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‘ R INTRODUCTION L
B Salmonella spp._are well known agents oﬁ gastro-,'“

1ntest1nal dlsease 1n humans. Foods of anlmgg o:}gln such as

S , ’ S R
."3851try, meat eggs, mllk and da1ry products are most often?tiﬁ?
3 Sy

';the vehlcles respon51ble for transm1551on of Salmone]la spp

| to humans (Hobbs, 1974- Sllllker, 1980) Salmohelja‘ls the Cif_;

' most 51gn1f1cant pathOgen transmltted by raw poultry to ‘T”]+
1ﬁlhumans (Todd '1980 Kampelmacher 1983) Worldw1de, poultry o
'd'ls an 1mportant food 1tem and ﬂ.oduct1on is. 1ncrea51ng to

vsatlsfy demand (Todd 1980), Inc;eased consumptlon of .TA 'dt-'h

4‘.

.poultry has resulted 1n 1ncreases :n poultry assocxated 7_j"

»_foodborne dlseasg partlcularly /e\\pne11051s (Todixﬁf,iv_?,
, Kampelmacher 1983) )

\Eood anlmals can become contamlnated w1th salmonellae
' on ‘the farm durlng transportatlon to slaughterhouses or.
dur1ng process1 In nature, the 1ntest1na1 tracts of
anlmals represe t a major source of Sa]monella Salmonellae

; 1'-:7; -
'g,can 1nfect poultry from contact 1n hatcherles, the farm

"ﬂvenv1ronment and feed and water (Bryan et a7 ,1979) Wh1 e

vbexng transported to slaughterhouses 1n close prpx1m1ty to

~one another, ‘they contamlnate each other and the o

rtransportatlon crates._In many cases,_the stress related to;'
I.T‘transportatlon 1s known to cause salmgnellae to be excreted ,
by blrds that otherw1se were not - excretlng the organxsms. |
Salmonellae are also transferred from one b1rd to another
_durlng defeatherlng (Bryan et al »1979) |

Cross contamlnatlon is known to occur dur1ng chllllng,

R
d:l .‘ .



'f the most frequent agent of Sal

welgh1ng, packag1ng and&fu&ther process1ng (Bryan et al.,5 e

- .

1979) Invar1ab1y, a. large proportlon of product comlng outbiofv'e

| of: poultry proce551ng plants 1s cbntamlnated

s

Raw chlcken is an .mportant source of salmonellae, thatf_
contam1nates the,hands of ﬂ'ikers, equ1pment and other; ‘
foods._It has been sugqest’d that raw and cooked poultry o

should be separated in t1me and space to av01d 5uch

- f" . “'\‘\

cross- coqtamlnaf'on (Bryan et al 1979 Todd 1980) S.

41

typhlmurrum 1s the most common serotype assoc1ated w1th

chlcken proce551ng plants (Campbell et al. 1983) and 1s

(Krleg, 1984) The type strafn of S typhlmurlum is ATCC L;w*
13311 (Kr1eg, 1984) and th1s was used as the test organlsm

throughout thlS study Most of the salmonellae that are ,“'

“f‘ present on: ch1cken may be_+n~an 1njured state from the

processzng condltlons. The objEEY1ve of th1s study was to

'"ts examine the fate of SalmonelLa&that has been exposed to’

ch1ll1ngs%r to refr1gerat10n temperaturgs 1n a way that

fﬂ.i ._51mulates cond1tlons associated w1th poultry and poultry

roce551n e
Pr i 9 g

.

o v ¢ : L . e N

nb]]a gastroenter1t1s An manuf.".
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2.1 .Effect of Léw'femperature,on'BaeterialfGrowthfv'
S I T s e g

2 1 1 Introd tion |
it f All m1ci§2rganlsms have a m1n1mum optlmum andmmaxxmum'.
'growth temperature. These are known as the card1na1 S
Wfs temperatures for growth These temperatures vary wxdely
e dependlng upon the m1croorgan1sm Based Upon the1r
;temperature ranges for growth four major phy51olpg1cal‘
groups of m1croorganlsm2 have been d15t1ngu1shed by Olson""“
-~ and Nottlngham (1980) as- A | | |
:1. thermophlles —7those w1th an optlmum temperature for.
growth ca. 60° C and a\max1mum for some as h1gh as 75.to
:90 C and a. mlnimum about 35 C. | | B
'“h~2;: mesophll s - those w1th an opt1mum temperature between
30 and 45 C w1th 2 maxlmum growth temperature below\’
'*s;h350 C and a m1n1mum growth temperature rang1ng from about

" 5 to 10°C. " ’
3. »psychrophlles - organ1$ms'hav1ng an opt1mum growth
'hftemperature of about 15 C w1th a maxzmum temperature of
tabout 20°C or lower and a m1n1mum growth temperature at
0° C or i;:er. . | Q
54;_;psychrotrophs - organisms-capabie'of‘grOwing at. Cé :Qét,.
| 'but hav1ng optlmum and max1mum growth temperatures‘,-{

Id_51m11ar to mesoph1les

r Most attentlon has been placed on, growth at the optxmum

—_—




growth temperature. ThlS rev1ew w111 concentrate on thei,:f'ﬁ'"

'5r effects of subopt1mal temperatures on bacter1a.‘..$”

| 2 1 2 Effects of Suboptxmal Temperatures

: organlsm (Brock 1979) Growth in- the absence of cell

RN

Bacterlal growth can be def1ned as an 1ncrease 1n thefl

-

quantlty of cellular const1tuents and structures of an

d1vzslon usually results in. an 1ncrea5e in the s1ze and

»welght of the cell In most mlcrOOrgan1sms, growth 1sf

followed by cell d1v151on result1ng in an 1ncrease in cell

T

number (Brock 1979)

Growth of bacterza 1s the result of a complex and

v

h1gh1y regulated serxes of chem1cal reactlons. The effect of

1983) Growth rate can be expressed in terms of the - f-“\F%

Arrhen1us equatlon'

temperature on the rate of growth may be due t\\lts effect 5\{A..
on the veloc1ty of chem1ca1 reactzons (Ingraham et af\%\\ *
T~

~

3

'where v = velocxty of the reactlon

‘S = constant

AE = act1vat1on energx\\.t]
'R L gas constant N
T'? temperature in. 'R o

By takzng the logar1thm of this equatlon,e | ’fa f_ 'ﬁ‘ﬂ.:

R



L e .."

the recuprocal of the absolute temperature..The lznear
port1on of the curve 1nd1cates the obedlence of the growth
rate to temperature on: the Arrhen1us relat1onsh1p regardlng;fd”

chemlcal reactlons..However, when appl1ed to m1crob1al

e

‘lgrowth the curve 1s 11near only over a relatlvely narrow. -

;&range of temperatures. At temperatures below thls range a _,~u
dev1at1on4from the llnear1ty is. observed The curve f1nallv
becomes vertlcal 1nd1cat1ng that growth has ceased (m1n1mumf
growth temperature) leewlse, a. decrease 1n*6rowth rate 1sd.f
observed at temperatures above the opt1mum unt11 growth

5 termlnates at the maxlmum growth temperature (Innlss and.

:ff Ingraham, 1978) . | | |

: At temperatures a few degrees above the1r‘m1n1mumv.'
growth temperature, the growth rate of bacter1a 15 usually ihffuw
slow and growth is often preceded by a- long 1ag per1od
(Matches and E1ston 1968b Mackey et al., 1980b) Thea
m1n1mum growth temperature can be regarded as the poxnt

: where e1ther the lag or generatlon t1me becomes 1nf1n1te
(Ingram and Mackey, 1976) The minimum temperature for
growth can be deflned as the temperatur; below whzch
sustalned bacter1al growth does not occur (Shaw et al

1971) In most organ1sms, many 1ndependent b1ochemifal "";,?‘j

funct1ons stop s1multaneously at the m1n1mum growth

L e
. 2
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,, K . . .' A <

emﬁerature (Ingraham et al.,,1983) Thxs makes the

| ochemxcal analyszs ‘of low temperature 1nhib1t1on of growth
* The llkel1hood that many v1tal functlons cease jf,ﬂF*‘

-d-

[s1mu1taneously 1s supported by the observat1on that for most

"d;,fbacterxa, mutants wzth decreased m1n1mum growth temperatures

s :mutants of Pseudomonas aeruglnosa wzth a decreased m1n1mum

rewrepeated thls study and found psychrophlllc mutants w1th

'5ﬁif}approx1mately 11'§hd 44 C to 0 and 32 C. There ‘was a g

“55__Ingraham, 1978)

R _
‘f_cannot be 1solated (Innxss and Ingraham, 1978) Howeverh_

5
migrowth temperature were 1nduced u51ng ultrav1olet

:1rrad1at10n (Azuma et al 1962) Olsen and Metcalf (1968)
fm1n1mum and maxlmum growth temperatures changed from

wﬁ’hproportlonal lowerlng of the maxlmum growth temperature w1th
.:the aCQU151t10n of ablhity to grow near 0 C U51ng a ‘.
gfﬁgenerallzed transduc1ng phage, the researchers were able to_f_*
itransfer the psychrophlllc cﬁaracter from Pseudowonas ‘fe
“fluorescens to P aeruglnosa \They concluded that the {'
’del1neat10n of growth temperatures of mesoph111c bacterla
: _may representﬂthe products of a 11m1ted number of genetxc?
tr“loc1rpthe pr1mary funct1on of wh1ch 1s regulatlon of cell
d1v151on in response to temperature change Slnce many ofgv
the pseudomonads are psychroph111c in. nature,pghe genet1c;f

7changes necessary ‘to enable these oraan1sms to~grow at’ low B

‘A*temperatures m1ght be. expected~to be low~ (Inn1ss and
v )



7;eidetermkned’by v151ble growth on agar ranged from 5._¢

;?}ﬂﬁ g° C In broth culture, after 19 days 1ncubatlon, thé

.':Q W el

'ai*tebperatures f“

.—-'/3'

r growth of seven Salmonella Serotypesif
iy B

e

'l)‘mlnlmum growth temperatures for Salmonel)a hEId67bngv rdfhrru

fgrsalmonella typhimunlum and Sa]monella derby were 5, 3 5h2"
'and 6. 9 C »respect1vely "', wg_* ;ng" V':[fffﬁ.,
| The m1n1mum grOwth temperature of ‘a mlcroorganlsm can f“‘

[

'7Qbe affected by env1ronmental factors such as. nutr1ent

jstatus, water act1v1ty and pPH of the growth substrate"::%%::
»](Ingram and Mackey, 1976) The m1n1mum growth temperature off
ma m1croorgan1sm is- thought to be lower 1f su1table nutr1ents
are present in the growth.substrate (Ingram and Mackey, h
. 1976) ClostPIdlum botullnum type E 1s able to grow at’ 3 3 C

f1n beef 'stew but only as low as 8 C in peptone water

"(Schmldt et al.,,1961, c1ted in Ingram and Mackey, 1976)

Matches and LlStOn (1968b9 stated that the m1n1mum'ﬂ}}*f3'

‘The minimum growth temperature of Yensjnra entenocolltrca is ©

0 C on raw pork 1. .4°¢C in trypt1c soy broth (TSB) and 4. 5 c

in- a glucose salts m§d1um (Mungal 1979) Thus, the lower"'

| ”‘;vtemperature 11m1t for growth of bacterla can be 1nfluenced

‘1Tby the nutr1t1ve composxtlon of the growth substrate."
T -

The ac1d1ty of the growth medium affects the m1n1mum

.”temperature for growth Generally 1t is be11eved that a

'ffsuboptlmal pH 1eads to a h1gher m1n1mum growth temperature

o (Ingram and Mackey, 1976) Matches and Llston (1972b) found

<. that S. typhrmurlum would not grow at . pH 5 0. At pH 6 0 ‘and

: 7 0, the m1n1mum growth tJmperature was. 7 2 oC, wh1le at pH 8 ‘

L3}
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';Q(ﬁ % and 9 the m1n1mum growth'temperatures were 6 4 and 8 0 C

respect1vely Hungal (1979) found that the m;nzmum growth
temperature of Y enterocoliticavln TSB at pH 7 and 6 wasf
NS and 4. O C, respectlvely Thus, there appears to be a
‘;ﬁnarrowlng of the pH range permlttlng growth near the m1n1mum;'
' temperature for growth | - |
: The m1nimum temperature fon growth is also 1n£luenced
:hiby the water act1v1ty (a ) of the growth medIum (Ingram and
| Mackey, 1976)1 Water act1v1ty (a ) affects the m1n1mum d«_'y
"fgrowth temperature of S heldelberg, S. dePby and S B
'_‘Qtyphrmurlum (Matches and LlStOﬂ, 1972a) As the solute c
vconcentrat1on of the growth med1um 1ncreases, the water
'hfact1v1ty decreases. W1th a decreased a, " the . lag phase of thef
vorganlsm 1ncreases and the rate of growth decreases (Matchesf

-

and Llston, 1972a) At 8°c, growth of S typhlmurlum was

poss1ble in. nutr1ent broth contalnzng 1% NaCl but not in -;fﬁ

f_broths conta1n1ng 2, 3 or 4% NaCl At. 12°C, growth was, :,EQ9“'"<

poss;ble 1n broth conta1n1ng up to 4, 5% NaCl ‘and at 37 C up
:Jto 7% NaCl (Matches and L1ston,'1972a) Mungal (1979) found
L‘that the m1n1mumqgrowth température of Y enteﬁocolltlca wasf'
' ‘1 4° C 1n TSE‘/buzllt 1ncreased to 9 C 1n TSB+5% NaCl and to
"'f'3'°—?1nTSB+10%NaCl | o MERRTES
| v" Many m1crob1al achav1t1es are known to be affected by
;low temperatures. Increased production of the red ngment
”fprod191051n, by Serratla maPcesceng.‘t temperatures below ff
'the opt1mum for growth is due to- theﬁact1v1ty of an 5(:§1)“
ti abnormally;heat-sen51t1ve enzyme (Rose, 1968); The optimum"



AT

j"‘;the m1n1mum growthftemperature (Farrell and Rose, 1967'

<

;htemperature for productlon of’flagella by E coli 1s lower f.,:?:

:;than the optlmum growth temperature (Morrlson and McCapra,.
h'__;1961) In. KIebSJella pneumonrae, an 1ncrease in the content g
”'m_of cell carbohydrate is observed when the temperature of a .:f

v'cont1nuously grow1ng culture is decreased from 35 to 25 C~

e

L (Tempest and ' Hunter, 1965) S1malar1y, the production of -

0

"-,“extracellular dextrans by leuconostocs and ped10cocc1 isl "\

'7favored at lower temperatures..

= 1grow1ng at 10 C 1s 0. 37 w/w, whereas at 37 C the ratlo 1s

The carbohydrate to proteln ratlo of”E coll cells

;h'"O 13 (Ng, 1969) Whlle the growth rate of E coll at 10 C 1s -
dslower than that pred1cted by the Arrhenlus equat1on

f:(deV1at1on beglns at temperatures below 20 C), the h

resp1ratory rate seems to obey the equatlon to 10 C (Ng,-

"1969) The author sﬁggests that the 1nab111ty of
'.'b1osynthe51s to keep pace w1th catabollsm results in energy
t“belng d1verted into storage forms (e g glycogen) resultrng'} B

‘-1n the hlgher carbohydrate to proteln ratlo at low |

"-temperatures.

r-‘

‘ 2 1. 3 L1p1ds and Solute Transport ;ﬂ,

Solute uptake by m1croorganlsms can be affected by low

emperatures (Farrell and Rose, 1967 wllson et al v1970)

"The defect has been attrlbuted to changes 1n the molecular
'_structure of the cytoplasm1c membrane, 1nh1b1t1ng carr1er

"prote1ns of transport systems, whxch in turn may determxne

\

d
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W1lson et al.,_1970) The fatty aC1d compnsztlon of

bactﬁgﬁal membranes may be 1mportant In the determ1natlon of,ff;:

i

| “57m1n1mum growth temperature (Farrell and Rose,.1967 Rose, _\ff

'1980) Th:s phenomenon has long been 1nterpreted as a :

-Q_homeostatlc mechanlsm.;vi?"

