus (35), cold
shock is the phenomenon by which certain bacteria can be killed by‘
sudden exposures to low temperatures, although no freezing occurs.
According to Meynell (29), celis must be in the logarithmic phase of
growth to be susceptible to killing by cold shock and the degree of
killing is dependent on the rate of chilling,-as wéll“asutﬁeucomPOSition
of the medium in which they are chilled, Strange and Dark (40) found
that loss of viability was accompanied by release from the bacteria of
endpgenous‘solutes including nucleotides,'amiﬁo acids and adenosine
triphosphate. The magnitude of‘this effect depended on the density of
the suspension, the nature of the diluent, the rate of cooling and the
temperature employed, Loss of viability was prevented by including
elther magnesium ions or filtrate from a suspension of shocked organisms
in the suspending liquid. Thus, the effect .is mainly exerted on the
cell membrane (40). |

Cold shock has been reported for E. coli (12, 29, 35, 36, U5),
A. aerogenes (40) and P, aeruginosa (8) among the mesophilic, grame
negative organisms. WNinety~five percent of the young cells of .E, coli

were killed by rapid cooling from 45 to 10 C. (36, 45). Farrell and
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Rose (5) reported that a psychrophilic strain of Pseudomonas exhibited
cold shock when a suspension of organismé grown at 30 C. was cooled to
0 C. |
Gram-positive organisms have also been shown to display some

aspectskof cold shock. Marshall et al. (27) reported 52% decrease in

colony forming units of Staphylococcus aureus inoculated into sterile

NFDM (10%) and stored at 4 C, for 5 days. Ring (33) showed that the

permeability of Streptomvces hxdrogenans.increases rapidly on cooling
a suspension from 30 to.O‘C,: This effect is reversgd on returning to
SO'C; Ring (33), Meynell (29) and Strange and Dark (40) attributed the
lethal shock to an irreversible depletion of céllular éonstituc‘ents9 due

to an intensively increased permeability.




EXPERIMENTAL PROCEDURE

Determination of coliform populations. Raw milk samples containing

natural colifgrm populations or sterile milk inoculated with pure cultures
of coliform organisms were used to determine the effect of cold stress

on coliforms in milk. Coliform populations were determined by the plate
count method according to the procedures déscribed in the Standard

Methods for the Examination of Dairy Products (2).

One ml. and 6.1 ml, quantities of milk (diluted in 99 ml. phosphate
buffered water blanks where needed) were pipetted into five plates each
and poured with desoxycholate lactose agar or violet red bile agar.

After incubation for 24 hr. at 32 C. the plates were counted using a
Quebec colony counter. All the colonies in case of pure cultures and
only typical coliform colonies (2) in case of raw milk samples were
counted., An arithmetic average of counts from either five or ten plates
was calculated,

Subdivision, storage, and pre-incubation. After preparing plates,

milk was pipetted using 11 ml. sterile pipettes into a series of 6 oz,
sterile plastic bags (Nasco, Fort Atkinson, Wiscomsin). These were
placed at vafious storage temperatures. Some samples were incubated at
32 C, in plastic bags for various periods before transfer to storage
stations to increase the count and to adjust the stage of growth,

The following day, after counting the initial plates, one bag
for each culture and treatment was withdrawn from the storage stations.

The bags were shaken in a reciprocating type mechanical shaker for one
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minute (150 oscillations) to mix the contents thoroughly and to determine
the coliform populations. This procedure was repeated for four or five
days, using a separate unopened sample bag for each determination.

Collection of raw milk samples, Uncooled raw milk samples were

collected from the milk parlor pipe line of Montana State University

dairy farm in sterile containers, Each sample was immediately trans-
ported to the laboratory and treated as described aboves Some sampples of
cooled stored raw milk were obtained from the bulk éank at the pilot plant
of the University, These samples usually éonsisted of a mixturé of six
milkings rapidly cooled and stored at about 2 C,

Isolation of pure coliform cultures from raw milk, To determine |

the nature of coliforms occurring in raw milk and to obtain pure cultures
for use as test organisms, 50 coliform cultures were isolated as follows:
Raw milk was plated using desoxycholate léctose,agar’and inCUbafed for

24 hr, at 32 C. All the typical colonies from six plates (2 plates

each from 3 differgnt days) were picked and transferred to lactose broth,
After incubation for 24 hr, the cultures were gram stained and only those
which contained gram negative rods were streaked on trypticase soy agar
(TSA agar) platés, After incubation, well isolated colonies were picked
and streéked on TSA agar slants, which were then incubated and stéred at
about 4 C. Fresh cultures were prepared from these stock cultures for
all subsequent testing.

