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ABSTRACT

Staphylococcus aureus, Escherlchla c011 and Streptococcus ;

faeca1ns were subjected to non freeZIng temperatures be]ow the1r

| m1n1mum .growth temperatures to determlne if this treatment would affect
the 1so]at1on of these organlsms on commerc1al]y avallab]e selectiue
media. J

| A]thUUgh no»mod1f1cat10n of the abl]Ity of Str. faecalls to

| grow on KF Streptococcus Agar cou]d be demonstrated it was found that
storage 1n thls temperature range markedly reduced the ablllty of\E.
coli to grow on Violet Red Bile Agar and S. agrgug ‘to grow on MannItol
aSa]t Agar as compared to growth on'a complex nutr*tlcnal medlun. R
Tryptic Soy Agar Storage at low temperatures had llttle effect on .
v‘the grouth of S. aureus on Tel]urIte Polymyxln Egg Yo]k Agar
Exponentlal phase cu]tures uere more sensitive to the storage _—
temperatures than stat1onary phase cultures and the rap1d1ty and extent |
of 1nJury, as determ1ned by sen51t1v1ty to selective med1a, were varied
”w1th pH of the injury menstruum The rapidity and extent of 1nJury to
both S. gg:ggg_and E. coll increased with decreaSIng temperature from’

the m1n1mal growth temperature to 0°C.
- Both E. coli and S. aureus exh1bqted an extended lag period

o uhen 1ncubated at 37°C after exposure to ‘the experlmental temperature :

range and both organ1sms recovered therr tolerance to selective media
durlng thls lag period prIor to the 1n1t1at10n of growth. E. co]i .
L recovered from injury at’ both pH 7.2 and 5.0 but,injured ceIIS'of

iv. -
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S. 'gurgus were sens1t1ve to pH 5 0 and died off dur1ng the extEnded lag
per1od prior to the growth of the uninjured cells.

The rap1d1ty and extent: of recovery of both E. c011 and S
ggrgus_was .shown to vary w1th the 1ncubat1on temperature but no recovery
could be demonstrated after 24 h 1ncubatlon at temperatures be1ow the

B mlnlmum growth temperatures. ‘

This 1nvest]gation emphas%zes the need for careful screering

| and'selectlon of media to be used for the 1so]at1on of organisms ﬂ(om

foods he]d at refr1gerat10n temperatures.'
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/INTRODUCTION

”/ L ‘ nvr Ce S
The metab lic act1v1ty of a m1crnﬂrgan1sm is dependent upon

a comp]ex series of chemical and ghy510cochem1cal react10ns 3N of whlch

are (n;qubnced by temperature. . + The addltlon of gnergy, 1n the form of

- heat to a chem1ca] reaction causes ‘an acceleratlon of the reaction rate .

P e

" over a wide range of .temperatures, prov1d1ng that the reactants are not
é

“'.(heat ]ablle Arrhenlus defined the correlatlgn between temperatp?e and.

‘.the veloc1ty of a chgm1cal reactlon by the fo]]owlng formula \‘j/ﬁ\

co T, AeE/RTf.'{ e
& _ oy 2 'reatt;on velocity - ™ :
o A = ehtrOby tonstantf : fﬁ é//;; a
E == 3ctivation»energy . | o
R =. gas eonstant o Ay { -
) ’ T eﬂ,.abso]ute temperature | é | ,
A pgot of the natural logar1thm of v agalnsté;he rec1proca of the '

"abso]ute temperature T result in a l1near re]atIOnshlp. o ;K
Arrhen1us ]ater mod f1ed the equatlon when deallng wlth fi‘
/comp11cated b1o]ogical systems hy replacing E wlth u, g belng referred
to as the "temperature characterist1c In b1ologlca} systems,,because
'of heat 1ab1]1ty oﬁ,enzymes the temperature range over uhich the _
Arrhenius equat10n Ao]ds true is much less than that of most chemlcal

»reactions A]so in ce]lular systems a complex serles of reactions is.

e,ﬁ -

.

',_fwnvolved a]l of which haVe the1r 1nd1v1dual temperature coeff1c1ents.

-

Arrhenius use of u for b1o]ogical systems lS a recognltlon of thls fact

N ? = . v .
] - “ . ° . o L2
. . L - . L

. . ¢ . “‘a_“

O



N\ _ :
“and because of the compliexity of. hfologica] Systems the linear”relation;;/

A . . I
L

~ ship between reaction rate and temperature only exists over a very

narrow temperature ranﬁe . G oo ‘ - Vi

. e

A]{ m1croorgan1sms exh1b1t a str1ct range of temperature over

which they will grow “and a temperature or very narrow temperature range o

. ‘at whlch they grow optImally In other words, all m1croorgan1sms possess

a minimum, 0pt1mun|anq maxlmum//rowth température.

!

The m1n1mum and maxfmum growth tanperatures can be, defln\\\as

"the temperatures at which the number of V1ab1e cel]s present ina - \ST,

popu]at1on rema]n practically constant i.e., the temperature at wh1ch

. there 1s an eqU111br1um between the death and mu1t1p]1catlon rate of the

vequatlon:

cells 1n‘the entire populat1on (Schnldt-Lorenz 1967).. For pract1ca]

purposes however, the max1mum and m1n1mum growth temperatfies are those

fat whlch\even the sl1ghtest 1ncrease in- the number of viable cells is

detectab1e It should Bﬂ recogn1zed that any determ1nat10n of

N

_temperature ]1m1ts for growth is necessar1ly subJectlve.' The 1ncubatlon

,t1me, cultura] cond1t10ns and means of assess1ng growth are arbltrarlly

se]ected by the observer - These factors assume partlcular s1gn1f1cance
in detenmnatwn of m1mmum growth tenperatures where the lag per*iod of
the organISm may b? marked1y extended. A consequence of this- 15 the -
1ngreased poss1b111ty of contam1natlon andafailure C eou1pment

The opt1mum growth temperature for a mtcrcnrganlsm is def1ned

by Ingraham (1962) as that temperature at which the speciflc growth rate;
’1s max1ma1 The Sp&lelC rowth rate (k) can be calculated from the

o

_ 2. 303 (log X, - 1og Xy)
k = 5 l
] .'tz‘tl

{
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. . . . - .
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Xy and X, are any measure of ce11u1ar act1v1ty for example, cell
numbers at t1mes t2 and t] at k. stage):?gp‘the cu]ture 1s in a state of
A?a - )

balanced growth 2 D y

¥ : ' :
The fact that all microorganisms exhibit'a minimum, optimum

and maxwmum growth temperature and that these, temperature cr1ter1a \ary

bétween organ1sms hes been used to separate m1croorgan1sms 1nto three

main groups, psyciirophiles, mesoph1]es and thermophlles ‘A1l three
hY

temperature criteria have been used in formu]at1?g these d1v151ons but

it has often been found more practical and precise to use. on]y one

. paremeter 1o ascerta1n the c]ass1f1cataon.