'trans1tion wh1ch arlses from the cooperat1ve melt1ng of thev,_f'

,L1968) The comp051t1on of bactermal l;p1ds var1es markedly
: h}wzth cond1t1ons of growth CDav1s et al., 1980) At‘lowerf RR
“f]temperatures m1croorganisms synthe51ze a larger proportlon:

.'-of unsaturated fatty aC1ds wh1ch have a lower meltxng polnt.f,ix‘

,‘Q

At h1gher tempg;atures the reverse is true (Dav1s et a].,_ﬁ |

-

A unxque feature of phosphol1p1d b1layers of the 'w_ih

o bacter;al cell membrane is the1r ab111ty to. undergo a N

»”,revers1b1e thermotrophlc gel to 11qu1§r0rystall1ne Zf'l.v;

‘_‘hydrocarbon cha1ns in. the 1nterlor of the bllayer (Esser and'~'

Souza, 1976 McElhaney, 1976) The selectlve melt1ng of the fm

_»phospholzpld fatty acxd chalns does not result in a gross

e

k:molecular rearrangement" so that the general b1molecular e

leaflet strUCtu:?/e;lsts both above and below the phase j

i thran51t1on temperature (McElhaney, 1976) The temperatures .

,at\whzch phase dﬁhnges occur depend upon the head group, ther,'V

G

'.Qand the amount of branchlng (Esser and Souza,_1976)\ At

Jr

’length the degree of unsaturatlon of the hydrocarbon chaln _f”

—

T

- 'lower growth temperatures, lower meltlng po1nts and

~ftran51t1on temperatures occur as a result of more

>

““vnunsaturated and branched fatty ac1ds cau51ng 1ncreased

._h.membrane flu1d1ty (é‘ber and Souza, 1976 Kogut, 1980) f



& o

'iﬁ;ft It 15 90551ble that the m1n1mum growth temperature of

,;;an organ1sm cant'

'tabllshed by the 1ower boundary of thesf}:fftﬁ

“f~ge1 to 11qu1d crysta l;ne phase transztlon. If set by
rmembrane flu1d1ty, the lower temperature 11m1t for growth of

Y {"‘"‘f‘- :

-'*bacterla mlght be qoverned"' 5'€%ganlsm s reperto;re Of

'\'1—

_vmembrane compos1t10n 1ncbﬂﬁx :

:umembrane protelns and catxons (Kogut, 1980) Conynebacterlum;'i
dzenosrs~resp1res exogenous glucose and accumulates ‘
glucosamlne at temperatures as low as 10°C -wh1ch 1s well
below the m1n1mum growth temperature for thls mesoph111c o
',.e bacter1um (Rose and Ev1son, 1965) Therefore'the m1n1mum
| growth temperature does not appear to be set by 1nh1b1tlon
tof membrane transport - | | .;;f’ V , ,U |
| : K Shlft in temperature of E. coll ML30 from 37 ¢ to. \.»} ;-
- 10 C reSulted 1n an alteratlon of the fatty ac1d compos1tlontf
of the cytoplasm1c membrane durlng the 4. 5 h lag perzod
‘ before growth recommenced at. the lower temperature (Shaw and tf'h
n.vIngraham, 1965) The fatty ac1ds become more h1ghly(% t:’l,_“
- unsﬁturated dur1ng the flrst hour of thlS lag Starv tzon of
cells at 37 C followed by replenlshment of. glucose at 10 C :jt
"“ﬁat the end of the lag perlod allowed a dissoc1at1on of the -
_-resumpt1on of growth from the change 1n fatty ac1d el
;~compos1t10n (Shaw an\>Ingraham, 1965) From th1s 1t was |
”!concluded that E coll can grow at 10 C w1th the same fatty

V&

,;fac1d oomp051t1on of the cytoplasmlc membrane that 1t has at§\\J>

1‘37%c /The authors concluded that the m1n1mum growth -gv

‘temperature is not determxned by the fatty ac1d compos1t1on .if

;Qsphollpxd 1ntr1ns1cfv”-*-sf—



and Souza, 1976, Inh1ss and@ﬁbgraham,

and Souza, 5976) : *

- of the membrane._,"Qaatéfifff_+pif}f:

."

The meggrane f1u1d1ty theory mxght deflne the range of .l;fb

perm1551ve growth temperatures, bu@ the m1n1mum growth
temperaturg IS probably set at some temperature-h1gher than
that 1mposed by the solad1f1catlon of the membrane (Esser ‘

1980)

V\“‘.4

Temperature dependent changeseln nuclelt ac1ds and protelns

oy

could also determ1ne the m1n/mum growthatemperature (Esser T

ERR o

O . L

| 2 1 4 Protexn 5ynthes1s and Actzvxty

The synthes1s and act1v1ty of enzymes 1n m1crob1al

,A,-«" ).:, .

cells are controlled by 2 complex array of regulatory BT

processes, ensur\ng ‘that- the cell sﬁﬁthes1zes just,' d“;n_ﬁ

>

suff1c1ent 1ntermed1ates and end products to satlsfy 1ts‘, FERTE R
ﬁ_ metabol1c requ1rements~(Rose, 1968) Some of these E

regulatqry processes are sens1t1ve to’ temperatures below - . -

those gpt1mum for cell groyth Ng et al (1962) proposed\”

that a major reason for the exlstence of a m1n1mum growth

~.

temperature of 8 C 1n E coli is that the regulat1on of .

enzyme synthesrs becomes "deranged" at low temperatures. The }"

1nduct1on of ﬁ galact051dase 15 1nsen51t1ve to glucose

-

repre551on at temperatures below 20°C thJ same temperature

at wh1ch the rate of growth beglns to dev1ate from that >

2 _‘/'.'

predxcted by tne Arrhenlus equatﬁon. .

et

| FREAS

S
s
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'pl.both cases, feed back 1nh1b1tlon control was affected by low'”

o enzymeS. R ﬁif,'ljv7_.ﬁ~"-',' Jh,; L -:-fj. :

R,

-yfa1lure of the operator gene to funct:dh at low temperatures

i called cold sen51txve mutants, have proven useful dn the :

1h.1nduced (Ng ehduﬁ‘

tryptophanase were selected and'wer!”aﬁié“?ﬁaggow at- 13 C A

,.;.S.v"v‘-",\""""

}37was suggested as the,reason for the defe t‘(Ng and Gartner

< -

ﬁat low temperature (Ingraham 1969)

6

. Mutants w1th ‘Bpreased m1n1mum growth temperature,

K

Tfjstudy of the b10chem1cal ba51s of the m1n1mum growth ,f

b

v*‘idetectable d1f£erences between mutant and parent stralns'are

A 'seen at the 1ower range of growth temperatures. Cold

Y - A

A

{fsens1t1ve h1st1d1ne mutants of E coll and argzn1ne mutants

3_l:of S typhimurium wh1ch requ1re exogenous h15t1d1ne and

T been 1solated (O Donovan and Ingraham, 1965 O Donovan et

e al-_ 1935 Abd El Al and Ingraham, 1969 Ingraham 1969)r

'"temperatures result1ng in the cold sens1tsve phenotype._.'f

' .\determme the m1n1mum gw temperature At 0 c, leucme-'
"_starved cells of an~§ CO:

,these organlsms, the m1n1mum growth temperature was 3

Assembly processes have also been suggested to
R &

gy

ag otroph 1ncorporate S

“2

f_p?fiéﬁ

'tner, 1963) Mutants constxtutlve for e -

lu1963) Many prote1ns funﬁlﬁon at low tem eratures but i dfdad
f.protexns whlch have evoIVed for opt1mum functlon at h1gher : <

-rltemperatures cany_1n certaln 1nstances,.195e thelr functloni}_e;

; '.tempel‘ature (Ingraham ef al 1983) In most caSes,'the only .

£

5 establlshed by the low temperature sen51t1v1ty of partlcular o

<;arg1n1ne for growth at low temperatures,.teﬁpect1vely, have:;f‘""



radloactzve leuc1ne 1nto a. w1de varlety of protelns

(Golésteln et al 1964) The rate of prote}ﬂ synthe51s at g
e 0 C decllnes gradually unt1l 1t comes to a complete halt ~J
'”ﬁ]:after a few hours (GOldStEID et al “1964 Das and B

Goldste1n, 1968) Das and Goldstexn (1968) suggested that

:'“‘

r:bosbmes synthe51ze protelns at 0 C only untll they run off

:1¥ﬁf'ﬁ' a. certa1n length of mRNA At thlS p01nt the r1bosomes arel

S R
AR 3OS and 505 subunits as opposed to 7OS r1bosomal partlcles.‘

free to be subjected to two opp051ng reactlon5°ill)
1nact1vat10n and (2) reactlvataon. At 37 C the equ111br1umil
1s towards react1vat16n at 0 c- towards 1nact1vatlon When |
‘an.exponentzal culture o% E. COlI vas. stored at 10 12, -2Qf
or 37 C for fOur hours bout 30% of r1bosomes eX1sted as
% N Y v
o But aftEE‘Z 5 h at 83C more than 80% of the r1bosomes are‘v;:
present as- subunlts (Fr1edman et al 1969) Some ste;ﬂ in
the condensatlon'of-rxbosomal subunlts onto'E ColiimRNA-is{
prevented ‘at ‘low temperatures (Frledman et al. ,'l969)l‘ %
Polysomes of Azotobacter v;nelandll (oppenhe1m et al_y»4968)
..and Bac:llus steanothermophzlus (Algranatl et al 1969) o
1fdls ppear dur1ng co‘! storage.-v‘~ '

1d sens1t1v1ty can be caused by mutat1ons in genes

:f\\.‘3’! encodlng r1bosomal protelns (Guthrle et al 1969' Tai et

‘,J';"hal ~'1969) These mutants are unable to assemble r1bosomal

K «
)

fsubunlts at low temperatures Instead they accumulate
L 4

\1ncomplete, non- funct1onal rlbosomal subunlts w1th1n the N

«cell (Innlss and Ingra , 1978) Th squests that the.
o, v

Lad

mlnlmum growth temperature may be determlned by the cold 7

o o C, : . ) . . . : : i . ¢ .‘ N
R T ’.‘.' ) e Y o L . .. . S
4 AT ' L - . . . .
PR ’ W BRI . T h

s
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. - " K o (I - . R r\.v
sens1t1v1ty of polysome formatlon.,T_' :is; rlbosomal
subunlts may not come together to make functlonal 705

© s 4

r1bosomes p0551b1y due to an’ altered conflgurat1on of the

"r1bosomal subunlts at low temperature

oy P aePuglnosa has detectable prote1n synthe5121ng

act1v1ty even at 0° C (Saruyama et al ' 1979) Although

proteln synthe51s by P aeﬂuglnasa was - oompletely lost after “

_h 12 h of ch1ll1ng, the relabqve amounts of polysomgs,.“‘f “
.monosomes ‘and: subunlts diad. not chq.ge apprec1ab1y (Saruyamalé~
et al _ 1980) Thls,suggests that the mlnmmum growth |
temperature ma¥lbe determlned‘by dlfferent temperature;v

sens1t1ve react1ons in dlfferent organlsms
- AR

2. 1 5 Morphology
The formatlon of f1laments at temperatures below the L

m1n1mum for growth has been observed in E. COII ML30 (Shaw :

1968) when an exponent1ally grow1ng culture at 37 C 1s .

S o~ - :
E transferred to 6 C DNA synthe51s cont1nues for 5 to 6 days;-'t

'whlle RNA and proteln synthes1s contlnues “for about 8 to 10,
“

- ~days"1f an exponentlalfy grow1ng culture at 18 C. 1s

-

transferred to 6°C, the’ synthe51s -of mqupept1de, RNA and

ﬂ prote1n contlnues for 13—14 daYs and DNA syn hesis ceases

N [ ) S
o after 10 days (Shaw 1968). In both cases e-qells_become,

fllamentous.t }Q

- S. typhlmurlum experlences defectl v'cell'diuisiOn

"during growth~at 10° C_(Hsu, 1972) After a\lag. of about

24 h, 75% of,the~cellsjundergopone‘d;v151o , after whlch

~

-
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'they eﬂongate wlthout d1v1§1ng. Thls morpholog1cal change 1sa

'f;temperature dependent and 1t ‘is enhanced by nutrlent
vg 11m1tation (Hsu,.1972) The fllamentoua growthnresu1t1ng

T'from low temperature 1ncubat10n is" revers1ble A culture of'
“’»jthese fllaments reverts to rods afterfi hours 1n;ubatlon ‘at

A

”_37 o (Hsu, 1972) R w ‘ N o

Mutants of E coll altered 1n one or more aspects dfij:

:_cell d1v151on haVe been reported (leota et al 19685 h
:”Utsuml et al 1983 Shoemaker et al | 1984' Tormo et aI
'1985) Nearly all of these mutants are: condltlonal '
3f'temperature sen51t1ve mutants, i.e. ﬂhey are unable to
-1tfunct10n at hlgher temperatures wh1ch results 1n thelr:
‘h1nab111ty to: d1v1de (leota et al 1968) The>major B
‘ ﬁphenotyplc character1st1c of cell dlvxs1on mutants 'in E.
'?COII 1s the productlon of long, non septate, f1lamentous

| cells (Shoemaker et al. 1984) In E coll, the phenomenon

”'of cell fllamentatlon is cla551fled 1nto two types. one that
b}

; that occurs w1th 1nh1b1t1on o£ DNA repllcatlon Wthh results

in the stoppage of septatlon 1ead1ng to. cell f11amentat10n~

'1(Utsum1 ot al. ;'1983) |
Low temperature 1nduced fllaments of S. typhlmurlum

WETE" able to revert to the rod forms in the presence of

nal1d1x1c ac1d i.e. 1n the absence of DNA synthes1s (Hsu, .

3

‘1972) However, cell wall and proteln synthes1s ‘are

»

neCessary “for the fllaments 1nduced at cold temperature to
.

revertfback to rods,upon'1ncubatlon_at'37‘5 (Hsuq-J972).

16

| occurs. wlthout 1nh1b1t10n of DNA repllcatlon ‘and the other
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;fFerronl and Inn1ss (1974) observed fllament format1on 1n ‘
BaCIIIUS lnsolltus, a*psychroph1le,_hhen 1t 15*1ncubated at

;30 C Thls fllament formatlon can be revetsed by 1ncubat10n

BRI

‘at 20 C ‘but not when de novo proteln synthe51s 1s preventeth'

7ﬂ;by chloramphenlcol or when D cycloserlne, vancomyc1n orf

3 pen1c1111n are. present suggest1ng that prote1n and

'5mucopept1de syntheszs are" necessary &or cross- wall formatlon'

.'and cell d1v1s1on (Ferronl and Innlss, 1974)

Peptldoglycan.synthe51s is a coord1nated process " ‘wv'_

panOIV1nﬁfthe act1on of spec;flc autolytlc enzymes to

/
produte’new grow1ng po1nts and.to 1n1t1ate cross wall

formatlon (Weldel and Pelzer 1964) Any alteratxon 1n the -
balance between autolysis and b1osynthe51s can result in the o

' ,productlon of abnormal cell walls or 1y51s of the cells-

(Gllbert 1984) Although the precursors needed £or .

he enzymes requrred for thelr assembly are 11kely to be
1fferent (V1cente, 1984) Sublyt1c cdhcentratlons of many
agents: e-g furaloc1111n and p1perac1111n (Botta and Park
d981) can 1nterfere w1th cross- wall formatxon WIthOUt '

' affectlng cell elongatlon (Gllbert 1984) The 1nh1b1tlon of
spec1f1c enzymes such as pen1c1111n b1nd1ng prote1n 3 (PBP3)

'1,can result in fllament format1on (Spratt ‘1977) ..