Gas production in brilliant green lactose bile broth (BGB broth),
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appearande on eosin methylene blue agar (EMB agar), indole production,
methyl red reaction, Voges-Proskauer reaction and citrate utilization
tests were performed on each culture'aécobAiné to the procedures oufu
lined in the Manual of Microbiologiéal Méthodé (38). The coliform
cultures were then classified, using the.key in Examination of Foods for
Enteropéthogenic and Indicator Bacteria (22). Those organisms which did
not fall under E. Sg&isor A, aerogenes will be referred to.as "atypical®,’

Identity of test organisms. One culture of E. coli and one of

A. aerogenes was obtained from the collection of the Departmént of

Botany and Microbiclogy, Montana State University. These were designated
as E, coli (MB) and A. gerogenes (MB). Eighteen of the 50 cultures
isolated from raw milk were used and these were designated as: E. coli M6,
M7, M26, M27, M3u4, M35, Mu2; A, aerogenes M13, M20, MZl? M29, M30, M32;

and atypical M15, M16, M23, M24, M39,

Inoculation of pure cultures, TSA broth cultures about 24 hr, old
were diluted, using phosphate buffered water blanks (2), to obtain a
final concentration,-preferably not lower than 10 and not move than 100
organisms per ml,, in~sterile milke

Temperature control, A series of refrigerators and cold rooms were

used for obtaining various temperatures. These.were thermostatically
controlled. The sample bags were placed.in water baths at all the
above-freezing temperatures in order to minimize femperature changes in
the samples, Al; of the thermometers used for determining the tempera-

tures of the refrigerated areas were tested for accuracy. Temperatures
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at all the stations ﬁere'recorded twice daily during the experimental
work. For convenience, the temperatures.are shown as whole numbers
(1 Csy 2 Coy etec.) but a range of about 1 C. on either side of the
reported temperatures should be a;lowed for, considering the accuracy

of the thermometers and the difficulty of maintaining temperatures,




RESULTS AND DISCUSSION

Preliminary investigations. In order to find the effect of cold

i

stress on coliform bacteria some preliminary experiments were condugted on.
both natural populations in‘raw milk and pure cultures inoculated into
sterile milk., These inélude&: 1) evaluation of desoxycholate lactose agar
and violet red bile agar for enumeration of cold stressed coliform organ-
isms in milk, 2) determination of the relative populations of E. coli,

A. aerogenes and atypical coliforms in raw milk so that pure culture
studies could be conducted using comparable organisms, and 3) the effect
of cooling and storing at low temperatures on the recovery of coliform in
milk,

Slightly higher counts were obtained on desoxycholate lactose agar
than on VRB agar. The arithmetic average of counts from 60 plates each,
on the two media, were 960 and 880 respectively. These data are in agree-
ment with other reports (31, 37, 47), Desoxycholate lactose agar also
seemed to give better defined colonies anag théfefore, was. used in all
further work.

To determine the nature of coliforms occurring in raw milk, 50
cultures were isclated by‘methéds previously outlined. Their physiologi=

cal reactions are shown in Table II.
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Table II. Physiological reactions of 50 coliform cultures
- isolated from raw milk

Gas in  Growth Metallic  Indol (IMéthyl red Voges- ugitnéte
BGB on sheen on  produc- reaction Proskauer utili-
EMB agar EMB agar tion (positive) reaction ‘zation
| - (positive)
50 50 29 10 39 .1 20

The cultures were typed as follows, based on IMViC reactions and the

key in Table I (see page 5),

Table III. Types of coliform organisms among 50 cultures isolated from

raw milk :
Type ' ' Number of cultures
E. coli variety I ' 11
E. coli variety II i 18
E. freundii variety I : 10
- Ty oYt oo M oo
A.

aerogenes variety II 11

E. freundii is referred to as atypical in the tables and the text

that follow.

E. coli, A, aerogenes and atypical coliform organisms are well

represented in the raw milk, as can be expected, from the nature of con=-

tamination in commercial production of raw milk.