Psychroph1les for examp1e have been defmned as having an
-

‘opt1mum growth temperature of less than 15°C (Burrows 1959) and as -

hav1ng a max1mum growth temperature of 30°C (Stan1er 1970). The most f‘

accepted deF1n1t10n of a psychrophile however is that of Stokes 163)

: who used -the mfifimum growth’ temperature as a parameter. He def1ned'a *
S psychrOph11e as an organ1sm capable of produc1ng m1croscop1ca1]y '
v1s1b1e calonies on a sol1d med1um‘W1th1n one week at 0°C. Farre]] and

'Rose (1967), further d1v1ded t e 3sychroph11es 1&%0 ob11oate and

facultatlve psychrophw]es accc ~ding to thelr opt1mum growth temperature.
Ps chrophlles with an opt1mum growth temperature of greater than 20°C )

were termed facu]tatlve psychrophlles wh1]e those with an. optlmum

temperature of Tess. ‘than. 20°C were termed ob11gate psychrOph11es.
' Mesoph11es are generally character1zed by the1r growth optlma"

which lie between 25° and 40°C wh11e thermophiles are defined as hav1ng¢

a maximum growth temperature above 50°C (Farrel] arid Rose 1967)

'Thermophiles can be further subd1v1ded 1nto ob11gate and facultatlve

=y
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therhophi]es An obllgate thermoph11e has an opt1mum growth temperature
between 65° - 70°¢C and a'mlnlmum of 40°( 42°C while a facultative
- thermophile has a max1mum growth temperature between 50° - 65°C- and a

7

‘minimm of 7me temperature or less (Farrell and Campbe]] 1969).

Iy " In food preservat1on and process1ng temperature p]ays a vital
ro]J/: Heat ster111zat1on freeze dry1ng, freezing and Iow temperature |
storage are in w1despcgad use, therefore it is vital for the food
,)m1crob1o]oglst td;gr1n an understand1ng of the phys1o]3§1ca1 or b1ochem1ca1
':vfactors that determine the temperature limits for growth and survival of
m1croorgan1sms and to assess the damage to the- m1crob1a1 ce]] from s

- exposure’ to temperatures out51de its norma] growth range Ster1]1zation o
“has been extens1ve1y examined and in v1ew of this the f0110w1ng d1scu5510n

.w111 ‘be limited to the effects of sub lethal heatlng, freez1ng and

thaw1ng and ch1]]1ng. :

‘Sub- Letha] Heat1ng, .

Pasteur (1876) stated that yeasts heated in beer could w1th-
stand a temperature of 55°C without 1051ng ‘the capacity to germ1nate
but the action was rendered somewhat more d1ff1cult and s]ower This
- is the f1rst/pep0rted observat1on on sub- 1etha1 heat treatment thce '
that time the effects of sub lethal heat treatment on a w1de varlety of -

' organISms have been exten51ve]y 1nvest1gated The incubat1on per1od

-'_‘allowed for the growth of heat treated- bacter1a in tests of surviva] was

'Nshown to be an 1mportant factor by Isaacs (1930a). as was the pH of the |
_}recovery medium (Isaacs 1930b) Fay-(]934), Curran andAEvanS~(1937) and
~ Nelson (1940, 1942, ]943a,b),,a]l found that microorganisms.subjected to

'sub-]etha1>heat‘treatment‘showed greatly"inereased survtval on enriched

7
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recovery media.

' -
Jackson and ‘Woodbine (1963), showed that when an enterotoxigenic

strain of Staphy]ococcus aureus was subjected to sub—]etha] heat treatment

and subsequently 1nocu1ated into nutr1ent broth at 37°C there was a drop
1n viable count fo]lowed by a ]ag phase of growth ‘Thejphenomenon_uas
descrlbed as an extended lag phase.  More recent work has-shown'that{the

- extended lag phase is in actua]‘ty a recovery period. Busta and Jezeskl _
(1963) reported that when staphylococc1 were subJected to sub-]ethal heat
treatment the survivor count on plate count agar was greater than on |
Staphylococcus- Medlum 110, i.e., the cel]s were rendered salt sensitive.
Stiles and Hltter (]§65) 1nvestIgated the grouth of S.- aureus after heat_
treatment They found a comp]ete nutrxtlonal medIa Trypt1case Soy Agar,
to be far superior to Tryptlcase Soy Agar + 7 5% NaC1, Chapman Stone
Medlum, Staphy]ococcus MedIum 110, Mann1to] Salt Agar, Azide B]ood Agar
Base and Te]lur1te Glycine Agar for supportIng growth of the heat |
treated organISm. | ,

Iandolo and Ordal (1966), conflrmed the resu]ts of Busta and

Preski by demonstrating that injured~StaphyIOCOCCus_aureus was unable to

/

reproduce on med1a conta1n1ng 7 5% sodlum ch]orlde but cou]d recover

their reproduct1ve ab1l1ty after 1ncubat10n in a med1um conta1n1ng an

' energy source, a comp]ex n1trogen source and phosphate._ Both energy

source and n1trogen source requlrements uere mod1f1ed by the. 1nJury as

= neither NH4C1. mannitol ribose, trlsod1um c1trate or galactose uou]d

5upport recovery. They also 1llustrated that recovery was dependent on

pH and temperature of . incubat10 the minim recovery temperatureebe1ng

between 3 - 7°C'and the m1nimum,pH being t tween 4 -5, The optjmum pH



6.

for recovery was found to be»7>2 which conflicts with An'optimum pH of . |
6.0 reported by Allweod and Russell (1968). They also prov1ded d?ta to
show that nucleic acid resyntheSIS Was an. important aspect of the
recovery process. Sogin and Ordal (1967), heated §, SELEEE.at 55°C for
15 .;,'i'ngnd found that the_"orga'nisms exhibited an extended lag_period
"during which the orgénisms:regained their ability to grow on 7'5% NaCl
agar. Byvthe use o metabolic inhlbitors and antiblotics they found that
; protein syntheSIS was not 1nvo]ved in the recovery process however.'
——

nuc]eic acid synthesis was shown to be required The primary nucleic.

ac1d species 1nvo]ved was shoun to be rRNA - The vRNA was degraded durlng

!
LB >

heat treatment and resynthes1zed during recovery. ‘ e
| Clark et al (1968) found the recovery of heat injured

T

Streptococcus faecalis to be much slower in a synthetic medium than on a;

comp]ex one. They fOundvthat most of the commerctaliy ava1]able~
enrichment media uould support the recovery of the organism but at a ”7
~slower rate. The 1nJured ce]]s became more sensitive to 1ncubat)on
temperature and pH They also demonstrated that RNA synthesis de ATP
synthe51$ were essential fOr recovery of the organism but protein
synthesis was not involved. ,'é;\ﬁ o T Lo

| Clark and Ordal (1969) 1nvestigated the effect of sub-lethal
heat upon the grouth of- Salmonella txphimurium on several commerc1ally

availab]e selective media.. They found 1nJured organisms to be sensitive
~ to Brilliant Green Agar, Lev1ne Eos1n Hethylene Blue Agar, Salmonella
‘Shigella Agar and Desoxych late citrate Agar. The organism recovered

- its ability to grou on these nedia after lncubation in Trypticase Soy

Broth Tonlins and Ordal (197]) shnued that ATP synthesis. RNA

)



vsynthe51s and pr0t61n synthesis were essent1a] for the recovery of Sal.

- typhimurium from anury induced by sub-lethal heat. Gray et (1973)

character1zed the effects of therma] stress on Pseudomonas f]uorescens.

They confirmed the results of Allwoed and Russell (1967), by demonstrat1ng
leakage of 260 nm absorbing materials from the cell, an 1nd1cat1on of ..
both membrane damage and therma]ly lnduced RNA degradat1on Recovery

was found to be dependent ‘upon RNA synthes1s Tomlins gt_al,“(]Q]]),_
a150<demonstrated that sub-lethal hjating inactivatedikey tricarboxy1]iC»‘

‘ac1d cycle enzymes in both Staphylo Qccus aureus and Salmone]]a .