‘ In E coli, the products of more than 40 genes have-

zbeen 1mp11cated in growth and d1v151on (V1cente,f1984) .<omef

--cof these genes have been shown to be clustered on. the E

| coll genetlc map, for example septum protelns (such as PBP3

elongatlon and septat1on are known to be" chemlcally s1m11ar'



LN

"and the ftsA gene- product) peptldoglycan enz esf(MUf'gene;;;
x’product) membrané prote1ns (SUPA gene product) and SOS
repalr enzymes (SUIB gene product) are all found at mrnute

2.5 (V1cente,,1984) and they are p0551b1y under a COmmdn

,control mechanls

permjuey T |
vr The death of mlcroorgan1sms due to many phy51ca1 and
‘chemxcal treatments 1s a gradual process and 1f the process
has not progressed too far, 1t can be reversed under L
- approprlate cond1t1ons (Ray; 1979). Therefore, a populatzon -
Lof bacter1al cells that has heen exposed to env1ronmental
stress may conta1n damaged cells and unharmed cells in |
/Add1t10n to. those k1lled by the treatment. Injury is. |
observed when cells‘surv1ve the stress‘but lose some
characterlstlc ab111ty to gfow normally under %ond1t1ons
that are satlsfactory for untreated cells (Busta,.1976
*’1978) The express:on of 1njury takes many forms, but 1n-
essenceflt 1s the loss of ab1l1ty of l1v1ng cells,to form
visible colon1es under spec1f1ed cond1tlons (Hurst 1977).
-2, 2.1 Causes of Injury - : ”"-f - . : b"'dlg,-}
Hurst (1977) rev1ewed the causes of 1n3ury and stated‘
that treatments wh1ch cause 1n3urx 1nc1ude heat,vcold .
drylng, freeze drylng, freez1ng, cold shock osmotlc “‘ruﬁ
pressure and 1rrad1atlon. In add1t10n, adverse chemlcal

treatments 51m11arly klll and 1njure mlcroorganlsms,_for,



:";example,,ac1d1f1cat1on/fermentat10n, food ptesg\yat1ves and ) Q;y

' 7.:’d151nfectants (Hurst 1977) Because of the 1mportance of

’ _refr1gerated storage 1n ma1nta1n1ng m1crob1a1 qua11ty of

,‘,ufoods, effects of low temperature storage on cell 1n3ury

2

: ;w1ll be stressed

: 2 2. 2 Symptoms of Jnjury

One of the pr1mary sequelae of 1n3ury 1s the 1nab111ty

ot the 1n]ured cell to grow on sklect;ve med1a wh1ch Support j,u.
the growth of normal, unstressed or unlnjured cells '_L,‘
k(Palumbo, 1986) Selectlve med1a are formulated to supress;;f'h‘d“.
f°r prevent growth of one group of organ1sms Whlle permlttlng'

the growth of another group (leco Laborator1es,41984) Onefr

_1pr1nc1ple used 1n the selectlon of a partlcular type of

:organ1sm from a mlxed populat1on is to use the 1nh1b1tory

:,fgroperty of a spec1f1c chem1cal wlthout wh1ch ‘the medlum

N would be su1tab1e for many spec1es 1n the sample (leco

:QlLaboratorles, 1984) _This pr1nc1ple has been exp101ted in

| the development of selectxve med1a for the detectlon of

X

V-Salmonella. A number of d1fferent compounds can be used” to".f

"‘i1nh1b1t the growth of unde51red bacter;al spec1es,j ; e
«l1nclud1ng.f” » '_ R -
li‘adyes (e, g. brllllant green)

2. heavy metals (e g. b1smuth) 'ZEM:}‘

P

'j3.f.chem1cals (e. 9. desoxycholate)

:4;d'ant1m1crob1al agents (e g. chloramphen1col lysozyme)

(Koneman et al 1979)

s

28
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Injured mlcroorganlsms become susceptxble to a w1de

T varlety of selectzve med1a because of 1ncreased

g ;f_'senszt1v1t1es to' salt and tox1c chemlcals such as NaCl

‘-*er"b1smuth and selen1teu(Busta and Jezeskl, 1963-'Iandolo and |
ordal, 1966 Roth et al. 1973 Mackey and berrlck 1982-=~-”'”
l{Mossel and van Netten, 1984) surface actlve compounds such
”‘as b11e salts, desoxycholate and lauryl sulfate (Clark and
:'Qrdal 1969 Scheusnenuet al.,-1971"St11es et al 1973
'Zaske et-al 19€Da), antzblotlcs ahd ant1m1crob1al agents
M'(Zaske et al 1980a, Mossel and van Netten, 1984 ng and
o Johnson, 1984) and 1ncreased sen51t1v1ty to dyes such as -
:'lbr1111ant green and crystal v1olet (SCheusner et al 1971;
..Hhrst,‘1977 Mossel and van Netten,l1984) Thus, a med1um
r-that may be qu1te su1table for undamaged cells may become bm
'3unsuItable-for 1n3ured ce115<(Hurst 1977) ThlS 1nab111ty
b‘may be measured by a lack of growth on. SOlld medla or 1n

- broth medla (Busta, 1976)

Injury can. be monltored by ‘a. dual platlng technlque. {

';Platxng the sublethally st{essed culture on ,a non select1ve

med1um allows the total vxable cells to be enumerated, and

"s1multaneously on a selectlve agar allows those
N _"m1croorganlsms in the culture whlch can tolerate the L
select1ve agent to be enumerated The dlfference between

. these two plate counts represents the 1njured cells that are'

'unable to. 1n1t1ate‘growth 1n the presence of the selective
: agent (W1tter and Ordal 1977) Sublethally 1mpa1red - S, :

m1croorgan15ms repa1r the 1n3ury under appropr1ate



A5’ﬁs:cond1tlons, but

2 FR

. G

prlor to such repa1r they wxll not grow on:f,jl

ff:select1ve medla (Russell, 1984) Th1s type of 1n3ury ‘has

a

:@fbeen.termed structural".lnjury because 1t 1s supposed to be(
‘due t° damage tO ‘the cells wh1ch allows the selectlve agent O
A
to act on. the cells (Ray and Speck 1973 Beuchat 1978;H

‘lZaske et al 1980b) Damage to surface structures -

7(11popolysacchar1des 1n gram-negatlve and te1ch01c ac1ds 1n ﬁlth'

fgram p051t1ve bacterla) and ‘the cytoplasmlc membrane
fﬂprobably play the most 1mportant role 1n the fallure to
hdetect 1njured cells by many of the select1ve medla (Ray;.n
'1'1979 Ray) 1986) o o
| | Injured cells are no longer able to exclude the‘ |
'=‘select1ve chem1cals from enterlng the cells and the normally'

re51stant cells become sensmtlve (Ray, 1979 Zaske et al

1980b) Because the 1n]ured cells cannot repalr 1n the

‘vselectlve env1ronment they fa11 to multlply and w1ll remaln R

"nundetected on. the selecnlve me‘la (Maxcy, 1970 Ray and
'lafspeck 1973 Kleln and Wu, 19 4 Ray, 1979) ’
' Injury may be manlfested by an 1nab111ty of the

: Q.
m1croorganlsms to form colonles on a deflned medlum while .

- reta1n1ng the ablllty to do so when complex nutr1ents are

’supp11ed (Busta, 1978) The recovery of freeZe 1njured E

coli was better on complex than m1n1mal medla (Straka and ::

y_Stokes, 1959) The add1t1on of enzyme dlgests of caseln to
1m1n1mal med1a led to 1mproved recovery of 1n3ured organlsms

(Straka‘ind Stokes, 1959; Ray and Speck 1973) suggest1ng

L .(that the 1n]ured cells had a nutr1t1onal requ1rement for

.

Cedh



‘;’,much h1gher plate counts on v1olet red bile and

_,v;pept1des,"1 e. they had lost the1r %b111ty to use 1norgan1c,.
'"1tr°99"- Ray and Speck (1973) deflned these organlsms as

metabollcally 1njured" ' o C

Inh1b1t10n of the recovery of 1njured m1croorganlsms oh.{_

‘complex medla has also been shown (Alper and G1111es, 1958

7_Tang and Jackson, 1979a) _This response 1s called m1n;mal ,j\ &

hmedlum recovery Typ1cally, treatments wh1ch result 1n
’.1mpa1red synthet1c ab111ty (e g., uv 1rrad1atlon)

v‘fldemonstrate thls effect (Harr1s 1963) The 1njured cellB ;“hg*,

v A

'when placed in a nutr1ent r1ch medlum grow but many of the @ap_:_'

requ1red enzymes and 1ntermed1ates are present ‘in m1n1mal ‘“ﬂff'“

! LA .

_‘concentratlons (Harr1s,'1963) leadxng to. a su1c;dalﬁqgrowthngﬁ<¢

: L - : . . . - ,. - ﬂg“l“‘

o response. SR o ; e B . e e
o : - . : S o - S T

Follow1ng 1n]ury, chroorgan1sms are pften more gﬁ.; fiﬁhtgﬂaf

'sensztlve to addltzonal stresses that are 1mposed apon,, them.r :fﬂ:¥

: Ray and Speck (1973) found that freezepinjured E Coll glng

s
~ . Lo B
e . . . A J. L

Pl

a— &a"'.,

fdesoxycholate 1actose agars when the samples are surface

s g - -

_plated rather than pour plated ThlS 1ncreased sen81t1vzty

is. attrlbuted to exposure to the hot med1um used 1n pour :
splatlng technlque. Freeze 1nJured cells of Salmonella anatum ;ﬁ.
: are hlghly sens1t1ve to lysozyme, whereas unfrozen freshh
rcells are*not (Ray et al.,.1972) In E. coll, the extent ofﬂ 3

growth 1nh1b1t1on by fatty ac1d ant1m1crob1al food addltlves

‘fi(e g decan01c ac1d) is 1ncreased 1f the ‘cells are chllled
.pr1or to exposure to ‘the ant1m1crob1al agent (Fay and
v‘lFarlas, 1976) . Storage at 3° °C allowed a culture of

.-
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"f;~StPeptococcus Iactis to malntaln 1ts v1ab111ty (Speck and

SAVE .

95

fCowman, 1970) However, the culture 8 ablllty to produce : M'idf.p

3'-:73&

fﬂ ao1d on . subculture in mllk decreased due to 1nact1vat10n of
‘a membrane protelnase as a. result of the low temperature =
: storage (Speck and Cowman 1970) j

Damaged cells may exh1b1t an extended lag phase L
Tfollow1ng transfer ‘to non restrlctlve cond1t10ns (Jackson,vﬁ

E 1974 Busta,u1978) The extended lag phase 1s thought to

“j}represent the t1me requxred for repalr of the damage before

growth is p0551ble. Bacterlal cells are cla551f1ed as

Qﬂ'

have.therqapac1ty to functlon in an unrestr ted env1ronment

N

and restore a. normal phy51olog1cal state concomltant w1th

jplhjured rather than dead when they are damaiéﬂlebecause they

1n1t1at1on of growth (Busta, 1976) By thlS def1n1t1on, the d

<

damage dlsappears upon cel1 d1v151on,’wh1ch supports the;,"”i:
? content1on that 1t is an 1n3ury phenomenon and'not mutat1on
that 1s be1ng observed /Busta, 1976). Res‘*rat1on of the
undamaged state has been called resusc1tat1on (Allen et‘
al., 1952) vtovstrés “the fact that the 1njured cells are

be1ng rev1ved from apparent death (Busta 1976)

r @2 .3 Cold Shock

ﬁhen exponentlal pha?e cells of E colr are suddenly o

»

9 IR
24 ch1lled' the majorlty of the cells are subsequently unable

sl R N

: to form colonles on nutrlent agar (Meynell 1958) Organlsms
. _ >

u. 1n g%e statlonary XY
| - ek e

(Meynell, 1958) Th1s phenoﬂknon, knOwn as cold shock is -
c'b"_. -u..,v_ . ) o . . o

;Léf growth are completely re51stant v‘



o 2a

' usually observed 1n gram~negat1ve bacter1a, but 1t has also B

been observed in some gram-p051t1ve bacterla (Mackeyf 1984)_al
Meynell (1958) concluded that the lethal effect of cold
shock may be caused by 1nterference w1th the control

P,

i ﬂ]'mechan1sms of bacter1al permeabillty The death of cold

e vshocked cells 1s accompanled by losses of prbte1n, nuclelc
'd.ac1d and polysaccharldes from the cells (tigram and Mackey,
- 1976) Strange and Postgate (1964) demonstrated that

"_ i&lbonuclease could penetrate cold shgcked cells of i )

.K]ebs:ella pneumoniae They also showed that endocellular .

tfprote1n became acce551ble to the dye an111no napthalene—’f

jisulfonate Thus, movement in and out of cold shocked cells ?"

S

"’d1s affected o i |
; Mod1fy1ng fatty ac1d comp051t1ql_(for example, by |
y galterat1on in- growth temperature) allows otherw1se sens1t1ve
: ;bacterla to become res1stant to cold shock The cr1t1cal
'“1factor appears to be rap1d cool1ng through the temperature
ﬁzone 1n wh1ch membrane 11p1ds undergo a phase tran51t10n f‘“F
l-from l1qu1d crystalllne to gel states (Mackey, 1984)_ Rapld |

- coollng f1xes the 11p1ds and prote1ns of the membrane 1n a

’random dlsordered state resultlng 1n membrane leaklness

ﬁt(Mackey, 1984) The loss of endocellular constltuents dur1ng‘; ;

'rapld ch1111ng may be a cause rather than an effect of
. bacte11al death Leakage occurs from rapldly chllled '
bacterza in relat1vely dense suspens:ons wh1ch remaln

v1able,.In dllute suspen51ons the concentratlon of leakage -

':products in the suspendxng £1u1d is too 1ow for resorptlon



:“-{?to occur and loss of v1ab1lxty results (Strange and Ness,‘a"

-:,1963) o ’ LT

Lv

2

Rapld chlllmg of cells of ’s. he;delbeng in the md 1og‘kﬁf O

ilcphase of growth from 37bC to 5 Cc 1n glucose salts broth

':“f';results 1n cold shock (?ang and Jackson, 1979a) The ch111ed’r5-'

| cells grow better on a4§imple medlum (glucose salts agar)

‘d;han on a: complex med1um (tryptlc soy agﬁr\supplemented w1th7v |

yeast extract) Over an 8 he perlod the cbld shocked cells o

| hgradually recover the1r ab111ty to grow on the complex_fv

»gmedlum when 1ncubated at 5 C (Tang and Jackson, 1979a)‘ Th1s}l""

7recovery process can be 1nh1b1ted by r1famyc1n -1mp11cat1ng

”%,,RNA synthe51s as. essentlal for recovery of thexlnjured cellsfﬂ'e'

;that §5?1v1ab111ty of cold shocked cells of E col}, R;w(;:;_
gafluonescens and Bacrllus subtllls‘dncrgases markedly whei ._
l‘l(magngz?hm and ATP are added to the retovery medzum. In DNA |
_-repa1r mutants of" E coli the magne51um and ATP stlmulated

f’1ncrease in v1ah111ty 1s not seen (Sato and Takahashl, .
‘ 1969) S!%o and Takahash1 (1970) suggested that a loss of
5_ﬁmagnes1um from the cold shocked cell causes 1hact1vat1on of

fthe magne51um dependent DNA llgase, thus 1nte ferlng w1th

“DNA synthe51s and repa1r

d JaCkSOﬂ, 1979a) Sato and Takahash1 (1969) found e

Mackey and Derrlck (1986) found that cold shocked cells A

. of S typhlmurlum dlsplayed "minimal medium- recovery Plate;'

/\

‘fcounts on M9 m1n1mal agar were much hlgher than onxtryptone "’

soya yeast extract agar, a complex nutr1ent agar. The 1ev”j‘~(f”*ﬂ

X of perox1de 1n the dlfferent medla varled con51deraoly,'




CAy

f (Hackey. 1984) COld storage of Staphylococcus auneus at 5 C

'Z?E 2 ‘ Chxll Injury

| 'statronary phase cells or slowly—cooled exponentlal phase B

"causes 1njury and death of the mlcroorganlsm (Jackson,‘ ’

L -

N N

(’Cells wh1ch show no 1mmedlate effects of ch1111ng (e g. ,,-

cells) may be-kllled and 1njured 1f'they are ﬁeld for

prolonged per1ods below thexr m1n1mum growth temperature- :f

'.19747 The extent of death 15 1nfluenced by the pH of the"””;

"f‘suspend1ng medlum. V1ab111ty, as determ1ned by plate counts

, §
(Jackson,,1974) Also, S. aureus stored at 5 C progre551vely

Jlose the1r ab111ty ofform colonles on mannltol salt agar
~ the cold treatment. Injured cells recover thelr ab111ty to
{.4grow on manhltol salt agar w1th1n 2 h of . 1ncubat1on at 37°

'.'soy agari%nt1l 4 h after the Shlft to temperatures that

'ppermzt growth of the organ1sm. _' _“ f,_"‘p . vb T

‘on-tryptlcase soy agar, decreases most dramatlcally at pH 4

less rapldly at pH 5 and only gradually at pH 6 7 and’B

‘7~/

' compared w1th trypt1case soy agar (Jackson, 1974) Thus, av.»f'

_,port1on of the v1able populatlon ‘fs 1n3ured as a r*ul‘t o'f_-

flture does not 1ncrease in numbers on tryptlcasev

LS auneus 1ncubated in tryptzc soy broth at 3“‘5 and

>'17 g beque 1njured (Patterson and Jackson, 1979b) Injury,

"measured by the dszerence 1n plate counts on mann1tol salt

<. B e

A



s . ‘r',,.