To determine the effect of low temperature storage on coliform

populations, sterile milk samples inoculated with a pure culture of
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E. coli were stored at -3, 0, 3, 7 and 9 C, The same samples pre-
incubated for 4 hr, at 32 C., prior to storage were also stored at these
temperatures. The results obtained are shown in'Tables IV and V
respeétively;

At 7 C. there was oniy a small change iﬁlnumbers during 4 days
storage in both unincubated (25% decrease) and pre-incubated samples
(30% increase). There was a 19-fold increase occurred in unincubated
samples (Table IV) at 9 C, and appreciab;e decreases occurred at 3 C,
or lower over a 5 day storage period. Similar changes occurred in
pre-~incubated samples (Table V).

Contrar& to expecta%ion, storage at -3 C. did not seem to be more
lethal than at 0 or 3 C. in unincubated samples (Table IV), Numbers of
E. coli decreased by 34% at -3 C. during 5 days storage, whereas the
decreases were 55% at 0 C. and 53% at 3 C.

In incubated samples (Table V) decreases at 0 and 3 C. were less
than at -3 C, on the 1lst and 2nd days of storage but were more on the
4th and 5th days of storage.

In order to further investigate this point, experiments were
cafrigd out using pure cultures of E. coli and A. aerogenes at -3 and
1 C. The results are shown in Table VI. The same samples incubated
for 3 hr, at 32 C. prior to storage at -3 and i C. gave'the results -
shown in Table VII, |

In unincubated samples (Table VI) the ‘mean decrease during U4 days

storage at -3 C. was 31%, whereas this was 60% at 1 C. In the
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Table IV. Changes in numbers of E. coli (MB)* inoculated into
sterile milk and stored at -3, 0, 3, 7 and 9 C,
Storage - Organisms/ml, of milk
(days)
Temperature (C.)
-3 0 3 "7 9
0 89 89 89 89 89
1 82 80 81 85 120
2 T4 68 62 86 200
3 70 65 50 . 72 420,
L 65 oS4 L2 68 860
5 59 Lo 42 67 1,700
#*Indicates culture obtained from the Department of
Botany and Microbiology, Montana State University
Table V. Changes in numbers of E, coli (MB)#® inoculated into
sterile milk, pre-incubated for 4 hours at 32 C. and
stored at -3, 0, 3, 7 and 9 C.
Storage - Organisms/ml. of milk
Temperature (C,)
-3 0 3 7 9
0 4,600 4,600 4,600 4,600 4,600
1 3,300 4,200 44500 4,500 7,900
2 1,400 1.800 1.900 4,500 85500
3 1,200 600 1,000. 4,700 11,000
y 950 1o 300 5,700 26,000
5 730 6 3h 6,000 32,000

*Indicates culture obtained from the Department of
Botany and Microbiology, Montana State University
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pre-incubated samples (Table VII) the mean decrease was greater at -3 C,
(95%) than at 1 C. (88%), Individual samples, however, varied from the
general trends of greater decreases at 1 C. in Tablg VI and at -3 C, in
Table VII--especially after one or two days storage.

Results in Tables IV, V and VI seem to indicate -3 C, as less
lethal than 1 C. over a 4 or 5 day storage period. However, reéults in
Table VIL seem to show freezing at -3 C, to be somewhat more detrimental;

E. coli seems to be slightly léss susceptible to death than
A. aerogenes (Table VI). E. coli population.was reduced 21% at ~3 C.,
whereas A, aerogenes was reduced 40%., At 1 C, the reduction was 58% for
E. coli and 60% for A. aerogenes.,

At -3 C. milk samples are not frozen to hard solid but are soft
and can be easily mashed by finger pressure. Borgstrom (3) pointed out
that there is no fixed freezing point in biological materials., The pro-
tective action of milk colloids and solids (13),cconcentrated by. partial
removal of water as ice (17), may be the cause of higher recovery when
frozen at -3 C., the destructive effect of freezing not haGing been mani-
fested fully. The results may be due to both the rate of cooling and
freezing (3) and the ratio of frozen to unfrozen milk. Another factor
may be the uneven migration of bacteria into the unfrozen concentrate.