. txphimurlum e S "k\"'
. Hurst et al. (1973) conf1rmed ear]1er f1nd1ngs that S. aureus‘ ‘

~ heated at SZK\\]ost the1r tolerance ui sodium chloride. Salt tolerance

was. regained on 1ncubat1on in a comp]ex medium or in a d1]uted d1a1yzed

‘medium in wh1ch unheated cel]s were unab]e to grow. Heat injury caused )
| '30% 1oss of 1ipid/and dur1ng the recovery period the concentrat1on of
C]5 and C]7 fatty acids returned to nonma] and there appeared to.be an

'oversynthe515 of c]G and Cis unsaturated acids, They also found that the

K/Na rat1o was 12.6 in contro] cells and 3.4 in 1n3ured ce]]s - The K/Na ,

ratio rema1ned air]y constant during the recovery of salt tolerance.

Thus it would a pear ‘that heat damaged ce]ls of S aureus may recover -

LY

_”thelr sa1%>¢o1 rance whtle var1ous membrane funct1ons remaln impaired.

These finding lntroduce a new d1mens1on into existing concepts of heat

o inJury in mi roorganisms.

'Chi]]lgg an Freezing '

Klthough 11tt1e work has been don on the v1ab111ty of mesoph11es )
held at subminima1 growth temperatures but above freeZIng, many o

.8
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investigations.have been carried out on the effect of sudden chilling
upon the viability of mesophiTes. Sherman and A]bus (1923) demonstrated. '
- that sudden ch11]1ng of a dilute suspension of Escher1ch1a coli from its

*v

norma1 growth temperature to near 0°C caused a loss in v1ab1]1ty This

v phenomenon has since been termed "cold. shock“; and 1s confined ma1n1y to B
gram negative organ1sms "Cold sheck" has since been shown to occur
with other. stra1ns of E c011 (Sherman and Cameron ]934 Heyne]] 1958)
and a- drbp in survival of as much as 10, 000 fo]d‘has been noted. Strange
and Dark (1962), and Strange and Ness (1963) demonstrated sh;bk in

| Aerobacter aerogenes and Serrat1a‘marcescens They showed that “cold

shock" was accompanied by ‘the re]ease of ultrav'olet absorblng materlals.
-amino acids and ATP, 1nd1cat1ng a form of damage to. the celld permeab111ty
barrier. Gorill and McNeil (1960) observed “cold shock” in Pseudomonas

pyocyanea and’ Sa]mone]]a typh1mur1um but failed to 1nduce shock in S.

ggrggs They found that on]y organ1sm§ 1n*%he exponent1a1 phase of .
growth were susceptab]e to "cold shock" ‘and that the occurrence of shock
© was 1nf1uenced by the concentrat1on of ce]ls the growth med1um, the
suspend1ng med1um and the rap1d1ty of ch11]1ng. These observations were
, further.supported by Strange (1964) Strange and Dark’ (1962) reported
that EuErOSe, Hg++, ca*t “and bacter1a free filtrates from chilled |
concentrated suspens1ons of exponent1a1 phase cultures protected A _
erogenes from "cold shock“' The protective effect of d1va1ent cations '

was conf1rmed by Farre]] and Rose (1968) working w1th Pseudomonas

4
fluorescens and by Sato et al (1968) using germinating Bac111us subtilis

“spores. Sato and Takahash1 (]969) demonstrated that E. coli P ' “"
f]uorescens and B subtilis were susceptab]e to shock when in the : ‘

e



e non-selective media after- storage at subzero temperatures (Gunderson and

4

9.

exponential phase of growth and that the v1ab1l1ty of cold shocked cells
increased rapidly when incubated at 30°C with su1table additaves They

~ further demonstrated that the recovery would not occur 1n the absence of

Mg++ and ATP generat10n

The effects. of freezing and thaunng upon the m1crob1al cell

- have been extens1vely 1nvestlgated over a period of almost a century

P1ctet and Young (l884) exposed Saccharomyces cerev1s1ae to temperatures ,

of 70°C for' 108 hours and -l30°C for a furthor 20 hours and found that s

the yeast lost 1ts ab1l1ty to raise bread. SInce then much vork has been .

“carried out in an effort to eluc1date actual damage to the cell- caused

by freez1ng and thaw1ng and to determine the external manlfestatlons of
th1s damage Populat1ons of coliforms. and salmonella in foods were found

to be progress1vely less able to ‘grow on selective med1a as compared to

Rose 1948, Hartsell 1951) Straka and Stokes (1959) noted that 3 stra1ns

of Pseudomonas and one of E. col1 gave s1m1lar colony counts on Trypt1case

'-Soy Agar and a m1n1mal salts agar but after freeZIng,and th%wlng the

] counts on the m1n1mal agar were’ much Tower than on Tryptlcase Soy Agar

Slmilar results were reported for Shlgella sonne1 (Nakamura and Dawson

B 1962) and for Pseudomonas fluorescens and E. col1 (Arpai 1952)

\

By thws t1me it had: become apparent that any measurement of the

'Surv1val of cells: exposed to’ free21ng was dependent upon the ‘medium used

. -’

‘to assay viab1l1ty.; Those bacterIa capable. of growth on a non-selectlve
- and highly nutr1t1ous medium but not on a select1ve or minimal medlum o
‘Nere termed “metabollcally inJured" From hqs point effbrts ue?e -
;'directed towards defin1ng the: nutrItlonal ifications lnduced hy |

R



N . o . . T, 10.

NS

freezing and thaw1ng and assessing ce]]u]ar damage wh1ch cou]d influence
these alterations. Moss and Speck (1966a) showed that free21ng affeeted
the cell membrane as ev1denced by leakage of RNA nucleotides and short
chain peptldes from E. coli subJected to freezing. They reported that
the peptlde fraction offered protection against the effects of freezing
when addedvto %he‘freez1ng mens truum of a fresh culture prior to
freezing. Moss and Speck (1966b) 1dent1f1ed short chain pept1des 1n
“’trypt1case that were 1nstrumenta] in promot1ng growth of the injured cells,
| thus conf1rm1ng ‘the report of Straka and Stokes (1959), that freeZIng
‘caused certain ce]ls of a bacterial population to lose the1r ability to
‘use inorganic nftrogen MaCLeod et al. ’(1966 1967) demonstrated

]eakage of cellular components from Aerobacter aerogenes and E CO]I

subJected to chilling and 1yoph111zat10n and showed that the - ce]]s
became 1ncreas1ng1y permeable to extra~cel]u1ar solutes. They presented
ev1dence suggest1ng that trace amounts -of tox1c jons can penetrate the

cytop]asm1c membrane after freez1ng and’ thaw1ng and that compounds in -

. comp]ex med1a permitted growth of the injured cell by che]at1ng the tox1c ‘

' ‘:10ns. An extended Tag period similar to. that caused by sub-lethal

.heat1ng-has been shown to occur following freez1ng anF.thaWIng-(Postgate
‘ and’Hunter -1963) Arpa1 (1963) suggested that the extended lag period
.was in rea11ty a recoﬁery per1od dur1ng whleh damage to the cell was.