' and tryptic soy agars 1ncreases-at the lower temperatures of s

"r~.storage (Patterson and Jackson,_1979b) SCells of Sl‘ _,_ff”; |

e .-

heidelberg 1n the mid- log phase of growth are 1njured
‘follow1ng co}d storage at temperatuQES between 0 and 5°C
-'(Tang and Jackson, 1979b) @Peptldoglycan and A’I‘P synthe51s
:{1s necessary for resusc1tat10n to occur when the cold
'storage menstruum 1s elther glucose-salts broth or d1st111ed

-water. However, cells stored in: TSB are able to recover from
‘j'the 1njury in. the presence of 1nh1b1tors of ATP e

:lfafpeptldoglycan, A and RNA synthe51s (Tang and Jackson -
| ,f-1979a) SR k L
e”-’i Damage to the'cytoplasmlc membrane can be expressed byj .
.f:leakage of 1ntracellular mater1als 1nc1ud1ng RNA DNA
:::rfprote1n, enzymes, am1no ac1ds, potass1um 1ons and/or
'”ﬂf aden051ne 5'—monophosphate (Beuchat 1978) Tang (1975)
Vﬂﬂobserved leakage of ultrav1olet absorb1ng mater1al from
"ch111 damaged S heldelberg In add1t10n anllrno-_5?
A~ifnaphthalene sulfonate (ANS) enters t{e 1ngured cells, Whlchf
| are iormally 1mpermeable to the dYe, demonstratlng that the;-.”
'-permeablllty“of tﬁe cold damaged cells is affected (Tang,. |
.1975)3 Resusc;tated cells 5ega1n the1r 1mpermeab111ty to the
:_‘dyejjn,culture that - 1s 1n3ured by storagg in glucose salt fedd
| mediumlat 27C>for.4 days and 1s allowed to resusc1tate for
| 20:mlnutes at'37°C becomes as 1mpermeable to. ANS asam
--culture grown at 37 C. A culture that is. 1n3ured by storage
at 2 c for 10 days took longer to regaxn membranea ‘

g .
1mpermeab111txato ANS (Tang, 1975) Thus, the extent of

’



‘~;

1njury 1ncreases w1th the t1me of exposure to low

<«

temperature. Othexggbservatlons that suggest the 1nvolvement:'

of membrane damage 1nc1ude 1ncreased sen51t1v1ty to sodlum Qia"

,chlorzde,vsod1um desoxycholate and sodium lau;¥l sulfate
(Beuchat, 1978) Ch111 1njured S heldelberg beconies -
: Vsensitlvelto b11e salts and sodlum desoxycholate (Tang,
| '1575)‘ ‘ suggested that some sterlc or chemlcal change of
the llpopolysaccharlde layer of the cells allows the
ksurface act1ve agents to come 1nto contact w1th the
1, membrane . | ey ' .1» | ‘
_ Growth cond1t1ons that*lnfluence the phy51olog1cal
vstate and compos1t1on of ﬁhbwhell may afﬁgct the
‘ 'suscept1b111ty of the m1croorganlsm to daMage by subsequent
exposure to one or. more stresses (Busta, 1976) Klaenhammer
o and Kleeman (1981) found“that rough varlants of R .
LactobaCIllus ac:dophllus RQ§K are se051t1ve to free;e;
damage at —20 C whereas smooth colonlal varlants are.?rl
-re51stant. Mlcroscoplcally, rough cells,are observed as long
gram p051t1ve rods wlth small non stalnable blebs prglrud1ng*ﬁ
from the cell wall. calc1um supplementat1on of MRS medlum h
causes’ a. morphologlcal tran51t1on of L. aCldophIlus 'NCFM
from fllaments to rods (erght and Klaenhammer, 1981) The 3
- .rods are more reszstant to treezlng and itorage at —28 C
| addltlon L aczdophl]ui is 1njtred dur;ng frozen storage as'd
shown by 1ts 1ncreased sensit1v1ty to: MRS agar supplemented L
o wlth 0. 15% b1le (erght and Klaenhammer, 1981) These

reSults show that cell wall damage occurs 1n L aCldophllus :



'Iaas a consequence of growth condltlons, p0551b;y a caIC1um

‘.def1c1ency Thls affects the morppology of the cells, wh1ch ‘,

S

1n ‘turn. restrlcts the1r ab111ty to w1thstand add1t10na1

' tresses '-' SRS R S

[

In general cells in the exponential growth phasenare; o

_3:more susceptlble to death or 1njury than. cells in the f”
?1stat10nary phase éDyer and Maxcy, 1982) When a stat1onary-

vculture of E. coli 15 stored at 1 and 4 C only a. sllght

'3hdecrease in v1abal1ty and no. ev1dence of 1‘pury is- observed

;, after 30 days. An exponentlal phase culture under the same'

¥

fcondltlons shows a dramat1c loss- of v1ab111ty and‘bxtens1ve
,1njury w1th1n 48‘h A 51m11ar response has been observed for-;“

s, aureus: However cells of Str'eptococcus faecalrs ‘are not

affected in e1ther of the1r growth. phases (Patterson and

'Jackson 1979a) A p0551ble explanatlon for the reSIStance

of S faecalls to 1njury 1s that KF streptococcus agar theh

fmedlum USed for selectlve 1solat10n'of thls organlsm; 1s not

partlcularly 1nh1b1tory To demonstrate 1n]ury in stressed

cells by dlfferentlal plate counts requrres that the

'non selectlve med1um i1s in fact non selectlve, and that the

' selectlve medlum has adequate select1ve potent1a1 to allow»

differences to be observed.

Dyer and Maxcy (1982) 51mulated the conditions of

1mproper cleanlng of food processxng equ1pment to- exam1ne

°

the fate of bacterla on the surfaces of food process1ng

equlpdknt-;n;a refrlge;ated env1ronment1 At refrlgerator»f.

temperatures, exponential phase“cells were more sensitive’



j .

blthanﬁgtat1onary ph e cells in a food fllm on stalnless

fsteel e. test organlsm was grown in. elthea plate count
"broth or a f11ter ster11;zgd beef "serum G Allquots were.

) transfe ed to test strlps of stalnless steel and ‘-”
trefrlgerated at 5°C until they were dry Less death and

[N

.1njury was observed in the’ beef serum than in the plate o

°

"fdbunt Broth. .o
| } Water or d11uents are more stressful env1ronments thana
'broth or food (Mackey,_1984) Mltchell and Starzyk (1975)
_ifound that the t1me regu1red to’ reduce v1ab1e counts of E.
j.:colr and S. typhlqyrlum by 90% at 0 5 'C in water is. betweenh_'
12 and 16 . days Oon’ fresh beef S lnfantls and S auneus
were shown to surv1ve prolonged»refrlgerator storage under
both aeroblc and anaeroblo (vacuum packaged) condltlons ‘
:(Kennedy et al. 1980) Levels of S. lnfantls decreased by
52% 1n aeroblcally packaged and by 55% in vacuum packagec

- beef stored at 1. 7°¢ for 28 days (Kennedy et aJ 11980).
4,

- WOodburn and Strong (1960) found that the surv1va1 of

Salmonella spp - in buffer was greater 1f food was added to
'the buffer. They concluded that the chem1ca1 comp051t10n and

bpthe “pH. of the food 1ngred1ent added to the buffer affects -
4 the surv1val of the m1croorganlsms. Q - |

Foster and Mead (1976) found that the surv1val of

_salmonellae at 1 o was greater in m1nced ch1ckbn breast

’Aemuscle tham in leg muscle.’The authors suggested that the pH

of the muscle caused the effect"the pH of breast muscle was

5. 8 and that of leg muscle macerate was 6 4. By reduc;ng thel'



‘A

. pH of the leg muscle macerate to 5 8 greater surv1val'¢§;\

"”observed (Foster and Mead, J976) RN dﬁ 2_f.:

,k - .
Ol1ver (1981) observed a. dramatlc loss: of v1ab1lxty

J

.ywhen VleIO vulnlflcus was ch1lled in oyster homogenate(cat R

4°C. The v1able count decreased from ca 10’ colony formlng

;yunlts (cfu) per gram to’ undetectable levels w1th1n 24 h.

_Inoculatlon onto whole oysters resulted in a decrease from
10’ cfu/g to ca. 101 cfu/g, wh1le 1&8culat1on 1nto a.v

t. salts broth resulted 1n aadecrease to ca d’uctu/g

}released upon ch}Idlng %Eﬁghe oysters and that Bt was actlve '

vonly on chllled cel;s In ch1lled cells, 3ub1ethal 1n1¥ry
\.

can occur w1thout loss of v1ab111ty Mackey and Derr1ckt

(1982) observed that the mlld cold shock of d1lut1ng S

E

typhlmurlum grown at 37° C 1nto room,temperature sallne

1nstant1y sen51t1zed thepcells to selen1te w1thout any loss‘gf.f_a
o - . 5" ._l' - PRI o) '

~of v1ab111ty “7;)’_g;'. , [QSQ": _‘_~ ,;;‘_’, LTy

Salmonelldsls 1s“no longer tranSmlnted by systemlcally?
»1nfected meats but by contam1nated products der1ved from P
,lperfectly healthyﬁslaughter anlmals (Mossel 1984) The : ‘;;;11
"behav1or of - salmonellae on these products untxl they are ,i"’h
consumed is 1mportant in the control of food borne ‘<y. e
bsalmone11051s.‘Prolqnged refrlgerailon “An water or~broth
‘causes extens1vevsub1ethal 1njury but 1t is not clearj-

- whether 51m11ar1*n]u1y occurs dur1ng short term (e g' :'2 8

; 'eeks) refrlgeratlon of foods,'such as meat (Mackey, 1984)
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vifé‘cr%wth:RespOnse at Low Temperatures

_shaken at ca. 50 strokes/m1n and growth was determzned by

o

3. MATERIALS AND METHODS

3.1 Test Organzsm and Growth Medlum

Salmonella typhlmurlum stra1n 13311 from the Amerlcan _

Type Culture Collectlon (ATCC) was used as the test organlsm h

thfoughout ‘the study.. Stock cultures were ma1nta1ned on

tryptlc soy agar (TSA leco Laboratorles, Detr01t
M1chlgan) and were subcultured monthly

| Tryptlcase soy broth (TSB BBL M1croblology Systems,J
Becton chklnson and Co., Cockeysv1lle, Maryl nd) was used

to subculture the organnsm for all oﬁ the exper1ments.

The m1n1mum growth temperature of S typhlmurlum ATCC

13311 was determlned 1n a temperature gradlent 1ncubatorj,

_;

(Temperature»éradlent Incubator, 5c1ent1f1c Industrles Inc.,

New»York) A 0 15 mL allquot of the test straln was

1noculated 1nto a culture tube conta1n1ng 15 mL of TSB wh1ch

had been allowed to equ1l1bnate 1n the temperature gradlent
1ncubator overnlght' Thevtemperature gradlent was~determ1ned»

by measurlng the temperature ﬂf a dupllcate, 1nterspaced set

of tubes wh1ch contalned water.

e temperature of the tubes

was determmned da1ly u51ng a probe thermometer (Caspar, oo

Integrated Systems, Fort Bragg, Cal1fprn1a) ”°he tubessw%re‘ﬂi‘

measurement of OD600 at 24 h* 1nterva1s for 13 days u51ng a

Spectronlc 20 spectrophotometer (Bausch and Lomb, Rochester,
‘ ' A SRR

: .1’, , 32
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~~

]

‘lengths of 100 cells that had been systemat1cally chosen

(4

- New York) Smears of bacterxa £r6’ each tube were: gram
.stamed elther ‘at the end of the 13 day 1ncubat10n perlod or ’
~at the t1me that ‘the culture had reached maximum absorbance._g

" The gram stalned preparatlons were v1ewed usxng a- phase

-

contrast m1croscope. Cell dlmen51ons were measured us1ng an‘

neyeplece m1crometer (Spencer, Buffalo New York)
*standardlzed by u51ng a stage m1crometer (Amerxcan Optlcal’

‘Company, Buffalo, ﬁew York) w1th 0. 01 ‘mm d1v151ons. The -

fwere determ1ned

3.3 Effect of;Low Temperature'StorageAV Qﬂ;

3. A 1 Preparatxon o£ Inocula ) 1 13‘35

[y

. . o, . ,; . . .
R A S L B P

A 0.1 mL allquot of a ]/10 dllUthn of an 0vernlght .

o

' ‘culture of the test organhsm was used to 1nocu1ate two

2.

'bottles each conta1n1ng 100 mL of sterlle TSB The
vlnoculatlons were made 12 h aparta After 13-h 1ncubation'at

’35 C~ the’flrst culture was used as the statlonary phase’

I

znoculum (OD600 =-2 0)- and after:6 .h 1ncubatlon at 35 C

. the second culture was used as the@"log phasea#noculum

e

v“(ODmo = 0. 15) A 1/10 d11ut1&ﬁ»of these cultures was made in -

. »

fresh TSB for use in the experlments. '>_ P ‘7 5"“;

s
w
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. 3 3. 2 1 Inoculatlon of Storage Menstrua IR 7351”.'7v:l v'xf~

The broth storage menstrua used 1n these stud1es were

itrypt1case soy broth 30 g/L (BBL de%ydrated medlum, TSB) andv'

kY

'410%.TSB u51ng ‘3 g of dehydrated medlum per l1ter. Stat1onary»

-and log phase culKﬁszﬁ were 1noculated separately into 150
‘mL of TSB and 10% TS

in. 300 mp. CaPaCItY S1de arm erlenmeyerfi“f

'lfflasks (Belco Glass Inc.,,V1ne1and New Jersey) to g1ve a

: f1nal cell concentratlon of approx1mately 10 colony formlng:
. un1ts (cfu)/mL in each flask The 1noculated flasks were'W
‘a_placed 1nto "Aquatherm shak1ng water baths (New Brunswxck
‘{_Scxent1f1c Co., Inc., Edlson, New JerSey) set at 4 7 or .