In all the incubated samples (Table VII) the counts were drastic-
ally reduced, reaching less than 1% of the original population at the
end of the 4 day storage period. This effect is also apparent in

Table V at 3 C. and below. These decreases are in agreement with the
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Table VI. Changes in numbers of E. coli and‘é; aerogenes
inoculated into sterile milk and stored at -3 C.

and 1 C.
Storage , ] ~Oprganisms/ml. ©of milk : .
(days) =3 Co . . 1 C, K
| E. coli A, aerogenes "~ Ee coll A, aerogenes
L SRS D N A O e T ““Tﬁ%T“””
1 |2 1 2 1 2 1 2 -
0 20 | uu 26 17 20| uy 26 17
1 20 42 25 15 20 39 i 22 g
C2 19 {39 | 22} 13 | 17] 33 | 16 9
3 - 18 39 4 17 p 9 . 15 4 23 | 12 7.
L 18 | 39 12 5 ) 13 1k 10 7
% MB indicates culture obtained from the Department of
Botany and Microbiology, Montana State University
/
fk Rgsulfs ffgm 2 different runs
Table VII, Changes in numbers of E. coli and A. aerogenes inoculated
into sterile milk, incubated for 3 hours at 32 C. and
stored -3 C, and 1 C.
Storage - Ogégnisms/ml,‘of milk
(days) - -3 Cs . S 1 C.,
f E. coli A. aerogenes E. coli | As aerogenes
(MB)#* ' ' (MB) —(MB) QB )
1% 2 1 T 2 ] .1 2 1 2
0 620 {1,900 |2,700 | 700 §: 620 | 1,900) 2,700 {700
1 600 | 50 }zx,600 | 30 580 | 1,400) 2,400 | 30
2 | 390 40 1,000 § 10 i1. 580 890} 1,700 | 20
3 -~ 230 30 260 10 - §' 510 70 490 20
4 260 4 16 1 A 480 . 26 220 1

% MB indiéates culture obtained from the Department of
Botany. and Microbiology, Montana State University

%% Results from 2 different runs
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reported greater sensitivity to temperature drops during the logarithmic
phase (42),

Table VIII shows results obtained by freezing saﬁples at -23 C,
then stored at -15 C. Table IX gives results obtained from samples pre-
incubated for 3 hr. at 32 C., frozen at -23 C. then stored at ~15 C.
Rapid freezing at -23 C. and storage at -15 C, appear to have an adverse
effect on coliform population, both when pre-incubated and not pre-
incubated (Tables VIII and IX), Almost total destruction occurred in
the pre-incubated samples (Table IX). Early logarithmic phése of growth,
in which these incubated cultures were, appears to have caused this
destruction (42, 29, 35). The effects of cold shock, of freezing itself
and storage at the low temperatures may together be responsible for this
phenomenal decrease. The relative roles of these factors are; however,
not known (8), “

E. coll cultures appear to be slightly less susceptible to desgtruc=

- e

tion as compared to A. aerogenes and atypical cultures. The means of
the decreases in unincubated samples (Table VIII) were 40%, 66% and 69%
respectively over a four day storage period.

Determination of the temperature of minimum change, From the

results of preliminary experiments presented earlier, it was apparent
that the temperature at which minimum change in coliform populations in
milk occurf is above 3 €. 'and below 9 C. In order to increase the

number of observations and arrive at a closer range, similar experiments,
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Table VIII. Changes in numbers of coliform organisms inoculated’
into sterile milk, frozen at -23 C. and stored at
-15 C.
Storage Organisms/ml. of milk
(days) N ; _ -
E. coli A. aerogenes Atypical
C(MB): | (MB)® (Mp) -| (rM20) { (M21) (M23) (M21)
0 38 24 28 30 . 31 34 20
1 27 26 11 15 .20 14 9
2 20 16 15 15 12 11 11
3 20 14 10 12 15 11 9
4 22 15 9 1L 11 9 8
%MB, M6 et¢. designate the cultures used.
Changes in mumbeps of coliform organisms inoculated into

Table IX.

sterile milk, incubated for 3 hr, at 32 C., frozen at
=23 C.y and stored at -15 C.

Storage Organisms/ml, of milk
(days)
E. coli A. aerogenes Atyplcal
(MB)* (M6) (MB) (M21) (M23)
0 660 580 1,000 © 600 300
1 L 2 1 1 1
2 2 1 1l 1 1
3 2 {1 £l <1 <l
L 1 <1 <1 . L1 <1l
é o

*MB, M6, etc. designate the cultures used. .
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using temperatures between 3 and 9 C., were conducted,

Figure 1 shows the behaviour of populations of pure cultures of
coliform organisms stored at 3, 6, 7, 8 and 9 C., plotted to the common
base of 100 to give a better pictorial representation of the changes and
to facilitate comparison. Each éf the piétted values represents the
average of several individual values (see appendix, Tables X through XIV).
Plots of actual qumbers without conversion to a common base are also
included in the appendix. Tables X through XIV in the appendix show the
individual behaviour of the different cultures.