:repalred Ray and Speck (1972a) found that Escher1ch1a co]i gave

5 e
max imum recovery from 1nJury resu1t1ng from freez1nq hen 1ncubated in a

'comp]ex medlum such as trypt1case soy brOth but demon trated that the
“'add1tlon of 1norgan1c phosphate and magnesium su]phate to a minimal

| med1um enhanced the rap1d1ty of repair. Theyvreported recovery at pH

R
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values from 4;- 10 with an optimum between 8 - 9. Tne minimum recovery
temperature was above 15°C w1th a max1mum between 25 - 35°C. The
'1nJured cells were found to be extreme]y sensitive to surface active -
agents common ?B se]ect1ve med1a, sod1um deoxycho]ate and. sodium lauryl
Su]phate, as well as to 1ysozyme

By the use of selective inhibitors Ray'and Speck- (1972b)

demonstrated repair of E c011 in the absence of DNA synthesis, prOtefn
synfhes1s, RNA synthesis and mucopeptide synthes1s but found ATP b.}
synthesis to be essent1a1

“Many of the character1st1cs of . organ1sms 1n3ured by heat1ng and

A freezing, namely extended lag recovery per1od" leakage of ce]]u]ar '_ng
L

nutr1t10na1 requ1rements resu]t from freeze drying. (S1nskey and o%‘

materIal, 1ncreased sens1t1v1ty to se]ect1ve med1a and 1ncreased

Sﬂverman 1970 Ray et al. 19715 Ray et al. 1972) | B

—

"growth temperature but above freez1ng In this temperature~range, while

_ cel] div151on does not occur: many metabo11c processes w1th1n the ce]]
are. operat1ona1 For examp]e, Go]dste1n et al. (1964) demonstrated |
protein synthesls in E co]1 at 0°C wh11e Fr1edman et al. (1971)
reported RNA and DNA synthesis in. E. co]1 at 7°C. The cont1nuance of
these metabolic activit1es at restrict1ve temperatures could result in:

'cells with abnormal physio]oglcal character1stics. Could these abnormal N

f' L ' SR
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character1st1cs affect 1so1at1on and 1dent1f1cat1on of the m1croorgan1sms
1n a manner analogous to other cond1t10ns of thermal stress’ As most

of the important pathogens and 1nd1cator organisms assoc1ated with foods
are mesophilic, commerc1a1 refr1gerat1on temperatures (0 - 10°C) |
represent such restr1ct1ve cond1t1bns for this group of m1croorganisms

An 1nvest1gat1on of this prob]em wou]d appear to be justified in view

of the w1despread and ever 1ncreas1ng use of refr1gerat1on as a means

of food preservation. Slnce many food products are preserved by

storage in this. temperature range 1t is of extreme Importance to-

. determine whether exposure to these temperatures could cause metabo]1c

‘damage to food borne bacterla that would affect their enumerat1on on

se]ectlve med1a For the purposes of this 1nvesthatlon the organlsms

:

E. coli, Str. faecalis and S aureus were, chosen because they are

- important 1nd1ces of food sanltat1on and many of the recommended methodsi

" for their enumerat1on do not 1nvo1ve pre enr1chment techn1ques.

-

4



~ MATERIALS AND METHODS

Test Organlsms and Grawth Med1a a
Staghx]oc0ccus aureus NCTC 8532, Escherichia coli and )
StreEtococcus faecalis were used throughout the 1nvest19at1on
- Stock cultures were ma1nta1ned at 0°C on Tryptic Soy Agar,‘;

s]ants and subcultured monthly. v - ' _ -
The comp]ex media used for a]] orgah1sms in the exper1mehts

" were Tryptlc Soy Broth (TSB) and Trypt1c Soy Agar (TSA).

ga,d’ . Selective media used were: Mannitol Salt Agar (MSA) and o
Tellurlte Polymyx1n Egg Yolk Agar (TPEY) for S aureus, Vio]et Red Bile :
Agar (VRBA) for E. coli, and’KF Streptococcus Agar (KEA) for Str. |
faecalis, | ’ A ' }t‘ B »
Ail media were supplled by Difco Laborator1es Ltd s DetrQth
T M1ch1gan. u.s. A ‘and a]] were sterlllzed as recommended by the
" -manufactyrer.

g -

t

Prepafation of ‘Inoculum

| Erlenmeyer flasks (250 ml) conta1n1ng 100 m1 a11quots of TSB
_ were 1noculated w1th a loopful of the test organism from the. stock agar
R ants. The flasks were lncubated in a shaklng 1ncubator (150 rpm) at |
2C (Gyratory Shaker New Brunsywek Scientific Co., New Brunswick, New
-Jersey. U.S.A, ) A11quots from the cu]tures at the ‘exponential phase
f (absorbance e 600 m. 45 - .50) were transferred to new flasks of ster11e .
. _7pretempered TSB Three such subcultures were. made before the final sub-

. . L3
3.
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cu]ture, «#hich was allowed to develop to. the requ1red phase of growth
used for 1noculat1on, either exponential phase (absorbance .45 - .50)

! or stat10nary phase (18ﬁh\§u]ture)

Viable Count ‘ _ " £

_Dilutions of the TSB culturg were‘prepared by transferriffy
-1 ml aliquots to screwvcapped test tubes containing 9 ml (:0.2 mf)
i1 le ' | ' ; ‘containing 0.1% Bacto peptone,
PH 7.2). The d1]ut1ons were agltated on a vortet‘m1xer for thirty
seconds and serial ‘dilutions prepared by transferrIng further 1 m ‘@J
a11quots to other peptone water dl]utlon b]anks ApproprIate d)lut1ons
were then plated-1n tr1p11cate on. the comp]ex medium (TSA) and the -
*‘approprwate se]ect1ve medium. The p]at1no method used was a surface
spread plate method descr1bed by Harrlgan and McCance (1966) {h
th1s method sterlle ca11brated Pasteur pipettes are used- to deliver '
:un1form drops dﬁto the surface of pre-poured drled plates of sterile
media. The ‘drops of d1]uted samp]e are‘then spread un1¥orm1y over the

}ifhvﬂtsurface of the agar with the aid of a sterile. spreader. The Pasteur -

I8

t“:-P]ates of media were prepared by pourlng approx1mately 10 ml

stexrﬂe med1a into petr1 ‘dishes in a Lamlnar f]ow hood (The Baker Co., " -

'Inc.afSanford Malne,.U.S.A.). The covers. were left off the petri '
dISheS for 15 min wh1le the plates\were still in the hood to ensure that '
the surface of the plates. wou]d be adequately dry before use Poured

petr1 d1shes of media were stored in Pplastic bags in a “cold room at 4°C

. \

but were aluays used w1thnn 2 ueeks after preparation.

N

LY
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‘ Inocu]ated spread plates Lere 1ncubated at 37°C in a hot air
tndubator (Prec1$1on Sc1ent1f1c Co., Chlcago, I]]anlS, U.S.A. ) fbr .

the recommended perlod of tlme (24 h for TSA and VRBA, 44/h;%§//M$A and
TPEY and 72 h for KFA). = = \

{

.of a darkf1eld co]ony Counter and the number of colony forming units in o

The co]on1es formed after incubation were counted H]th the a1d‘}

' ﬂzi?( 1g1ﬁ%] sample was ca]culated - o ”

' /
Cond1t1ons of Injury

o

. Tryptlc soy broth was used as the suspendlng menstruym in all
cases.. The pH of the TSB was adjusted w1th 0.1 % hydrochlor1C'aCId as-
-reunred and sodium ch]orlde was added to the broth fornu]atlon to attaln

:'the de51red concentratlons in the 1nvest1gat10n of the effecf of sodlum
ch1or1de on extent of lngury. N ' '

K 0. 1% 1nocu]atlon leve] ues used for cuitures: exposed to
1nJury at the stat1onary phase whlle a l 0% inoculation level was used
for cu]tures in the eﬂﬁoheht1al phase to give an initial ceLJ concentra-

tion of approx1mate1y 106 ce]]s/m] A]] organisms uere anured by
1nocu]at1on znto sterlle TSB pretempergg to the desrred temperature and