'i-.10 C, and ag1tated3at 100'rpm and stored for up-to,30 déyé._”

.

“3 3 2. 2 Injury of Cells Durxng Storage»-

Samples of the 4noculated broths were taken

'per1od1ca11y over a one month perlod Ser1a1 d11ut1ons were
-_made in 0. 85% sa11ne, and 0 1 mL allquots of approprlate |
vdllutxons were surface plated onto a non- select1ve med1um-
.:trypzc soy agar (TSA) and onto select1ve medla- blsmuth
;sulflte _agar (BSA) br1111ant green sulfa agar (BGS) and :
‘desoxycholate agar (DA) BSA plates were 1ncubated at 35 C

B for 48 h the others were 1ncubated at 35 of for 24 h All

platlng medla were purchased from leco LaBoratorles Ltd., o

Detr01t Mlchlgan and were prepared as recommended by the

manufacturer. . R ’ ._‘, B <



Vs
"“fInjUry'and'death‘uere determined from differential-

'}colony counts on the non selectlve and select1ve medla. The

L

‘varlous states of the bacter1al cells resultlng from cold

) storage were descrlbed as'”‘.‘ e ,l"'.(;'

"'Vfﬁ.A'un1n]ured cells - .cells that grow on the selectxve'

-medla'f'

- ‘2.-_tota1 cells (1njured and unlnjured)‘- cells that grow on

‘::TSA' and f"; ' { :
fj3; h1n3ured cells et the dlfference between counts on TSA and7

'-each selectlve medzum | _ -

"The plates were poured Ain-an Edgegard Lamlnar Flow Hoodh

"'(Baker Co., Inc., Sanford Malne) and allbwed to dry for

‘“75;20 30 m1n. They were stored 1nverted in plastlc bags at

4° C. To assure a standard level of select1v1ty throughout
N-the 1n3ury experlments,‘the selectlve agars were always
:prepared 2 days in advance of be1ng used for 1noculat10n for

.enumeratlon of the cellst

o

3. 3 2 3. Resusc1tatxon of Injured Cells
Resusc1tat10n of sublethally 1n3ured organlsmc‘uasf’

\accompllshed by plac1ng the ch1lled cultures in a controlled

e

‘env1ronment 1ncubator sha@pr (New Brunswxck Sc1ent1f1c Co.,‘u“'*

_Inc., deson, New Jerséy) at 37 C and 100 rpm Samples were
b .
taken at 30 min 1ntervals and 0. 1omp” al1quots of ser1al o

,”-‘dxlutlons of the culture were surface plated on. to TSA BGS

”“BSA and DA and 1ncubated at E% °C. The OD600 of the culture

: S,
‘_-was measured at each sampllng tlme.vIn the flrst ekperiment),

sampllng was termlnated 4 .5 h after the transfer to the



=y

- perm1551ve growth temperature since an 1ncrease in OD was

observed 1nd1cat1ng cell growth Subsequently, a standard

.5 h resusc1tat1on perlod was adopted to av01d growth of the

cells durlng the exper1ment.»{

“ - ‘
-t

3. 3 2 4 Morphologxcal Varzat1on of Cells Dur1ng Ch:lled

4

Storage

A 9 mL - allquot of the stored culture—was'transferred;‘
~ ‘ - : T

-1nto a glass centrlfuge tube One mb“ofvxellenberger‘s

‘“flxatlve (1% w/v osmlum tetroxlde 1n Kellenberger s buffer

pH»6 (Glauert, 1965) ) ‘was added to the tube. The culture

"wlth added osmzum reagent was centrlfuged for 10 ‘min at

4, 000 rpm in an IEC HN SII. centrlfuge (Damon/IEC D1v151on

.Needham He1ghts, Massachusetts) and left for 18 24 h to f1x
}‘at room temperature. After f1xat10n,_the supernatant was
kyremoved w1th a pasteur plpette and d1scarded The flxed

lsample was then washed tw1ce w1th Kellenberger S buffer as

- follows'-enough of the buffer was added to! the tube to coverﬂb

vthe pellet left for 15 m1nutes and removed W1th a pasteur

. p1pette Next “the pellet was dehydrated by replac1ng the

buffer w1th ethanol Startlng w1th 25% ethanol with a

minimum exposure t1me of 15 m1nutes, “the flxed cells were

‘dehydrated in a graded serles of ethanol solutaons (25%,

'50% 78%, twice 1n 90% and tw1ce 1n undlluted’ anhydrous

ethanoll The cells were stored 1n the und1luted ethanol

'.The ethanol was removed from theotubg'conta1n1ng the flxed ’

._sample u51ng a pasteur plpette. The f1xed dehydrated pellet

was resuspended 1n a small amoun% of anhydrous ethanol
. .

3
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' applled to. an SEM stub and allowed to a1r dry. The a1r dr1ed
stubs were then sputter coated w1th gold 1n a Semprepz

Sputter coater (Nanotech Manchestern England) and’examlned

t

by scannlng electron m1croscopy w1th e1ther a Cambr1dge $250
) or 5100 scann1ng electron mlcroscope (Cambrldge Instrument o

Co.r Ljd., Cambrldge, England)

0

: 3 3.3 Studxes wnth Inoculated Chxcken Meat ff

"‘)_ig;& “,

3 3 3. 1 Preparat1on oﬁ Inocula‘ o L ) o
W R

Log phase and statlonary phase cultures were_prepared

a6 descrlbed in sectxon 3. 3 1. The log phase 1noculu”“ he
prepared by centr1fug1ng 25 mL of ‘a log phase cuyture“a?”am

4resuspend1ng 1t in 2.5. mL of 0. 85% sallne The statlonary.l
. phqée 1noculum was prepared by centrlfuglng 10 mL -of alf"
statlonary phase culture and resuspendlng in rO mL of 0 85%
sal1ne.

+

3 3.3.2 Preparat1on of Chxcken for Storage Tr1als ff
Fresh not prev1ously frozen, boneless chlcken breasts
were purchased from a local supermarket and were. prepared
for 1noculat10n as follows- the sknn was removed and the 8
breast meat was cut 1nto portlons welghxng approx1mately 10
g each The sal les were placed into a-ster1le 1“L beaker
and the beaker was covered w1th alumlnum fo1l Thefchickenﬁ
p1eces were - 1rrad1ated 1n a Gammacell 220 (A omicténergy
of Canada Ltd., Ottawa, Ontarlo) ‘for 20 5 h resultlng in*®

exposure of the sample to approxlmately 750 krad The



W o
ih1rrad1ated ch1cken pleces Qere asept1cally d1str1buted 1nto
'”5jwh1rl pak bags (Nasco, Systems Plus, Waterloo,»ontarlo) and h{f'
~;l0 1'mL of elther a log or a statlonary phase cell suspen51on
was. spread over the upper (un cut) surface of the chlcken Lo
l;[d;m,_plece to’ g1Ve ca. 10 cfu/g Inocnlated chlcken and .

_un1noculated controls were stored at’ 4 7 énd 10 C and were"

1.;dgat the start of the experlment and per1od1cally over'

'i a 20~ day storage perlod. -1:

"ﬂ=3 3. 3 3 V1ab111t§3ﬁnd Injury ¢‘l>:,"\“_@

¢
3Each sample was stored 1n a separate Whﬁtl pak bag At

'ﬁy;@%;;"*-ch'sampllng t1me, 90 mL of 0 85% sallne was. added to the
vfwhxrl -pak storage bag and the. sample was homogenlzed in. a- |

_fyColworth stomacher (A J Seward London, England) for 3
>.m1nutes. Serlal dllutlons of - the homogenate were made éhd S
-0, 1 mL allquots were surface plated 1n dupllcate onto TSA

F BGS BSA and DA For the unlnoculated control samples,v, mL_

of the lowvest dllutlon .was also plated onto - the agar medla.

R

'lA3 3.3, 4 Morphologlcal Var1at1on

“f. For scannlng electron m1croscopy; two or three 1. cm o

Jport1ons of the chlcken were cut from the 1noculated surfaceﬂ
‘-“;;(or ugger surface for unlnoculated sample) and placed in. a v

_-glass v1al Kellenberger s flxatlve was added to cover the’

th»fsample and- thlS was then left toyfﬁx for 18 24 h at’ room
‘temperature. The f1xed samples were washed and dehydrated as g“
described 1n sectlon 3.3.2.4, ‘The samples were stored 1n»1
Jlifanhydrous ethanol.,Prlor_to examinationfby SEM,pthefsamples‘

Lo

Ty



A,

T ‘_ el @

-were placed 1nto m1cr0porous sample cups and weze further

Hdehydrated in a cr1t1ca1 point dr1er (Qolaron Jumbo Cr1t1cal

Po1nt Drler, Watford England) Th%§samples Vere then

~

K%

mounted onto SEM stubs, sputter coated w1th gold and

.

e'Z

"3

39

'7exam1ned w1th a Cambrldge 5256/scann1ng electron mlé%oscope. ’

Y



‘*f:by mea5ur1ng absofbﬁhce at 600 nm, The best f1t 11nes

' “_4 1 Low Temperature Growth '”5;.;

The effect of tempecature on the growth of S

IS

:Vf@typhlmuplum 13311 in: tryptlcase soy broth (TSB) was exam1ned ‘

| -
'*fobtaxned at. each/temperature are shown in. F1gure For bhe

: te’perature range 4 7 to 11 "C, there was: no 1ncrease 1n

- absg;bance at 4.7°C; but increase in absorbance occurred at

- all other temperatures..Up to 7.4° C the organlsm d1d not

14

.'_achleve max1muﬁ absorbance dur1ng the 13- day experlment AT

' however at 8.1° C and above, maxlmum absorbance was achleved

AT

'w1th1n the t1me 11m1t of the experlment. Gram stalned

preparatlons of the cells were examlned u51ng phase contrast-'

‘ mlcroscopy, and cell lengths were measured u51ng an .

eye- p1ece m1crometer.‘Con51derable var1at1on in the-length'

'~-of 100 systemat1ca11y selected cells was observed, as shown R

in Tab1e>1 Increases in absorbance at temperatures of. €. 7,
7.4 and 8. C were accompanled by substant1al 1ncreases 1n:

-;_the overall length of the cells..

o, 2 In)ury and Death in Broth

Both TSB and 10%\¢SB vere capable of supportlng the

,_growth of S typhlmurlum 133711, Th1s was shown in a

'pre11m1nary growth curve where ca 10° -cfu/ml-of an-; '_”}‘3\‘

'.‘overnrght,culture was 1noculated into" TSB and IO%ITSB and

’ 40 3

“
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:Figure  1. Growth of S typhimurlum 13311 in tryptzc soy
| | broth over the temperature range 4.7° to 11 C

determxned by absorbance (600 nm)\g_,
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" .Table 1;J1The mean cell length of 100 systemat1ca;ly
S v

‘selected ce}ls ot S typhlmunlum 13311 grown in’
'~“fTSB and 1ncubated at dlfferent temperatures i s
shaklng (80 strokes/mln 'temperabure gradlent

! it

'°1ncubator. e T s ‘Jﬁlfﬂi'

T R Do
Mean - . . - Length Range of Length f ;ﬁ?
_Temperature: .- - of Cells . Measurements T

o wm (um)f

LT 4072000 . 2.55 2065 . 1.5- 4.0
0537 3040

NE

"rsor

(82}
L]
e o]
i+
T
>
w

LA

o 11.83.

o
TS
o
-

——
+

18.10°: 7.74 5.5 - AS )

~
«
Lot
I+
o
B
>

10.34

[o0]

I+ -
o
o>

.66 . 4.0 - 28.0. e

i+

5. 493212 2,0 - 1s.oe'f

.0
©
B 'S
(=

“LO;S

S—
o
1+
ro»
w
bl
N

335 1,03 . 1.5

" Inoculum. ©2:48°£70.55 - . 157 4.0

'S



grown at 35 C The cell counts 1n the TSB culture reachedi'

B 'Ll* 1 7x10 cfu/ml wh11e the 10% TSB culture grew to l 8x10

cfu/ml after 10 5 h 1ncubat1on at 35 C Thus, both broths.?
were capable of supportlng the growth of S typhlmurlum..
“(ncubatlon of these broths at 4 or 7 C, d1d not support
.'_:'growth oﬁ S typhlmurlum, as measured by plate counts 1nlj..
fact both broths became stressful enV1ronments for the -
ffmlcrobes. . | | | |

) 4 2 i InJury and Death at 4° C

The surwlval of log and statlonary phase cells of S

';typhlmUPlum 13311 stored at 4 C 1n TSB and 10% TSB 1s shown_;jt'

"1n F1gure 2 Statlonary phase cells stored 1n elther TSB or
_p_p10% TSB were re51stant to the ‘lethal effects of ch1111ng lni
tcontrast log phase cells died durlngtchllled storage. The |
‘lethal effect was greater 1n the more d1lute (less .
-cryoprotectlve) env1ronment of 10% TSB After 24 days at
-h4 C, there was 95% loss of v1ab111ty in log phase cells f _
aistored 1n TSB and 98 5% loss of v1ab111ty in 10% TSB when"‘

vcompared w1th stat1onary phase cells stored in- TSB at 4°C.
VlThe data presented in. Flgure 2 are representatlve of resultsl

obta1ned 1n two stud1es.'xf v> o |

| ;_ In]ury of log phase cells of S typhlmurlum 13311

during s orage 1n TSB and 10% TSB at 4°C is demonstrated by
'1d1fferences 1n plate counts on ‘non- selectlve (TSA) and
’ffselectlve (DA) medla,-as Ehown in F1gure 3. szferences 1n o

i plate counts on the nonfselect1Ve.andoselective.media"areuw'

-



. Figure

rme (80 y§“)

. :

2,.;V1ab111ty of log phase cells (solxd lxnes) and R

-«statxonary phase cells (dashed l1nes) of S

| ;,typhlmur/um 13311 plated on TSA durxng storage at'ﬁf Lf

°c in.TSB (o) or. wox 'I‘SB ( )
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Death and - 1nJury of log phase cells of S

:a"typhIMUPlUm 13311 dur1ng storaqe at 4 C gor 24
days in TSB (open symbols) and 10% TSB (closed

‘tsymbols) plated onto TSA (n l) aﬂd DA (or )



ridé.at_ 1n3ury was 59% and 82%, respectlvely

‘1?v‘of log phase cells at 4°C 1n ng_are also shown 1n F1gure 3;

-“L'.medla. Dkﬁﬁﬁgs or’ BSA Statlonary phase cells stored 1n‘]0%

l. i TSB d1d not show decreasednv1ab111ty 1n1t1ally, but after 15

N 4

"inegllglble at the beg1nn1ng of the ch1ll treatment but they a
1ncrease w1th t1me of storage After 24 days of storage the |

.llog phase cells 1n 10% TSB d1sp1ayed marked 1n3uny

o l-.-(decreased growth on DA) and at the end of the experlment

9 'approx1mately 99% of the v1ab1e populat1on was 1njured for
fl‘growth on DA The samples were also plated onto BGS and BSA, p
whlch resulted in 93% and 97% 1n3ury of the cells for growthQV-"”

w o
‘ on these med1a, respectavely The effects of ch1lled storage

.UN

/
An 82% decrease in v1abllrty was observed on DA relat1ve t
v .
dounts on.. TSA When the 1njured g%lls were plated on BGS an
3

BSA sglect1ve med1a, the decreased v1aBillty due to cell

The effect of ch1111ng statlonary phase cultures in TSB7
: :Q’ )
and 10% TSB 1s shown 1n F1g§re,, Statlonary phase cells
storqd in TSB for 24 days at. 4°C d1d not exh1b1t decreased

+

fiivrabillty and 1n3ury was not debected on’ the selectlve

—

-Ai’b;‘
days storage; 1njury of the cells occurred At the

A

termlnatlon of the experrment (24 days) 95% of, the
population was 1njured for groth on DA Levels of 1n36ry on'4v Q,h}

the other medxa were con51degably less, only 24% on’ BGS and

80% on BSA Two repl1cate studfes gave S1m11ar results.