The témperature of maximum stabilit§ of these coliform populations
(pure cultures) appears to be arqund 7 C. (Figure 1), There was a
destructive effect at 3 and 6 C. The destruction continued with increase
in storage time. At 3 C, this amounted to only QQ% recovery after 1 day
and 40% after 4 days, while at 6 C. this was 85% and 57% respectively.

At 7 C., where the temperature of maximum stabiiity lies, 93% of the
organisms could be recovered after 1 day. There was a decrease to 85%
the 2nd day, followed by an increase to 89% after 3 days and 100% after
4 days, However, at 8 C; an Increase of 18% occurred after 1 day and
continued until the 4th day when it reached 57%. At 9 C. the increases
are much higher (35 times the original number after 4 days).

Therefore, it appears that there is a range near 7 C, where coli~

_form populations from pure cultures inocuated into sterile milk are most

stable,

E. coli, A. aerogenes and atypical organisms showed slight
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differences among themselves (Tables X through XIV), Changes in E, coli
populations were least, followed by é:'aerogenes and atypical organisms;
E. coli populations (mean values) decreased 55% at 3 C., 37% at 6 C., and
less than 1% at 7 C. during 4 days storaée. The correspondiﬁg changeé
for A. aerogenes were 60%, 58% and 11% and for atypical‘organisms Gé%g
36% and 14%.

In order to determine whether natural coliform populations in raw
milk also behave similar to pure cultures inoculated into sterile milk.
samples of uncooled raw ﬁilk, collected from the milking pipe line of the
University dairy farm, were placed at 3, 6, 7, 8 and 9 C. The changes
in numbers of organisms’(mean values for 9 samples) are shown in Figure 2,
Again the temperature of most stability during 4 days storage was arouﬁd
7 C, However, at 7 C. only 80% of the organisms could be recovered after
the 1lst day, 74% on the 2nd and 3rd days and only 67% after 4 days. At
8 C. 80% could be recovered after 1 day, 89% after 2 days; although this
jumped to 133% after 3 days and 207% after 4 days. At 9 C. 87% could be
recovered after the lst day, but this increased to 133% on the 2nd day
and continued to increase phenomenally (Figure 2), At 3 and 6 Cs there
were substantial decreases (see Figure 2),

The decrease in numbers after 1 day occurred at all temperatures
with its rate increasing with decrease in temperature., It appears that
the presence in the uncooled raw milk of some organisms in the logarith-
mic phase caused this decrease.

Figure 3 shows the behaviour of natural coliform populations in
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pre-cooled raw milk at 'about 2 C., taken from the bulk tank. At 7 C, the
changes were within 4% over a 4 day storage period. There was little or
no change at all temperatures after 1 day. Substantial decreases occurred
at 3 and 6 C. on the 2nd day and continued until 4 days. At 8 and S C.
the ‘increases were several times the original count after the 4 day
storage,

There were no sharp decreases after the lst day, as could be
expected. On cooling, those organisms sensitive to cold shock would have

been reduced.

- General discussion. The results obtained indicate that the tem= -

perature of maximum stability for the pure cultures of qoliform popula~
tions in sterile milk, as well as natural coliform popuiations of uncooled
and pre-cooled raw milk, lies around 7 C. during 4 days storage, When

one is intervested in shorter periods, l.e. a day or two, 8 and 9 C.

seem to be better suited to preserve the natural populations of uncooled
raw milk, owing to the lesser initial decreases,

There is general agreement between the results 6btained earlier
during the preliminary investigations (Tables IV and V) and the léter
results (Figure 1, 2 and‘3)°

Marth and Frazier (28) reported slight growth in A. aerogenes
inoculated into raw milk and held at about 3 C. on the 1lst day, a lull
for 2 déys, and resﬁmption of growth on the u4th day. This increase,
however, was émalll In their experiments only one culture of A, gerogenes

was used, The initial population was about 150,000/ml. Unsterilized raw
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milk was the medium and growth of the original naturally occurring céli-
form population was compensated for by deduction, None.of the pure
cultures examined in this study multiplied at 3 C, within the 4 day
period.