A

subsequent]ysstored at that temperature, w1th enumeratlon at approprlate
1ntervals. LP:_,‘ , ;j o - o
. Two methods were used to atta1n the deslred 1nJary temperatures
The first method conSISted of 1nocu1at1ng 100 ml quantities of TSB in
250 ml Er]enmeyer flasks Nlth the,approprlate concentrat10n of organ1sms
-The de51red temperature was achleved by storage 1n a Hetaholyte

'Refrigerated Water Bath Shaker (New Brunsw1ck Sc1ent1f1c Co.,,{nc.;lueu _

Brunswick New Jersey, U S A. ) shaking at 150 . The accuracy'of the
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» |
.temperature control of’{his unit s :0.2%.
| The second ‘method consastec of 1nocu]at1ng 1000 ml quantitles
"of TSB 1n 21 51de arm Er]enmeyer flasks containing Teflon coated
magnetic st1rr1ng bars - Prior to 1nocu1ation the flask of medium was
p]aced in a 12" x 12" x 12" plex1glass tank fitted with a coolant
c1rcu1at1ng device that maintainedvthe level of coo]ant in the.plexi-, :
glass tank above the level of medium in the flask The coolant'was -
X Stored 1n a separate water bath fitted w1th a heatino and refrigeration_
system “The temperature of the coo]ant in the bath was contro]led by a
. micro- set thermoregulator (PreCIS10n Scientifi¢, Chicago, IllanIS,
U.S.A. ) w1th a sen51tiv1ty of +0.0}°C. | |
Agitation of the medium in the flask was achieved by the use
of a non- heating/magnet1C\s}1rrer (Be]]co Glass Inc., Vineland, Hew
mesqulJSA) - : L o cy i
| InJury was determined by the difference ln v1ab]e count on a

' comp]ex medium (T%A) and the count on a se]ective medium for the

particular test organism.
, I ’ e

‘Recovery Conditions , R T e ,R\_~\'

f - | Recovery of to]erance to selective medi3>was studled in the
fo]low1ng manner Er]enmeyer flasks (250 ml) containing 100 ml of test
-.culture prev1ous1y exposed to 1nJurious cond1t1ons were . transferred to a _
i.Metabo]yte shaking water bath at—37°C agitating at 150 rpm. The viable“i
count was determ1ned hy surface p]ating on both the complex medium (TSA) ‘-*“
and ‘the se]ective medium at apprOpriate time intervals.. Growth rates o tisi.

'of control cultures were also ‘determined by incubating inoculated 100 m]

R

| ?aliquots of TSB in 250 ml Erlenmeyer flasks in the Hetabolyte bath at
h @7; . .

s Bl
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- 37°C at-150 rpm and enumerating at appropriate intervals.

-

‘Tgmperature Gradient Incubator - Co 3 |
| A temperature gradient incubator (backeféét;gl,']973) was
. used to study temperéture effects on the growth, injury and recovery
of tne organisms' Th1s appaﬁatus consists of an aluminum block into
wh1ch holes have been drilled to accommodate culture tubes Egﬁh end of
“the block is connected to a temperature control unit. By adjusting the
temperdture.ot the Ewo ends it“is possibje to estabfsh any particular :
temperature gradient a1ongthe block. For studies of g¥owth and injury
Astell roll tubes conta1n1ng 1S ml of sterile TSB were1nocu1ated with a.
'_]% inoCulun of exponent1a1 cu]ture of the organism. ' The tubes were .
',1ncubated in the temperature grad1ent 1ncubator over a range of O - ]1 .5° B
¢, and p]ate counts were perfor%ed on select1ve -and comp]ex media at |
.appropr1ate 1ntervals The temperatures to which the organ1sms were
exposed by th1s method were 0, 1, 2.5, 3.5, 5.5, 6.5, 8.0, 9.0, 10.5
and 11.5°. | ) . R
Forvstudtes on recovery a 1000 m] exponent1a1 cu]ture of the -
organism in TSB was 1nqured as descr]bed prev1ous1y and the extent of .~
,injury determined'by'plating on se]ective‘and-complex mediaov'Fifteen mi
aiiquots of .the injured culture were‘dispensediinto sterile Astell roll
tubes and incubated in. the temperature gradient 1ncubator over a range
of 5 - 20°C for 24 h. Extent of recovery of the organ1sm was then f
| A.determined by enumeration on the appropr1ate seJect1ve med1a and TSA.

Throughout the course of the 1nvest1gatﬁon.ha11 exper1ments

were repeated at least twice.:

o



RESULTS

Metabolic Injury

i Injury tovStationary Cultures

\\‘- \Er]enmeyer flasks. (250 ml) containing 100 mil TsB, pretempered
to 4°C 1n a. Metabolyte shaker bath, were 1nocu1ated at the 0. 1% level
from a 18 h TSB culture of the test organ:sm - Aliquots from the same
culture were used to inoculate the TSB at’ pH 7 2 and 5 0 and the flasks
. were shaken at 150 rpd during storage, . '

| InJury to S. ggrggs was. demonstrated at both pH 5, 0 and 7. 2 as -

shown in Figs. 1 and 2. A dlfference of 1 1/2 10g cycles between v1ab1e
counts on TSA and MSA after 30 days storage at 4°c, pH. 7 2, is shown
in Fig ] At pH 5 0. the extent of 1nJury was less than at pH 7 2 - ¢

(Flg. 2). No injury was found to occur to an 18 h cu]ture of E. co]i

after storage for 30 days at 4°C at e1ther pH 7. 2 or 5 0. In other words,;'

no marked d1fference in count between the Egmp]ete nutr1t1ona1 medium v

‘hTSA(and the se]ect1ve medtum VRBA cou]d be detected after storage (Figs.

3 and 4) - . .
Because E c011 showed no 1n3ury at 4°C and the stra1n of Str

faecal1s grew at 4°C the experIment was repeated wlth inocula of 18 h

: cultures of both organisms at a storage temperature of 1°C. Under these

cond1t1ons no significant differences in.count on the comp]ete

-nutr1t1ona] media and the select1ve med1a could be demonstrated at

e1ther pH after 34 days sterage (Figs. 5 - 8)

18.',-



19.

N =

/ML
o

o

|

.p

LOG COLONY FORMING UNITS

0, 5 w15 20
| | TIME (doys) "

f

e Fig _31;f5l‘i'. Effect of storage at 4°C on the \nablhty of a stationary
T phase “inoculum of S.. aureus in TSB (pH 7 2). PHt"‘Q
media O~ TSA; a= M3A. 3 : v




LOG COLONY FORMING UNITS /ML

20.

S

N he J . kY ‘
0o 5 w0 15 20 25
ST - TIME (days) | »
- Fig. 2. ‘Effect of storage at 4°C on the viability of a stationary
- phase inoculum of S. aureus in TSB (pH 5.0). Plating
-media 0 — TSA; &= MSA L -



21.

) ) ’
7 7 — ! T T r
= - __ l
7, .
j O
CHE T~
. (ZD | \.A\A : \o\,’
< a L
6.-.. \ A ou . ]
£° NN
u_“q;;“ ; j . - &0 .
. / o N
N O \A
QO
S -
9| DR |
- — -y gy
‘ 0 5 10 5 20 25 30
o TIME (days) .

Fig. 3. “Effect of storage at 4°C on the viability of a stationary:
phase@noculwl of E. coli in TSB (pH 7 2) Plating media
0 ~TSA; va—VRBK . L L



.Fig.