‘:z » If tne chrlled cultures were subjected to condltlons
4

that would Ellow resusc1tat10n such as 1ncubat1ng at 37° C
3 -’ :

. f.1n a, shaklng 1ncubator,,tolerance of the cells to the
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Death and 1njury of statlonary phase cells of S

. typh;murum§3£311 durxng storage at 4 'C for 24

days in TSB (open sympolsl and 10% TSB (closed

symbols) plated onto TSA (0 l) and DA (o,.O)Qj,‘ o
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.'ilﬁselect1ve medla was restored (1 e, the cells resusc1tated)

‘;Resusc1tatlon curves for log phase cells 1n3ured by storage'”l'

"ﬁv1n TSB and 10% TSB are shown 1n Flgure 5 The log phase ;]._f
dcells that had been 1n3ured by storage 1n 10% TSB at 4 C

‘vrecovered thelr ab111ty to grow ‘on DA after about’z h

A%

:cylncubatlon at 37 C Gvowth of the culture d1d not occur,

LR resusc1tatlon cond1t1ons These data are representétlwe of -~ ﬁ?.u

~fof 37 c, mon1tored by plate counts on - TSA and by measurementg,-c;

”dof absorbance. Log phase Cells 1n TSB were not 1n3ured as

,also regaqud thelr ab111ty to form colonles on the

~“3 separate resusc1tat10n studles.', '

'1n3ured cells vere able to form colonles o the seIEctlve o o
agars af er 2 h Growth of the culture dld not occur untll 5 v T
,4’00 "&$ %

'h after the change to resusc1tat1on cond1t1ons (data Wbt“;'
-;shown) Statlonary phase cells in TSB were not 1njured for. -
v-growth on the selectlve medla and grew w1th1n 2 5 h in the_.g'
ifresusc1tat1on env1ronment. Slmrlar results‘were_obta;nedﬁln?d‘

two separate trlals. A LT

'“,feven after 5 h holdlng at the perm1551ve growth temperature ]{i

R

»ggexten51vely as those stored 1n 10% TSB After 35 d at 4 C
*86% of the cells were unable to grOw on DA and 78% were‘g'

d]unable to grow on’ BSA ells 1njured dur1ng storage in TSB

'w'.

..'Q NU‘ -an- gadra',ﬂ

liselectxve agars in. 1ess than'Q‘h “ngever' §€°“t Of thgéi gﬁ
. . ,
,'_Cells occurre% w1th1n about 2 huo&"‘-ﬁi transfer*tgo' | ,)4"&*,;;*

- . s -
", . v

In the case of the statlonary phase cells in 10% TSB
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Resusc1tatxon of log phase cells of S

E typhlmurlum 13311 Lat 37 c, xnjured by storage 1n
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at 4 C for 35 days. Resuscxtat1on in: TSB and
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4 2 2 Injury and Death at 7° C

Storage of S typhimurlum 13 1l-1n both TSB and 10% TSBrjir

?51 at 7° ¢ also resulted 1n loss of wlab111ty of cells on. TSA

’;as shown 1n Fzgure 6 Cells stored An TSB were more
\&res1stant to 1n3ury due to the cold treatment than thoseA
stored in 10% TSB In both sqprage menstrua, log phase cells :
rwere more susceptlble to: chllllng ;han statlonary phase '
';rfcells. In compar1son w1th stat1onary phase cells stq;ed atj7
e C for 25 days in TSB log phase cellf shOwed 75% loss of'7‘v

f 4 .
v1ab111ty on TSA Statlonary and log phase cells stored in

fd{lO% TSB over the 26 days of the trlal showed approx1matelyf:-"

i"'90 and 99% loss 1n v1ab111ty, respeytzvely

| ln addltlon to the loss of v1abli1ty at 7 C S |
;:typhlmurium 13311 also became 1n3ured‘for growth onl"v”'g;?r
fselectlve medxa, as 1llustrated by the data 1n Flgure 7 Thev“f
':fcells stored 1n TSB exhiblted low levels“of 1nJury Thelri-

. ;COUﬂtS on the selectlve agars were cgf515tently lower/{han ‘7-'

'lf'those on TSA (data not shown) Both log and statlonary phase

'f_log phase cells had plate counts that were lpwer than dounts

_,rlcells had plate counts that were lower on the seleCtlv ? “}‘1 @3

'r,agars, but even after 24 days.of E%ld s oragvf

"dlfferentlalfyetween the selectlve and non selettaﬂ

i

N k. :
counts was less than O 5 log cycle. After 24 days at 7 C, *’%
'oQ TSA by 23% on BGS 35% on DA and 48% on BSA compared w1th‘
counts on TSA For statlonary phase cells 1n TSB 15%_ »b- D ;“(,

1nh1b1t10n occurred on BGS pr'on Dhrand#SS%gon BSA;%'
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fﬂlngured by ch1lang at7’
’::shaklng 1nc9bator at 100 rpm (F1gure 8) Part1al restorat1on.7-'
”:Vof colony form1‘b¢ab11nty on BSA and DA occurred durlng a

"f3 h resuscltatlon peglod yt whlch p01nt grOwth of the

'd'TO% TSB was stud1ed in ﬁhe*Same way

h‘: the chllled culture d1d not always glve a ten fold

' 1n3ury dur1ng 7'C storage. Of the surv1v1ng cells, 70% d1d

fdamage when the oh1lled culture was held at 37 C 1n ‘a

qulture occurred Res&scqtétlon of statzonary phaSe cells 1n

';measur1ng 1n3uryﬁbr resu‘
'.1njured cells dasplayed the phenomenon known as communal

'-growth response (Roth et al., 1972) Ten fold d1lut10ns of

7d1fference 1n counts ron plat1ng med1a. Results of th1s type

g

4.‘

'ﬁsA and 83% falled to form colon1es on

presented in Flgure 7 1nclude ‘,"

L;torage 1n add»t1on to that jﬁ.f

5~typh7murlum 13311 wh1cg had been

“ﬂln 10% TSB could repaxr the

®

Brlllxant green sul 'f‘hpr was’ not a good medlum for o
: @i .

; tlon. In many cases, the m'

]

vrablllty/lngury assay thégfyas ,;;n_

p
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F.ig_’ur‘e'(ia. : Resuscxtatxon ot log pha%e cells ot S
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.'ﬁf. St typhlmurlum 13311 at 37’C xn)uted by storage 1nf} SRR

10: TSB at 7‘C tor n days, resuscxtated 1n 10:
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- TSB ‘and plated onto TSA (-) DA (s), BSA(A)




*‘;_Thls 1rregular1ty 1n the cell counts between d11ut1ons cell

."uflnjury After resuscxtat1on o{ the 1n3ured cells th1s type

'd}4 3 Studles on Chrcken Meat

._Qof growth response on selectlve agar was no .- longer seen.

Log or statzonary phase 1nocula of . 5 typhlmunium 13311

4-13 -8) "
were applled to the u r (uncut) surface of ‘a. 10 g p1ece of

ufapleces were stored at 4 7 or 10° C Results of cold storage

”

1 ]h°f S typhlmurlum 13311 on chlcken meat are shown 1n Flgure

S. At 10 C there was growth to levels approachlng 10 'cfu/g

hw1th1n 5 days. At 7 C growth 0ccurred but the cells d1d not

. .ch1cken breast to g1ve ca. 10 ctu/g. The 1noculated chlcken 1f'r

hf,achxeve maxlmum populat1on wlthln 20 days.‘At 4° C there wasf

jno growth Colony counts remalned at Ca 10 cfu/g

tthroughout the experlment At the same txme as v1ab1l1ty wasglf.‘v

dde{erm1ned by plate counts dn TSA the homogenlzed samples

K 3

o were plated onto DA, BGS and BSA to see if the organlsms had

‘4 -

'as those on TSA Data for log and statlonary phaSe cells-7’

,seen that the plate counts on DA are almost the same as

¥

those on’ TSA, not varylng by more than 20% Thxs experlment

was performed on two occas1ons w1th sxmllar results.-*

)

R

a’ decreased ab111ty Jg form colonles on the select1ve medla.

‘iPlate counts on “the selectlve medxa were v1rtually the, same e

B *;stored on ch1cken at 4°C are shown in Table 2. 1t can beu‘fﬂ
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_TTabie':éu Effect of platlng med1um on counts of S

typhlmurlum 13311 1noculated onto the surface of

',1rrad1ated chlcken and stored at 4 C for 20 days.F"g
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4 4 Morphology of Chllled Cells

p

Scann1ng electron m1crographs of broth cultures of S g f“177%

typhlﬁgrlum are presented 1n Plate J DYamatlcrdlfferenqag

w7 4
g .

'1n the morphology of the ch1lled cultures 1n broth wer@ geen

sy’at the dlfferent ch1111ng temperatures. When‘stbredéat Qd
: ' ' 1s5short rods approx1g§tély-@ um_"‘

.af?jdt cell elongatxén ‘was. *;f‘;.~f

"f observed Some ot the cells developed 1nto fllaments up to
. . /’

30 um 1n length fPlate 1 m1dﬁle) When 1ncubated at: 10 C

bottomtjof Epprom1mately the same length as those stored at}f S

‘hosesused»as the 1nocu1um/A?I?te 2, top, left and }w

L anaf;
'} top,.rlght)¢'51m11ar results were obiained for cells £
/

'fi:” ’ 1ncubated'atfboth.4 and 7 C,/and for log phase cells in TSva-et}

éﬁﬁfiand both log and stat1onary phase cells 1n 10% TSB Only

n—
L IR |

‘;'v-h stab?bnary phase cells 1n TSB were examlned at 10 c.

TR plate 2, electron m?trographs are shown of stat1onary‘phaseh

W

';ﬂd cells that had been 1noculated onto 1rrad1ated chlcken meat y.
and stoZed at 7 C for one day (mlddle, left) and 15 days |
(mlddle, rxghtﬁror41056 for one day (bottom, left) ‘and 15 .

;h'dﬁﬁs (bottﬁﬁ rlght) It can. be seen é%%t ‘even after one day

f-gtgrage §g07 C there was already 1ncreased length

coﬁpared'ulth the length of the cells in the 1noculum (top,i:
left) On the top, rzght of Plate 2 the statlonary phase'

1noculum 1s 5hown at approxxmately the same. magnrf1cat1on as’

the cells stored oq chicken for 15 days._After 15 days

storageoat 7 C the cells became very elongated many were

S I LR : . o ¢
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Scanhing~eiectrbn'microgfaphs;offstétioharyfphasé

cells of S. typhimurium 13311 during storage in.

4°C for 16 days

v

_Top
f*Cénfet»if7fC1fo: 21 daysf

' Bottom : JG°C EOr'21 days 
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jfipléte'z Scann1ng electron m1crographs of stat1onary phase

_cells-of 'S. typhimurium 13311- during storage on
: chlcken meat under: spec1£1ed condltlons. R

>t%_fs. Top left _t";;i_‘. , r  Top rxght

Stat1onary phase cells- grown in TSB at 35°C for - 18 h
o and used. to 1noculate the meat pxeces. '

Center left _Q"ij N Center r1ght

: Cells on 1noculated chzcken pleces, stored at 7 C

R day 's‘.;f | {  8 '1 15 d ys
Bottom left R ‘!w;:: Bottom right "
Cells on 1noculated chlcken p1eces, stored at 10° c

T day D "_3." 15 days
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3;w1th some elongatrof

'telectron mlcrographs 1n Plate 2 suggest that changes 1n

greatér,“'

(Plate 2, bottom,‘r1ght) For-

"fulnoculated chlcken stored at 7° and 10° C 1ncreases in. plate

b

tcounts were observed durlng 1ncubat10n (F1gure 9) and the

'l,morphology of the cells 11kely accompanled those 1ncreased

plate counts,.partlcularly at 7° C.“a
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5 DISCUSSION

The ma1n purpose of the present work was to exam1ne the'

:effect of subopt1ma1 temperatures on- Salmonella typhlmunium yi’«”

”f13311 Three temperatures were - selected for the studyt 4 C

b'_,a temperatete wh1ch represents adequate refrlgerat1on{ 7° C b

o an 1nadeguate refrlgeratlon temperature°band 10 C’ an‘-L

'“'abu51ve storage temperature. In commerc1a1 practlce, %

'a'jcond;t1ons of cold storage used for poultry meat are subjectff_

=i

' Q.-

_showed that salmonellae were recovered more frequently from
1lch1lled overnlght than from fnewen carcassﬁs
'vmechanlsm controll1ng cell d1v151on 1n Salmonella ‘

S;»the morphology of the cells at lower temperatures was

o Tto ! fluctuatlon durlng transportatlon and retall storage 3

lf(Fostér and’ Meadz 1976) Greet (1984) demonstrated ‘that the

e’

'ﬁ-5temperature of steaks in’ a retall storage caSe was generally
Jabout g°C h1gher than that 1nd1cated on. the "blower

.ythermometer on the retarl dlsplay un1t For example, storage
Coi meat at an- acceptable blower temperature of 2 C’resulted«

‘71n a steak'temperature of 11 8 C. Therefore,'lnstead of~

)

"7:1nh1b1t1ng growth retall storage of meats mlght prov1de _.”'V

'marg1nal growth temperatures for salmonellae. Kraft (1971)

_turkey meat from. freshly kelled turkeys that'had been

S1nce cond1t1ons of low temperature stress affect the'

typhlmurlum 13311 (Hsu, 1972) and 1n E coll (Shaw, 1968)

il

'-examlned S. typhlmurium was 1ncubated at . low temperatures
f:1n TSB to establlsh the - range of temperatures at whxch cell

~elongataon would occur._At temperatures below ca..4 7 C the

i ' . 4 S .
64 T S
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vlﬂ cells were the same length as;: those 1n the statzonary phase

B

glnoculum. These cells mlght be descr1bed as bEIDQ held below”

IR - J

' ‘ftheir m1n1mum growth temperature. At temperatures hlgher

ff,than 4,7° C but lower than 11° C 1ncreases ln absorbance were

?;accompanled by glongatlon of bug cells. Slnce plate countsA

)?

~were not performed 1t 1s not- p0551ble to say whether the f-r”h

- 1ncreases 1n absorbance were due to cell elongatlon or

l .

'i»1ncreased cell numbers._HoweVer 'at temperatures above 11°c, |

:.the ~mean cell length was approxlmately hhe same as that of

'the statlonary phase 1noculum _suggest1ng that 1ncreases 1n

' OD600 at these temperatures was the result of 1ncreased cell

- numbers

Both morphology and plate counts of chllled suspens1ons

Lo Sgre observed in the v1ab111ty/1njury assaYs‘§§'4,7 and

! 1968) Shaw (1968) suggested that unbalanced growth of the

2&10 C. The cells stored in. broths at 4 and 13

e

ere
N Y .'.A ¢ o R
approxlmately the same length as those in thﬁ(rykculum But

";r.

at 7 C 1n both TSB and 10% TSB there were 1nc; -:es in. cell_'

pf"the culture.,81m11arly,'1ncreased length wlthif;&h
WA
v1ab111ty of E coli. ML30 was’ observed followlng t

cultures to 6° C (Shaw unpubllshed results, c1ted'1nlf~;w,

culture was. respon51ble for thls observatlon. The format1on-
- B

of the fllamentous cells appears ‘to be a growth phenomenon .