The results strongly point to the existence of a range near 7 Ca;
where .coliform populations are most stable for 4 days, It is necessary;
however, to use caution in drawing conclusions because of the effect of
several variables in the situation, such as the nature and physiological
state of the organisms, the rate of cooling and warming and the variation
in the composition of the milk in which the cells are. suspended (15).

The changes at 7 C, are within 10% after 1 day, slightly higher on
the 2nd (15%) and the 3rd (11%) days and full recovery is possible at
the end of 4 days when pure cultures in the stationary Phase are con-
cerned. The changes in natural populations range from 20 to 33% in
uncooled raw milk, owing to the higher initial decreases due to cold
shock (the initial decreases are less at 8 and 9 C.). In pre=-cooled raw
milk samples the changes ére within 4% (Figure 3).

From the above evidence it seems necessary to reconsidef the
Public Health Service ?ecommendation (22) to cool all samples to 4 C,s or
less. By keeping samplesAaround 7 C, it appears the original populations
can be maintained better. Céoling to 4 C. or lower can cause loss of
populations in excess of 20%, while at lower temperatures (0 to 3 C.)
this can exceed 50%.

Freezing cannot be considered as an alternative as the destruction
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upon freezing and storage at -23 and -15 C. seem to be excessiye,
approaching 60% loss in many casés after 1 day and further losses on
continued étorage.

Effective cooling can reduce the coliform numbers drastically,
as seen from the results at less than 6 C. (Figures 1, 2 and 3); The
rate of reduction increases with decrease in temperature. The sanitarians®
dilemma as to how some visibly unsanitary manufacturing premises are abie
to produce milk with low bacterial count may be explained by the betten
use of refrigeration by these operators., |

The effect of psychrophilic growth at the low temperatures of
storage needs to be studied. Some of the psychrophiles can give small
red colonies often difficult to distinguish from coliform colonies on the
desoxycholate agar or VRB agar plates (11). The growth of psychrophiles
may upset the ecological relationships in natural'pbpulations and causge
a shift of the temperature of minimum change for coliforms,

The coliform populations used in this study were lowa The effect
of higher initial populations on the changes merits further study.

Similar work on standard plate counts would have to bhe done before
any changes in storage temperatures could be implemented as the same

samples are generally used for both the coliform and standard plate counts.




SUMMARY
A study was made of the effect of "cold stress" én recovery of
coliform organisms. Raw milk samples containing natural coliform popula=

tions and sterile milk inoculated with pure cultures of Escherichia coli,

Aerobacter aerogenes and atypical coliform organisms were stored at

various temperatures between -23 and 9 C. The following conclusions were
indicated,

1. A substantial reduction in numbers of coliform organismsg in
milk occurred whenlthe sémples Wwere frozen gt -23 C. and stored at ~15 C;
Almost total destruqtion occurred when the samples were pre-incubated.

2. A substantial decrease in coliform populations occurred at
temperatures between -3 and 6 C., Rate of destnuctidn‘increased with
decrease in temperature. A protective efféct was observed at -3 C., in
some cases., Destruction was higher when samples were pre—incqbatedo

3, The temperature of maximum stability of coliform poPﬁlations
during 4 days of storaée was around 7 C.

4, Substantial increases in coliform numbers were observed at
8 and 9 C. during 4 days.

5. Uncooled raw milk samples showed a dgcrgase in coliform
’ngmbers after one day while pre-cooled gamples did not,

A need to reconsider-the recpmmendation to cool samples to 4 C.

or lower is indicated,




APPENDIX




“36=

185
| 415

180

160

<

140 -

120

100

Organisms/ml.
os]
o

60

s BLIC, TCs 8 C¢ 9:°Cs

0,1 234 Q1,°2, "3 "B Ok T @S e .G S S2808 St 0123%u
STORAGE ( DAYS)
Figure 6, Changes in natural coliform populations of pre-cooled raw

milk stored at 3, 6, 7, 8 and 9 C., (actual numbers).,
Values are the mean of 2 samples.




180

160

140

120

100

80

Organisms/ml.

60

40

20

Figure 5.

3 Ch

-

Heetyieh

287
675

<‘i?{-_l

6°Cl JECs BC, ok e

0.1 238 4

0 1 2434 (0t IR 0F 2 8 & 0 L2930k

STORAGE (DAYS)

Changes in natural coliform populations of uncooled raw
milk stored at 3, 6, 7, 8 and 9 C, (actual numbers).
Values are the mean of 9 samples.