LOG COLONY FORMING UNITS/ML

N

22,

G

(o N
T -

1

| N A

e,

4,

[Ty

1B 20
~ TIME (days) '

Effect of storage at 4°C on the viabilit {
phase’ 1nocu]um of E. coli in TSB (pH 5.0

o TSA

'ﬂRBA.

25 30

of a statlonary
Plating media




Fig.

LOG COLONY FORMING UNITS/ML

5.

- Effect of storage at 1°C on the viabilit
phase inoculum of E. coli in TSB (pH 7. 2{
- O—TSA; a—VRBA.

of a statmnary
P]atmg media

| 23.
* .‘
e
I  — vl' — ‘.1 ~T T
A A\é’lb\o ,
. A A. A\g o i
' A
. o)
4 Nql
R 1 L 1 1

0 5 10 5 20 25 30
| -TIME (days) *



' o D
7 - I u
2 e
75
= Qo
Z e
D -
. (ZD g_ﬁ_g — O'—-~o~;_._;\o B
3 a 4 A"T""ﬂ"‘%‘i:‘g:g
- .
865 c -
> -
z 'x
0O '
8
S I W T T S S
.- 0 - 5 10 15 20 25 30 35

TIME (doys)

| Fig. 6. Effect of storage at 1°C on the v1abi1i of a stationary
phase inoculum of E coh 1n TSB (pH 5. o§ Plating media
' '-TSA A-—VRBA -



[,

§ 8 w
[
) v

LOG COLONY FORMING UNITS /ML

25.

N

S

L4

o
'J

e

"
o -

n
b

—O O ()
L‘*“"f"A"——A"‘A A~ a

1 L L L

t

©
3

10

- Fig. 7. Effect of storage at 1°C on thJ v1ab111ty of a statlonany
‘ - phasé inoculum of Str. faeca11s
medla o-—TSA & —KFA.”

15 20 25 30
TIME (days) .

in TSB (pH 7. 2) Plating



3

o Fi‘g.‘

LOG COLONY FORMING UNITS/ML

26,

N

o

Y

L 1 R D

o

©
T

10

1520 25 30 35

TIME (days)

8.  Effect of storage at 1°C on the viability of a stationary

phase inoculum of Str. faecalis in TSB (pH 5.0). Plating
media o-TSA; a ~KFA.” ~ R 4

b



LN ,'_ s
_,‘-,,

27.

: Effect of HaCl in 1n3urymmenstruum '

The effect of 1ncrea51ng salt concentration (NaC]) in the
storage medium (TSB) on the extent of anury to. S aureus was
’1nvest1gated Tryptic Soy Broth (0.5% NaC]) was supplemented w1th NaCl
to g1ve final salt concentrat1ons of 3, 5 and 10Z. 100 m] aliquots of
"‘these media were lnoculated w1th a 0.1% inoculum of an 18 h.culture and
stored rn a Metabolyte bath at 4°C as prev10usly described.
Unsupp]emented TSB at pH 7.2 and 5.0 were 1nocu]ated and stored as
.contro]s A1 flasks were jinoculated from the same 18 h culture
' V1able counts were made on TSA MSA and TPEY agars The results are
shown ln F1gs. ox" 13. A compar1son of F1gs 9 and ]O with F1gs 1 and
‘2 1]]ustrates the var1ab111ty of the 18 h 1noculum w1th respect to :
extent and rap1d1ty of 1nJury even though the lnocu]um was produced |
_ under standardized cond1t10ns InJury was demonstrated by a d1fference
in count on TSA and MSA under all cond1t10ns However very little
, ‘difference in count was observed between TSA and TPEY By compar1ng
Figs. 11, 12 and 13 with Fig. 9, it may be seen’ that 1ncrea51ng sa]t
, concentratlon in the injury medium seems to have little or no effect
pon the extent of injury a1though at higher salt concentrat1ons 1n3ury

appeared to occur somewhat 1ess rapldly.

Effect of temperature ont1nJury
To study the effect of temperature on the anury of S. aggggg
the p]exiglass baths conta1n1ng srde arm flasks with 1 1 of TSB (pH 7.2)
were used A 0.1% inoculum of an 18 h culture was added as prev1ous]y
.described I can be seen from Flgs. 14 - 17 that Ioss of v1ab111ty
(decrease in the count on TSA),and extent and rap1d1ty of injury '
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(d1fference in counts on TSA and MSA) 1ncreases w1th decreas1ng

téﬁperature from 7°C - 1°C. . ]

I
’

InJury to Exponent)al Cultures |
The effect of sub-m1n1mal temperatures was ;nvest1gated on a1]
three organisms using inocula from the exponential phase of.growth.
1000 m quantities of TSB (pH 7.2 or 5.0) in 2 I’Erlenueyer flasks in
the plexiglass baths were'inoculatedvatbthe 1% level. S. aureus and

et

- E. coli were incubated at 4°C;;Str,.faeca]is;at'1fc. S. aureus in the
exponential phasevshowed'injury after 2 days storage at pH 7.2 and after
12 days a d1fference of >3 log cycles occurred between counts on TSA
"and MSA, but no injury was:demonstrated on TPEY (qu. 18). A compar1son -
of Fig:;lavwith Figs. 1 and 9 shows that S. ggrgg§_in the exponentjal .

) iphase'of growth loses its ability to grow on MSA much_more rapidly and ° ‘
toa greater extent than stationary phase cu]tures._ The organi sm tends .
;to die, i.e., 1ose 1ts ab1l1ty to grow on. TSA more rapwd]y 1f it is
exposed to low temperatures at the stationary phase of growth. At pH

>5 0, S. ggggug in the exponent1al phase is a]so much more sensxt1ve to |

'1nJury than in the stationary phase as seen from the count on TSA v .o
MSA, but no 1n3ury was apparent w1th TPEY (F1g. 19) | ‘

E coll in the eXponent1a1 phase d1ed very rapidly at both
pH 7.2 and 5.0 when stored at 4°c and a difference of 1 Tog cycle or
greater betneen counts on TSA and VRBA was demonstrated at 2 days

: Storaoe (Fi'gs 20 and 21). Counts on both TSA and VRBA decreased more
‘ztrapidly at pH 7.2 than at pH 5 0. ‘ o
It may be seen from F1gs 22 and 23 that no demonstratable

, injury occurred to Str. faeca]is in the exponent1al phase of grouth
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even after storage for 30 days at 1°C. . ~<

Temperature Effects on Growth and InJury u51ng a Temperature
Grad1ent Incubator A \g |
Trypt1c Soy. Broth (pH 7.2) in. Astell roll tubes was inoculated
at the 1% level with exponentIal cultures of S. gurggs_and E. coll and :
: 1ncubated in a temperature gradient 1ncubator The viable count~uas
determ1ned on selectlve and non—selective medla at the start of the
_ exper1ment and subsequently at regular 1ntervals . .
The flnal counts are 1llustrated in Figs. 24 and 25. After 12
'days 1ncubat1on, 1nJury to S. gurgus_was demonstrated at 0, 1.0, 2.5,
3.5, 5. 5 and 6.5°C (Fig. 24) No growth or injury occurred at 8. 0°C but
-an. 1ncrease 1n cell numbers was apparent. at 9.0 and 10. 5°C From these
results it would appear that the m1n1mum growth temperature for the
QrganISm under these cond1t1ons Ties between 8 0 and 9 0°C while the ‘
:-temperature requ1red to initiate anury lles between 6.5 and 8. O°C.
After 5 days 1ncubat1on E. col1 exhibited no growth or anury
at 5 5°C while growth was demonstrated at 6.5°C and hlgher and ]nJury
was apparent at 3 5°C and Tower (Flg. 25).