' However 1t does not appear to be lethal to the cells, as.

suggested by studles in broth (Shaw unpublzshed results,

c1ted in Shaw. 1968) and in th1s study Fllaments were also d



'::'growth of S. typhlmurlum 13311 it 35 C However,'ne1ther T587

‘ 7ifnor 10% . TSB 5upported grovth of S typhlmurlum at 4 or 7°C,

observec on 1nocu1ated chlcken Stqfed at 7 C However, theseg
‘".f_cells ncreased 1n numbers as w@l& as 1n length

| Bcth TSB and 10! TSB were d'pable of supportlng the

' ';1n fact both brothe bnvome stressful env1ronments for the

Vbacter1a. Slnce TSB conta1ns cryoprotect1ve components (e g--

7-vconcentrat1on of ‘the 1ngred1ents in the broth to 10% the"

amounts of the cryoprotect1ve substances would be- reduce'of
:vhre5ult1ng in condltlons that would be more stressful to
:test organlsm at low temperatures. :
| Cryoprotectants are of two types._those capable of ,fhh.
»f penetratlng the cell (e.q. glycerol and d1methylsulfo;1de)
'bi_and non- penetratlng compounds (e g polyv1nylpyrrolzdone §
B (PVP) ‘and dextran) (Ray, 1983 Mackey, 1984). Permeat1ngv
| cryoprotectants enter the cell and act by protectlng the
‘e'cells from the effects of osmot1c stress’ by be1ng
'b‘jconcentrated both 1ntrace11ular1y and extracellularly
'7I(Mackey,'1984) “The. non permeatlng cryoprotectants act by
-';prov1d1ng a phy51cal barrler around the surface of the cell
(Mazur,(1977) In. these exper1ments, cryoprotect1ve actlon':fd
| mxght be attrlbuted to both. mechan1sms. L1m1ted solute : f5i
v_uptake by mlcroorganxsms at temperatures below thelr mlnlmum
: hgrowth temperature has been observed (Rose and EV1son,v1965-

: Shaw and Ingraham, 1967) Also, the broths were capable of

’j supportxng growth of the bacterla upon transfer to a’



4* IR S

non restrﬁctlve tehperature. Thus,»sgpé of the nutrlent'
N 5 '

It has been suggested that cryoprotectants of

protect the LPS layer of the,_

: bacterla and the te1chozc 3
=from damage durlng-cold wgeatments (Kempler and Ray, 1978
'hRay, 1983) | s - | |
In a prellmlnary.erperlment statlonary-phase cells
“-held in: TSB at 4 C d1d not lose v1ab111ty or show s1gns of
1n3ury follow1ng prolonged ch1111ng at 4 C Others study1ng | - .
‘pcold temperature effects on Salmonella Spp were able to 1h:ris\;\1‘{

'-demonstrate 1n3ury at rq§rlgerat1on temperatures (e g Tang,

»,workers have f“"

'fSrlvastava and Thompson, 19653 Hurst et al 1974° Patterson

f1975) Thls author used log phase cultures of S. heldelbeng

- :to demonstrate 1njury in TSB and a glucose salt broth Many 57;

4

4 that bacter1al cells in the exponent1al

'fgrowth phase are more susceptlble to 1njury than cells 1n :”

.5the statlonary growth phase (Sherman and Albus,'1923

Lo

'and Jackson :1979a' Dyer and Maxcy, 1982) Exten51ve ,f :

'tvblosynthetlc ad&1v1ty w1th1n growxng cells as well as

.hchanges 1n the osmot1c barrler durlng cell d1v1szon are "_,'?;

_1njury than statxonary phase cells (Hansen and Rlemann

thought to make exponentlal phase cells more susceptlble to/

1‘1963). But Qhe opp051te has also been shown (Fay and Farlas,.

19767 Hagen et al. :1976) e f~”,"-‘ c ‘;'»aﬂ_‘. W
" '\34

Log phase cultures of S typhlmunlum were compared wzth hg.¥'~

; statlonary phase cells to see 1f phy51olog1cal age had an ;-« *'.5

’Qj; _"’ Lo



f* that metabollcally actlve exponent1a1 phase cells are ﬂbre

10% TSB as shown'by 1oss'ofgd7

and 1n3ury to growth on select;ve’medla. Thus, 1t appears s

suscept1ble to ch;111ng temperatures than the relatlvely 'if;r,g;7
!:1nact1ve stat1onary phase cells.,In many stud1es of the ‘f~{;;da4,.'
lethal effect of low temperatures,‘lt has been shown that ia'7‘~ﬁ

bacter1a are most sen51t1ve at temperatures Just below thelr ;

m1n1mum i mperature for growth (Mackey,,1984- Ingram and

Mackey, 1976) But th1s 1s not always the case. Patterson -

and Jackson (1979b)ffound that survzval of S aureus in \\“fiik

broth 1s better ats?tc than at.. 1 3. or 5% C.. ;3. :i“f ;hft%j:'dffg%fd
a //The sur01val of both log and stat1on;;§3phase cells of SR
.ﬁh’h; typhimurlum 13311 'in 10% TSB was better at 4 C than‘at
5 C as shown 1n F1gures 2 and 6 The reverse 1s truedfori

log phase cells stored 1n TSB For statlonary phase cells 1n.‘

TSB there are no. dlfferences, as shown 1n F1gures 2 and 6.

'

—,_A_—-—

The format1on of fxlaments by the chllled cells at 7 (of mlght
help to explaln these results. In the more hypotonlc
env1ronment of 10%'TSB the fllamentous cells’@ay be unable

to ma1nta1n thelr 1ntegr1ty and as a result d1e (1 e._they

o may be more l1kely to burst) Fllaments 1n TSB would 11kely

be exposed to less movement of water 1nto the cell because B
.of the composxt1on of the broth and would be less llkely toi

lyse,d.:
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Resusc1tat10n can be demonstrated by 1ncreases 1n the

lﬂnjnumber of cells able to grow on selectlve medxa w1th no
v:71ncrease 1n the number of cells able to grow ond

.{non selectlve med1a (St1les et al 1973) 1mp1y1ng that the;”'

:-'anjured cells have returned to a: phys1olog1cal statg’

"dh_comparable W1th that of the untreated culture. In Flgure 5,
'hﬁresusc1tat10n curves for 1njured log phase cells 1n TSB and;h
"g_IO% TSB are shown.vThe more exten51vely damaged cells that

’,ld:were stored 1n 10% TSB (a three log cycle dlfference) could*d}a

';;drepalr themselves 1n 10% TSB Jbut could not 1n1t1ate growthi;,fc;xﬂli

'for >5 h The less ln]ured cells, those stored 1n TSB (one"

<

‘ih;log cycle dlfference in plate counts) could repalr the

2

}1njury and 1n1t1ate growth in ca 2 h The degree of

ﬁmarkedly on ihe comp051tlon of the med1um and the cond1t1ons'§:"".

DO

_Crecovery Jthleved by any resusc1tat10n«treatment depends

”itfof 1noculat1on and 1ncubat10n (Mossel and Van hetten 1984)

Moss and Speck (1966) determlned that freeze 1n]ured

”,cells of E col: resusc1tated when trypt1case was added to

h’the resusc1tat10n medlum In thlS study, a ten fold d1lut1on

'of the trypt1case soy broth d1d not 1ncrease the t1m%“

.necessary for resusc1tatlon but 1t d1d 1ncrease the t1me
: -necessary for 1n1t1at10n of growth of the m1croorgan1sms 3
: 1because';f‘

;gl:ﬂ The degree of 1njury of the cells that were stored 1n B

h_lthe d1fferent broths is: dramatzcally dlfferent




ik

Lfgi It would be more just1f1able to compare the

resusc1tat1on curves of bacterla stored 1n the same broth

dlfferent broths.ﬂit m1ght be reasonable to say that the fd'

extent of Jnjury ror cellsiln the same broth could be

"f est1mated by. the length of t1me for resusc1tatlon and<"

TR
[ - _‘ .

.

‘flow temperature 1nduced f1laments 5 typhlmurlum 13311 and

"gf1laments 1nto normal rods occurred rap;dly and was

a'fv1rtually complete w1th1n 4 h Hsu (1972) reported ;hat

growth Log phase cells stored 1n 10% TSB at 4 C

resusc1tated in 2 h at 37 C but d1d not grow unt11 after 5

. -
t .

h, as showq,ln F1gure 5. When log phase cells were stored in ;.“

the sam;}broth at a7° C resusc1tatlon and growth of the

: ch1lled culture occurred w1th1n 3 h at 37 C as shown 1n

F1gure 8 The v1ab1l1ty on- TSA of the log phase cells stored
1n 10% TSB at 7 C was lower than ¢hat of 1og phase cells 1n

10% TSB at 4 c or. . stat1onary phase cells 1n 10% TSB at 7°C

¥

L The more rapld 1n1t1at1on of growth may 1n part be due to

the generatlon of rod forms of S. Qyphlmurrum froﬁ the

elongated cells present 1n the storage broth

Mzcroscoplc examlnatlon of gram sta1ned preparatlons of

the resusc1tated cells revealed that the cells were almost ;L1f-:”1v

h_.entrrely short rods. Th1s observatlon 1s 1n accordance w1th

g u

t_.’

- ‘r: .

flshﬁ

| those of Shaw (1968) and Hsu (1972) lShaw (1968) found that.;

s1x houts 1ncubat1on at 30 C was necessary for reversal of_

: ':,_" ( &

'f1lament formatlon in E, co]i ML30 Hsu (1972) StUdled

. -
s 'v . - Cel ) .

%found that followlng transfer to 37°C dav1s&on of ; 3f"'.-;

Vi
R
T

under«the same temperature condltlons than thOSe stored 1n l””"‘"



o for about 30 manutes in. the presence of 1nh1b1tors of.ceQ

"'fconcluded that the "factor

71

low temperature 1nduced fllament formatxon 1n S typhlmurium'

13311 could be reversed as shown by 1ncreased plate countgw

-,

'.1 /

wall and proteln synthe51s. However followlng 1n1t1al

1ncreases, a rapld decllne 1n v1ablé5cells occurred She

nec"sary for the .ormatbon of

the septuﬁ‘and separatlon o _the cells 1s made at low

process is blocked at lowntemperature& jhﬁﬁ{:'fgflui,f-»;;”

It may be posszble to use 10% TSB for resusc1tatzon of

‘”c;lnjured cells w1thout growth Th1s would decrease the ?

llkellhood that llqu‘d mi'iumvrecovery would lead to .‘

erroneously h1gh est1mates' v

/

foods.fThls 15 not a problem w1th the detectlon of

R.

”the bacterlal content oi

Salmonella where a\ zero tolerancé“ level 1s requ1red forffv5'-'“

~“#:;:many food samﬂqes, but for'quantltatlve counts (e g /for

7.

col1forms)51t is; de51rable to have a resusc1tat10n med1um R
that does not support growth ﬁ *_;u;j,j-f;-;-;' S
: For storage of S typhfmunlum 1331] on chlcken meat,‘f

3 L4
,"..

the chlcken was 1rrad1ated w1th a dose of about 750 krads.

g At thls doSage the resldual products of the 1rrad1at1on :~' jéf?

should not 1nterfere wlth the growth/1njury stud1es chkson B
- 5

‘7 and Maxcy (1984) found that test cultures of E coIJ

Ped locpccus cerevrsrae Mor'axella, Acmetobacter- and ; -;'};._a:
MICPOCOCCUS spp were not 1nh1b1ted on meat whlch had beén

1rradlated w1th 1 500 krad }“ ﬁfu “f;flq;u;,?l _5;;77;::




. ' { ‘.5',"_.;.:.:."
o

Fresh meats are frequently contamlnated w1th spo1lageit

o organasms such as Pseudomonas, Ac:netobacter BPOChOthPlX,'

' 'fffAIteFOmonas, and Lactobacrllus spp ; as well as potentxal

7ipathogens belonglng to the Enteﬁobacterlaceae (G111 1986)_.'

'*’J{ﬁln add1tlon to. known pathogens such as: Clostrldlum

'"penfrlngens..Staph¢§xggfus auneus and Campylobacter spp

'(Grau,:1986). As temperatures are lowered, a select:ve

1 . . e

'fhf'actlon Ls‘exerted on’ the mlxed flora of mesoph1les and f/”fi

btfgpsychrotrOphs (Kraft 1986) Psychrotrophlc bacter1a are "\ff

':‘tﬂfavored when meat ‘is held at refr1gerat10n temperatures

”3between 0° to 10 C they grow to la ge numbers w1th1n 1 to 2 R

;: {weeks cau51ng sp01lage (Kraft 19 6) Slnce most pathogens

'}p(clll 1986) .

ifwlll not grow below 5 C the maln problems assoc1ated w1th

\xrefrlgerated poultry 1nvolve the~growth of spoglage bacterla
_ _ N : _

G1ll and Newton (1980) found that the growth of S _'f'

Jffr_typhlmurium and E coll on meat was unaffected by

"_7compet1t1on w1th hlgh numbers of naturally occurrlng meat

E.Jpsychrotrqphsasuch as Pseudomonas and Enterobacten spp

?aeroblcally packaged meat‘ However,:when grown on vacuum-

'ﬁhipackaged meats, the lactobac1ll1 that developed after

"”'observed in: thlS study can ‘be assumed to . be 51m11ar

ch1ll1ng 1nh1b1ted the §a1monellae§ Thus, desplte the fact‘

I Lthat the background mlcroflora was k111ed by the
-:7 1rrad1atlon,-the growth response of S typhlmurlum

éto that

7’:f-on fresh ch1lled meat However,\zohdltlons would be 'Jgi”7'"

A_con51dered more su1ted to the growth of S typhlmurlum ,f.,t

T



B

}because of the reduced numbers of compet1ng orgaagsms;il

. ' -0 "
or broth medga than in foods (Mackey et al. 1980b) RO

: prov1dﬁb an: env1ronment that may be rlcher 1n m.xtrleT'tts"j

.:7‘&:

,daddltzon qp competlng m1croorganlsms, many foods are known

I , .

'hffto conta1n ant1m1crob1al substances (Dav1dsdh et al 1983)
i~fAlthough A'gelottl et a7 (1961) reported growth of
:dsalmonellae at 6 7 C most reports of m1n1mum temperatures
‘ftfor growth on foods are hlgher than that for example on :
'ground pork 10 C (Alfbrd and Palumbo, 1969) on ground
.Qbeef 12 5°C (Goepfert and Kim, 1975) and on crabmeat and Hf:!

‘fish 8° < (Matches and L1ston,_1968af Generally,_the_'{{

'*{mlnlmum growth temperature of salmonellae 1s lower 1n agar

[}

\"-’

' In the present study, 'S. td’hlmurlum 1noculated onto’.

1rrad1ated chlcken meat grew at 7° ’C. The chxcken meath.

v TN

%more prot‘itlve than the TSB The low temperature growth of
S typhrmurium was not growth" 1n the conventlonal §%nse _7'"‘

%51nce the organlsmh became elongated even though the plate

“that. grow‘h at 7 C was obServed on 1rrad1ated ch1cken ;e.d o

\

’ [in the absence of competlng m;croorganlsms. dff'fi l“Ff_‘_ |
S typhlmurlum 13311 d1d not grow at 47C on 1rrad1ated
wch1cken meat. Thls supports the recommendat ons of many ”
'1f,workers that foods be stored at 5 C or below to prevent
vgrowth of salmonellae (Prescott and Geer,_1936 Matches and\r'
LhrLlston,:1972a) S typhlmUPium was not 1n3ured for growth,on’A
Tathe selectlve med1a dur1ng ch1111ng at 4° C on chzcken.-ance:L

‘ﬁ;meat 1s known to contarr cryoprotective compounds such as

»

R

.fhcounts en TSA BGS BSA and DA 1ncreased It should be noted_d S



v;prote1ns, srmple and complex carbohydrates and trlglycerldes

_f(Mackey et al 1980a) ’1t appears thbt salmonellae on_d,

flnumbers (Campbell et al 1983 Andrews %1985) and may be 1n

'2fffSubsequent ehrlchmentxln & selectlve broth (allow;ng

:ian 1njured state. Spec:al procedures have been developed for

"These are:

'1Q'vPre enrlchment of the sample 1n a. nutrltlous,

‘j}fch1lled meats are 1n a relat1vely healthy phy51ologlcal

- ‘

Ceonaition. Tt e

Salmonellae are often present 1n foods 1n'very low

the1r detect1on. There are f1ve bas1c steps to culture.V'

- methods for detect1ng, 1sqlat1ng and 1dent1fy1ng Salmonella

3. "

“non- selectlve broth ;’;;,'_j" ,:wﬁﬁ o oy

. ,'.9

B

Salmonella td/prollferate) whlle suppressmg the growth

s 5of competlhg organxsms » ;-f"

‘[;3.e_Isolat1on of pure cultures of Sahqone]la by streak1ng

o ,1

R onto selectlve agar ?Q]ﬂ”"_'c.[ ,;xpf:}ip

4 -__.',onchemlcal chfractenzon and presumptlve

N

'o

lildentlflcat1on of 1solates suspected of belng Salmonella i

f-andA-j; S

B T R
' 55'“Definit1ve-serolog1cal4f65t1ng (Andrews, 1985).