Organisms/ml.

Figure U,

R

180

160

ST 425
jd 1165

140
9 Cs

120 Wl
100
80
60

8 C‘

40 -

[ (I (0

Qe 3 8 T 0 2 18 O L0280 H O LeZr 3 U 01234

STORAGE (DAYS)

Changes in numbers of coliform organisms inoculated into
sterile milk and stored at 3, 6, 7, 8 and 9 C, (actual
numbers). Values are the means of 15, 16, 13, 13 and 16
samples at 3, 6, 7, 8 and 9 C. respectively,




~39-

Table X . <Changes in numbers of coliform organisms inoculated
into sterile milk and stored at 3 C.
Stqrage Orgénisms/ml, of milk
(days) o
' E. coll o
(MB)* (M3l )% (M26) (M27) (M3s) ... .(M7)
0 111 32 27 . 25 24 33
1 101 - 26 14 - 25 25 22
2 96 27 11 23 21 - 17
3 L2 19 10 . 22 19 15
L 33 13 10 21 17 13
A. aerogenes
(M20) (M13) - (M29) (M30) (M32)
0 30 . ug 6 13 30
1 15 Lo 5 1L 20
2 15 26 5 12 15
3 12 19 L 10 10
L 11 18 L 11 7
Atypical
(M2y) (M39) (M16) (M15)
[
B
0 20 15 8 33
1 9 . ' 11 8 28
2 11 9 5 24
3 9 8 5 24
L 8 - 6 L 11

#MB, M3U4 etc. designate the cultures used.
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Changes in numbers of coliform organisms 1noculated

Table XI,
into sterile milk and stored at 6 C,
Storage Organisms/ml. of milk.
(days) » -
E. coli

(MB)* (M3)* (126) (M27) (M35)  (Mu2) (M7
0 111 32 27 25 24 70 33
1 109 . 2% 24 26 24 57 22
2 92 30 22 24 24 46 17
3 80 24 21 26 21 36 15
i 68 23 20 27 . 21 30 13-

_A_ . aerogenes

(M20) (M13) (M29) (M30) (M32)
0 30 48 6 13 30
1 25 38 6 10 19~
2 21 26 2 10 16
3 12 19 2 8 12
L 10 ' - 19 2 11-. 11

Atypical

(M24) (M15) (M39) (M16)
0 20 33 ; 15 8
1 21 24 . 10 g .
2 17 20 7 3
3 12 19 b 5
L 15 . " 19 7 8

MB, M34 etc. designate the cultures used.
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Table XII. Changes in numbers of coliform organisms inoculated
into sterile milk and stored at 7 C,.

Sterage - Organisms/ml. of milk
(days) ‘ :
Ee coll

(M34 )% (M25)% (M27) (M35) (M42)  (M7)
0 32 27 25 ©24 70 33
1 32 28 30 26 656 22
2 24 30 31 28 69 17
3 28 34 34 25 69 15
mn

32 28 32 33 73 . 13

A aerogenes
el Y

(M13) - (M29) © (M30) (M32)
0 39 6 13 30"
1 37 6 13 - 22
2 23 5 8 2L
3 23 4 11 22
4 48 6 13 21

Atypical

(M15) Co(m39) (M16)
0 33 | . ©15 SR 8
1 29 , 12 6
2 22 11 13
3. 19 ' 10 ' 13
n

25 12 11

% M34, M26 etc. designate the cultures used.
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Table XIII, Changes in numbers of coliform organisms inoculated
into sterile milk and stored at 8 C,

Storage

Organisms/ml. of milk
(days) A e 0 o A S
E. coll o
T .. dol_crwboeiciiees. .

(M3l )% (M26)% (M27) (435) (M42) (Y7)
0 32. 21 25 24 70 33
1 34 33 35 24 68 31
2 27 36 - 51 33 73 43
3 29 72 83 43 8% 94
b 43 150 210 111 11y 212

,éf aerogenes

(M13) (M29) (M30) (432)
0 Lg 6 13 30
1 73 19 10 - 23
2 85 13 23 35
3 240 20 80 36
b 320 100 80 L9

Atypical

(M15) (M39) (M16)
0 33 15 . 8
1 Ll 18 15
2 51 32 20
3 220 52 100
4 360 100 220

* M34, M26 etc. designate the cultures used
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Table XIV., Changes in numbers of coliform organisms inoculated
into sterile milk and stored at 9 C,
Storage Organisms/ml. of milk
(days)
E. coli .