Recovery from'Injury o

Growth of-. Un1nJured Cells | ’ » _ _

" Growth curves 1llustrated in Fig~ ~ - 31 show that unlnjured
cells of S. aurgus_and E. col1 grow equally well on ‘the complex medium
" as on the selectlve med1a, under the conditlons of temperature, pH and
moculatlon used to assess th ab1l1ty of inJured cells to recover their’

f‘tolerance to. the select1ve media ’They also serve as controls in

8
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LY
evaluating the cultural responses~of the organisms after storgge at

_

N sub-m1n1mal temperatures v

Recovery of §,%§g£gu§
The recOVerydof an 18 h inoculum of S. aureus injured by
storage in TSB (pH 7.2) at 4°C fdr 24 days is. illustrated in F1g 32.
The recovery temperature was 37°C The lag phase of‘the organlsm'1s
, marked]y extended (Fig. 26 v Fig. 32) _ During the prolonged lag phase
the organ1sm recovered its ability to repﬁoduce on MSA and recovery took
place before growth was 1n1t1ated The re]at1ve1y stab]e count on TSA
' during the lag- phase 1nd1cates that np revers1b]e mod1f1catlon of the
organlsm s ab111ty to grow on TSA occurred dur1ng storage. 70%v
recovery occurred dur1ng the f1rst 1 1/2 hours 1ncubat1on but 3-4h .
1ncubat1on was required for complete recovery
‘The recovery of a s1m11ar inoculum of S aurgus_anured by
storage at 4°C for 24 days on TSB at a pH of 5.0 is shown. in F1g 33.,
At pH 5.0 1nJured ce]]s of S aureug d1d not recover the1r ab1]1ty to
: grow on MSA when 1ncubated at 37°C. Instead the 1n3ured cells appeared
more sensitive’ to the low pH and d1ed of f rapidly durlng the 1ag per1od
j.after whlch growth of the un1nJured cells was 1n1t1ated Th1s can be
seen from the rap1d decline in the count on TSA while the count on MSA,
after an 1n1t1al drop, remalns re]at1ve1y stable
S The ability of exponent1a1 1nocu1a d? S aureus to recover
- from inJury induced by 6 days storage at 4°C in ‘TSB (pH 7.2 and 5. 0) is-
shown in Figs 34 and 35. At pH 7. 2 approx1mate1y 70% recovery occurred
with1n 15 minutes upon 1ncubat1on at 37°C and an extended. 1ag phase .

;‘fwas apparent (Fig 34). . e
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_ " At pH-5.0 only a small percentage of the cells recovered their
ab1l1ty to reproduce on MSA (Fig.. 35) The injured cells died off and
after 1 h 1ncubat1on only un1n3ured cells rema1ned v1able Mult1pllca-‘
tion of the un1nJured cells d1d not commence until after 6 h 1ncubat1on
j’whereas cells’ not exposed - to the 1nJury temperature commenced growth

'1mmedJately (F]g.,29).

T, o~

Recovery of E. c011

Exponent1al 1nocula of E. cdli i nJured by storage for 4 days

at 4°C in TSB (pH 7.2 or. 5 0) recovered rap1dly at both pH 7 2 and 5 0
when transferred to 37°C (Figs. 36 and 37). Complete recomery in both .
'lnstances was demonstrated w1th1ﬁ 1/2 h 1ncubat1on and nonnal .growth

-

resumed after an extended lag phase. L o | G
“ Effect of Incubat1on Temperature on Recovery of S. aurgug and E. coli
‘The. effect of 1ncubatlon temperature on the ability of, S.

aureus to recover from 1n3ury is 1llustrated in Flg 38. The culture
'was 1n3u\ed by exposure of an exponentlal phase culture’ to 4°C for 6 )
:days in Tﬁq”‘pH 7. 2) After 24 h 1ncubat10n in the temperature gradlent |
incubator-.no recovery of .S. agrgus could be demonstrated at’ temperatures
below the minimum growth temperature The extent of recovery 1ncreased
with 1ncreas1ng 1ncubatlon temperature and complete\recovery occurred

at 14 - 15°C Similar results were obtained with E coli (F1g 39).

The culture was 1nJured by exposure of an exponentIal phase culture to
:‘4°C for 4 days in TSB (pH 7. 2) Again the organISm falled to recover -

’ from 1nJury at temperatures below the m1n1mum growth temperature and

tcomplete recovery occurred at 11°C.

"
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- This’ 1nvest1gat10n was undertaken primarily to determlne the

DISCUSSION AND concwsmns-_

_‘effect of storage at sub—m1n1ma] growth temperatures, but above

freez1ng, on the v1ab1]1ty of S ‘gureus, E coli and Str. faecalis and "

to ascerta1n 1f such exposure would affect the 1solat1on of these
organlsms on commerc1a]1y ava11able se]ect1ve med1a ' In all of the
experlments TSA was used as a non-selective control medium. | It was’
_found that storage in th1s temperature range did affect the ability of
S. ggrgus to form colon1es on. MSA The capac1ty of E. co]1 to form
colonies on VRBA was also affected but no mod1f1cat1on of the growth

of Str ~faecalis on KFA could be\demonstrated

C]ark__t 1. (1968) demonstrated the ab111ty of Str. faeca1ls

.to recover from 1nJury lnduced by sub- lethal heat1ng upon 1ncubat1on in
KF Streptococcus broth, 1nd1cat1ng that this medium is not part1cu]ar1y
1nh1b1tory It iS therefore qu1te understandab]e that KF agar would

not be suff1c1ent1y 1nh1b1tory to Str.. faeca11s after storage, at sub—

m1n1ma1 growth temperatures to 1nf1uence the viable count w1th respect
to the v1able count on a non—selectlve med1um . / 4
Busta and Jezesk1 (1963) and Stiles and Witter (1965) found

that .the sa]t to]erance of S. aureus decreased rapidly after exposure

o to sub lethal heatlng Stlles and Nltter further demonstrated a large

d1fference 1n the count of .S. aureus on MSA and a comp]ete nutr1t1ona] !
medlum after sub-lethal: heatlng It is 1nterest1rg to note. that the
results of the present study demonstrate an analagous dec]sne in the R -3

e
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e

to]erance of S. aureus to MSA after storage at Iow temperatures éFlgs
1 and 2). That sa]t tolerance appears to be the major- modlflcatlon RS ?’f?»l;f
prevent1ng growth on MSA after storage is borne out by the fact that% .; ;
‘11tt]e or no. d1fference between counts on TSA and TPEY could be 1nducedv '

s
through storage over the exper1menta1 temperature range (F]gs 9 and ]0) EN

.g."c'_ P

Both sub- 1etha1 heatlng and freeZIng affect ‘the permeab1]1ty
of gram negat1ve organlsms Clark ‘and. Ordal (1969). demonstrated that ,
'heat injured S txph1mur1um d1sp1ayed an 1ncreased sens1t1v1ty to b1]e lr?
" salts and sodium desoxycholate while Slnskey and Silverman” (]970)

“showed that E co]?wiégame 1ncreas1ng]y sens1t1ve to desoxycholate afterp

freeze drying. The storage temperature range used in this 1nvestlgatponl:y’

-caused‘suff1c1ent damage to E. coli’ to markedly 1nh1b1t ltS ab111ty to
mu1t1p]y on VRBA which contains bile sa]ts as a selective agent.' '