'g" A major dlsadvantage of u51ng the culture method is.
that 1t takes at least four days to determlne 1j the sample
conta1ns Salmonella._The prlmary functlons of pre enrlchment

are to rehydrate cells that are dehydrated durlng

b

processlng, to allow 1n3ured cells to repa1r themselves and

to allow the cells to multlply (An@rews, l985).v' f:

'é-':




~

e'growth of compet1ng m1croorgan1sms, thus maklng the _
1detectlon of Salmonella more d1£f1cult (FDA 1984 Mackey, d
:',,1984) From the results of the ch1111ng experlments on T
1}ch1cken meat Titt seems that pre enr1chment may not be -‘M.

’fnecessary for detectlon of Salmonella on chlcken. The

j,1n toods. The basns for obta1n1n

h-cultural methodg1s pr1mar11y sel

'_“,,_‘(VFvloyefrs:, 1985) He“"determned that"ca 10 cells/meere

el e

e
Y

'h It has been suggested that pre enr1chment for the

"’J;detectlon of Salmoneila 1n nonprocessed h1gh*mo1sture foods,

”{jtgsuch as meat m1ght be unde81rable,_because 1t may allow the';;

’

fvmlcroorganlsms were not 1n3ured for growth on DA BGS or
'3f,Bq.b S0 1t seems llkely that they would be able to w1thstand'
the stress of dlrect selectlve enrlchment For fresh ch1cken“

B carcasses, no sxgnlflcant dlfference was’ observed in the

.*1n a non selectlve broth or dlrectly enrlched 1n select1ve f
's-tenrlchment medla (Thomason and Dodd 1976 Cox et al ?‘
7f”1978) Thus, pre enr1chment may not be necessary whenj='7‘v

‘Agexamlnlng chllled ch1cken.¢h‘

Rap1dtmethods such as DNA DNA hybr1d1zat10n (Fltts et

-,

V“ .
l 1983) fluorescent antlbody techn1que (Thomason et al

P}

"1957) and en yme 1mmunoassays (Swamlnathan et al. "1985)
g

o have been deVeloped 1n»an attempt to reduce the t1me ff_/

i Ve results by the
¥ -s, : -;v_-n-""; % N

?whereas enhymev

a' Y

‘e . - . .
L o : : s e
o Do . LS e E e ¥

T

s

:ij(number of Sa]monella-p051t1ve samples that gere pre- enrlched'vg~‘"”

3necessary to determlne the presence or fbsence of Salmonella",.



"fignecessary for relxable detect1on of salmonelia by DNA DNA 1&
hybr1d1zat1on and enzyme 1mmunoassay methods. Although |
'93;};;»7 salmonellae are frequently found on poultry carcasses, they: a7
;bé'are usually at numbers of less than 30 ceLls per carcass |
R vhen determ1ned by whole carcass r1nses (Campbell et al

T'“}g#' Even though salmonellae may not be 1n a deb111tated

o ‘u state on chlcken,_they must mult1ply to be detectea by
1: DNA DNA hybrldlzatlon and enzyme 1mmunoassays. Pre-u' : , )
“;;; | -enrlchment select1ve enr1chment and post enrxchment steps Q?y;_'”ﬂ
- vduvhave been recomnended for Salmonella detectlon us1ng these
" _itechn1ques (Flowers,'1985) Whgahexam1n1ng fresh chllled
#"j”$ 7€ meats it may be‘pOSSIblé to e11m1nate some of - the.j:ffy |
‘;5;}'"ﬁenr1c§ments, S1nce the m1croorganxs;g.do not appear &

7~.stressed F1tts (1985) stated thagzlt 1s not necessary to

1es before d01ng DNA-@NA hybr1d1zat1on,-as f00d13-:ff?

- pu;"i £y col ,

debris’anb background flora do not. g1ve any 51gnal".1n the

‘hybr1d1zatlon. Thus, elthér a pre- enr1chment or a selectlve:}“‘
'enrlchment alone may sufflce to attaln the necessary

,populatlon levels for detect1on. }h?" ' :'”'fﬁ

~

7777;];y*{_ F11aments of S typhimurlum 13311 were found to | '5~;“;:E -

“vy breakdown 1nto rods followlng transfer to permlss1ve growth ..

;rtlff fempes%pure 1n TSB (Hsu, 1912) ThlS was also observed 1n'éﬂ]d)%fa
thls study 1n 10% TSB But fllament degenerat1on has not

been cons1dered for such cells that have been transferred

. - 9[g ) v
S ,1nto selenxte cysQ;ne or tetrath1onate broths. If leaments
Of S typhimurfum could revert to rods 1n the select1ve_

¢



«

systems contalned many ppocedures that could 1n1ure

bacter1a. Injury could be caused by cooklng, hot holdlng,
- T, ,‘,‘ n._-‘.

chllllngjor freezing Foilow1ng 1n1t1af breparat1oqhomany

R

are served (Sa&yer and Pestka, 1985) Chllled foods m1ght

become an. excellent (bu% unhealthy) env1ronment for

cons1dered when assay1n%1foods;for'pathogens;.

L
e

detectlon of pathogens may occur

were used as platlng medla 1n thls

Al

BSA and DA BGS contalns brllllant green and sodema

\

4 Ler

green and DA contamns desoxychoiate as select1ve‘agents,-,

There are many mechanlsms pTDpOSgd that allow bdcterla to be

1mpermeab111ty ‘to the cﬁem}calt destruct1on Or'mbdlflcatxon-“ e

‘17 foods are ch111ed for'a peraod df hours or days before they REHb

o sulfapyr1d1ne, BSA contaan% blSmuth sulflte and br1111ant'l“zef“V7‘



Fy_fand Russell 1971)

- ﬂdcell s 1nab111ty to synthesxze thymldlner pur1nes and -

’*”f;by the productlon of a b1ochem1ca1 pathway bypass1ng the'"“

:575en51t1ve 51te (Sm1th and Amyes, 1984) 1;'gfﬁ e

Br1111ant green penetrates the cell membrane and,gazns‘g'

- access to the 1nter10r of the cell (Foster and gussell

'“‘f71§51) The mode of actlon of trrphenylmethane dyes, SUCh asﬂf"

_brllllant green, 1s uncertaxn but 1t is’ suggested that they'yf

i

i exert thelr 1nh1b1tory effect by 1nterfer1ng w1th cellular-T*
S .-.;tf $

ox1dat1on processes (Pelczar et al 1977) However 1t is .

/

7not known 1f any br1111ant green sensxtrve enzymes exlst'

' ‘(Foster and Russell 1971) Br1111ant green 1nh1b1ts the S

”'1_,growth of gram—p051t1ve bacterla at concentratlons between f

750 000 and 1-LDO 000 Upeto 10 t1mes thls concentraklon

fﬂy1s necessary to 1nh1b1t gram negat1ve m;croorganlsms (Foster‘

’a-—~ 'l‘

Sulfapyrldlne is. thought to 1nh1b1t bacterial growth by

'i1nterfer1ng w1th tetrahydrofollc ac1d blosynthe51s (Smlth

'lv;and Amyes, 1984) Sulfapyrldlne,_a structpral analogue of p-':;¢l;f

v
»

Cﬁ}am1nobenzo1c ac1d is: an antlmetabolxte..The cells use. 1t and

' oy

'“fnhthe nprmal blosynthet1c pathwayg;s blocked When folate gf;i

isynthe51s is arrested cell ghowth is. 1nh1b1ted due to the

i

'dseveral am1no ac1ds (Pratt and Fekety, 1986) Sulfonamldesfd e

o

' 7fare not spec1f1c for a spec1aJ group of organ1sms Jnstead

;]wthey 1nh1b1t a w1de varlety of mlcroorganlsms»(Pelczar et
' ] 1977) Sulfonam1des are added to br1111ant green agar

h?to 1nh1b1t the pseudomonads, thus 1ncreas1ng the Spec1f1c1ty

“wqgof the medlum (Forney and Mxllér, 1985)

s

2
i
-4



- 3b11e ‘or pur1f1ed b11e salts,,such as sodlum desoxycholate.‘

‘ agents eas1er access to the1r act1ve 51tes (Ray, 1983

h:1986) :ﬂ 1\‘iw3. :.A.w

Blsmuth 1s 1nh1b1tory to the growth of all gram— o

jijoos1t1ve bacter1a and many gram-negatlve bacter1a,‘except.
A"*gthe salmonellae (Koneman et al A 1979) In comblnatxon w1th
ﬂd“br1111ant green 1n b1smuth sulf1te agar a. hlghly selectxve
1t:med1um s produced (Koneman et al 1979) BSA does not
:-sl;depend upon lactose fermentlng ab111ty for 1dent1f1cat1on
'“cpurposes (Harvey and Pr1ce, 1979) Heavy metals,‘such as
fblsmuth act antlmlcroblaly by comblnlng w1th cellular |
l protexns and denaturlng them (Pelczar et al 1977)

Agars conta1n1ng blle salts have long been used for the‘f3vi

-

' The treatment of bacterla wlth blle salts results 1n a rap1d

brganlzatlon of the cytopla5m1c membrane (Newton 1958

1967) Gram—p051t1ve bacterla are more sen51t1ve to

"}blle salts than gram negat1ve bacter1a. Vlrtually all

"'et al,,_1979) When gram negat1ve m1croorganlsms are ,7

%

rstressed they often become sen51t1Ne to some. of the

. k

T damage to surface structures af gram negatlve bacter1a make

.}b

The llpOpolysacchar1de (LPS) molecules on the outer e
'fff_membrane °f gram negat1ve bacterla are arranged on: the cell

‘”Vsurface in a spec1f1c three-d1men51onal conf1gurat1on and

S . - i o ~

VA

’*f,lsolat1on of enterlc bacterla.dThe selectlve agents are ox.rﬁ“

'salmonellae grow well in the presence of b11e salts (Koneman L

"-~components 1n select1ve medla. It has been suggested that v

7;them more susceptable to agents by allow1ng the selectlvel'_




‘fjad,fbifea

3

act as a- barr1er aga1nst the passage of many surface-act1ve ;75?

compounds, hydrolyt1c enzymes and ant1b1ot1cs (Ray,_1983)

Injury to l1popolysacchar1des on. the outer membrane of gram;},sf

-

';negatlve bacterla has been attrlbuted to conforpatlonal f:f‘t‘_i‘ff

e P

' changes of the LPS probably due to the7loss of dlvalent
‘-:cat1ons (Kempler and Ray,v1978 Ray,’1883) Such 1n3ury, asf“
E atesult of ch1111ng, has been suggested as a cause of ‘

i 1ncreased sens1t1v1ty to long cha1n fatty ac1ds (Sheu and
Freese, 1973° Fay and: Farlas, 1976), desoxycholate and blleg
salts (Tang, 1975) o o J h d..dg e i

, In th1s study, 1t is p0551ble that damage to LPS mlght.ﬁ

explamn the decreased counts on the selectlve medla The o

1nfUred .ells m1ght lose thelr ab111ty to exclude 3

,d:soxycho ate from the cytoplasmlc membrane, and thus become?_'

séns1t1ve to the surface act1ve agent. Slmxiarly, 1ncreased
5.»; ) .

permeab111ty to br1111ant green, sulfapyr1d1ne and blsmuth

’n

'{;?- m1ght exp1a1n the 1ncreased sens1t1v1t1es observed in the o

m'chxll 1n3ured cells Inab1l1ty ofzthe cells to destroy the

T - .
. w,f‘!} selectlve agent or 1ncreased sen51t1v1ty of partlcular

: enzymes at low temperatures may also explaln the 1ncreased

sens1t1v1ty of the 1n]ured cells. Ch1lled storage of

Salmonella has been shown to result 1n 1ncreased movement o£'~'

' compounds in: and out of cells (Tang, 1975) Thus,‘1t 1s mostjg S

l1ke1y that ch1111ng 1nduced alteratlons 1n permeab111ty

result 1n the 1ncreased sens1t1v1ty to the select1ve agents'g'ffd,f

used 1n th1s study



N

To study the fate of salmonellae on chlcken moreb
53;accurately, contam1nated ch1cken would have to be exposed to ?i;ff:
*.‘the cond1t1ons of poultry proce551ng That 1s, they would
']fhave to be exposed to scaldlng temperatures and 1mmersxon

'”?ech1111ng ‘in’ add1t1on to refrlgerated storage. The results of.dl“
'-5: dthese chicken studles only indicate the effect of chllllng
' d;;salmonellae that have contamlnated already processed ch1cken
5',o:ff;::meat. Also, the effect of the dackground flora should be

oo _ i s _

Afcons1dered to test the assumptlon that they are

n“{lnconsequentlal to salmonellae ﬁn aeroblcally packaged raw m.vf;

ch1cken. Thls mlght best be- don# u51ng na11d1x1c ac1d *};h'.ﬁT;QEN
- A
-.re51stant stra1ns of Salmonella enabllng the surv1va1 of '
)

é%' Salmonella spp to be ass sed 1n the presence of a ff'

- background flora. The f@% ”'of f11aments by S
g N,

hﬁfhrmunlum m1ght be egw try to establ1sh the’ﬁfj o

'fith degﬁgt1ve step(s) 1n:‘ v p0551b1y by assayzng for

: Cthlty.Of PBP3 The 51gn1f1cance

;of fllaments of‘g&] : Ila-from ch1lled foods mught also be

lgn;&?i‘ further studled for example, to see.lf the fllaments can .

?w§'$§;; form rods 1n selectlve enrlchment culbgres or 1f pre—°ftf

o enrlchment techn1ques are necessary\for the1r dege”eiétlon l?:v',,
and p0551b1y most eff1c1ent recovery Sl s f;h-'ﬂ

‘_f7¥1 The results of thls study show that cells of Salmonella{}][f

'l.

typhlmurrum 133&1 were k111ed and showed symfw.ms of 1njury
follow1ng storage at refrlgerator tefnperatures3 However, the[fiﬂfﬁ*
amount of k1&l1ng and the extgnt of 1njury to fhe surv1vors ”/,

;;/\,} is- strongly 1n£luenced by the physxological age oﬁ the'

o8 -




cells, the comp051t10n of the menstruum, the storagelgsfti;-e}kbr;p

temperature, the length of t1me of cold storage, and

perhaps, the morphology of the cells. Chllled TSB and 1ox',?‘<' §

’ J
-

TSB were more.qstressful env1ronments than chlcken meat I
"fthe poultry meat system 1njury was not detected Thus,. o

.'f1n3ury wh1ch is- observed 1n broth mlght ‘not. be

' ;;representatlve of what happens 1n foods.;, Q5sa
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