(MB)®  (M34)*  (M26) M27)  (M35) (M42)  (M7)
0 111 32 27 25 24 70 33
1 113" 34 L2 43 34 67 22
2 270 33 160 170 86 100 120
3 780 L5 520 700 250 110 220
L 3,000 100 - 1,000 1,300 1,300 340 530

A. aerogenes .

(M20) (M13) %MQQ; (M30) (M32)
Q 30 48 ' 6 . 13 30
1 47 oL 19 L8 24
2 73 120 57 160 110
3 60 580 190 430 340
4 310 2,100 1,100 . 1,200 1,200

. Atypical

(M2u) (M15) (M39) (M16)
0 20 33 15 8
1 43 60 33 26
2 69 ‘ 130 160 95
3 96 ' 1,800 310 270
h 300 3,000 980 880"

% MB, M34 etc., designate the cultures used




Table XV. Changes in natural coliform populations of raw milk stored at 8 C.

Storage. . Organisms/ml. of milk

(days) - -

Raw milk samples
*R1 R2 R3, Ry RS R6 R7 RE Rg  **R10 R11

0 162 13 23 159 17 20", 7 27 22 53 28
1 80 10 16 129 B 13 38. 19 14 53 22
2 50 L 13 77 9 11 30 15 11 24 16
3 32. <1 9 45, 7- -9 28 _-10 7 16 15
h 13 <1 5 .22 5 7 25 8 L 2

* Initial temperature of Rl thPough R9 was’ about 20

%% Initialtemperature of R10 and R11l was about 2 C.




Table XVI. Changes

in natural coliform populations of raw milk stored at 6 C.

-
Storage Organisms/ml, of milk
(days) ,
Raw milk samples
*R1 R2 R3 R RS R6 R7 R8 R9  #%R10 R11
0] 162 13 23 159 17 20 L7 27 22 53 28
1 80 10 17 139 12 15 43 20 18 55 25
2 Ly L 14 95 13 12 32 16 14 25 19
3 32 2 12 T4 10 11 28 14 11 18 17
L 20 2 10 L2 9 10 26 11 8 17 13

% Initial temperature of Rl through R9 was about 20

Jeats

#% Initial temperature of R10 and R1ll was about 2 C.




Table XVII.

Changes in natural coliform populations of raw milk stored at 7 C,

Storage
(days)

FoNOHO

Organiéms/ml. of milk

Raw milk samples

RS

15

%R1 R3 RY R6 R7 R8 R9  #%R10 R11-
162 3 23 159 17 20 w7 27 22 53 26
90 9 21 143 16 16 6 25 22 52 27
52 7 19 1uy 16 16 47 28 23 57 25
52 7 19 1sl 15 17 56 26 22 58 26
29 6 20 136 17 57 26 21 56 25

% Initial

-

ww

%% Initial temperature of R10 and R1l was about 2 .C.

temperature of Rl through R9 was about 20




Table XVIII,

Changes in natural coliform populations of raw milk

stored at 8 C.

Storage
(days)

S WNPE O

Organisms/ml. of milk

© Raw milk samples-

R5 -

R8

iff

#R1 R2 R3 RY R6 R7 Rg  #%R10 R11
162 13 23 159 17 20 47 27 22 . 53 28
80 10 24 148 18 18 45 26. 22 53 28
60 5 34 168 18 25 54 39 29 62 Ly

106 7 45 190 21 48 110 78 i 71 120
90 11 81 300 1o 90 .~ 150 150 97 96 190

% Initial temperature of Rl through R9 was about 20 C.

%% Initial temperature of R10 and R11 was about 2 C.

-L-h—




Table XIX. Changes in natural coliform populations of raw milk stored at 9 C.

Storage | t Organisms/ml. of milk
(days) -

Raw milk samples

%R1 R2  R3 Ru R5 K6 R7 R8 RO *%R10 R11

0 160 13 - 23 160 17 20 47 27 22 53 28
1l 110 10 23 150 18 - 18 49 26 23 57 28
2 180 7 - 68 170 25 - 36 71 50 39 ilo 103
3 220 29 100 240 4o 110 990 - 110 110 .180 190
4 300 170 340 870 140 330 3,000 330 600 280 550

o

* Initial temperature of Rl through R9 was about 20 C.

%% Tnitial temperature of R10 and R1ll was about 2 C.

—81-'—
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