The 1ncreased sens1t1v1ty of exponent1a1 phase cu]tures
compared to stationary phase cu]tures upon exposure to low temperatures
has been prev1ous]y demonstrated with gram negatlve organlsms ‘and. loss .
‘, of v1ab111ty at ]ow temperatures corre]ated w1th changes ‘in membrane
apermeab111ty (Strange and Dark 1962, Strange and Ness ]963) Farrell
and Rose (1968) presented ev1dence that 1nsen51t1v1ty to-7to]d shock"

“ might be assoc1ated w1th Encreased unsaturat1on of membrane 11p1ds
v chang1ng the permeab1l1ty barr1er of the ce]] In this study only
_exponent1a1 phase E. co]1 ev1nced sen51¢1v1ty to -the temperatures
,bused and. exponent1a§ phase S. guggus_was markedly more prone to injury
1 than statlonary phase S gurgug. S1nce metabollc injury" may be |
related to changes in membrane permeab111ty a compar1son of the membrane
- Hpids of both S. gurgus_and E. co11 lnwthe exponent1a1 and §ta;ionary

_J

{
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V;phases of growth m1ght provide evidence to exp]ain the 1ncreased

- senswt1v1ty of exponential phase cu]ture to "metabo11c injury” "at_]ow
ﬂ temperatures | | |

The fact that 1ncreas1ng sod1um chlor1de concentration in the

»

'1nJury menstruum had little or no effect upon the rap1d1ty and extent

- of 1nJury of S ‘aureus (F1gs. 11, 12, ]3) could indicate that the

f_organ1sm must'be act1ve1y metabo]151ng before the 1nh1b1tory effects

. | of sod1um ch]or1de at that leve] become apparent

v

An 1ncrease ln extent of ‘injury as the temperature of
5u}1ncubat1on was’ decreased was demonstrated with both E. coli and §. agrggsi
:(F1gs 13 - 17; 24‘and 25). The cause of temperature 1nduced sensitivity
to se]ect1ve med1a has not been prec1se1y determ1ned but many ‘proposals |
have been advanced based ma1n]y on temperatﬂre 1nduced degradation of
‘1ntrace11u1ar constltuents and phy51ca1 mod1f;cat10n of the membrane

’ Mod1f1cat1ons to membrane permeab1]1ty allow the leakage of RNA
nuc]eotIdes (Allwood and Russe]] ]967 Moss and Speck: 1966) and short
Vcha1n pept1des (Moss and Speck 1966) Attempts have been made to
5{corre1ate ]eakage w1th nutr1t10na1 mod1?1catlons of the m1croorganlsm
TIt has a]so been demonstrated that temperature 1nduCed 1ncreased '

: .permeab111ty to metab011c 1nh1b1tors could accoun% for 1ncreased

_sensvt1v1ty to select1ve medla (A]]wood ‘and . Russe]] 1967 S1nskey and

pE ='Si1verman 1971) MacLeod et a] (1966 1967) squested that nod1f1ed

}; p 'membrane permeab111ty al]owed the penetrat1on of "trace amounts of tox1c

ions 1nto “the cel] and proposed that enrlched med1a enhanced the growth
_of 1n3ured ce]]s by chelating the tox1c 1ons Reduced act1v1ty of TCA
cycle enzymes after exposure to- h1gh tenperature has been demonstrated })

D



ﬁ,a rema1ned relatively constant 1mp11es that no reversible 1mpa1rment of

g 66.
l - )

'by Tomlins and Ordh? (1971) Bluhm and Ordal (]969) and 1nduced enzyme

synthe51s has been reported to be 1mpa1red at low temperatures (Horluchl %;
and Novich, 196]) |

It wou]d seem ‘most probab]e that the 1ncreased sen51t1v1ty to

) J

se]ect1ve media induced by therma] stress cannot be attr1buted to the

-

" modification of any one funct1on of the bacter1al ce]l but rather to

the overall damage that temperature extremes induce. w1th1n the cel]

1 J

Further work is obv1ously necessary to ascertaIn the cellu]ar 1e510ns
Aresu]t1ng 1n5met%ho]1c 1n3ury dur1ng exposure of a m1croorgan1sm to |
sub-minimal non free21ng env1ronments | -

The ab1T1ty of both S. aurggs and E. coll to recover their

capac1ty for growth on the respect1ve se]ectlve med1a used for thelr x

| enumerat1on after 1ncubat1en in TSB at 37°C was demonstrated Both E.

co]1 and S aureus exhibited a prolonged lag phase after storage at

‘ low temperatures similar to that reported by Jackson and Noodene (1963)

with heat treated S aureus Both organlsms recovered their. %91]1ty to

’grow on selectvve media durlng thls lag perlod pr1or to the initiation

/of growth The fact that the count on TSA.dur1ng this-lag perlod

B

: the organ1sms ab111ty to grow on TSA occurred durlng storage. )

0rgan1$ms lnﬁured in the exponentlal phase of growth recovered _

" more rap1d]y than d1d those anurEd 1n the stat1onary phase and the

- extens1on of the lag phase was less pronounced It is not poss1ble

however to ascerta1n whether this d1fference in recovery per1od was
due to the d1fference in phys1olog1ca1 age of the cells or to the

different storage times necessary to. 1nduce injury

S
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’:t,ld]y at both pH 7 2 and 5.0 but S. aureus
failed to recover at pH 5.0. The injured cells of S. aureus appeared to
‘be more sensitive to the low pH than the uninjured cells and died off
‘durwng the lag phase: prlor to 1n1t1at1on of growth of the un1n3ured
' cel]s This react1on to Tow pH could’ suggest the ex1stence of some
factor in the bacterial cell a; surroundunq menstruum which 1s adverse]y
affected by low pH, pOSSlb]y an enzyme system essent1a] for recovery
but not for growth.

Both organisms recovered more. s]owly with‘decreasing
tncubat1on temperature but recoverv could not be demonstrated w1th1n 24
hours at. temperatures below the _minimum- growth . temperature This ‘

. precJudes the poss1b111ty of holding samples at a temperature at wh1ch
the desired organism would not grow to allow for recovery pr1or to
enumeratlon on se1ect1ve~med1a. It is poss1b1e that with pro]onged

| periods of 1ncubat1on thst recovery could occur

In conc]us1on 1t has been shown that storage of S.. gurggs and
E. co]1 at temperatures below m1n1mum growth temperature but above
free21ng can marked]y affect the1r growth upon certa1n select1ve media.
"The external man1festat10ns of the 1nJury bears a distinct s1m11ar1ty—“
to that 1nduced by harsher treatments such as freez1hg and thaw1ng, and
sub-lethal heating which wou]d be expected to cause more severe damage ;
to the physical structure andbmetabollc activities of the ce]l The
| rap1d1ty and extent of inJury,\and recovery from 1n3ury was found to /
‘be lnfluenced by temperature, pH\aggibhys1o]og1ca1 age of the organlsm.

The minimum growth temperature was determ1ned under the same cu]tura]

fcondltions used for - 1njury and it was demonstrated that neither organ1sm



vas capable of recovery fromvinjury at temperatures below its minimum

growth temperature durlng a’' 24 h period.

'r’

Since E. coli and S. aureUs after storage became 1ncrea51ngl,

sens#tive to VRBA and MSA respectively the need for careful selection

and screening of media for the isolatdon'of'pathogens and indicator
organisms,from_food sthred at 10& temperatures is apparent. The‘
resu1t$ further indfcate that it may be possible to develop resusCitation :
proceégres to maximfze‘recovery of. damaged cells from refrigerated

food

% Thus samples could be held at 37°C for short per1ods of tlme to

: resusc1tat1on procedures wou]d need to be SUbJECt to very careful

evaluation.
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